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Introduction
Chronic hepatitis C infection is a global problem with 
an increasing burden on healthcare, particularly in areas 
with high endemicity like Egypt. The WHO estimates 
that ~200 million people worldwide are infected with 
hepatitis C virus  (HCV). In Egypt, it was estimated 
that 15% of Egyptians had serologic evidence of HCV 
infection [1].

Since its discovery, the gold standard method for 
diagnosis of HCV has been serologic detection of 
both HCV antibodies (HCV‑Abs) and the RNA viral 
load (HCV‑RNA‑PCR) in the serum [2,3]. However, 
and even with the advent of highly sensitive techniques, 

a subset of patients with positive HCV‑Ab and negative 
HCV‑viremia remain challenging to treat.

A new entity of HCV infection was first described 
in 2004 in patients with persistently elevated liver 
function tests and who were anti‑HCV and serum 
HCV RNA negative; this clinical situation was termed 
OCI [4].
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Introduction  and aim
Chronic hepatitis C infection is a global problem with an increasing burden on healthcare, 
particularly in Egypt. Even with the advent of highly sensitive techniques, a subset of patients 
with positive hepatitis C virus antibody (HCV‑Ab) and negative HCV‑viremia remain challenging 
to treat. Therefore, we tried to determine the prevalence of occult HCV infection  (OCI) in 
peripheral blood mononuclear cells (PBMCs) of patients presenting with a positive serologic 
test for anti‑HCV‑Ab and negative serum HCV‑RNA‑PCR (spontaneously cleared patients) 
and followed up those patients.
Patients and methods
Between March 2010 and March 2015, a prospective study was designed  to include all 
consecutive patients with HCV‑Ab positivity and HCV‑RNA negativity who attended the Assiut 
Unit for treatment of viral hepatitis – the National Committee for Control of Viral Hepatitis. 
A total of 25 patients were recruited. Spontaneous clearance of serum HCV infection was 
approved on the basis of HCV‑Ab positivity using two third‑generation enzyme‑linked 
immunosorbent assay tests and serum HCV RNA negativity on three consecutive occasions, 
each 6 months apart. Follow‑up serum HCV RNA levels were evaluated for patients with 
OCI every 6 months. The RNA extraction step was performed by a protocol modified from 
that of the  QIAamp  viral RNA kits. Blood samples for separation of PBMCs were collected 
from all patients. PBMCs were obtained using Ficoll–Hypaque density gradient of EDTA 
anticoagulated blood according to the manufacturer’s instructions (Lymphoflot). Detection 
of HCV viral load was performed with the kit supplied by Applied Biosystem (HCV RT‑PCR 
Kit lot No.).
Results
A total of 25 patients (21 men, mean age 36.2 ± 9.1) cleared HCV spontaneously (HCV‑Ab 
positive and serum HCV RNA negative). Genomic HCV RNA was detected in PBMCs of 
three (12%) of 25 patients. These three patients with OCI were followed up for 18 months by 
measuring their serum HCV RNA using highly sensitive real‑time PCR every 6 months. Only 
one patient became overt HCV with a low level of viremia.
Conclusion
OCI was detected in a considerable prevalence in patients who cleared HCV spontaneously, 
that entails corporations of HCV-viral assay in PBMCs into the diagnostic algorithm.
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OCI has also been described in two other different 
clinical settings. One of these is in anti‑HCV‑positive, 
serum HCV‑RNA‑negative patients with persistently 
normal values of liver enzymes  (asymptomatic HCV 
carriers), of whom nearly 90% have detectable viral 
RNA in the liver and in peripheral blood mononuclear 
cells (PBMCs) [5,6].

Therefore, the gold standard for the diagnosis 
of this occult situation depends mainly on the 
detection of HCV‑RNA in liver cells. However, 
because of the invasive nature of liver biopsy, other 
alternatives were studied in an attempt to increase 
the sensitivity of the diagnostic tests related to 
serum by examining the HCV‑RNA‑positive and 
HCV‑RNA‑negative  (replicative) strands as well 
as virus proteins in the PBMCs in patients with 
chronic hepatitis C, especially when liver biopsy is not 
feasible [7,8].

