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Hepatitis C virus (HCV) has been known for
20 years (1, 2). There are still several studies going
on in the attempt to elucidate the pathogenesis of
this infection, clinical course and prognostic factors
of good response to antiviral treatment. New gener-
ations of antiviral compounds are at the stage of
research. HCV has a narrow host range and infects
only humans and chimpanzees, therefore, studies of
HCV rely on the observations made during natural
infection in humans. It is well known that HCV pro-
gresses insidiously and results in serious complica-

tions such as cirrhosis and hepatocellular carcinoma
in approximately 20 and 4% of adult patients,
respectively (3ñ5). The data on the natural history of
HCV liver disease in children are even more con-
flicting and unpredictable (6ñ8). 

The liver is the major site of HCV infection
and replication. However, HCV may infect other
cells and tissues and replicate in extrahepatic sites.
Several investigators have shown that peripheral
blood mononuclear cells (PBMCs) are the major
extrahepatic sites of viral replication.
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Abstract: The liver is the major site of hepatitis C virus (HCV) infection and replication. However, HCV may
infect and replicate in extrahepatic sites as well. Several investigators have demonstrated that peripheral blood
mononuclear cells (PBMCs) are the major extrahepatic milieu of infection and viral replication. The aim of the
study was to investigate the correlation between RNA-HCV level in serum, PBMCs and liver in children with
chronic viral hepatitis C (CHC). The impact of RNA-HCV level on the sustained virological response (SVR)
after therapy was also determined. Study was carried out in the group of 10 children with CHC, age 8 to 17
years. Antiviral therapy was implemented in all patients with pegylated interferon α (Peg-IFNα) 2a or 2b and
ribavirin during 48 weeks. The following tests were performed prior the therapy: basic laboratory parameters,
histology of liver biopsy, RNA-HCV viral load in serum, PBMCs and in liver. The behavior of HCV-RNA viral
load in serum, PBMCs and liver in children with CHC did not present strict mutual relations. However, the pos-
itive correlation between serum and PBMCs viral load (r = 0.47) and negative correlation between PBMCs and
liver viral load (r = ñ0,47) was demonstrated. Although no statistically significant results were found, some
trends of relationship in viral load between various body compartments were present. Given the aforementioned
results, it is clear that more data are needed, mostly more numerous groups of patients, especially those whose
influence of RNA-HCV viral load had a major impact on the antiviral treatment.
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Implementation of reverse transcription and poly-
merase chain reaction (RT-PCR) using Taq enzyme,
that is recombined DNA polymerase from Thermus
thermophilus bacteria, confirmed the replication of
HCV in other sites, such as lymphoid tissue, bone
marrow and cerebrospinal fluid (9). 

At present, attention is being paid to another
feature of HCV, namely the survival and mini repli-
cation skills, so called occult persistence of HCV
infection. The discovery of occult HCV infection
has challenged the accepted view that complete res-
olution of hepatitis C, either spontaneously or thera-
peutically-induced, would be indicative of eradica-
tion of HCV (10). Thus, it became of interest, what
is the distribution of viral load in extrahepatic sites
of HCV habitat confronted with liver viremia and
the clinical course of CHC. Such information might
create premises for focused anti-viral therapy,
directed toward particular cells or tissue.

MATERIALS AND METHODS

The study was carried out in the group of 10
children (8 girls and 2 boys) with chronic viral hep-
atitis C (CHC), age 8 to 17 years (mean age 11.8
years). The diagnosis was based on: medical history,
clinical examination, evaluation of alanine amino-
transferase (ALT) activity, exclusion of the presence
of tissue autoantibodies, the exclusion of the infec-
tion with hepatitis B virus, cytomegalovirus,
Epstein-Barr virus, Herpes viruses, Wilsonís disease
and a1-antitrypsin deficiency. In all patients, anti-
HCV antibodies for at least 6 months and morpho-
logic examination of biopsy specimen of percuta-
neous liver needle biopsy were done. The
histopathology included the evaluation of inflamma-
tory activity ñ grading (G) and the evaluation of the
spread of fibrosis ñ staging (S) 0ñ4 points. The fol-
lowing tests were performed directly before the
treatment in all patients:

HCV genotype analysis with the use of HCV II
Amplification Procedure INNO-LIPA HCV-II
(Innogenetics).

RNA-HCV viral load in serum by Amplicor
Monitor Test, Version 2.0 (Roche), sensitivity level
50 IU/mL (quality assessment) and 600 IU/mL
(quantity assessment).

RNA-HCV viral load in PBMNCs and liver by
RoboGene HBV DNA Quantification Kit (AJRO-
BOSCREEN). 

