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Detection of occult hepatitis C virus infection among Egyptian
patients with hepatocellular carcinoma who achieved sustained
virologic response to direct-acting antiviral therapy
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Background
Occult hepatitis C virus infection (OCI) is defined as the presence of hepatitis C
virus (HCV) RNA in nonserum reservoirs without any detectable HCV-RNA in
serum by standard assays. The association between OCI and hepatocellular
carcinoma (HCC) is controversial. Direct-acting antiviral (DAA) therapy
effectively controls HCV infection and proves sustained virological response
(SVR). However, HCC after DAA therapy is debatable.
Objective
In this study, we tried to detect OCI in HCC Egyptian patients who achieved SVR
post-DAA therapy for possible correlation and prediction for HCC.
Patients and methods
A cross–sectional study included seventy HCC Egyptian patients who achieved
SVR post sofosbuvir/daclatasvir (SOF/DACLA) +/–ribavirin therapy. HCV-RNA
was detected in peripheral blood mononuclear cells (PBMCs) by RT-PCR.
Immune transmission electron microscopy (TEM) was done to study OCI in
PBMCs using specific anti-HCV antibodies.
Results and conclusion
TEM examination revealed positive OCI in PBMCs of all patients (70/70) with 3
stages of grading reflecting viral particle load in PBMCs, with 68.6% of the patients
having a marked OCI grade, while PCR only detected 5.7% (4/70) of OCI. Nearly
67.1% of the cases received dual anti-HCV therapy (sofosbuvir/daclatasvir).
Ribavirin-inclusive DAA treatment shows a higher grade of OCI (P=0.02). The
average duration from SVR to HCC development was 29.8±13.4 months. In
conclusion, DAA drugs effectively eliminate HCV in serum, but OCI is still
considered a risk for developing HCC, recommending a re-definition for SVR
through detecting HCV-RNA in serum, PBMCs, and TEM studies. Our study is
the first to provide electron microscopy as a sensitive tool for OCI detection with
established superiority over the PCR technique.
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Introduction
Hepatitis C virus (HCV) has a substantial role in
hepatocellular carcinoma (HCC) and chronic liver
disease [1]. Direct-acting antiviral (DAA) therapy
effectively eliminates HCV-RNA from serum, but is
still present as an occult hepatitis C virus infection
(OCI) in liver tissue and/or peripheral blood
mononuclear cells (PBMCs). OCI has been
considered a new pathological entity described in
patients with chronic liver disease of unknown
etiology, and it is characterized by the presence of
HCV-RNA in liver cells and PBMCs in the
absence of both HCV-RNA and anti-HCV
antibodies in serum by standard assays [2]. It might
contribute to resistance to anti-viral treatment and may
be the cause of viral persistence and relapse after
NIDOC
achieving the sustained virological response (SVR)
[3]. Moreover, it is also thought to be the primary
reason for reinfection following liver transplantation.
So the risk of re-infection in these patients could be
prevented by close monitoring and treatment [4].
HCV infection treatment has made considerable
progress with a high cure rate since the release of
DAA drugs without the use of interferon in 2014.
However, there was a percentage (1–15%) of patients
who failed to complete elimination of infection [5]. It
has been observed that interferon-induced viral
DOI: 10.21608/epj.2025.407585
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clearance significantly lowers the risk ofHCCincidence.
On the other hand, after SVR using DAA, there was
a documented rise in newly developed and recurrent
HCC cases [6]. Since anti-HCV medication
cannot completely prevent hepatocarcinogenesis,
consideration should be given to the several variables
that are linked to the disease’s development, including
OCI. The association between OCI and HCC is
controversial; while many studies indicated the
contribution of OCI in the development of HCC,
other studies denied the significance of the impact of
OCI [7,8]. Several methods for OCI diagnosis are
reported, the standard one is detecting HCV RNA in
liver tissue, which is an invasive procedure. Other
noninvasive methods, such as detecting HCV RNA in
PBMCs or ultra-centrifuged serum, have successfully
diagnosed more than 60% of OCI cases. Combining
these techniques improves OCI diagnosis in over 90%
of cases [2].

