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Hepatitis B virus (HBV) infection remains a major global 
health concern, affecting over 296 million people 
worldwide [1, 2]. In 2019, it was responsible for an estimated 
331,000 deaths, including 192,000 deaths from HBV-related 
liver cancer, a signi�cant rise from 2010 �gures. Chronic 
hepatitis B (CHB) prevalence is highest in Sub-Saharan 
Africa and East Asia, where most infections occur 
perinatally or in early childhood [3]. Despite the availability 
of effective vaccines and antiviral therapies, gaps in 
diagnosis, treatment, and prevention continue to drive the 
disease burden [4, 5]. CHB results from the immune 
system's failure to clear the virus, leading to chronic 
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in�ammation, necrosis, and progressive liver �brosis, and 
eventually cirrhosis and hepatocellular carcinoma (HCC). 
Necrosis plays a pivotal role in the pathogenesis of Chronic 
Hepatitis B (CHB), re�ecting ongoing hepatocellular injury 
and contributing to disease progression, �brosis, and 
potential liver failure [6, 7]. Early detection of liver damage 
is crucial for guiding treatment decisions and preventing 
complications. While liver biopsy remains the gold 
standard for assessing �brosis and necroin�ammatory 
activity, its invasiveness and associated risks limit its 
routine use [8]. Golgi Protein 73 (GP73) is a promising non-
invasive biomarker for liver �brosis and cirrhosis [9]. 
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GP73 is a serum protein that increases with liver disease progression in chronic hepatitis B 

(CHB) and has been proposed as a marker for liver status monitoring. Objectives: To evaluate 

the correlation between GP73 levels, Histological Activity Index (HAI), and �brosis stages in CHB 

patients, assessing its potential as a non-invasive biomarker. Methods: A cross-sectional study 

was conducted over six months (May to October 2024) at the Department of Infectious Diseases, 

Khairpur Medical College/Civil Hospital Khairpur. A total of 250 CHB patients were enrolled and 

categorized by �brosis stages and HAI scores. GP73 concentrations were measured using 

ELISA. Patients were classi�ed based on �brosis stage (F0-F4) and HAI scores, determined 

through liver biopsy, with F0 representing no �brosis and F4 indicating cirrhosis. Statistical 

analysis included one-way ANOVA, Kruskal-Wallis test, and correlation analysis. Results: GP73 

levels increased progressively with �brosis stages: 5.3 ng/mL in Group 1, 6.1 ng/mL in Group 2, 

and 7.5 ng/mL in Group 3 (p=0.001). GP73 also rose with HAI scores, from 5.0 ng/mL in minimal to 

8.0 ng/mL in severe activity groups (p=0.05). GP73 showed a moderate correlation with �brosis 

stage (r=0.6, p<0.05) and a strong correlation with HAI (r=0.75, p<0.001). Conclusions: GP73 is a 

promising non-invasive biomarker for evaluating liver �brosis and necroin�ammation in CHB, 

warranting further validation in larger studies.
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Studies suggest GP73 levels increase progressively with 
disease severity, including in conditions like autoimmune 
hepatitis, fatty liver disease, and viral hepatitis [10]. 
However, commonly used liver enzymes like ALT and AST, 
though indicative of hepatocellular injury, lack sensitivity 
and correlation with disease severity [11].The Histological 
Activity Index (HAI) measures necroin�ammation, while the 
Ishak scoring system stages liver �brosis. Both remain 
essential in CHB management. Although HBV DNA levels 
re�ect viral replication, they do not consistently correlate 
with liver damage. Hence, additional markers are needed to 
bridge the gap between virological activity and histological 
changes [12]. Although GP73 has been associated with 
�brosis, its relationship with necroin�ammation (HAI) and 
�brosis stages in CHB patients is not yet well de�ned. 
This study aims to evaluate GP73 levels about the 
Histological Activity Index (HAI) and �brosis stages in CHB 
patients.

