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Abstract

Context: Occult HCV infection (OCI) is defined as the presence of HCV-RNA in hepatocytes and the absence of HCV in the serum according
to usual tests. We aimed to define OCI and provide information about the currently available diagnostic methods. Then we focus on
specific groups that are at high risk of OCI and finally investigate immune responses to OCI and the available treatment approaches.
Evidence Acquisition: PubMed, Scopus and Google Scholar were comprehensively searched with combination of following keywords:
“occult”, “hepatitis Cvirus” and “occult HCV infection”. The definition of OCI, diagnostic methods, specific groups that are at high riskand
available treatment approaches were extract from literature. An analysis of available articles on OCI also was done based on Scopus search
results.

Results: OCI has been reported in several high-risk groups, especially in hemodialysis patients and subjects with cryptogenic liver disease.
Furthermore, some studies have proposed a specific immune response for OCI in comparison with chronic hepatitis C (CHC).
Conclusions: With a clinical history of approximately 11 years, occult HCV infection can be considered an occult type of CHC. Evidences
suggest that considering OClin these high-risk groups seems to be necessary. We suggest that alternative diagnostic tests should be applied
and that there is a need for the participation of all countries to determine the epidemiology of this type of HCV infection. Additionally,
evaluating OClI in blood transfusion centers and in patients who receive large amounts of blood and clotting factors, such as patients with

hemophilia, should be performed in future projects.

Keywords: Hepatitis C, Occult infection, Review, Knowledge

1. Definition and Diagnoses

HCV is a single strand RNA virus that belongs to the
family of Flaviviridae and genus Hepacivirus. Diagnosis of
HCV infection is based on detecting serum HCV antibod-
ies and HCV-RNA. In 50 to 85% of cases acute infection can
be changed to chronic type. About 170 million people are
infected with HCV worldwide so that it can lead to about
350000 deaths per year (1-4).

In 2004, a new form of CHC has been introduced by Cas-
tillo et al. They investigated 100 patients with negative re-
sults for serum HCV antibodies and HCV-RNA regarding
HCV-RNA in hepatocytes by reverse-transcription poly-
merase chain reaction (RT-PCR) and in-situ hybridiza-
tion. Fifty seven cases were positive for HCV-RNA in liver
cells getting from liver biopsy and in another word these
cases had OCI (5, 6). Some studies are also available in da-
tabases that have investigated the existence of HCV-RNA
in hepatocytes in patients with cryptogenic liver disease
before 2004. In a cross-sectional study in 1992, it has been
reported that 13 out of 22 non-a non-b hepatitis cases had

HCV-RNA in their liver biopsy specimens (7). However in
another study in 1996, it has been showed that none of
10 cases with cryptogenic cirrhosis had HCV-RNA in their
hepatocytes. These studies have proposed nothing about
occult HCV infection (8).

After all we can define OCI with two following condi-
tions; 1) Presence of HCV-RNA in hepatocytes and 2) ab-
sence of HCV-RNA in the serum (by current clinical lab-
oratory methods). Also a categorization based on HCV
antibodies and liver function tests (LFTs) has been pro-
posed so that OCI infected patients can be classified in
two groups. One group of patients has normal LFTs with
positive HCV antibodies and another group has abnor-
mal LFTs without HCV antibodies (9).

