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Abstract 

Although chronic hepatitis C virus (HCV) infection affect 185 million people world-wide, pathomechanism of liver 
damage is still unclear. Electron microscopy can reveal liver injury in very early stage and help understanding  
the mechanisms that is crucial in the pathogenesis of chronic hepatitis C. We present the morphological changes in 
the liver of HCV infected 24-year-old female patient, using light and transmission electron microscopy. Examination 
by TEM revealed wide range of specific subcellular abnormalities in hepatocellular ultrastructure. The most com-
mon observed changes were ring-shaped nuclei with intranuclear inclusion, megamitochondria, and “membranous 
web” structures – the hallmark of RNA-viruses infection. 
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caesarian delivery and anti-HCV antibody was detect-
ed in routine tests. Then in May 2013, she was admit-
ted to Clinic of Infectious Diseases to perform medical 
assessment and extensive diagnostic tests for hepatitis C 
infection. No abnormalities in physical examination 
was found. Laboratory tests revealed slightly elevated 
alanine aminotransferase activity – 72 IU/l (reference 
range, 5-50) with normal aspartate aminotransferase 
activity – 43 IU/l (reference range, 5-50). An abdomi-
nal ultrasonography was normal. The presence of HCV 
RNA (genotype 1b) was detected in serum. A percuta-
neous liver biopsy was performed, showing preserved 
cytoarchitectonics of the organ; viral hepatitis of minor 
grade (A-6) with periportal fibrosis (F-2) (HAI Ishak). 
Disseminated ballooning degeneration of hepatocytes 
was present too. From January to December 2015, she 
was treated with a 48-week course of pegylated inter-
feron α-2a (PegIFNα-2a) with ribavirin, and achieved 
sustain viral response after 24 weeks (SVR 24). During 
routine diagnostic liver biopsy, a small piece of tissue 
(1 mm3) was taken for ultrastructural studies. It was 

Introduction 

Hepatitis C virus (HCV) is a highly mutable RNA 
virus, a  member of the Flaviviridae family. The sev-
en major HCV genotypes (GTs) have been identified. 
Their prevalence rates differ by geographical region, 
but the most common is GT1 subtype b [1]. The acute 
infection is infrequently diagnosed because the clinical 
course is often silent. Therefore, in most cases, HCV 
leads to chronic infection, which is a global health is-
sue, affecting more than 185 million people worldwide 
[2]. Patients with chronic hepatitis C (CHC) are known 
to be in risk of developing liver complications including 
cirrhosis, liver failure, and hepatocellular carcinoma. It 
is estimated that more than 350,000 people die from 
HCV-related liver disease every year [3].

Material and methods 

We report a  case of 24-year-old Caucasian female 
with CHC. In October 2012, she was hospitalized for 
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fixed by immersion in 3% glutaraldehyde, post-fixed in 
2% osmium tetroxide, dehydrated, and embedded in 
EPON 812 according to a standard protocol. Semithin 
Epon sections (0.5-1 µm) were stained with a  basic 
toluidine blue and studied with a Nikon ECLIPSE 80i 
light microscope. Ultrathin sections (50-60 nm) were 
double contrasted with uranyl acetate and lead citrate, 
and examined with TESLA BS500 transmission elec-
tron microscope. Electron micrographs were taken 
with a slow scan camera (Variospeed 1K-SSCCD cam-
era, TRS, Germany). 

Light microscopic findings 

Light microscopic observations of semithin sec-
tions showed the liver with intact architecture of lob-
ules (Fig. 1). Portal tracts were expanded by a modest 
infiltration of mononuclear inflammatory cells with 
only a  local interface hepatitis (Fig. 2). Mild portal  
fibrosis does not exceeded the area of portal tracts  
(Figs. 1 and 2). The most signs of pathological alter-

ations of the hepatic tissue were present in the peri-
portal region of parenchyma (hepatocytes in zone 1)  
(Figs. 1-3). Many of the cells in this field were pale-stain-
ing. They had altered, reticulated, cleared, rarefied 
cytoplasm. These cells revealed a  mild hydropic de-
generation. In the close proximity to the portal tract, 
there were visible cells with “empty” nuclei (feature of 
karyolysis). In addition to pale-staining cells, a single 
or clusters of shrunken hepatocytes with deeply con-
densed cytoplasm and pyknotic, deeply basophilic 
nucleus were noted (Fig. 1A). Features of parenchyma 
regeneration were observed. It was manifested by mi-
tosis (Fig. 1B) and irregularly thickened liver cell plates 
in the periportal region. 

