
Occult Hepatitis C Virus Infection among Hemodialysis
Patients

Guillermina Barril,* Inmaculada Castillo,† Marı́a Dolores Arenas,‡ Mario Espinosa,§

Juan Garcia-Valdecasas,� Nuria Garcia-Fernández,¶ Emilio González-Parra,**
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Hepatitis C virus (HCV) belongs to
the Flaviviridae family, and its genome
is a single-stranded RNA molecule
(genomic HCV-RNA).1 Virus replica-
tion involves the synthesis of a comple-
mentary RNA (antigenomic HCV-
RNA) that acts as a template for
production of genomic HCV-RNA.2

Despite screening of blood products
for anti-HCV and implementation of
precaution measures, HCV infection is
still a major problem in hemodialysis

(HD) units.3,4 Routine serologic con-
trols performed biannually (including
qualitative PCR technology) and test-
ing at least every 2 mo for alanine ami-
notransferase (ALT) and �-glutamyl
transpeptidase (�-GTP) levels are im-
portant for monitoring viral hepatitis
transmission within HD units.5,6 When
ALT values are �28 IU/L (upper nor-
mal limit for hemodialysis patients)7–9

and/or �-GTP levels are increased
(�43 IU/L), viral markers (hepatitis B

surface antigen and DNA, anti-HCV,
and HCV-RNA) and nonviral causes of
liver disease (e.g., autoimmunity, toxic
hepatitis, metabolic disorders) are
studied to identify the cause of the ele-
vated liver enzymes; however, the
cause of liver disease cannot be estab-
lished in approximately 2% of HD pa-
tients (personal observation).

It was reported that up to 57% of pa-
tients with normal renal function but
with abnormal values of liver enzymes of
unknown cause have an occult HCV in-
fection (presence of HCV- RNA in liver
in absence of anti-HCV and serum
HCV-RNA).10 Furthermore, 70% of
these patients also have HCV-RNA in
peripheral blood mononuclear cells
(PBMC). Thus, although detection of
HCV genome in liver is the most accu-
rate method for the diagnosis of occult
HCV in all patients, testing for HCV-
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ABSTRACT
Occult hepatitis C virus (HCV) infection (i.e., detectable HCV-RNA in the liver or
peripheral blood mononuclear cells) in the absence of both serum HCV-RNA and
anti-HCV antibodies has not been investigated in hemodialysis patients. In this
study, real-time PCR and in situ hybridization was used to test for the presence
of genomic and antigenomic HCV-RNA in peripheral blood mononuclear cells of
109 hemodialysis patients with abnormal levels of liver enzymes. Occult HCV
infection, determined by the presence of genomic HCV-RNA, was found in 45%
of the patients; 53% of these patients had ongoing HCV replication, indicated by
the presence of antigenomic HCV-RNA. Patients with occult HCV infection had
spent a significantly longer time on hemodialysis and had significantly higher
mean alanine aminotransferase levels during the 6 mo before study entry. Lo-
gistic regression analysis revealed that mortality was associated with age �60 yr
(odds ratio 3.30; 95% confidence interval 1.05 to 10.33) and the presence of
occult HCV infection (odds ratio 3.84; 95% confidence interval 1.29 to 11.43). In
conclusion, the prevalence of occult HCV infection is high among hemodialysis
patients with persistently abnormal values of liver enzymes of unknown cause. The
clinical significance of occult HCV infection in these patients requires further study.
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RNA in PBMC is an alternative proce-
dure when a liver biopsy is not available.

Until now, the presence of occult
HCV infection in HD units has not been
studied. This work aimed to (1) study the
existence of occult HCV infection by
testing for genomic HCV-RNA in PBMC
of hemodialysis patients with abnormal
levels of liver function tests of unknown
cause and (2) determine whether the vi-
rus was replicating in these cells by de-
tecting the antigenomic HCV-RNA.

A total of 109 HD patients (71 men, 38
women) who were repeatedly anti-HCV
and serum HCV-RNA negative and had
abnormal liver function tests of unknown
cause for 23.8 � 24.5 mo were included in
the study. Their mean age was 61.7 � 14.9
yr. The mean duration on maintenance
HD was 51.5 � 49.7 mo, and 59 (54%) pa-
tients had received blood transfusions. On
study entry, mean ALT and �-GTP levels
were, respectively, 34.1 � 21.2 and 99.3 �
82.0 IU/L, whereas during the 6 mo before
the beginning of the study, mean ALT was
25.7 � 15.1 IU/L and mean �-GTP was
80.0 � 69.5 IU/L.

