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Abstract. The association between serum hepatitis C virus 
(HCV) load and hepatic injury in HCV-infected patients 
has been extensively investigated. The present study aimed 
to investigate the association between HCV load in hepatic 
parenchyma cells and hepatic injury in HCV-infected patients. 
A total of 56 HCV-infected patients were included in the 
present retrospective study. The serum HCV mRNA was 
determined using quantitative polymerase chain reaction, 
while the hepatic parenchyma cell volume and HCV mRNA in 
hepatic parenchyma cells were also determined. Hepatic injury 
was evaluated on the basis of the severity of inflammation 
and fibrosis. The results demonstrated that there were evident 
differences in the mean serum HCV RNA levels and the HCV 
load/parenchyma cell volume among the various grades of 
hepatic inflammation (G1-G4) when groups with the least 
and most inflammation were compared (G1 vs. G4; P<0.05). 
Significant differences in the HCV load existed between 
groups divided according to the fibrosis grade; in addition, 
differences existed between fibrosis grades S1 and S2, and S2 
and S4 when comparing serum HCV RNA levels (P<0.05). 
Similarly, differences existed between every two fibrosis 
stages (S0 vs. S4, S2 vs. S3, and S2 vs. S4; P<0.05) when viral 
loads and parenchyma cell volumes were compared (F=2.860, 
P<0.05). Furthermore, the fibrosis staging was correlated with 
the viral load/parenchyma cell volume (F=2.670, P<0.05). In 
conclusion, hepatic fibrosis grade was found to be associated 
with HCV load in parenchyma cells. The results of the present 
study demonstrated that the viral load in parenchyma cells 

is a more appropriate index compared with the serum viral 
load for evaluating HCV replication in hepatocytes, and may 
function as an important factor in HCV-infected hepatic injury 
evaluation.

Introduction

Hepatitis C virus (HCV) infection affects 2-3% of the world-
wide population, and it is estimated that the number of infected 
individuals in China is ~29.8 million (1,2). Sustained HCV 
infection is associated with liver inflammation and can cause 
liver injury (3). Hepatic fibrosis is a reversible wound‑healing 
response to acute and chronic liver injury. If the liver inflam-
mation is persistent, chronic HCV patients are at risk of 
increased liver fibrosis progression (4). In ~80% of patients 
with HCV infection, chronic infections will develop that 
gradually progress into liver fibrosis, cirrhosis and potentially 
primary hepatocellular carcinoma (5-7). 

The association between serum HCV load and hepatic 
injury, such as inflammation and fibrosis, has been exten-
sively studied (7-9). The serum HCV load prior to antiviral 
therapy is an important parameter for evaluating the clinical 
outcomes of antiviral therapy (10,11). Liver parenchyma 
cells, which are the major component of livers, are the site 
at which active viral replication occurs. As hepatic fibrosis 
progresses, the liver parenchyma cell volume decreases 
and can cause changes in viral loads. Previous studies have 
reported that the severity of hepatic injury is not consistent 
with the serum HCV load in HCV-infected patients (12,13). 
Therefore, it can be hypothesized that hepatic injury is 
associated with the HCV load in the parenchyma cells of 
HCV-infected patients.

There is a lack of research on the association between liver 
parenchyma viral loads and hepatic injury in HCV-infected 
patients. Therefore, the present study was designed to 
investigate the association between hepatic injury and liver 
parenchyma cell HCV load, thereby providing direction for 
the diagnosis and treatment of HCV infection.

Patients and methods

Patients. A total of 56 HCV-infected patients, including 
35 males (62.5%) and 21 females (37.5%), were recruited into 
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this retrospective study from the Third Affiliated Hospital 
of Sun Yat-Sen University (Guangzhou, China) between 
January 2008 and December 2011. The average age of the 
patients was 42.98 years (age range, 17-68 years). None of 
the patients had super- or co-infections of the hepatitis A, 
B, D or E virus, or the human immunodeficiency virus. No 
patients received anti-viral therapy prior to the study. In addi-
tion, pregnant women and patients with liver cancer, hepatic 
cysts, hepatic hemangiomas, drug-induced hepatitis, Wilson's 
disease, autoimmune liver diseases or alcoholic liver disease 
were excluded from the present study. According to the liver 
inflammation grades, patients were divided into four groups: 
G1 (slight inflammation); G2 (moderate inflammation); 
G3 (severe inflammation); and G4 (highly severe inflamma-
tion). According to the different liver fibrosis stages, patients 
were divided into five groups: S0 (no fibrosis); S1 (slight 
fibrosis); S2 (moderate fibrosis); S3 (severe fibrosis); and 
S4 (highly severe fibrosis). The histopathologic diagnosis of 
liver tissue was based on the grading system recommended by 
a previous study (14), which is based on the grading systems 
described by Ishak et al (15) and Desmet et al (16), and is 
currently commonly used in China. This is a semi-quantitative 
scoring system that evaluates the stage based on the distribu-
tion changes of hepatic fibrosis, the lobular structure of the 
liver and the formation of false lobules. Liver biopsies were 
conducted between January 2008 and December 2011 at the 
Third Affiliated Hospital of Sun Yat‑Sen University.