Electron microscopic findings 

Electron microscopic observations of the same area 
as illustrated in (Fig. 1) confirmed the light microscope 
findings. Hepatocytes visible in the Figure 4 exhibited 
“cytoplasmic dissociation”, a  change characterized by 

Fig. 1. Light microscopic observations of semithin epon sections (toluidine blue stain; original magnification 200×). Mild hydropic degeneration of hepatocytes 
of periportal zone. The hepatocytes have pale-staining, rare cytoplasm. Portal tract (PT), “empty” nucleus (black arrow), lipid droplet (white arrow). A) Two basic 
types of hepatocellular changes: hydropic degeneration (•) and acidophilic degeneration (♦). B) Hepatocyte mitosis (white bold arrow)
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swelling of cells with cytoplasmic rarefaction, coarse 
clumping of cytoplasmic organelles, and eventual-
ly lysis of nuclei. They showed a  significant reduction 
in the number of organelles and an increase in empty 
areas of the cytoplasm, where only the glycogen gran-
ules were visible. In one of the cells, there was a visible 
“empty” nucleus (karyolysis) with intranuclear inclusion.  
The studies revealed numerous mitochondrial abnormal-
ities, such as: heterogeneity of shapes and size, reduction 
of the amount of mitochondria, and formation of me-
gamitochondria with linear crystalline inclusions within 
the matrix. The measurement of the cross sectional area 
of mitochondria directly from electron micrographs 
showed a significant increase in mitochondrial sizes (to 
about 5 µm with maximum to about 10 µm) (Fig. 4). 
In addition to mitochondrial alterations, we observed 
a large numbers of small cytoplasmic vesicles in almost 
all hepatocytes (Fig. 4 and 5A). Virus-induced vesicles 
were generally smooth-walled and arranged linearly 
along the filament/membrane forming multiple clusters 
evident within the cytoplasm, varying in location from 
perinuclear to peripheral. The rough endoplasmic retic-
ulum was significantly reduced to a few short channels 
with a slightly enlarged luminal space. Electron micro-
graph (Fig. 5B) revealed a few virus-like particles lying 
free in the cytoplasm and cytoplasmic vesicles contain-
ing virus-like particles. Generally, cytoplasmic organelles 
were accumulating around the nucleus or in the area of 
the bile canaliculi. Electron microscopy studies also re-
vealed hepatocytes undergoing acidophilic degeneration 
(Fig. 5C). The formation of acidophil bodies, visible in si-
nusoid of Fig. 5D, was a later stage of acidophilic degen-
eration. Electron micrograph Fig. 5E showed the frag-
ment of portal tract and interface between portal tract 
and parenchyma. A mild portal inflammation and mild 
fibrosis confined to portal areas were visible. 

Discussion 

Chronic viral hepatitis is a syndrome of persisting 
(more than 6 months) viral infection in the liver that 
is characterized morphologically by a combination of 
inflammatory cell infiltration, hepatocellular damage, 
and cell death, atrophy, regeneration and fibrosis. These 
components may have a different relative proportion 
and distribution [4, 5]. Light microscopic studies of 
liver tissue obtained by needle biopsy from a 24-year-
old women with CHC revealed two basic types of he-
patocellular changes. The first one was a mild hydropic 

Fig. 2. Portal inflammation of mild grade – inflammatory cells limited mainly 
to portal tracts

Fig. 3. Perivenular zone of liver lobule

Fig. 4. Ultrastructure of hepatocytes of periportal and transition zone. MG – 
megamitochondria (giant mitochondria) containing crystalline inclusions; 
membranous web (black arrows); N – nucleus; eN – “empty” nucleus (ring-
shaped nucleus); iI – intranuclear inclusion; RER – rough endoplasmic reticulum; 
LD – lipid droplet; BC – bile canaliculus; bar = 1000 nm
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degeneration of liver cell with cytoplasmic rarefaction, 
coarse clumping of cytoplasmic organelles, and even-
tually lysis of nuclei. The second one was acidophilic 
degeneration characterized by shrinkage of cytoplasm 
and pyknosis of nucleus (Fig. 1 and 1A). The observed 

changes were consistent with the literature data [4, 5]. 
Hydropic degeneration is a  common feature in viral 
hepatitis [4, 5]. The liver cells become pale-staining as 
a result of intracellular edema [4]. Their cytoplasm is 
rarefied, pale-cloudy, vacuolated or empty, with rem-