Virology research is closely linked to the advancement
of microscopy techniques. Transmission electron
microscopy (TEM) is crucial for detecting virus
particles, which are typically too tiny for traditional
light microscopy. HCV viral particles from infected
PBMC could be visualized by immune electron
microscopy through labeling with specific anti-viral
immunoglobulin [9]. In this respect, this study aims
to detect occult HCV RNA in Egyptian patients with
post-HCV hepatocellular carcinoma who achieved
SVR after DAAs therapy for possible correlation
and prediction of HCC.
Patients and methods
Study design and patients’ criteria
Seventy HCC Patients with sustained viral response
following DAA regimens (Sofosbuvir (SOF)
400mg+Daclatasvir (DACLA) 60mg once daily)
±ribavirin (RIB) (1200mg for patients up to 75 kg
body weight and 1400mg for patients exceeding 75 kg)
for 12 weeks were collected from different Egyptian
centers dedicated for HCV management in a cross-
sectional study. All patients were primarily diagnosed
as HCV genotype 4. HCV genotyping by HybProbe
probes with the lightcycler carousel-based system was
used. Patients were subjected to a full history, clinical
examination, triphasic computed tomography abdomen,
and laboratory testing (complete blood picture, liver
functions tests, and alpha fetoprotein level).

Collection of samples
Under completely aseptic conditions, ten milliliters of
venous blood were obtained from participants. The
blood was then divided into four tubes, as follows: 8ml
were collected in three sterile EDTA-containing tubes
(Vacutainer; BD Biosciences) for PBMC separation
for further HCV-RNA detection by real-time PCR
and TEM study. A 2ml were collected in plain tubes
(Vacutainer; BD Biosciences) for the detection of
serum HCV by PCR.
Peripheral blood mononuclear cells (PBMCs)
preparation
The PBMCs were isolated from blood samples by
density gradient separation on Ficoll-hypaque (FH)
liquid (Sigma, USA). In a 15-ml conical tube (Falcon;
NJ), 4ml of blood was carefully layered over 3ml of FH
and then centrifuged at 400 g for 20min. The buffy
coat at the interface between the Ficoll solution and
plasma was then collected and washed twice in
phosphate-buffered saline (PBS) (pH= 7.2).
Hepatitis C virus (HCV)-RNA detection by PCR in
serum and peripheral blood mononuclear cells
(PBMCs)
Real-time PCR was performed first on patients’ serum
samples, andHCV-RNAnegative cases were subjected
to further assessment of occult HCV in PBMCs by
RT-PCR. The viral RNA extraction from PBMCs and
plasma was done following the procedure of the
Promega magnetic bead RNA extraction kit
(Promega Co., USA). Then HCV-RNA PCR was
carried out using Abbott real time detection kit for
HCV (Abbott Inc, Germany) on ABI 7500 real time
PCR instrument (Applied Biosystems, USA).
Conventional electron microscopy
The PBMCs were immediately fixed in buffered 2.5%
glutaraldehyde in PBS (BDH chemicals, Poole,
England) for 30min at room temperature and
postfixed in 1% OsO4 (BDH chemicals, Poole,
England) in PBS for 30min at 4°C. This was
followed by dehydration in ascending grades of ethyl
alcohol (50, 70, 90, and 100%) at a 5min gap,
substitution in epon/ethanol mixture (1 : 1) for 1 h,
infiltration in three overnight baths of epoxy resin at
room temperature (Epon 812 kit, TAAB Laboratories
Equipment Ltd., Aldermaston, Berkshire, UK), and
finally embedded in Epon/DMP30 and polymerized at
37°C for 12 h and at 60°C for 2 days. Semi-thin
sections were prepared using an ultramicrotome
(Leica, Vienna, Austria) and stained with methylene
blue and Azur II for detection of the region of choice
for performing ultrathin sections. After that, the
ultrathin sections cut at a thickness of 70 nm using
an Ultracut R ultramicrotome (Leica, Vienna, Austria),
were mounted on copper grid mesh. And then
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contrasted with uranyl acetate and lead citrate before
being examined under a Philips EM 208S transmission
electronmicroscope TEM (Philips Optics, Eindhoven,
Netherlands).
Table 1 Sociodemographic and disease characteristics
among the studied group

Characteristics Total (n=70)