Detection of hepatitis virus markers and liver biopsy. The 
serum levels of a number of hepatitis virus markers (including 
HCV-IgG and HCV-IgM) were determined using specific 
enzyme-linked immunosorbent assay (ELISA) kits according 
to the manufacturer's instructions (Thermo Fisher Scientific, 
Inc., Waltham, MA, USA). The mRNA level of HCV was 
evaluated using a fluorogenic quantitative polymerase chain 
reaction diagnostic kit (DaAn Gene, Co., Ltd., Guangzhou, 
China) with a minimal detection level of 1,000 IU/ml, 
according to the standard manufacturer's protocol.

The liver biopsy was performed using a 16-gauge, 
color Doppler‑guided (AU4; Esaote, Genoa, Italy) needle 
technique. Hepatic specimens were fixed in Bouin's solu-
tion (Shanghai Gefan Biotechnology, Co., Ltd., Shanghai, 
China), embedded in paraffin, sectioned and then stained 

with hematoxylin-eosin (H&E) in order to view the cellular 
morphology. The reticular fibers were stained with H&E 
to clearly identify the fibrotic cells. The specimens with 
reticular staining were examined using a DMI4000 B 
inverted fluorescence microscope (Leica Microsystems, 
Wetzlar, Germany) and analyzed using Image-Pro Plus 
version 6.0 (Media Cybernetics, Inc., Rockville, MD, USA). 
Each specimen was examined at x200 magnification and 
5 random fields were imaged to determine the proportion 
of fibrotic cells. The different stages were then classified as 
follows: S0, <5% fibrotic cells; S1, 5‑25%; S2, 25‑50%; S3, 
50%‑75%; and S4, >75%.

Calculation of hepatic parenchyma cell volume. The calcula-
tion of hepatic parenchyma cell volume is presented in Fig. 1. 
The proportion of fibrotic cells was analyzed by Image‑Pro 
Plus version 6.0 software. A single circular microscopic field 
was identified as 100% of the liver tissue. The proportion of 
hepatic parenchyma cell was calculated as follows: Hepatic 
parenchyma cell (%) = 100% ‑ (proportion of fibrotic cells 
with different stages) (17). As shown in Fig. 1, a view of 100% 
round area stands for the entire live tissue consisting of fibrotic 
cells (yellow) and hepatic parenchyma cells (gray). 

Rotation of the circular area for 360˚ formed a sphere, 
in which the overall sphere volume represented the fibrotic 
volume plus the parenchyma cell volume. The non‑fibrotic 
proportion of the hepatic volume could then be calculated using 
the formulae for the area of a circle and the volume of a sphere. 
The formula for the area of a circle is A = πr2, where r is the 
radius of the circle and A is the area; therefore, r = √(A/π). The 
volume of a sphere is A = (4/3)πr3. These formulas allowed 
the determination of the hepatic parenchyma cell volume 
at different stages of hepatic fibrosis (18). The HCV load in 
hepatic parenchymal cells in each specimen was determined 
by dividing the serum HCV RNA level by the hepatic paren-
chyma cell volume.

Statistical analysis. The area and volume ratio for hepatic 
parenchyma cells and the viral load in parenchyma cells was 
calculated using Excel 2007 (Microsoft Corp., Redmond, WA, 
USA). SPSS version 17.0 (SPSS, Inc., Chicago, IL, USA) was 
used to perform statistical analyses. The normally distributed 
data are presented as the mean ± standard deviation. An 

Figure 1. Schematic diagram showing the determination of hepatic parenchyma cell volume.
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independent sample t-test (for normally distributed data) or 
a rank-sum test (for non-normally distributed data) was used 
to compare data between groups. The differences among 
multiple groups were analyzed using one-way analysis of 
variance (ANOVA) and the least significant difference test. 
Pearson's correlation coefficient and Spearman's rank correla-
tion coefficient were used for correlation analyses. P<0.05 was 
considered to indicate a statistically significant difference.