The question of whether HCV does persist as occult 
infection in individuals with clinically resolved hepatitis 
C is undoubtedly of tremendous epidemiological 
and pathogenic importance and deserves a thorough 
investigation. Therefore, we herein tried to determine 
the prevalence of OCI in PBMCs of patients presenting 
with positive serologic test for anti‑HCV‑Ab and 
negative serum HCV‑RNA‑PCR  (spontaneously 
cleared patients) and also followed up those patients.

Patients and methods
Patient selection
Between March 2010 and March 2015, a prospective 
study was designed to include all consecutive 
patients with HCV‑Ab positivity and HCV‑RNA 
negativity who attended the Assiut Unit for treatment 
of viral hepatitis – the national committee for control 
of viral hepatitis. A total of 25 patients were recruited. 
Spontaneous clearance of serum HCV infection was 
approved on the basis of HCV‑Ab positivity using 
two third‑generation enzyme‑linked immunosorbent 
assay tests and serum HCV RNA negativity on three 
consecutive occasions, each 6 months apart. Follow‑up 
serum HCV RNA evaluation for patients with occult 
HCV infection  (OCI) was done every 6  months. 
Patients with positive serum HCV RNA, combined 
HCV/HBV infection, autoimmune liver disease, and 
proven hepatocellular carcinoma were excluded.

RNA isolation from serum
The RNA extraction step was performed by a protocol 
modified from that of the QIAamp viral RNA 
kits  (Qiagen, Courtaboeuf, France) as follows: 200 µl 
of serum sample was suspended in 600 µl of AVL lysis 

buffer  (Qiagen). After an incubation step of 10  min 
at room temperature, 600 µl of absolute ethanol was 
added and the whole mixture was centrifuged through a 
QIAmp column at 6000g for 1 min. After two successive 
washing steps with AW1 buffer for 1 min at 6000g and 
AW2 buffer for 3 min at 12 000g, the RNA extracts were 
removed from the column by addition of 200 µl of AVE 
elution buffer and were centrifuged at 6000g for 1 min.

Preparing of peripheral blood mononuclear cells 
lysate
Blood samples for separation of PBMCs were 
collected from all patients. PBMCs were obtained 
using Ficoll–Hypaque density gradient of EDTA 
anticoagulated blood according to the manufacturer’s 
instructions (Lymphoflot; Biotest, Dreleich, Germany). 
Cells were washed three times with Mg2+‑free and 
Ca2+‑free PBS and resuspended to 1 × 106 cells/ml in 
PBS.

RNA isolation from PBMCs: to isolate RNA from 
PBMCs, 500 ml of Trizol reagent was added in each 
Eppendorf tube containing white pellets of PBMCs 
and slightly shaken to get the mixture of the cells. Then 
chloroform  (100  ml) was added in each Eppendorf 
tube containing 500 ml Trizol reagent and cell mixture, 
shaken for 2–5 times by hand to mix, and centrifuged 
at 13  200  rpm for 15  min at 4°C. The upper layer 
containing the RNA (leaving behind the precipitated 
protein‑DNA pellet) was pipetted out into a clean 
1.5 ml tube containing 500 µl of 100% isopropanol and 
centrifuged at 13 200 rpm for 15 min; the RNA was 
visible as a small, translucent pellet. The supernatant 
was poured off and the tube was drained briefly on 
clean absorbent paper. A  measure of 500 µl of 70% 
ethanol was added and the tube was inverted several 
times to wash the RNA pellet and then centrifuged at 
13 000 rpm for 10 min. The ethanol was then carefully 
poured out. The tubes were inverted and drained 
on clean absorbent paper and allowed to air‑dry 
10–15 min. Hydration solution (20 µl) was added to 
the RNA pellets to dissolve them. The solution was 
then kept on ice for 30 min before a short spin.