Genomic HCV-RNA was found by
strand-specific real-time PCR in PBMC
of 49 (45%) of 109 patients, indicating
that they had an occult HCV infection.
Viral RNA was not detected in negative
controls, and the results of HCV-RNA
detection performed by different opera-
tors on different days were identical in all
cases. Mean load � SEM of the genomic
HCV-RNA was 6.6 � 104� 7.8 � 103

copies of HCV-RNA per �g of total
RNA. Presence or absence of genomic
HCV-RNA was confirmed by fluores-
cence in situ hybridization.

Genotyping of the HCV-RNA iso-
lated from PBMC showed that the 49
positive patients had HCV genotype 1.

Sequence analysis of the HCV core re-
gion from six randomly selected cases
confirmed that HCV isolates belonged to
genotype 1b. Phylogenetic analysis dem-
onstrated that the genetic distances of the
clones within patients were lower than
among patients (Table 1), except in pa-
tient 5 because one of his clones segre-
gated separately from the others (Figure 1).
The phylogenetic tree showed that the
clones segregated separately in the six pa-
tients, indicating that no cross-contamina-
tion among samples occurred (Figure 1).

Regarding HCV replication in PBMC,
antigenomic HCV-RNA was found by
strand-specific real-time PCR in 26
(53%) of 49 patients with occult HCV
(mean load � SEM of 7.3 � 103� 1.2 �
103 copies per �g of total RNA). This on-
going viral replication was confirmed by
fluorescence in situ hybridization.

No differences were found in demo-
graphic or clinical features between pa-
tients with and without occult HCV in-
fection on study entry, except that the
occult HCV infection group showed a
longer duration of hemodialysis (63.9 �
62.1 versus 41.4 � 34.1 mo; P � 0.03).
During the 6 mo before inclusion into
the study, the mean ALT level (four to six
values per patient) was significantly
higher (P � 0.04) in patients with occult
HCV infection (29.0 � 15.5 IU/L) than
in the negative ones (23.1 � 14.4 IU/L),
but no difference was found in the mean
�-GTP level. Within the group of occult
HCV infection, patients with presence of
replicating virus (as detected by antige-
nomic HCV-RNA) did not differ in any
demographic or laboratory features from
those without replication.

After entry into the study, patients
with and without occult HCV infection
were followed for 12.9 � 14.4 and

15.8 � 15.1 mo, respectively. All re-
mained anti-HCV and serum HCV-
RNA negative with abnormal ALT
and/or �-GTP values. In occult HCV
infection, 39% (19 of 45) of the pa-
tients died during the follow-up pe-
riod, a percentage significantly higher
than that of patients without occult
HCV (12 [20%] of 60; P � 0.031). In a
binary logistic regression analysis, it
was found that mortality was associ-
ated with age �60 yr (odds ratio [OR]
3.30; 95% confidence interval [CI] 1.05
to 10.33; P � 0.04) and with the pres-
ence of occult HCV infection (OR 3.84;
95% CI 1.29 to 11.43; P � 0.015). None
of the deaths was attributed to liver dis-
ease, but deceased patients with occult
HCV infection had significantly higher
ALT levels than those without occult
HCV (26.8 � 14.0 versus 16.7 � 8.0
IU/L; P � 0.032). In addition, deceased
patients with occult HCV infection
were significantly younger than the
negative ones (61.4 � 14.6 versus
74.1 � 3.3 yr; P � 0.002). Among alive
patients, 11 (seven patients with and
four without occult HCV infection) re-
ceived a kidney transplant; the remain-
ing patients continued on HD. Within
the group of occult HCV, no differ-
ences were found between patients
with viral replication in PBMC and
those without it. One of the patients
with occult HCV, who was placed on
the renal transplantation waiting list,
underwent a liver biopsy for histologic
assessment and to confirm occult HCV
infection. By strand-specific real-time
PCR and by in situ hybridization, it was
demonstrated that HCV was infecting
and replicating in the liver cells. Liver
histology revealed cholestasis, but
necroinflammation or fibrosis was not

Table 1. Mean genetic distances (SE) between the sequences within a patient and among patients

Patient
Patient

1 2 3 4 5 6

1 0.005 (0.003) 0.014 (0.006) 0.018 (0.007) 0.023 (0.008) 0.022 (0.005) 0.026 (0.008)
2 0.007 (0.004) 0.020 (0.007) 0.024 (0.008) 0.024 (0.006) 0.027 (0.008)
3 0.002 (0.002) 0.024 (0.009) 0.025 (0.007) 0.027 (0.009)
4 0.007 (0.003) 0.028 (0.007) 0.026 (0.008)
5 0.024 (0.006) 0.031 (0.007)
6 0.006 (0.003)
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detected. In another patient with oc-
cult HCV, liver cirrhosis was visualized
during a laparoscopy procedure.