Age (years) Mean±SD 59.9±6.0
Immune-electron microscopy
Serial unstained ultrathin sections were mounted on
copper grid mesh and then processed for post-
embedding immune peroxidase labeling technique
(indirect technique) to detect HCV in resin-
embedded PBMCs using monoclonal anti-HCV
antibody [10]. Deosmification was done by
incubation of the grids in 0.5% periodic acid for
4min at room temperature, followed by blocking of
endogenous peroxidase activity for 5min in 2% bovine
serum albumin, then labeled overnight at 4°C with a
primary anti-HCV (NS4B region) antibody # ab13832
(abcam, England). Then it was washed and incubated
with biotinylated goat anti-mouse IgG for 30min,
followed by washing and incubation with
streptavidin peroxidase (Horseradish peroxidase
detection kit # ab64261, Abcam, England) for
10min, followed by washing and incubating the
sample with DAB substrate-chromogen for
10minutes. Both positive and negative controls
(supplied with the kit) were used to validate our results.
Sex

Female 10 (14.3)

Male 60 (85.7)

Anti-HCV treatment

Double (SOF/DACLA) 47 (67.1)

Triple (SOF/DACLA/RIB) 23 (32.9)

Duration from SVR to HCC development
(months) Mean±SD

29.8±13.4

OCI IN PBMCs by PCR

Negative 66 (94.3)

Positive 4 (5.7)

OCI IN PBMCs by TEM

Positive 70 (100)

Negative 0

OCI grade by TEM

Mild 2 (2.9)

Moderate 20 (28.6)

Marked 48 (68.6)

Site of hepatic focal lesion*
Statistical analysis
Data were analyzed with SPSS Inc.’s version 28.0.1.1
(IBM Corp., Armonk, New York, USA). Qualitative
data was represented as frequency and percentages.
Quantitative data were expressed as mean± SD.
Determination of the data’s normality was done
using the Kolmogorov–Smirnov single-sample test.
Independent t-test or Mann–Whitney U test were
used to compare quantitative data between groups
with parametric distribution or nonparametric
distribution, respectively. Pearson χ2 test and
likelihood-ratio χ2 was used where appropriate. The
influence of variables on duration from SVR to HCC
development was analyzed using Pearson’s correlation.
The P value was considered significant at P value less
than 0.05.
Left 14 (20.0)

Right 48 (68.6)

Left+ Right 8 (11.4)

Number of hepatic focal lesions

Single 47 (67.1)

Multiple 23 (32.9)
*One case may have more than one site. Quantitative data was
expressed as mean±standard deviation (SD). Qualitative data was
represented as frequency and percentages. DACLA, daclatasvir;
HCC, hepatocellular carcinoma; OCI, occult HCV infection; PBMCs,
peripheral blood mononuclear cells; RIB, ribavirin; SD, standard
deviation; SOF, sofosbuvir; SVR, sustained virologic response; TEM,
transmission electron microscopy.
Results
Sociodemographic and disease characteristics
The study included 70 HCC cases, of which 60
(85.7%) were males; the average age of the cases was
59.9±6.0 years. Nearly 2/3 of the cases (67.1%) received
dual anti-HCV therapy (SOF+ DACLA). Four out of
70 (5.7%) cases were positive for HCV by PBMNCs
PCR (all of them were marked grade for viral load by
TEM); however, all cases (100%) were positive by
TEM. The average months from SVR to HCC
development were 29.8±13.4 months. More than
two-thirds (68.6%) of the cases had severe OCI
grade in PBMNCs by TEM examination, and
68.6% had right hepatic focal lesions (Table 1).
Transmission electron microscopic examination of
occult hepatitis C virus (OCI) in peripheral blood
mononuclear cells (PBMCs)
Semi-quantitative analysis of OCI in PBMCs by
conventional and immune-electron microscopic
examination revealed positive OCI in PBMCs of all
(100%) patients (N= 70) with three stages of grading
reflecting viral particle load in mononuclear cells, with
more than two-thirds (68.6%) of the cases having
marked OCI grade by TEM examination (Table 1),
Figs 1–3 as follows:

Grade I (mild): Few mononuclear cells showed few
numbers of vesicles with minimal virus-like particles
(VLP) in conventional electron microscopy. Immune



Figure 1

Transmission electron microscopy (TEM) micrograph of peripheral blood mononuclear cells (PBMCs) showing vacuoles containing viral − like
particles (VLP) (Mild grade of occult hepatitis C infection (OCI) (a): Conventional electron micrograph reveals a moderate amount of
cytoplasm and intracytoplasmic vacuoles which contain viral − like particles (VLP), magnification 8900x, (b): Immune electron micrograph
showing VLP positivity (arrow) of grade I by TEM, magnification 5600x.
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electron microscopy confirmed VLP positivity, as
shown in Fig. 1.