Hepatitis C virus amplification by real‑time PCR
The HCV viral load was detected using a kit supplied 
by Applied Biosystem (HCV RT‑PCR Kit lot No., 
Qiagen,courtaboeuf, France), which constitutes a 
ready‑to‑use system for the detection of HCV RNA 
using PCR on a 7500 fast analyzer supplied by Applied 
Biosystem. The HCV quantitative real‑time PCR kit 
is based on RNA reverse transcription process and 
consequent cDNA fragment amplification with PCR. 
The amplification process lies in repeated cycles: 
thermal DNA denaturing, primer annealing with 
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complementary sequences, and completion of further 
polynucleotide chains by Taq‑polymerase. An internal 
control (IC) sample corresponding to a stabilized RNA 
fragment was added to a sample being examined at 
the stage of nucleic acid isolation and intended for 
estimation of the efficacy of all the examination stages. 
The HCV quantitative real‑time PCR kit and DNA 
probes, each of which contains a fluorescence label and 
fluorescence quencher, were included in the PCR mix. 
In case of specific cDNA product formation, a probe 
gets destroyed and that leads to fluorescence level 
growth registered by special appliances. DNA probes 
used for sought nucleic acid and IC PCR product 
detection are labeled with FAM and HEX fluorescence 
probes accordingly. That allows separate registration of 
HCV cDNA and IC sample PCR results.

Statistical analysis
Data were entered, cleaned, and analyzed using 
SPSS, version 16 (SPSS Inc., Chicago, Illinois, USA). 
Descriptive statistics such as frequencies and means 
and SD were calculated.

Ethical aspects
The study protocol was approved by the local ethics 
committee in the Faculty of Medicine, Assiut 
University. All patients were informed about the study 
in detail and written consent was obtained.

Results
A total of 25 patients (21 men; mean age 36.2 ± 9.1) 
who cleared HCV spontaneously  (HCV‑Ab positive 
and serum HCV RNA negative) were recruited into 
the study. Genomic HCV RNA was detected in 
PBMCs of three (12%) of 25 patients (Tables 1 and 2).

Results of follow‑up
The three patients with OCI were followed up for 
18  months by measuring serum HCV RNA using 
highly sensitive real‑time PCR every 6 months. Only 
a single patient became overt HCV with a low level of 
viremia.

Discussion
Egypt has the largest epidemic of hepatitis C in 
the world, making it the most challenging public 
health problem facing the country. In The Egyptian 
Demographic Health Survey (EDHS 2008), the overall 
prevalence of HCV was 14.7% and HCV‑viremia was 
detected in 9.8%, which means almost 10% of the 

total population is infected and infectious to other 
people [1].

In the past years, a new entity of HCV infection was 
identified and defined as OCI, in which HCV‑RNA 
is undetectable in serum by conventional assays, but 
patients have HCV‑RNA in the liver or PBMCs [9]. 
The long‑term presence of HCV infection after 

Table 1 Characteristics of patients in the studied groups
Category Spontaneous clearance 

(n=25) (n (%))
Sex

Male 21 (84)
Age
Mean±SD 36.2 ± 9.1

BMI
Mean±SD 25 ± 2.9

Diabetes 2 (8)
LFTs

ALT
Normal 22 (88)
Increased 3 (12)

AST
Normal 24 (96)
Increased 1 (4)

Bilirubin
Normal 25 (100)
Increased 0 (0)

GGT
Normal 25 (100)
Increased 0 (0)

Albumin
Normal 25 (100)
Decreased 0 (0)

INR
Normal 25 (100)
Increased 0 (0)

CBC
WBC

Normal 25 (100)
Increased 0 (0)
Decreased 0 (0)

HB
Normal 23 (92)
Decreased 2 (8)

Platelets
Normal 25 (100)
Decreased 0 (0)

AFP
Normal 25 (100)
Increased 0 (0)

Liver ultrasound
Normal 23 (79.3)
Abnormal echopattern 2 (6.9)
Cirrhosis 0 (0)

AFP, α‑feto protein; ALT, alanine transaminase; AST, aspartate 
transaminase; CBC, complete blood count; GGT, γ‑glutamyle 
transferase; Hb, hemoglobin; INR, international normalization ratio; 
LFT, liver function test; WBC, white blood cell.
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spontaneous resolution of hepatitis C was also described 
with recurrent infection in kidney transplant recipients 
treated with immunosuppressive therapy [10].

Persistence of HCV as occult infection following 
natural clearance or successful antiviral therapy 
clinically has epidemiological and pathogenic 
importance and deserves a thorough investigation. This 
may confirm not only a new view on the natural history 
of HCV infection but may also warrant considerations 
of new preventive and therapeutic practices against 
HCV infection, which continues beyond a clinically 
apparent recovery [11].