Fig. 5. A) Interface between the two adjacent hepatocytes: membranous web (white arrows), M – mitochondria, RER – rough endoplasmic reticulum, BC – bile 
canaliculus, LD – lipid droplet; bar = 500 nm EM. B) A few virus-like particles (white arrows) lying free in the cytoplasm and cytoplasmic vesicle containing virus-like 
particles associated with amorphous material (black arrows); bar = 100 nm. C) Hepatocyte undergoing apoptosis (shrinkage necrosis, acidophilic degeneration):  
MG – megamitochondria; N – pyknotic nucleus, iI – Intranuclear inclusion; bar = 1000 nm. D) Hepatocytes of perivenular zone. Acidophilic body extruded from  
the liver cell plate into a sinusoid: Sin – sinusoid, AB – acidophilic body, Ito – Ito cell, KC – Kupffer cell, H – hepatocyte; bar = 1000 nm. E) The fragment of portal 
tract and interface between portal tract and parenchyma: H – hepatocyte, Col – the bundles of collagen fibers, L – lymphocyte, N – nucleus, M – mitochondria,  
HD – hydropic degeneration; bar = 1000 nm
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nants of granular or stratified cytoplasmic material, 
which is faintly eosinophilic (in H&E stain), usually 
packed around the nucleus or along the cell membrane 
[6]. Due to the combination of swelling and rounding 
of the affected cells, the term ‘balloning degeneration’ 
(currently preferred term ‘hydropic swelling’) is some-
times applied. The nuclei of affected cells are also en-
larged and pale-staining with loose structure, ending 
up in karyolysis [4, 6]. 

Electron microscopy studies confirmed the histolog-
ical observations, and revealed a wide range of highly 
specific subcellular abnormalities in hepatocellular ul-
trastructure, which reflect the cytopathic effects of infec-
tion. The ultrastructure of few hepatocytes, which had 
features of mild hydropic degeneration with cytoplasmic 
dissociation has been shown (Fig. 4). These cells were 
characterized by a  reduction and clumping of cyto-
plasmic organelles (they form clusters) and loosening 
of the cytoplasmic matrix. There were suspicions that 
cytoplasmic dissociation might be a structural mani-
festation of microtubule cytoskeleton disruption. In 
one of the cells, there was a visible characteristic emp-
ty nucleus with loss of chromatin from central region 
of nucleus and condensed chromatin near the nuclear 
membrane in the form of very thin ring. Current liter-
ature data suggest that ring-like transformation of the 
nuclei is characteristic for viral infections, including 
also HCV infection. In our study, these nuclei were fre-
quently observed, especially in hepatocytes zone 1. In 
addition, characteristic, frequently repeating intranu-
clear inclusion were observed (Fig. 4). Falcón et al. [7] 
examined liver biopsies from patients with CHC and 
proved that intranuclear inclusion formation is one of 
the most common cytopathic effects of virus infection. 
The second commonly observed change in analyzed 
materials was related to the mitochondria. Mitochon-
dria decreased considerably in number per cell, while 
a large number of megamitochondria (giant mitochon-
dria) with linear crystalline inclusions appeared. These 
inclusions were seen as long parallel strands that often 
deform the shape of the mitochondria. The megami-
tochondria seemed to be distributed randomly, both 
within the hepatocytes and the zones of the hepatic 
lobule (however less in zone 3). Normal mitochondria 
usually reach a  length between 0.5-1.5 µm. Megami-
tochondria in analyzed liver had an average increase 
in length of about 5 µm. In some cases, their size was 
even 10 µm. The megamitochondria were one of the 
major repetitive ultrastructural abnormalities in the 
current study. It is believed that the presence of me-
gamitochondria is an abnormal condition. Numerous 
reports describe the megamitochondria formation in 
human diseases, especially in alcoholic and non-alco-