Grade II (moderate):Most mononuclear cells showed a
moderate number of vesicles with VLP in conventional
electron microscopy. Immune electron microscopy
confirmed VLP with a peri-nuclear pattern of
positivity, as shown in Fig. 2.

Grade III (marked): All mononuclear cells showed
marked numbers of vesicles with marked VLP in
conventional electron microscopy. Immune electron
Figure 2

Transmission electron microscopy (TEM) micrograph of peripheral blood m
C infection (OCI) (a): Conventional electron micrograph showing vacuole
Mitochondria. Magnification 8900x, (b): Immune electron micrograph s
microscopy (TEM) (white arrows), magnification 2800x.
microscopy showed a diffuse pattern of positivity, as
shown in Fig. 3.
Hepatitis C virus (HCV)-RNA by PCR in serum and
peripheral blood mononuclear cells (PBMCs)
SerumHCV-RNAdetection byPCRrevealed negativity
in all enrolledpatients (N=70) denotingSVR.Four out of
the 70 (5.7%) HCC patients showed positive OCI in
PBMCs by PCR comparedwith 70 (100%) patients who
showed positive OCI by EM, as shown in Table 1. This
could denote thatEMismore sensitive to the detection of
OCI than PCR in PBMCs.
ononuclear cells (PBMCs) shows moderate grade of occult hepatitis
containing viral − like particles (VLP) (black arrow), N: Nucleus, M:
howing a perinuclear pattern of grade II by transmission electron



Figure 3

Transmission electron microscopy (TEM) micrograph of peripheral blood mononuclear cells (PBMCs) shows marked grade of occult hepatitis C
infection (OCI) (a & c): Conventional electron micrograph showing vacuoles containing viral-like particles (VLP) (arrow), magnification 8900x,
(b): immune electron micrograph showing a diffuse pattern of grade III by transmission electron microscopy (TEM), magnification 1100x.
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Relation between sociodemographic, disease
characteristics, and occult hepatitis C infection (OCI)
grade in peripheral blood mononuclear cells (PBMCs)
by transmission electron microscopy (TEM)
Statistical comparison between patients with different
grades of OCI in PBMNCs by TEM and the type of
antiviral drugs used was done, showing that there was a
significantly higher proportion of marked OCI grade
among cases who received triple therapy (SOF
+DACLA+ RIB) (87% vs. 59.6%, P=0.020). So
RIB use with DAAs has no role, neither in
decreasing viral load intracellularly nor in the
prevention of the development of severe OCI. In
addition, there was a significantly higher proportion
of severe OCI grades among cases who had right lobe
lesions (75% versus 25%, P=0.020). However, no
statistically significant difference between age,
gender, duration from SVR till the development of
HCC, number of lesions, and OCI grade severity by
TEM could be detected (Table 2).
Association between occult hepatitis C infection (OCI)
grades in peripheral blood mononuclear cells (PBMCs)
by transmission electron microscopy (TEM) and
laboratory data of the patients
On comparing laboratory data of the patients within
the different grades of OCI in PBMNCs by TEM,
there was a significantly lower total leucocytic count
(TLC) in marked OCI grades compared with mild and
moderate grades (P=0.01); however, there was no
statistically significant relation between platelet
count, hemoglobin level, INR, prothrombin
concentration, urea, creatinine, direct bilirubin, total
bilirubin, albumin, alpha fetoprotein, ALT, AST and
the grade of OCI (P>0.05) (Table 3).