In our study, genomic HCV RNA was detected in 
PBMCs of 3/25  patients  (12%) who cleared HCV 
spontaneously and test positive for HCV‑Ab and 
negative for serum HCV RNA. A total of three patients 
discovered to have OCI in our study were followed up 
with highly sensitive real‑time PCR in serum every 
6  months for a period of 18  months. Only one case 
became overt HCV with HCV RNA detected in serum. 
This patient cleared HCV spontaneously. This patient 
achieved sustained viral response after treatment with 
sofosbuvir 400  mg daily plus pegylated interferon 
weekly and weight‑based ribavirin for 12 weeks. The 
patient also tested negative for HCV RNA in PBMCs.

As mentioned before, although the detection of HCV 
RNA in liver biopsy specimens is the gold standard 
method for diagnosis of OCI, detection of HCV RNA 
in PBMCs is an alternative procedure in the absence of 
liver biopsy. HCV RNA was detected in the PBMCs of 
70% of patients with occult infection [4,9]. Therefore, 
detection of HCV RNA in PBMCs does not identify 
all cases with OCI.

Contrary to our study findings, several investigators did 
not find the presence of OCI [12,13], which might be 
due to the use of commercial assays and the sensitivity 
of assays not described in some studies. Also, all the 
previous studies included a small number of patients, 
ranging from 5 to 27.

Our findings as regards the detection of OCI in 
patients who spontaneously cleared HCV matched 

with the studies conducted by Carreño et al. [8], Pham 
et al. [14], Falcón et al. [6], Radkowski et al. [5], and 
Veerapu et al. [15], but with different prevalence rates.

Several Egyptian studies were conducted to determine 
the prevalence of occult HCV in different groups of 
patients, such as in healthy spouses of patients  with 
HCV infection  [16], in patients with chronic 
lymphoproliferative disorders  [17], those with 
nonalcoholic fatty liver disease [18], and hemodialysis 
patients [19]. To the best of our knowledge, the current 
study was the first Egyptian study to investigate the 
prevalence of occult HCV in patients with so‑called 
spontaneous HCV recovery. Despite this, the present 
study had some limitations, such as absence of 
confirmed OCI in liver tissue and small sample size. 
Therefore, we recommend a large prospective cohort 
study to overcome these limitations.

Conclusion
OCI was detected in a considerable prevalence in 
patients with apparent clearance of HCV-viral load, 
that entails incorporations of HCV-viral assay in 
PBMC into the diagnostic algorithm. Also OCI may 
changed to an overt infection.

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of interest.

References
  1	 El‑Zanaty  F, Way  A. Egypt: Demographic and Health Survey 2008. 

Cairo: Egypt Ministry of Health, El Zanaty and Associates, and Macro 
International. 2009. Available at: http://dhsprogram.com/pubs/pdf/FR220/
FR220.pdf. [Last accessed on  2015 Dec 10].

  2	 Pawlotsky JM, Lonjon I, Hezode C, Raynard B, Darthuy F, Remire J, et al. 
What strategy should be used for diagnosis of hepatitis C virus infection in 
clinical laboratories? Hepatology 1998; 27:1700–1702.

  3	 Ghany MG, Strader DB, Thomas DL, Seeff LB. Diagnosis, management, 
and treatment of hepatitis C: an update. Hepatology. 2009; 49:1335–1374.

  4	 Castillo  I, Pardo  M, Bartolomé J, Ortiz‑Movilla  N, Rodríguez‑Iñigo E, 
de Lucas S, et al. Occult hepatitis C virus infection in patients in whom the 
etiology of persistently abnormal results of liver‑function tests is unknown. 
J Infect Dis 2004; 189:7–14.

  5	 Radkowski M, Horban A, Gallegos‑Orozco JF, Pawelczyk A, Jablonska J, 
Wilkinson  J, et  al. Evidence for viral persistence in patients who test 
positive for anti‑hepatitis C virus antibodies and have normal alanine 
aminotransferase levels. J Infect Dis 2005; 191:1730–1733.