Patients who have normal renal
function but abnormal liver function
tests and are anti-HCV and serum

HCV-RNA negative may have an oc-
cult HCV infection in liver and in
PBMC.10 In this work, we detected the

Figure 1. Neighbor-Joining tree constructed
with the HCV core nucleotide sequences of
the clones of the six randomly selected pa-
tients and those corresponding to the various
HCV genotypes. Bootstrap values �70, ob-
tained after 1000 replicates of the data sheet,
are shown in the nodes of the tree.
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presence of the genomic HCV-RNA in
PBMC of a high percentage (45%) of
anti-HCV– and serum HCV-RNA–
negative HD patients with abnormal
ALT and/or �-GTP values, indicating
that they have an occult HCV infection.
Furthermore, antigenomic HCV-RNA
was detected in 53% of these HD patients
with occult HCV, showing that HCV is
replicating in PBMC and suggesting that
these patients could be potentially infec-
tious; therefore, because universal pre-
cautions may not be strictly followed
when patients present abnormal liver
function tests of unknown cause, occult
HCV infection could play a role in HCV
spread within HD units.

According to the original report of oc-
cult HCV infection,10 all HD patients
with HCV-RNA in PBMC must also have
viral RNA in liver. This could be verified
in the patient who had occult HCV infec-
tion and underwent a liver biopsy. Nev-
ertheless, it should be stressed that detec-
tion of HCV-RNA in PBMC does not
identify all cases with occult HCV, so
some of the HD patients without viral
RNA in PBMC could have an occult
HCV infection in liver; however, liver bi-
opsy is not routinely recommended for
HD patients except in a subset of cases
(e.g., in renal transplant candidates, be-
fore starting antiviral therapy).

Duration of HD was significantly
longer in patients with occult HCV infec-
tion, whereas antecedents of blood trans-
fusion did not differ between groups.
This finding suggests the possible role of
nosocomial transmission in the spread of
occult HCV, as reported in HD units for
“classical” HCV infection.1,2,11

During the follow-up study, it was
found that mortality was significantly as-
sociated with age and with the presence
of occult HCV infection. None of the
deaths could be attributed to liver dis-
ease; however, that deceased patients
with occult HCV had significantly higher
ALT levels than deceased uninfected pa-
tients and the finding of liver cirrhosis in
one of the two patients who had occult
HCV infection and for whom liver his-
tology was available suggest that occult
HCV infection may contribute to the
worse outcome of these patients.

In summary, a high percentage of HD
patients who have abnormal values of
liver enzymes and are anti-HCV and se-
rum HCV-RNA negative present an oc-
cult HCV infection. Further studies in-
volving a larger number of patients with
a much longer observation period are re-
quired to elucidate the natural history
and clinical implications of occult HCV
infection in HD patients.

CONCISE METHODS

Ten HD units from different Spanish regions

participated in the enrollment of patients un-

der stable substitutive HD therapy. All viro-

logic assays were performed in a single center.

The inclusion criteria were (1) documented

ALT levels �28 IU/L (normal limit for HD

patients)5–7 and/or abnormal �-GTP levels

(�43 IU/L) for �6 mo before entry into the

study; (2) Persistently negative serologic

markers of HIV (anti-HIV), hepatitis B virus

(surface antigen and DNA), and HCV (anti-

HCV and HCV-RNA); and (3) exclusion of

all other causes of liver diseases (e.g., autoim-

munity, toxic hepatitis, metabolic disorders).

The study was approved by the coordinating

center’s ethics committee and conducted ac-

cording to the Declaration of Helsinki. Inclu-

sion criteria were fulfilled by 109 hemodialy-

sis patients who gave their consent to

participate in the study. Serum and PBMC

samples were collected from all patients on

the study entry day. Anti-HCV (INNOTEST

HCV Ab IV, Innogenetics, Ghent, Belgium)

and HCV-RNA were tested again in all of

these serum samples, confirming that all pa-

tients included were negative for these HCV

serologic markers. ALT and �-GTP levels

were also measured.

PBMC samples were isolated from fresh

heparinized venous blood by gradient cen-

trifugation. Cells were divided into two ali-

quots: One was stored at �20°C in RNA-

Later (Ambion, Austin, TX) until its use for

detection of genomic and antigenomic

HCV-RNA and for HCV genotyping by

strand-specific quantitative real-time PCR.

The other aliquot was processed for detec-

tion of both HCV-RNA strands by fluores-

cence in situ hybridization. PBMC from 10

healthy volunteers who had normal liver

function tests and were repeatedly HCV-

RNA negative in PBMC were used as nega-

tive controls.