�uctuations. By ultrasound and AFP testing, liver cancer 
was excluded. Exclusion criteria were HDV, HCV, and/or HIV 
co-infections. Other causes of chronic diseases of the 
liver. Patients with a history of liver cancer or those having 
conditions that make it di�cult to accurately assess CHB. 
Biochemical Parameters were ALT, AST, gamma–glutamyl 
transferase (GGT), alkaline phosphatase (ALP), bilirubin, 
albumin, full blood count, and prothrombin time. HBV DNA: 
Quanti�ed by PCR. GP73 Levels were measured by ELISA 
using the RayBio® Human GOLM1/GP-73 ELISA kit. The 
normal reference range for ALT (Alanine Aminotransferase) 
is 7–56 U/L, and for AST (Aspartate Aminotransferase) is 
10–40 U/L, with values exceeding these ranges considered 
elevated. For HBV DNA levels, a viral load of ≥ 2,000 IU/mL 
was used as the clinically signi�cant cutoff, by established 
international  guidel ines for  chronic hepatit is  B 
management. GP73 levels, measured using an ELISA kit, 
were interpreted based on previously published studies 
and manufacturer recommendations, with levels above 70 
ng/mL considered elevated and indicative of signi�cant 
liver pathology. HBeAg status was determined using ELISA 
testing. GP73 is a valuable biomarker with growing clinical 
relevance in liver diseases. It has shown higher sensitivity 
and speci�city than AFP in diagnosing hepatocellular 
carcinoma (HCC), with cutoff levels typically ranging from 
8.5 to 10 ng/mL. GP73 levels also correlate with liver �brosis 
severity, making it useful in staging chronic liver disease. 
Liver biopsy was performed using the Menghini technique 
with 16-gauge Hepa�x® needles. Histological grading and 
staging were conducted using the Ishak scoring system, 
which classi�es �brosis on a scale from 0 (no �brosis) to 6 
(cirrhosis).  Based on this system, patients were 
categorized into three groups: Group 1 (�brosis stages 0–1), 
Group 2 (stages 2–4), and Group 3 (stages 5–6). This 
classi�cation allowed us to stratify patients by the severity 
of �brosis for analytical purposes. The use of the Metavir 
system, which ranges only from F0 to F4. The use of the 
Ishak system was now explicitly stated and justi�ed within 
the scienti�c context. The scored specimens were graded 
for necro-in�ammatory activity and �brosis using the Ishak 
system. Patients were grouped by �brosis stages: Stage 
0–1: Group 1; Stage 2–4: Group 2; Stage 5–6: Group 3. The 
data were analyzed using SPSS version 21.0. Spearman's 
rank correlation was used to make a correlation between 
GP73 and other variables. Normality was tested using the 
Shapiro-Wilk test, and since the data were non-normally 
distributed, for non-parametric tests (Kruskal-Wallis and 
Mann-Whitney U) for appropriate group comparisons, 
p<0.05 was considered signi�cant.

M E T H O D S

This cross-sectional study was conducted for six months 
from May 2024 to October 2024 at the Department of 
Infectious Diseases, Khairpur Medical College. Written 
informed consent was obtained from all patients included 
in the study. The study was conducted by the principles of 
the Declaration of Helsinki, and ethical approval was 
obtained from the Institutional Review Board (IRB) of 
Khairpur Medical College, Khairpur (KMC/RERC/112). A total 
of n=250 participants in �brosis stages and HAI scores are 
categorized into groups. The participants were divided into 
two groups: HBeAg-positive (n=120) and HBeAg-negative 
(n=130). The age range was 20-65 years. Fibrosis stages 
(F0-F4) were determined using liver biopsy, while HAI 
scores were categorized as mild, moderate, or severe 
based on histopathological assessment.  The sample size 
was calculated to detect a minimum correlation of r = 0.18 
between GP73 levels and �brosis stages at a 95% 
con�dence level and 80% power using the following 
formula:n=(Zα/2+Zβ)2(0.5×ln(1+r1−r))2= 1.96Zα/2 =1.96 (for a 
signi�cance level of 5%), Zβ=0.84 (for 80% power), and 
r=0.18 (the minimum detectable correlation based on 
conservative estimates). The calculated minimum sample 
size was approximately 250 participants. HAI grades liver 
activity from 0–22 based on periportal necrosis (0–10), 
lobular degeneration (0–4), and portal in�ammation (0–4), 
while the Ishak system provides an in�ammation grade 
(0–18) and �brosis stage (0–6), offering more detailed 
assessment [13]. Inclusion criteria: Positivity for HBsAg for 
more than 6 months, abnormal ALT level, or normal ALT 
level, or the presence of advanced liver disease. Physicals, 
liver function tests (AST, ALT), CBC, and prothrombin time 
were basic evaluations. Patients were included if they had a 
history of HBV DNA ≥ 2,000 IU/mL within the past three 
months. Minor variations below this threshold at the time of 
sampling were accepted to account for natural viral 