  6	 Falcón V, Acosta-Rivero N, Shibayama M, Luna-Munoz J, 
Miranda-Sanchez M, de la Rosa MC, et al. Evidences of hepatitis C virus 
replication in hepatocytes and peripheral blood mononuclear cells from 
patients negative for viral RNA in serum. Am J Infect Dis 2005;1:34–42.

  7	 Schmidt WN, Stapleton JT, LaBrecque DR, Mitros FA, Kirby PA, Phillips MJ, 
Brashear DL Hepatitis C virus  (HCV) infection and cryoglobulinemia: 
analysis of whole blood and plasma HCV‑RNA concentrations and 
correlation with liver histology. Hepatology 2000; 31:737–744.

  8	 Carreño V, Castillo  I, Bartolomé J, Rodríguez‑Iñigo E, Ortiz‑Movilla  N, 
de Lucas S, Pardo M. Comparison of hepatitis C virus RNA detection in 

Table 2 Results of HCV RNA detection in serum and PBMCs
Category Spontaneous clearance 

(n=25) (n (%))
Serum HCV RNA

Positive 0 (0)
Negative 25 (100)

PBMCs HCV RNA
Positive 3 (12)
Negative 22 (88)

HCV, hepatitis C virus; PBMC, peripheral blood mononuclear cell.



16  Journal of Current Medical Research and Practice

plasma, whole blood and peripheral blood mononuclear cells of patients 
with occult hepatitis C virus infection. J Clin Virol 2004; 31:312–313.

9	 Barril  G, Castillo  I, Arenas  MD, Espinosa  M, Garcia‑Valdecasas  J, 
Garcia‑Fernández N, et  al. Occult hepatitis C virus infection among 
hemodialysis patients. J Am Soc Nephrol 2008; 19:2288–2292.

10	 Melon  S, Galarraga  MC, Villar  M, Laures  A, Boga  JA, de Oña M, 
Gomez E. Hepatitis C virus reactivation in anti‑hepatitic C virus‑positive 
renal transplant recipients. Transplant Proc 2005; 37:2083–2085.

11	 Pham TN, Coffin CS, Michalak TI. Occult hepatitis C virus infection: what 
does it mean?. Liver Int 2010; 30:502–511.

12	 De Mitri MS, Morsica G, Chen CH, Mele L, Baccarini P, Chianese R, et al. 
Complete eradication of hepatitis C virus after interferon treatment for 
chronic hepatitis C. Ital J Gastroenterol Hepatol 1997; 29:255–261.

13	 Teramura  K, Fukuda  A, Kobayashi  H, Yoshimoto  S, Kawashima  H, 
Ohsawa N. Virus elimination and histologic improvement in patients with 
chronic hepatitis C treated with interferon alpha. J  Clin Gastroenterol 
1997; 25:346–351.

14	 Pham TN, MacParland SA, Mulrooney PM, Cooksley H, Naoumov NV, 
Michalak  TI. Hepatitis C virus persistence after spontaneous or 
treatment‑induced resolution of hepatitis C. J Virol 2004; 78:5867–5874.

15	 Veerapu NS, Raghuraman S, Liang TJ, Heller T, Rehermann B. Sporadic 
reappearance of minute amounts of hepatitis C virus RNA after successful 
therapy stimulates cellular immune responses. Gastroenterology 2011; 
140:676–685.e1.

16	 El Shazly Y, Hemida K, Rafik M, Al Swaff R, Ali‑Eldin ZA, GadAllah S. 
Detection of occult hepatitis C virus among healthy spouses of patients 
with HCV infection. J Med Virol 2015; 87:424–427.

17	 Youssef SS, Nasr AS, El Zanaty T, El Rawi RS, Mattar MM. Prevalence of 
occult hepatitis C virus in egyptian patients with chronic lymphoproliferative 
disorders. Hepat Res Treat 2012; 2012:429784–429784.

18	 Saad Y, Zakaria  S, Ramzy  I, et  al. Prevalence of occult hepatitis C in 
Egyptian patients with non alcoholic fatty liver disease. Open J Intern Med 
2011; 1:33–37.

19	 Abdelrahim SS, Khairy R, Esmail MA, et al. Occult hepatitis C virus among 
Egyptian hemodialysis patients. J Med Virol 2016 [Epub ahead of print].