Association of laboratory data and the duration
(months) from sustained virological response (SVR) till
the development of hepatocellular carcinoma (HCC)
A significant positive correlation with the platelet
count of the patients was detected (P=0.032);
denoting that there is an association between



Table 2 Relation between Sociodemographic, disease characteristics, and occult hepatitis C infection (OCI) grade severity in
peripheral blood mononuclear cells (PBMCs) by transmission electron microscopy (TEM)

OCI grades By TEM

Characteristics n Mild and moderate (n=22) Marked (n=48) P value

Age (years) Mean±SD 70 57.5±6.8 61±5.4 0.060

Sex

Female 10 1 (10) 9 (90) 0.115

Male 60 21 (35) 39 (65)

HCV treatment

Double (SOF/DACLA) 47 19 (40.4) 28 (59.6) 0.020

Triple (SOF/DACLA/RIB) 23 3 (13) 20 (87)

Site of hepatic focal lesion

Left 22 10 (45.5) 12 (54.5) 0.020

Right 56 14 (25) 42 (75)

Number of hepatic focal lesions

Single 47 15 (31.9) 32 (68.1) 0.900

Multiple 23 7 (30.4) 16 (69.6)

Quantitative data (age) was expressed as mean±standard deviation (SD). Other qualitative data was represented as frequency and
percentages. Independent t-test was used to compare quantitative data between groups with parametric distribution. Pearson chi-square
(χ2) test and likelihood-ratio chi-square was used where appropriate. A P value equal to or less than 0.05 was considered significant.
DACLA, daclatasvir; HCC, hepatocellular carcinoma; OCI, occult HCV infection; PBMCs, peripheral blood mononuclear cells; RIB,
ribavirin; SOF, sofosbuvir; SVR, sustained virologic response; TEM, transmission electron microscopy.

Table 3 Association between laboratory data and occult hepatitis C infection (OCI) grade severity in peripheral blood
mononuclear cells (PBMNCs) by transmission electron microscopy (TEM)

OCI grades By TEM

Characteristics Mild and moderate (n=22) Marked (n=48) P value

Platelet count 148.2±56.8 132.1±67.7 0.160

Hemoglobin 12.7±1.6 12.0±1.7 0.113

TLC 6.0±2.1 4.9±2.4 0.010

INR 1.1±0.1 1.17±0.1 0.328

Prothrombin concentration 78.5±14.0 75.3±9.4 0.169

Urea 34.8±9.5 35.1±11.7 0.889

Creatine 0.98±0.13 0.96±0.25 0.307

Direct bilirubin 0.24±0.21 0.35±0.30 0.307

Total bilirubin 1±0.5 1.1±0.57 0.795

Albumin 3.6±0.7 3.6±0.5 0.844

AFP 868.6±2018.5 755.4±1868.2 0.483

ALT 33.4±16.0 41.9±43.6 0.864

AST 45.0±22.1 47.1±42.7 0.399

The values are presented as mean±SD. The independent t-test was used to compare two independent groups. A P-value equal to or less
than 0.05 was considered significant. AFP, alpha-fetoprotein; ALT, alanine transaminase; AST, aspartate transaminase; INR, international
normalized ratio; OCI, Occult HCV infection; PBMCs, Peripheral blood mononuclear cells; TEM, transmission electron microscopy; TLC,
total leucocyte count.
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thrombocytopenia and early development of HCC in
the studied cases, however, no statistically significant
association of other laboratory data with the early
development of HCC could be detected (Table 4).
Discussion
The hepatitis C virus has a significant impact on
HCC development. DAA therapy may eliminate
the virus from the blood as evaluated by PCR
technique but remains occult in PBMCs and/or liver
tissue and is defined as OCI. Physicians should be
aware that anti-HCV drugs alone cannot totally
prevent hepatocarcinogenesis. Other factors,
including OCI, should also be considered [11]. OCI
is a problematic concept in post-hepatitis care and
follow-up, particularly after DAA regimens were
implemented [12]. The detection of OCI in HCC
patients who achieved SVR and its clinical significance
are not well understood, and it is a topic of ongoing
research and debate in the field of hepatology [13]. It is
crucial to note that the detection of occult HCV RNA
may be influenced by the sensitivity of the assay used
and the duration of follow-up, among other factors.
Further studies are needed for a better understanding
of the clinical implications of OCI and for the



Table 4 The correlation between duration (months) from
sustained virological response (SVR) till the development of
hepatocellular carcinoma (HCC) with measured laboratory data