R E S U L T S

HBeAg-positive patients had a signi�cantly lower mean 

age than HBeAg-negative patients (p=0.02). Male were 

predominated in the HBeAg-positive group (p=0.001), while 

female was more common in the HBeAg-negative group 

(p=0.001). ALT (p=0.03), AST (p=0.04), and HBV DNA levels 
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Table 1: Patients' Characteristics by HBeAg Status (n=250)

(p=0.001) were signi�cantly higher in HBeAg-positive 

patients, indicating greater liver activity and viral load. No 

BMI difference was noted (p=0.15). GP73 levels were slightly 

lower in HBeAg-positive cases (p=0.045). HAI scores were 

higher in HBeAg-negative patients (p=0.038), while �brosis 

stages were greater in HBeAg-positive patients (p=0.045) 

(Table 1).

On the basis of the Histological Activity Index (HAI) scores in 

250 chronic hepatitis B patients, most were considered to 

be in moderate (34%) and severe (14%) activity group, 

suggesting a high prevalence rate of advanced liver 

disease. Fewer patients were in the minimal (24%), mild 

(28%), moderate (34%), and severe (14%) activity 

categories (Figure 1).

Variables

Age (Years, Mean
 ± SD)

Gender (Male, 
n (%))

Gender (Female, 
n (%))

ALT (U/L, Median
 [IQR])

AST (U/L, Median
 [IQR])

BMI (kg/m², 
Mean ± SD)

HBV DNA (IU/mL, 
Median [IQR])

Total 
(n=250)

40.5 ± 12.3

160 (64%)

90 (36%)

55 [45–68]

47 [38–59]

25.8 ± 3.2

8000 [2000
–20,000] 

38.2 ± 10.5

90 (75%)

30 (25%)

60 [50–72]

50 [40–63]

26.1 ± 3.4

12,000 [5000
–30,000] 

HBeAg (+)
(n=120)

HBeAg (-) 
(n=130)

p-
value

42.7 ± 13.2

70 (54%)

60 (46%)

50 [40–65]

45 [35–55]

25.5 ± 3.1

4000 [1000
–10,000]

0.02*

0.001**

0.001**

0.03*

0.04*

0.15

0.001**

GP73 (ng/mL)

Mean ± SD

Median

HAI Score (mean)

Fibrosis Stage
 (mean)

6.2 ± 2.4

5.8

8.5 ± 4.2

6.5 ± 3.2

5.8 ± 2.3

5.6

7.9 ± 4.5

7.2 ± 3.0

6.5 ± 2.5

6.0

9.0 ± 3.8

5.9 ± 3.4

0.045

0.038

0.045

24

28

34

14

0

5

10

15

20

25

30

35

40

1–4 (Minimal 
Activity)

5–8 (Mild Activity) 9–13 (Moderate 
Activity)

14–18 (Severe 
Activity)

P
er

ce
n

ta
ge

 (
%

)

HAI scoring 

Figure 1: HAI Scoring Analysis 

A distribution of �brosis stage with more patients in Group 

2 (2–4) than in Group 1 (0–1) and Group 3 (5–6). There is a 

statistically signi�cant difference on these stages (Figure 

2).
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Figure 2: Fibrosis Stage Distribution

GP73 levels showed signi�cant variation across different 

HAI scores and �brosis stages. As disease activity 

worsened, GP73 levels increased, with minimal activity (HAI 

1–4) averaging 5.0 ng/mL and severe activity (HAI 14–18) 

reaching 8.0 ng/mL (Kruskal-Wallis, p = 0.05). Similarly, 

GP73 rose with �brosis severity: 5.3 ng/mL in stage 0–1, 6.1 

ng/mL in stage 2–4, and 7.5 ng/mL in stage 5–6 (One-way 

ANOVA, p=0.001) (Table 2).