Detection of Genomic and
Antigenomic HCV-RNA and HCV
Genotyping
Total RNA was isolated from 250 �l of serum

with TRizol LS Reagent (Invitrogen, Carls-

bad, CA) and from PBMC using the SV Total

RNA Isolation System (Promega, Madison,

WI). After precipitation, RNA pellets were

dissolved in diethyl-pyrocarbonate–treated

water, and total amount of RNA isolated

from PBMC was determined by spectropho-

tometry. The total RNA extracted from se-

rum or 0.5 �g of total RNA from PBMC was

used for the detection of the 5� noncoding

region of genomic and antigenomic HCV-

RNA by strand-specific quantitative real-

time PCR. Synthesis of the corresponding

cDNA was performed at high temperature

using the thermostable enzyme Tth (Applied

Biosystems, Foster City, CA) as described

previously.12 Real-time PCR using fluores-

cence resonance energy transfer probes was

run in a Light Cycler (Roche Molecular Bio-

chemicals, Indianapolis, IN) with 2 �l of

cDNA in a final volume of 20 �l, using the

LightCycler FastStart DNA Master HybProbe

Kit (Roche Molecular Biochemicals). Primers

and conditions of this strand-specific real-

time PCR have been reported.13 The fluores-

cence resonance energy transfer probes used

were described by Bullock et al.14 These allow

discrimination between HCV genotypes 1, 2,

3, and 4 by melting-curve analysis. Quantifi-

cation of both HCV-RNA strands was per-

formed using two standard curves con-

structed with 10-fold dilutions of synthetic

genomic and antigenomic HCV-RNA (from

3.2 � 108 to 0.32 copies). Quantification as-

say linearity ranged from 3.2 to 3.2 � 108 cop-

ies of genomic or antigenomic HCV-RNA per

reaction. This assay was capable of detecting

3.2 molecules of the correct strand while un-

specifically detecting 107 to 108 copies of the

incorrect strand.13

For ensuring the specificity of the results,

HCV-RNA detection was performed blindly

on different days by two different operators.

In addition to PBMC from the 10 healthy an-

ti-HCV negative patients, total RNA isolated

from HepG2 cells and blanks were used as

negative controls. All procedures were per-
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formed following the recommendations of

Kwok and Higuchi.15

Phylogenetic Analysis
For discarding cross-contamination among

positive samples, the HCV core region was am-

plified from total RNA isolated from PBMC of

six randomly selected patients by reverse tran-

scriptase–PCR as described previously.10 The

302-bp core PCR products were cloned into the

pCR II TOPO vector (Invitrogen), and a mini-

mum of four clones from each patient were au-

tomatically sequenced. Sequences were aligned

with core sequences corresponding to all HCV

genotypes retrieved from GenBank, using the

ClustalX 1.81 program.16 Phylogenetic and mo-

lecular evolutionary analyses were conducted

using MEGA 2.1.17 Genetic distances were esti-

mated using the Kimura 2 parameter method,

and SE of the distances were computed by boot-

strap method (1000 replicates). Phylogenetic

tree was constructed with the Neighbor-Joining

method, and its statistical significance was

tested by bootstrap method (1000 replicates).

Detection of the Genomic and
Antigenomic HCV-RNA in PBMC by
Fluorescence In Situ Hybridization
Genomic HCV-RNA was detected using a

complementary RNA probe obtained by in

vitro transcription of the pC5�NCR plasmid

(which contains the complete 5� noncoding

region of the HCV genome) in the presence of

digoxigenin-11-UTP (Roche Molecular Bio-

chemicals). Detection of the antigenomic

HCV-RNA was done with a complementary

digoxigenin-labeled RNA probe spanning

390 nucleotides of the HCV core region, ob-

tained by in vitro transcription of the pCcore

plasmid. Hybridization conditions for the in

situ detection of both HCV-RNA strands

were as described previously.18

Statistical Analysis
Statistical analysis was conducted with SPSS

15.0 (SPSS, Chicago, IL). Continuous vari-

ables were expressed as means � SD except

where indicated. Means were compared with

the t test according to the homogeneity of

variances. Categorical variables were ex-

pressed as percentages and were compared

with the �2 test. Demographic and clinical

data of the patients (gender, age, antecedents

of blood transfusions, duration of hemodial-

ysis, duration of abnormal levels of liver en-

zymes, and ALT and �-GTP levels) and the

presence or absence of occult HCV infection

were included in a binary logistic regression

analysis to identify independent factors that

were associated with mortality.
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