Based on this definition, it is clear that for diagnos-
ing OCI infected patients we need to do a liver biopsy
to get hepatocyte specimens and it is considered as the
gold standard method for OCI diagnosis. But we know
that this procedure is invasive (10). On the other hand,
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it is proposed that screening of OCI patients seems to
be necessary in special high risk groups that we pointed
them out later in this review (9). So introducing an al-
ternative diagnostic method for OCI is mandatory and
some project tried for this important issue and pro-
posed some alternative methods. In an attempt to evalu-
ate combined HCV antigen-antibody assay for diagnos-
ing OCI, 115 OCl infected patients have been investigated
with this assay. One patient has been reactive to this as-
say and three has been negative to weekly reactive. So
it was concluded that this combined assay cannot help
to OCI diagnosis (11). Evaluation of HCV-RNA presence in
whole blood, ultracentrifugated serum and peripheral
blood mononuclear cells (PBMCs) are other investigated
OCl diagnostic method in available literature. Investiga-
tion of HCV-RNA in PBMCs (as a diagnostic method for
occult infection of HCV) has been done before 2004.
Oesterreicher et al. among 67 cases undergoing chronic
hemodialysis reported one patient positive for OCI (12).
In another study in 2004, twenty one OCI infected cases
has been evaluated regarding alternative diagnostic
methods. HCV-RNA has been detected in whole blood in
14% of cases and in PBMCs in 57% (13). In 2007, Bartolome
et al. showed in their study that out of 106 OCI patients,
62 (58.5%) had detectable HCV-RNA in their ultracentri-
fuged sera (14). Finally Castillo et al. in 2010, proposed
in their project that investigation of HCV-RNA in ultra-
centrifuged serum and in PBMCs can help to diagnosis
of OCI patients in 57% and 61% of cases respectively. Also
they showed that combination of these two method can
improve OCI diagnosis up to 91% (10). So, investigation of
HCV-RNA in PBMCs and ultracentrifuged serum is what
we have until now as an alternative diagnostic method
for OCI. Importance for diagnosis of OCI is related to
importance of its complications. It is said that because
of lower number of liver cells that are involved in OCI,
this type of HCV infection is a milder disease than CHC.
However it is showed that OCI can lead to necroinflam-
mation and fibrosis in liver tissue (15). And on the other
hand liver cirrhosis and hepatocellular carcinoma are
other reported complications of OCI(16,17). So thereisa
need for a suitable diagnostic method for OCI at least in
some high risk groups that we point them below.

2. Special Groups Need Special Attention

Some HCV genotypes including 1a, 2a, 2b and 3b are re-
ported for OCI and this may indicate OCI as a worldwide
issue (2, 18, 19). However more epidemiological studies
should be done in the world and in different groups of
patients to investigate this issue.

The literature suggests the existence of occult HCV infec-
tion (OCI) in some special populations. Data on these con-
ditions (autoimmune hepatitis (6), lymphoproliferative
disease (20, 21), glomerular nephropathies (22), antiphos-
pholipid syndrome (23), type 2 mixed cryoglobulinemia
(24-26), hemophilia (27) and hepatitis B infection (28)) are

scarce, and there is thus a need for more original studies to
determine the relationship of these populations with OCL.
Due to length limitations, we cannot evaluate these condi-
tions here, but we review the existence of OCI in other popu-
lations supported by currently available original research.

2.1. Patients with Cryptogenic Liver Disease

Chronic liver disease is defined as the persistent abnor-
mality of liver enzymes for more than 6 months (2, 29,
30). However, when all standard clinical and paraclini-
cal evaluations identify no known etiology, the patient is
considered to have cryptogenic liver disease (2, 29). The
prevalence of cryptogenic liver disease has been reported
to vary between 5 and 20 percent in patients with chronic
liver disease (2, 29, 31, 32). Occult HBV infection is now a
well-known and important underlying pathology in those
patients (29). With the emergence of OCI, researchers have
evaluated its significance in patients with cryptogenic liv-
er disease. These studies are presented in Table 1.

As stated previously, Castillo et al. investigated 100 pa-
tients with cryptogenicliver disease. Liver samples from 57%
of the patients were positive for genomic HCV RNA by RT-
PCR. Additionally, HCV RNA was detectable in PBMCs in 40
of these 57 samples. The researchers also showed the pres-
ence of anti-genomic HCV-RNA in both the liver and PBMCs,
which suggested the ongoing replication of the virus. They
even confirmed that OCI is associated with necroinflam-
matory activity and fibrosis in the liver (5). Bokharaei et al.
used RT-nested PCR to evaluate the presence of HCV-RNA in
the PBMCs of 69 Iranian patients with cryptogenic liver dis-
ease. OCI was present in 7 (10%) of them. They proposed OCI
as a possible cause of cryptogenic liver disease (2). Keyvani
et al. evaluated 45 cryptogenic cirrhosis patients, and 8.9
% of them had OCI, as shown by the presence of genomic
HCV-RNA in their PBMCs. The authors recommended the
detection of HCV-RNA in PBMCs of patients with cryptogen-
ic cirrhosis prior to liver transplantation (17).