Results

Hepatic inflammation and fibrosis grading of chronic HCV 
infected patients. The 56 HCV-infected patients were divided 
into groups according to the severity of hepatic inflamma-
tion and fibrosis (as indicated by the different grades and 
stages, respectively). As shown in Fig. 2, a total of 12 (21.4%), 
18 (32.1%), 17 (30.4%) and 9 (16.1%) patients exhibited liver 
inflammation of grades G1, G2, G3 and G4, respectively. 
According to the liver fibrosis scoring system shown in Fig. 3, 
the number of patients with fibrosis stage S0, S1, S2, S3 and S4 
were 3 (5.4%), 17 (30.4%), 12 (21.4%), 10 (17.9%) and 14 (25%) 
patients, respectively, within the total of 56 chronic HCV 
infected patients (Fig. 3). 

Association of HCV load with the different liver inflam-
mation grade and fibrosis stage. In order to investigate the 
association of HCV load with the hepatic injury, a pairwise 
comparison of the HCV load in the serum or hepatic paren-
chyma cell volume with the different inflammation grades 
was conducted. As shown in Table I, no significant differ-
ence in the mean serum levels of HCV RNA was identified 
among the various inflammation grade groups based on a 
pairwise comparison analysis (F=0.904, P>0.05). Similarly, 
no significant difference between the viral loads and hepatic 
parenchyma cell volume was identified among the different 
inflammation grade groups, with the exception of groups 
G1 and G4 (F=1.453, P>0.05; Table I). By contrast, when 
assessing the correlation between HCV load and different 
liver fibrosis grades, significant differences in the HCV load 
in the hepatic parenchyma cell volume were identified among 
different groups of fibrosis grades (F=2.860, P<0.05; Table II). 
Statistically significant differences existed between patients 

with stages S0 and S4, stages S2 and S3, or stages S2 and S4 
(F=2.670, all P<0.05).

In order to analyze whether the HCV load is correlated 
with inflammation grade and fibrosis stage, univariate and 
multivariate analyses were then performed. The results 
demonstrated that the grade of inflammation and the stage of 
fibrosis were not significantly associated with the serum level 
of HCV RNA, as shown in Table III. However, fibrosis stages 
may affect HCV load in hepatic parenchyma cell unit volume 
in hepatic parenchyma cells (F=2.670, P<0.05; Table III). 
In addition, a positive correlation between inflammation grade 

Table II. Pairwise comparison between the HCV RNA load in 
the serum and hepatic parenchyma cell volume and the fibrosis 
stage (S0-S4) in HCV-infected patients.

Stage HCV level (serum)a HCV level (parenchyma)b

S0 4.511±2.044 4.702±1.968c

S1 5.833±1.025 5.983±1.026
S2 4.844±1.580 5.066±1.566c,d

S3 5.793±1.073 6.145±1.022
S4 6.013±1.118 6.422±1.081

aF=2.268 and P=0.075; bF=2.860 and P=0.033; cP<0.05 vs. S4; dP<0.05 
vs. S3. F is a statistical index representing differences between distinct 
fibrosis stages. S0, no fibrosis; S1, slight fibrosis; S2, moderate fibrosis; 
S3, severe fibrosis; S4, highly severe fibrosis; HCV, hepatitis C virus.
 

Figure 2. Classification of hepatitis C virus‑infected patients based on the 
inflammation grade (G1‑G4).

Figure 3. Classification of hepatitis C virus‑infected patients based on the 
fibrosis stage (S0‑S4).

Table I. Pairwise comparison between HCV RNA load in the 
serum or hepatic parenchyma cell volume and the inflamma-
tion grade (G1-G4) in HCV-infected patients.

Grade HCV level (serum)a HCV level (parenchyma)b

G1 5.299±1.527 5.461±1.506
G2 5.661±1.343 5.854±1.319
G3 5.408±1.123 5.740±1.140
G4 6.164±1.234 6.610±1.158c

aF=0.904 and P=0.445; bF=1.453 and P=0.238; cP<0.05 vs. G1. F is 
a statistical index representing differences between distinct inflam-
mation grades. G1, slight inflammation; G2, moderate inflammation; 
G3, severe inflammation; G4, highly severe inflammation; HCV, 
hepatitis C virus.
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and fibrosis stage was identified using Pearson's correlation 
analysis (r=0.870, P<0.001; data not shown).