Table 2: Correlation Between Golgi Protein 73 Levels and Liver 
Fibrosis Staging Using the Ishak Scoring System

Groups n
Mean Gp73

 (ng/mL) Median Min Max p-value

Minimal Activity 
(1-4)

Mild Activity 
(5-8)

Moderate Activity
 (9-13)

Severe Activity
 (14-18)

50

100

75

25

5.0 ± 1.9

6.0 ± 2.0

6.8 ±2.5

8.0 ± 3.0

4.8

6.0

6.5

8.2

1.0

2.0

3.0

5.5±

7.2

8.5

9.5

12.0

0.05

0.05

0.05

0.05

HAI Score Range

Fibrosis Stage

Group 1 (0-1)

Group 2 (2-4)

Group 3 (5-6)

5.3 ± 2.1

7.5 ± 2.3

6.4 ± 2.0

25

40

185

5.0

6.0

7.5

1.0

1.5

5.5

8.5

9.0

10.0

0.001

0.001

0.001

GP73 levels were signi�cantly associated with higher 

�brosis stages and HAI scores (p<0.05) (Figure 3).
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Figure 3: Compare GP73 with Different Activities of HAI Score 
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D I S C U S S I O N

Chronic hepatitis B virus (HBV) infection increases the risk 

of cirrhosis and hepatocellular carcinoma (HCC) due to 

both host and viral factors. The primary goal of treatment is 

to halt disease progression, thereby improving survival and 

quality of life. Accurately determining the severity of liver 

damage is crucial for guiding treatment decisions [14]. 

When routine blood tests and HBV markers are insu�cient, 

non-invasive tools or liver biopsies are often required. This 

highlights the need for reliable blood-based biomarkers to 

reduce reliance on invasive procedures. In this context, we 

evaluated clinical and biochemical differences between 

HBeAg-positive and HBeAg-negative patients, identifying 

GP73, a glycoprotein produced by hepatocytes, as a 

potential marker for liver disease severity in chronic 

hepatitis B (CHB). HBeAg status was a secondary analysis 

and not the primary focus of the study [15]. Our study 

demonstrated a signi�cant difference in age distribution, 

with younger patients being predominantly HBeAg-

positive (p=0.02). This aligns with Wang et al., and Duan et 

al., who noted that HBeAg positivity is more common in 

younger CHB patients due to the natural course of the 

disease, where seroconversion often occurs with age, 

marking a transition from the immune-tolerant to the 

immune-active phase [16, 17]. Additionally, male were more 

frequently HBeAg-positive (75%) compared to female 

(46%, p=0.001), consistent with previous research 

indicating male are at higher risk of severe disease 

progression due to the effects of sex hormones on immune 

regulation and viral replication dynamics [18]. Moreover, 

HBeAg-positive patients exhibited signi�cantly higher ALT 

and AST levels (p=0.03 and 0.04), re�ecting greater liver 

in�ammation.This �nding supports earlier studies 

reporting that higher viral replication in HBeAg-positive 

patients contributes to more active immune-mediated 

hepatocyte damage [19].Elevated ALT and AST levels result 

from viral replication within hepatocytes, accumulation of 

viral  proteins,  and subsequent immune-induced 

cytopathic effects leading to membrane disruption and 

enzyme leakage into the bloodstream [20]. High HBV DNA 

levels increase with HBeAg positivity and correlate strongly 

with liver in�ammation in this test group. Persistent 

hepatocyte injury is a result of active, continuing viral 

replication and perpetuation of immune system activation. 