In contrast, other studies have failed to demonstrate
the presence of OCI in these patients. Geller et al. inves-
tigated liver specimens of patients with cryptogenic cir-
rhosis using RT-PCR, and all 10 subjects were negative for
HCV-RNA (8). Additionally, Halfon et al. used an ultrasen-
sitive RT-PCR to assess the PBMCs of 22 patients with cryp-
togenic liver disease, and all of the samples were negative
for HCV-RNA (34).

Keeping in mind that HCV infection is an important and
treatable cause of liver disease and the fact that patients
with cryptogenic liver disease can potentially develop
cirrhosis and hepatocellular carcinoma (17), investigat-
ing the prevalence of HCV and developing more accurate
techniques to diagnose OCl in these patients are critically
important.

2.2. Hemodialysis and Kidney Transplant Patients

Although OCI was found first in patients on chronic
hemodialysis (HD), important controversy remains con-
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cerning the prevalence and clinical significance of OCI
in HD and kidney transplant (KTX) patients. Due to the
existence of OCI, the prevalence of HCV infection among
HD patients may be underestimated (38). Studies have
provided different statistics for the prevalence of OCI in
HD patients, which ranges from 0 to 42.2 % (39-42). This
difference may have arisen because the studies used dif-
ferent inclusion criteria (40, 43) and even different defi-
nitions of OCI (39, 44, 45). Additionally, they relied on the
detection of HCV-RNA in serum or PBMCs, and to the best
of our knowledge, liver biopsy was only performed in one
study (40). However, three studies conducted on HD and|
or KTX patients with no other criteria used the PBMC HCV-
RNA levels to detect OCI and achieved low prevalence rates
that ranged from 0.25 to 1.5 % (12, 41, 42). Table 2 shows the
basic information from several studies that have evaluated
OCI'in HD and/or KTX patients to date. In the largest study,
Baid-Agrawal et al. evaluated 417 HD patients and 417 KTX
recipients and elucidated very low prevalence rates, con-
cluding that the prevalence of OCI in those patients was
not clinically relevant (42). Nicot et al. evaluated KTX recip-
ients in whom HCV infection was eliminated during HD
and showed that administration of immunosuppressive
therapy during KTX did not cause a relapse, therefore con-
cluding that OCI was not present (40). However, several
other studies emphasized the prevalence and relevance of
OCI in these two groups. For example, Barril et al. showed
a prevalence of 45% for OCI in patients under chronic HD
with persistently deranged aminotransferases and nega-
tive serum HCV-RNA and Anti-HCV; they also revealed the
role of OCI in increased mortality (43). The detection of
HCV-RNA in PBMCs from patients on HD who were nega-
tive for serum HCV-RNA has led some authors to suggest
using this measurement to better diagnose patients with
occult infections who require more attention (12, 41).

3.Immune Responses

Both cellular and humoral aspects of adaptive immune
system are increased in HCV infection, and cellular re-
sponses, especially specific T cell responses, play a key
role in recovery from infection (31, 59, 60). The inflamma-
tory response to HCV may continue for a long time, even
in the absence of occult viral infections (61). As a new en-
tity, immune response to OCI is a very active field of re-
search, and there is still much to be discovered (62).

The immune system is not only a part of an OCI patient’s
reaction to the virus, but it also serves as a host to the vi-
rus, thereby facilitating its replication, as indicated by an-
tigenomic HCV-RNA strands found in these patients (55,
63-65). Evidence also shows that OCI is associated with
lymphoproliferative disorders and suggests a role for it
in lymphomagenesis (20).