The duration from SVR
till HCC development

r P-value

Platelet count 0.257 0.032

Hemoglobin 0.085 0.484

TLC −0.007 0.956

Prothrombin concentration 0.093 0.442

Urea 0.035 0.774

Creatine −0.046 0.655

Direct bilirubin −0.056 0.648

Total bilirubin 0.089 0.466

Albumin 0.009 0.944

AFP −0.082 0.501

ALT 0.035 0.774

AST -0.081 0.505

The correlation between duration (months) from SVR till the
development of HCC with measured laboratory data in the studied
group was analyzed using the Pearson correlation coefficient.
P- value <0.05 was defined as statistically significant. AFP, alpha
fetoprotein; ALT, alanine transaminase; AST, aspartate transaminase;
HCC, hepatocellular carcinoma; INR, International normalized ratio;
SVR, Sustained virologic response; TLC, Total leucocyte count.
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development of more sensitive assays for its detection.
Moreover, developing guidelines for the management
and monitoring of OCI remains challenging due to a
lack of precise definition and confusion about its
clinical importance, particularly in areas with high
HCV prevalence [14]. From this point, we
investigated OCI frequency in the PBMCs of HCC
patients after SVR by both PCR and electron
microscopy techniques, with the novelty of studying
the OCI in PBMNCs by immune electron microscopic
analysis for the viral antigen load at an ultrastructural
level.

In the present study, we were able to detect a high
prevalence of 100% (70/70) of OCI in HCC patients
with SVR after receiving DAA drugs regimens for
HCV by TEM technique, with more than two-thirds
of the cases (68.6%) having marked OCI grade. All
patients in our study were primarily diagnosed as HCV
genotype 4 as this is the prevalent genotype in Egypt
[15]. Our study has established the superiority of the
electron microscopy (EM) technique over the PCR
technique, with higher sensitivity in the detection of
OCI than PCR in PBMCs (100% Vs 5.7%,
respectively). The superiority of EM over the PCR
technique was stated in the studies done by Johnsen
and Schramlová et al. Their findings comparing the
detection of viruses from untreated tissue culture using
EM and real-time PCR demonstrated the superiority
of EM, which discovered 38 times more viral copies
than PCR [16,17]. The prevalence of OCI that could
be detected by PCR in PBMCs was 5.7% (4/70). Our
results are in accordance with previous studies that
reported the prevalence of OCI as (2-11%) by RT-
PCR in PBMCs and liver tissue samples in cases with
SVR following treatment with DAA drugs for chronic
HCV infection [4,12,18], while some studies reported
a relatively higher prevalence of OCI by PCR as
Hanafy et al., who reported that out of 89 patients
who achieved SVR 9% of them developedHCC and all
of the HCC patients were OCI positive by RT-PCR in
PBMCs [19], and Khattab et al., who reported 20%
OCI by PCR, although inclusion criteria were different
for each study [20]. The inclusion of RIB in DAA
drugs for treating HCV infection has been debated,
particularly concerning its impact on OCI. Both RIB-
inclusive and RIB-sparing DAA regimens are highly
effective in treatingHCV. RIB-inclusive regimensmay
offer additional benefits in reducing OCI due to their
enhanced antiviral and immune-modulatory effects,
though they come with a higher risk of adverse
effects. RIB-sparing regimens are well-tolerated and
effective, making them a preferred option for many
patients. Personalized treatment decisions and ongoing
research are essential to optimize outcomes and address
the risk of OCI in HCV patients [21].

In our study, patients who received DAAs with RIB
(triple therapy) showed significantly higher grades of
OCI in PBMNCs by TEM than those who received
double therapy (87% versus 59.6%, P=0.020), denoting
that RIB use with DAAs has no role neither in
decreasing viral load intracellularly nor in the
prevention of the development of severe OCI. In
agreement with our findings, previous studies
comparing RIB-inclusive DAA regimens to RIB-
sparing DAAs show that the addition of RIB often
does not significantly increase SVR rates. For instance,
the LONESTAR and ION-1 trials did not find any
significant difference in SVR rates among patients
treated with SOF/ledipasvir (LDV/SOF) with and
without RIB. Furthermore, RIB-inclusive regimens
are associated with higher rates of adverse events,
including anemia and fatigue, suggesting that RIB
may not be necessary for most DAA regimens [21].
Other studies have investigated the detection of OCI
when using a combination of DAAs with or without
RIB by PBMC PCR for HCV RNA and their results
do not show a difference with or without RIB [20,22].