holic steatohepatitis, where their presence is correlat-
ed indirectly with oxidative stress [8, 9]. Formation  
of megamitochondria in CHC has been observed only 
by few investigators. Smoliń ski et al. observed mito-
chondrial polymorphism with a predominance of me-
gamitochondria in early stages of chronic viral hepa-
titis, particularly caused by HCV [10]. The absence of 
megamitochondria in more advanced phases of liver 
diseases, including cirrhosis is surprising [9]. Smoliń-
ski et al. [10] had shown that in more advanced phases 
of CHC, megamitochondria disappear and they are ab-
sent, while swollen mitochondria appear. Barbaro et al. 
have observed mitochondrial changes more frequent-
ly in CHC genotype 1 than non-1 genotype patients 
[11]. Polish population is predominantly infected with 
genotype 1b [10]; our patient also had this genotype. 
There are several possible mechanisms for the megam-
itochondria formation. In our case, the formation of 
megamitochondria has probably taken place on the 
way of fusion as confirmed by the reduction of the mi-
tochondrial number per cell. A recent reports showed 
that megamitochondria formation is an adaptive pro-
cess to unfavorable environments, including oxidative 
stress. The correlation between chronic HCV infection 
and oxidative stress was established in the 1990s. Re-
cent studies suggest, that HCV core protein is directly 
associated with mitochondrial outer and inner mem-
brane [12, 13]. It is believed that these direct interac-
tion inhibits mitochondrial electron transport activity 
(particularly complex I activity) [13] and subsequently 
induces reactive oxygen species (ROS) generation in 
the mitochondria, which is most likely contributed to 
mitochondrial injury [12]. There are suspicions, that 
HCV proteins cause directly or indirectly (ROS me-
diated) damage in host mtDNA [14-16]. We observed 
a wide range of changes in hepatocellular ultrastruc-
ture. Our examinations showed the spectacular en-
doplasmic reticulum membrane remodeling (Fig. 4), 
which is a  hallmark of all RNA-virus infections.  
The most prominent membranous structures present in 
HCV-infected cells are numerous small double-mem-
brane vesicles (DMVs) forming the so-called “membra-
nous web” structure [17-20]. It is believed that ‘mem-
branous web’ is a  membrane-associated replication 
complex composed of viral proteins, replicating RNA, 
and altered host-cell membranes [20, 21]. This struc-
ture allows separation and efficient RNA replication and 
eventually virions assembly [18, 20, 21]. There are as-
sumptions that the “membranous web” is derived from 
membranes of the RER [17, 20]. Our electron micros-
copy studies revealed the presence of numerous cyto-
plasmic vesicular structures designated membranous 
web (mweb) (Fig. 5A). HCV particles were not numer-
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ous in the patient’s liver in situ, and their visualization 
required attentive screening on microscopic sections 
[22]. Furthermore, identification of complete HCV 
virions is difficult because of problems in confirming 
the identity of virus-like particles. In our study, a few 
virus-like particles composed of a dense core and sur-
rounded by an envelope were detected lying free in the 
cytoplasm and in association with amorphous mate-
rials inside cytoplasmic vesicles (Fig. 5B). The mor-
phology, size, and intracellular location of the particles 
detected in hepatocytes of our patient were consistent 
with the HCV particles reported in previous in vitro 
and in vivo studies [7, 22, 23]. In addition to swollen 
cells, in semithin and ultrathin sections we observed 
rhomboid, angular shapes hepatocytes with shrink-
age, deeply condensed cytoplasm, and pyknotic nucle-
us (Fig. 1A, Fig. 5C). These cells probably underwent 
programmed cell death (apoptosis), formerly known 
as acidophilic degeneration [4]. 

In approximately 55% of biopsies taken for HCV, 
staging steatosis is seen. Our ultrastructural analysis 
showed no steatosis in the liver of the patient. It seems 
that HCV genotype can play a role in inducing steatosis, 
which is significantly more frequent in genotype 3 [24]. 
Numerous studies have shown that hepatic steatosis in 
genotype 1 and 4 is mostly associated with metabolic fac-
tors, while steatosis in genotype 3 is a result of the direct 
cytopathic effect of HCV proteins [24, 25]. We did not 
found the features of cholestasis. Cholestasis is not a sig-
nificant component of the morphology of viral hepatitis. 

Hepatitis C virus is highly mutable virus and exists 
as genetically heterogeneous population in individual 
patients [26]. This makes it difficult to compare cy-
topathic effects in bioptates of different patients [26]. 
Most of observed changes in the liver of our patient 
were consistent with these previously described in the 
literature. Nowadays, there were very few publications 
describing the formation of the megamitochondria in 
hepatitis C, and in particular, confirmed by studies us-
ing the electron microscopy. The lack of a convenient 
animal model remains an obstacle for better under-
standing the mechanisms of HCV induced liver inju-
ry. Therefore, it is important to study their cytopathic 
effects in the patient’s liver in situ including the usage 
of electron microscopy. Mild portal inflammation with 
only local interface hepatitis and mild fibrosis confined 
to the portal tracts along with the increased formation 
of megamitochondria suggest that the woman was di-
agnosed at an early stage of the chronic hepatitis C. 
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