Distinct patterns of cellular immune responses have
been shown in patients with OCI, and some studies even
suggest tests for the assessment of cellular immunity asa
marker for OCI (66). Quiroga et al. demonstrated that OCI
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patients have HCV-specific cellular immune responses
in their peripheral blood significantly more frequently
than CHC patients. This is true for both CD4 and CD8 func-
tional virus-specific memory T cells (59). These types of re-
sponses are maintained by fluctuating levels of viremia,
which persist in OCI patients over time (67). Some stud-
ies have revealed the similarity between T-cell responses
found in OCI and those in Anti-HCV positive patients fol-
lowing spontaneous or treatment-induced recovery (60,
68), and another study showed that sustained virological
response (SVR) with OCI in PBMCs bears a lower HCV-
specific T-cell response relative to SVR without OCI (69).
Therefore, we believe that HCV-specific T-cell responses in
OCI are more powerful than those in CHC because the for-
mer can clear the serum, restrict the presence of the virus
and replication in hepatocytes and PBMCs, and lessen the
clinical manifestations but are not sufficiently powerful
to cause the complete eradication of the virus.

There is also evidence of distinct profiles of antiviral and
proinflammatory cytokines in OCL In light of the role of
imbalanced Thiand Th2 responses in the persistence of vi-
ruses such as HIV, Pham et al. showed that PBMCs in CHC
and OCI produce low or undetectable levels of IFN-g and IL-
12 and high levels of IL-10. IL-10 is a Th2-type cytokine that is
frequently associated with viral persistence. IFN-g and IL-12
are Thi-type cytokines that have a key role in T-cell-medi-
ated immunity and viral clearance. The authors suggested
that higher levels of IL-10 in OCI shift the immune response
towards Th2-type cytokines, which causes the virus to per-
sist in some compartments (60). Gad et al. focused on the
difference between OCland CHC and showed a distinct im-
munoregulatory cytokine profile with the predominance
of Th2-type cytokines (IL-4 and IL-10) in OCI, thus allowing
viral persistence in liver while the serum is clear. They con-
tributed the less aggressive course of OCI relative to CHC
to the lack of Thi-type cytokines (IL-2 and IFN-g) in OCI (70).
Similar results were described by Mousa et al., who re-
vealed that Thi-type cytokines were significantly increased
in patients with CHC relative to OCI but that the serum IL-4
levels as a Th2-type cytokine were higher in OCL The serum
IL-10 levels were high in both groups, with no significant
difference between CHC and occult HCV groups (71). In
light of these studies, we believe that perturbation of the
immune response balance toward Th2-type cytokines
playsarolein the clinical scenario of OCI, causing the virus
to persist with fewer manifestations than CHC.

The two types of OCI described previously can be either
positive or negative for anti-HCV (55, 69, 72). After a sero-
positive infection, OCI can bear anti-HCV for years, but in
an immunocompetent patient, primary OCI can be caused
by sporadic exposure to low viral doses, resulting in unde-
tectable antibody titers (11). However, there are distinct pat-
terns of humoral responses in OCI patients. In one study,
Quiroga et al. unveiled a 20% frequency of IgG antibody to
GOR autoepitopes in anti-HCV-negative OCI. They found
that both frequency and serum levels of anti-GOR IgG are
lower in OCI than CHC. Although positivity for anti-GOR did
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notdifferin clinical background, the percentage of infected
hepatocytes was significantly greater in anti-GOR-positive
OCI patients, and they showed signs of necroinflammation
more frequently than anti-GOR-negative patients did (73).

In another study, Quiroga et al. measured the levels of
IgG antibody produced in response to a core HCV peptide
in different groups. Approximately 40 % of the anti-HCV-
negative OCI patients were positive, as were 99 % of CHC
patients, but none of the patients with HCV-unrelated liver
disease tested positive. They concluded that anti-HCV core
testing is useful in identifying OCI among individuals who
are negative for both anti-HCV and serum HCV-RNA (74).

There is a suggestive link between HCV infection and
some autoimmune diseases (1). Rheumatoid factor, CRP,
and cryoglobulins are present in 10 to 14% of OCI patients,
which is less frequent than that of CHC (73). Studies have
suggested the link between cryoglobulinemia and OCI
(14), and Casato et al. even suggested that interferon
therapyisan option in patients with apparently essential
mixed cryoglobulinemia (26).