There is a complex interplay between OCI and
leucopenia in HCC patients. Chronic immune
activation due to OCI combined with the effects of
cirrhosis and HCC treatments can lead to leucopenia,
complicating HCCmanagement by increasing the risk
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of infections and limiting the ability to administer full-
dose chemotherapy. Regular monitoring and tailored
therapeutic strategies are essential to address these
challenges and improve patient outcomes [23].

In our study, There was a significantly lower TLC in
severe OCI grade by TEM compared with mild and
moderate grades (P=0.010), however, there was no
statistically significant relation between the other
laboratory parameters and the severity of OCI. A
possible explanation for the significant reduction of
TLC in our study is that persistent low-level HCV
infection in the liver may continually stimulate the
immune system, leading to immune exhaustion or
dysfunction, which can manifest as leucopenia.
Moreover, the antiviral therapy may alter the immune
response, leading to a decrease in leucocytic count.

On the contrary, Nakano et al., found that an elevated
white blood cell count in the initial stage of HCV
infection is an independent risk factor for the early
development of HCC [24], taking into account that
the white blood cell count is a reliable indicator of
inflammation and that persistent inflammation may
increase the risk of developing hepatocarcinogenesis by
activating receptors for advanced glycation end
products and chemokines [25]. So, regular
monitoring of leucocyte counts in HCC patients is
essential, especially those with known OCI. In
addition, addressing underlying OCI with antiviral
therapy, if applicable, may help mitigate some of the
immune dysfunction and improve leucocyte counts.

The platelet count in chronic liver disease patients,
especially those with liver cirrhosis, could be an
important indicator of liver function and overall
health. In the context of HCC, platelet count has
been studied as a potential marker for the early
development of the disease [26]. In our study,
however no statistically significant relation between
platelet count and the advanced grade of OCI by
TEM could be detected, the onset of HCC
development is significantly associated with platelet
count (P<0.032); denoting that thrombocytopenia is
associated with the early development of HCC in the
studied cases. In agreement with our findings, previous
studies reported that lower platelet counts were
correlated with a higher risk of HCC development,
as thrombocytopenia reflects more advanced liver
disease, which leads to an increased chance for
HCC [27,28]. Conversely, Lu and colleagues
suggested that increased platelet is a predictor of
HCC recurrence following radical treatment in the
presence of circulating tumor cells. This finding
implies that platelets can attach to circulating tumor
cells, reducing blood flow to them and changing their
immunogenicity. Moreover, the platelets interact with
the tumor microenvironment by promoting an
inflammatory response and creating new blood
vessels, which in turn stimulates the shedding and
spreading of cancer cells by releasing a significant
number of cytokines [29].

In our study, 68.6% of the patients had right hepatic
focal lesions. There was a significantly higher
proportion of marked OCI grades among cases with
right lobe lesions (75% vs. 25%, P=0.020).

The right hepatic lobe is more commonly affected by
HCC than the left lobe. This has been reported in
numerous studies [30,31]. The incidence of HCC in
the right hepatic lobe is likely multifactorial. The right
lobe is larger with a higher concentration of
hepatocytes, which are the primary cells that can
develop into HCC. Additionally, the right lobe
receives more blood flow and has a greater exposure
to potentially hepatotoxic substances compared with
the left lobe. Furthermore, the right lobe of the liver is
anatomically located adjacent to the gallbladder, which
can harbor gallstones that may lead to inflammation
and damage to the liver and finally promote HCC
development [31].
Conclusion
In conclusion, DAAs are effective in eliminating
HCV in serum, but OCI should be considered,
recommending a re-definition for SVR through
detection of HCV-RNA in serum and PBMCs by
PCR and TEM studies. Our study is the first to
provide electron microscopy as a sensitive tool for
OCI detection, with established superiority over the
PCR technique in the detection of OCI. Therefore,
electron microscopy studies should be considered in
screening OCI in high-risk groups, especially patients
with low TLC and platelet count, to determine the
presence and stage of OCI for treatment modifications
and follow-up.
Limitation and recommendations
Further studies are needed to confirm such a
conclusion of association between OCI and HCC by
comparing these patients to other control groups of
treated HCV patients who did not develop HCC.
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