Discussion

Previous studies have reported that the progress and prog-
nosis of HCV infection are associated with age, gender, body 
mass index, virus genotype, HCV load, aminotransferase 
level, disorder of fat metabolism and a number of other 
factors (19). In addition, a number of studies have identified 
that the serum load of HCV is associated with the degree of 
hepatic injury (20,21). Furthermore, a high viral load has been 
demonstrated to be associated with infection progression (8). 
However, Anand and Velez (22) reported that serum HCV 
load was not associated with hepatic injury. In addition, other 
studies have suggested that a patient's immune condition and 
the efficacy of therapeutics are influenced by integrated factors 
such as hepatic fibrosis grade, virus genotype, viral load, 
age and complications (23-26). Thus, the majority of studies 
have demonstrated that serum HCV load is not associated 
with the degree of histopathological changes in the liver of 
HCV-infected patients (20).

The results of the present study suggest that the patho-
logic injury caused by chronic HCV infection is more greatly 
reflected by severe hepatic fibrosis rather than by hepatic 
inflammation. In addition, a positive correlation between 
the inflammation grade and stage of fibrosis was detected, 
suggesting that the gradual progress of hepatic fibrosis is asso-
ciated with increased hepatic inflammation (27). However, no 
correlation was observed between hepatic injury and serum 
HCV load. A previous study demonstrated that as fibrosis 
progresses (from grade S1 to S4), the hepatic parenchyma cell 
volume decreases with the number of hepatic parenchyma 
cells in which HCV is replicating (28), thereby impacting 
the serum HCV load. Therefore, it can be concluded that the 
serum HCV load reflects the total virus replication; however, 
serum HCV does not reflect the replication activity of HCV 
in hepatic cells.

In the present study, it was demonstrated that the HCV load 
in hepatic parenchyma cell volume is an appropriate index for 
identifying active HCV replication. A significant difference 
in the HCV load in parenchyma cells was observed between 
patients with G1 and G4 inflammation grades when the HCV 
load to parenchyma cell volume was examined. Therefore, 
HCV replication may be an important factor in inducing 
hepatic inflammation. However, according to the univariate 
multifactor ANOVA, the hepatic inflammation grade was not 

found to be associated with the HCV load in hepatic paren-
chyma cells (P>0.05).

The conflicting results in the current study may be 
explained by a number of factors. The present study was a 
cross‑sectional study, thus hepatic inflammation identified in 
the biopsy specimen may not be consistent with the general 
severity of liver injury. HCV escapes host immunity through 
high levels of viral variations, pantropic distribution and weak 
immunogenicity that lead to chronic infection and indefinite 
inflammation. In addition, hepatic fibrosis may progress to 
cirrhosis, resulting from long‑term inflammation. The direct 
influence of HCV infection and host immunity-mediated 
hepatic injury triggered by HCV infection are involved in 
HCV pathogenesis. The host immunity-mediated hepatic 
injury is mainly induced by the cytotoxicity of HCV‑specific 
cytotoxic T lymphocytes and non-cytotoxic dissolution medi-
ated by inflammation. Thus, hepatic inflammation may be the 
result of active virus replication or host immunity-mediated 
hepatic injury (20). A previous study demonstrated that auto-
immune reactions and the secondary onset of immune injury 
are primarily associated with hepatic injury resulting from 
HCV infection (29). Thus, the severity of hepatic inflammation 
may not be consistent with the serum HCV load in patients 
with chronic HCV infection.

In conclusion, correlation analysis in the present study 
identified a significant difference between the HCV load 
in parenchyma cells and hepatic fibrosis grades (groups 
S0 and S4, S2 and S3, and S2 and S4; P<0.05). In addition, 
multi‑factor analysis suggested that the hepatic fibrosis grade 
was associated with HCV load in parenchyma cells (F=2.670, 
P<0.05). According to the results, it can be concluded that 
an increased HCV load in parenchymal cells increases the 
severity of hepatic fibrosis. The current findings implied that 
the HCV load in parenchyma cells is a more appropriate index 
compared with the serum viral load for evaluating HCV repli-
cation in hepatocytes, and may function as an important factor 
in HCV-infected hepatic injury evaluation.
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