4. Treatment

Because there is still some controversy surrounding the
existence of OCI, it is not surprising that data about its
treatment are lacking. To the best of our knowledge, until
now, only two groups have investigated the effect of HCV
treatment in OCIL.

Casato et al. (26) studied 3 essential mixed cryoglobuli-
nemia patients who were repeatedly anti-HCV-negative
and HCV-RNA-negative in both serum and cryoprecipi-
tate. Two of the patients were treated with recombinant
interferon and showed clinical responses. After different
times elapsed from the start of treatment, they experi-
enced relapse, and at that time, they both tested positive
for HCV-RNA in cryoprecipitate while Anti-HCV was still
negative, which produced a diagnosis of OCI. One of the
patients received the second course of treatment and re-
sponded with clinical remission and the disappearance
of HCV-RNA for a long period of time. Regarding these
data, they suggested that in apparently essential mixed
cryoglobulinemia, treatment with interferon is a viable
option because OCI may be the underlying disease (26).

Pardo et al. (75) studied 10 OCI patients, all of whom were
infected with genotype 1b, had abnormal ALT levels, were
positive for HCV-RNA in their PBMCs and showed necroin-
flammation in their liver biopsy. They received pegylated-
interferon plus Ribavirin for 24 weeks and were followed
for 24 more weeks. The results at the end of treatment and
follow-up showed that ALT normalization occurred in 8
and 6 patients, respectively, and the disappearance of HCV-
RNA in PBMCs was seen in 8 and 7 patients, respectively.
Five patients underwent liver biopsy, and despite the per-
sistence of HCV-RNA in all of them, the viral load was lower.
Interestingly, 3 of them showed histological improvement
with decreases in fibrosis and necroinflammation. Ulti-
mately, the authors demonstrated the benefits of interfer-

on-based antiviral therapy in OCI (75).

With regard to the known complications of OCI and its
prevalence in some important groups, OCI patients require
special attention in treatment (76), and further studies
about the indications and benefits of OCI treatment are
highly warranted. Until then, we believe that individual-
ized HCV treatment should be considered in OCI. Further-
more interferon-free based treatment and using sofosbuvir
are new strategies for treatment of HCV infected patients
(77-79) that can also be considered for OCI treatment.

5.Analysis of Available Articles About OCIin
Scopus

As discussed previously, research on the use of HCV-RNA
in liver cells for the detection of OCI dates to the year
2004. However, some articles published before 2004 ap-
plied identification methods for OCI without mention-
ing HCV-RNA.

We performed a simple search (July 10, 2015) in Scopus
with the key word (TITLE-ABS-KEY (“Occult Hepatitis C”))
and found 78 papers in the search results page. After this,
we analyzed the search results. Figure 1 shows the papers
that used the phrase “Occult Hepatitis C” in their title,
abstract or keywords based on publication years. Two
papers were published 2003 and 1994. However, most pa-
pers were published in 2014 (n = 12), 2009 (n = 10), and
2008 (n=10). Figure 2 shows that Carreno, V (n = 21), Cas-
tillo, I (n =21) and Bartolome, ] (n =17) have authored the
most articles about this issue. As shown in Figure 3, Spain
is the country with the most research on OCI, followed by
France (n=8)and Canada (5).

Of the 78 papers on this issue, 51 were original articles.
There were 12 letters, 6 reviews, and 5 editorials in this
field. We also analyzed the search results based on the
journals that published articles about OCI. The Journal
of Medical Virology (n = 11) and Hepatology (n = 6) pub-
lished the most articles about OCI. We believe that the
78 papers published over approximately 11 years demon-
strate the importance of this topic. However, other coun-
tries should participate in research on this topic and help
determine the epidemiology of OCL

Published Papers

1990 1995 2000 2005 2010 2015 2020
Publication Year

Figure 1. Number of Available Papers on OCI Based on Publication Year
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Table 1. Studies Investigating the Detectability of HCV RNA in the Liver and PBMCs of Patients with Cryptogenic Liver Disease?