Immune recognition of viral proteins, HBeAg, HBcAg, and 

HBsAg, presented on the hepatocyte surface, adds to 

primary immune-mediated damage. ALT is localized mainly 

in the cytoplasm of hepatocytes, where it acts as a speci�c 

marker of acute liver damage; in contrast, AST, which 

exists in the cytoplasm and mitochondria, is increased in 

response to more severe or protracted hepatocyte injury 

(deeper cell damage). Patients with HBeAg positivity are in 

the immune clearance phase of  HBV infection, 

accompanied by ongoing immunological targeting of HBV-

infected cells [21].The consequence is peak liver 

in�ammation at the time when immune cells in�ltrate the 

liver and leading to dramatically increased ALT and AST 

levels. There are generally lower levels of these enzymes in 

HBeAg-negative patients compared to HBeAg-positive 

patients, re�ecting reduced viral replication and 

consequently, less pronounced immune-mediated 

hepatocyte destruction. In HBeAg-negative patients, there 

could, however, be ongoing low-level viral activity or 

residual immune responses that cause chronic liver 

in�ammation as well [22]. In current study, GP73 levels 

were signi�cantly higher in the HBeAg-negative group to 

the HBeAg-positive group; there was a trend of lower HBV 

DNA in HBeAg-negative patients (mean 5 ± 2.5 ng/mL). The 

previous study reported that the higher GP73 in HBeAg-

positive patients; lower GP73 levels were found in HBeAg-

positive patients. On the other hand, the higher levels of 

GP73 in the HBeAg negative individuals in our series could 

re�ect a more advanced stage of disease since their HAI 

scores and �brosis stage were also greater. Additionally, 

correlation analysis showed that GP73 levels had a positive 

correlation with HAI scores and �brosis stages, which 

progressed as liver disease worsens. Mean GP73 levels 

were, for example, 5.0 ng/mL in minimal activity (HAI 1–4) 

and 8.0 ng/mL in severe activity (HAI 14–18, p=0.05). 

Similarly, increasing GP73 levels were correlated with 

�brosis stage progression (p=0.001) from stage 0–1 to stage 

5–6. It showed the use of GP73 as a reliable noninvasive 

biomarker for the assessment of liver �brosis and 

in�ammation [23]. Fibrosis stage analysis revealed that 

HBeAg-positive patients had more advanced �brosis. 

However, compared with HBeAg-negative patients, the 

mean stage was 5.9 ± 3.4 (p=0.045), which is signi�cantly 

lower than that of HBeAg-positive patients (mean stage: 2 

± 3.0). These �ndings are consistent with the previous 

study in which HBeAg positivity was associated with 

�brotic progression through prolonged viral activity and 

liver damage. In our study, GP73 levels correlate positively 

with both HAI scores and �brosis stages, supporting GP73 

as a biomarker for liver disease progression. GP73 can be 

used to diagnose stages of �brosis and cirrhosis. GP73 is a 

better biomarker for subclinical liver damage compared to 

traditional markers such as ALT and AST. In our study, GP73 

levels dichotomized patients according to mild to severe 

disease activity (p=0.05), and early vs late �brosis stages 

(p=0.001). It was found that these �ndings support the 

notion of GP73 as a potential adjunct to current diagnostic 

tools for monitoring disease progression in CHB patients, 

because GP73 measurement can be done noninvasively 

[24]. Current �ndings suggest personalized management 
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strategies for chronic HBV patients according to their 

HBeAg status, GP73 levels, and histological activity. 

Aggressive antiviral treatment might be considered in 

HBeAg-positive patients to prevent �brosis. HBeAg-

negative patients with elevated GP73 levels and HAI scores 

should be followed closely for cirrhotic and HCC risk. 

Further studies are needed to assess GP73 as a dynamic 

predictive biomarker in response to antiviral therapy. 

Adding GP73 to routine tests (HVB DNA and liver enzymes) 

for an expanded risk strati�cation of HBV patients is 

warranted.

C O N C L U S I O N S

It was concluded that GP73 levels are increased with higher 
HAI scores and more advanced �brosis stages, suggesting 
that it is a noninvasive biomarker in liver disease 
progression. These results have an important contribution 
toward the body of literature supporting the use of GP73 as 
a useful clinical tool for the management of chronic 
hepatitis B infection, which may help improve patient care 
moving forward.
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