Author Year Country HCV-RNA Detection (Liver) = HCV-RNA Detection (PBMCs)
Geller etal. (8) 1996 USA 0/10 (0%) not done

Verslype et al. (33) 2003 Belgium 1/67 (1.5%) b not done

Castillo et al. (5) 2004 Spain 57/100 (57%) 40/100 (40%)

Halfon et al. (34) 2008 France not done 0/22 (0%)
Bokharaei-Salim et al. (2) 2010 Iran notdone 7/69 (10%)
Zaghloul and El-Sherbiny (35) 2010 Egypt not done 4/40 (10%)

Idrees et al. (36) 2011 Pakistan not done 23/31(74.2%)
Keyvani et al. (17) 2013 Iran not done 4/45 (8.9%)
Makvandi et al. (37) 2014 Iran not done 17/53 (32%)

4Abbreviations: HCV, hepatitis C virus; OCI, Occult hepatitis C virus infection; PBMCs, peripheral blood mononuclear cells; PCR, polymerase chain

reaction.

This study aimed to investigate a validated immunohistochemical staining assay. All 67 liver specimens were tested by that method. Six cases were

positive. Liver HCV-RNA was tested only in these six cases.

Table 2. Occult Hepatitis C Virus in Hemodialysis Patients OR Kidney Transplant Recipientsa'b
First Author Year Country Sample Size OCI Prevalence,%  Method of HCV-RNA Detection
Oesterreicher et al. (12) 1995 Austria 67 1.5 PBMCs HCV-RNA by PCR
Yakaryilmaz et al. (45) © 2006 Turkey 188 4.8 serum HCV-RNA by PCR
Barril et al. (43) 2008 Spain 109 ¢ 45 PBMCs l:ﬁzﬁ)lfl?r ?(if;i)cnR andin
Thongsawat et al. (41) 2008 Thailand 231 0.86 PBMCs HCV-RNA by PCR
Jain and Nijhawan (44) € 2008 India 102 26.4 serum HCV-RNA by PCR
Nicot et al. (40) 2009 France 26 (KTX) 0 liver, PBMCs HCV-RNA by PCR
Hoodaetal.(39)¢ 2012 India 404 (KTX) 422 serum HCV-RNA by PCR
Baid-Agrawal et al. (42) 2014 Germany 417 (HD) 417 (KTX)  0.25(HD) 0.5 (KTX) PBMCs HCV-RNA by TMA
Eslamifar et al. (46) 2015 Iran 70 0 PBMCs HCV-RNA by RT-nested PCR

4Abbreviations: HCV, hepatitis C virus; HD, hemodialysis; KTX, kidney transplantation; OCI, Occult hepatitis C virus infection; PBMCs, peripheral blood

mononuclear cells; PCR, polymerase chain reaction; TMA, transcription mediated amplification.

Only patients who were negative for serum HCV-RNA and anti-HCV and had elevated aminotransferases were enrolled in this study.

CThese studies defined OCI as a positive serum HCV-RNA and a negative serum Anti-HCV.

Figure 2. Number of Available Papers on OCI Based on First Author Name
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6. Conclusions

With a clinical history of approximately 11 years, occult
HCV infection can be considered an occult type of CHC.
OCI is milder than CHC generally, but some reports have
shown a link between OCI and liver cirrhosis and hepato-
cellular carcinoma. Also OCI has been reported in several
high-risk groups, especially in hemodialysis patients and
subjects with cryptogenicliver disease. Furthermore, some
studies have proposed a specificimmune response for OCI
in comparison with CHC. All of these points suggest that
considering OCI in these high-risk groups seems to be nec-
essary. We suggest that alternative diagnostic tests should
be applied and that there is a need for the participation of
all countries to determine the epidemiology of this type of
HCV infection. Additionally, evaluating OCI in blood trans-
fusion centers and in patients who receive large amounts
of blood and clotting factors, such as patients with hemo-
philia, should be performed in future projects.
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