The RNA-HCV viral load in the samples was
estimated from the standard curve generated by
using five standard concentrations ranging from 10
to 1 ◊ 105 international units (IU)/mL with conver-

sion 3.8 copies = 1.8 IU. Briefly, human PBMCs
were isolated from peripheral blood by Ficoll densi-
ty gradient centrifugation. Residual red blood cells
were hypotonically lysed and cells were washed
three times with phosphate buffered saline. PBMC
preparation consisted of > 98% lymphocytes and
monocytes and < 2% granulocytes as determined by
morphology of cells stained according to
Pappenheim. HCV specific RNA was extracted
from 200 µL of serum and from 106 cells isolated
from blood or liver biopsy specimens. For the detec-
tion of HCV specific RNA in PBMC and in the
liver, 100 ng of total cellular RNA were subjected to
a HCV specific nested RT/PCR procedure.

Directly before treatment the following labora-
tory tests were carried out:
● ALT activity ñ by enzymatic method (upper nor-

mal limit 40 IU/L).
● Aspartate aminotransferase (AST) activity ñ by

enzymatic method (upper normal limit 42 IU/L).
● Cellular blood count ñ normal limits:

White blood cells ñ WBC (◊ 103/mL) 4.0ñ12.0
Red blood cells ñ RBC (◊ 106/mL) 3.8ñ5.5
Hemoglobin ñ Hb (g/dL) 12.0 ñ 15.0
Platelets count ñ PLT (◊ 103/mL) 130ñ350

● Neutrophil (Neut) level (◊ 103/µL)
● γ-Globulin (γ-glob) ñ normal limits 13ñ21%
● Albumin (alb) ñnormal limits 53ñ68%

In all patients the therapy was implemented
with Peg-IFNα 2a or 2b and ribavirin during 48
weeks. Parents of all children along with children
over 12 years old signed informed consent for the
diagnostic procedures and anti-viral treatment. The
agreement for the study was obtained from the local
University Ethical Committee. Potential conflicts of
interest in this research study do not exist. After the
end of treatment (T72) SVR was estimated (unde-
tectable HCV-RNA in serum).

Data were analyzed by statistical software ñ
Statistica 8.0 (StatSoft Inc.). Since the patient cohort
was very small, only descriptive statistics were used.
Because data were not normally distributed vari-
ables, Spearrman rang correlation coefficient was
applied to check relationship between analyzed vari-
ables. Its significance was assessed by Student t-test.
All tests were analyzed at significance level p =
0.05. 

RESULTS

Medical history revealed that the length of
infection ranged from 3 to 11 years, mean 7.2 years.
(Table 1). Seven children had a history of malignant
disease ñ acute lymphoblastic leukemia (ALL). The
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Table 1. Baseline characteristics of patients.

Duration of infection Undergone malignantPatient Gender
(years)  diseases 

SVR

NK f 11 ALL 1992 no

NP f 10 ALL 1992 yes

BD m 9 no no

DB f 9 ALL 1996 yes

MC f 7 ALL 1991 no

CG m 7 no yes

EG f 3 no no  

AB f 7 ALL 1997 yes  

KG f 5 ALL 1999 yes  

SJ f 4 ALL 1998 no

ALL ñ acute lymphoblastic leukemia.

Table 2. Biochemical parameters of patients.

WBC RBC Hb PLT Neut ALT AST Alb γ-glob
Patient (◊103/µL) (◊106/µL) (g/dL) (◊103/µL) % (IU/L) (IU/L) % %  

NK 3.5 4.92 13.8 116 16 28 25 50.0 19.3

NP 7.7 5.13 13.8 230 65 40 23 52.9 19.89  

BD 7.1 4.78 13.9 211 45 63 63 57.73 18.72  

DB 7.7 4.48 12.9 344 57 17 32 47.91 24.38

MC 5.8 4.66 13.5 395 52 24 25 49.2 18.7  

CG 11.5 5.52 14.9 241 60 38 44 51.24 15.0  

EG 4.2 5.07 14.7 228 54 51 38 52.26 15.97  

AB 4.9 4.53 12.6 243 48 58 42 58.48 15.74  

KG 6.1 4.83 13.2 263 61 29 32 52.56 15.3  

SJ 7.9 5.54 16.1 260 40 378 261 57.65 15.63

Table 3. RNA-HCV viral load (IU/mL) in serum, PBMCs, liver tissue, histopathological result and weight.

RNA-HCV RNA-HCV RNA-HCV Liver Weight
Patient  in serum  in PBMCs  in liver biopsy  kg  

NK 2.68 ◊ 105 bdl 2.31 ◊ 104 S1 G1 55  

NP 5.26 ◊ 103 2.44 ◊ 103 2.21 ◊ 104 S1G2 71.5

BD 8.4 ◊ 105 bdl 2.1 ◊ 105 S1 G1 25

DB 2.45 ◊ 103 6.03 ◊ 102 8.31 ◊ 104 S1 G1 38

MC 1.18 ◊ 104 bdl 4.91 ◊ 103 S1 G1 60

CG 5.63 ◊ 107 3.32 ◊ 106 2.71 ◊ 104 S1 G1 21.5

EG 3.65 ◊ 105 1.67 ◊ 103 1.2 ◊ 105 S3 G2 59.5

AB 2.66 ◊ 105 bdl 1.04 ◊ 106 S1 G1 37

KG 1.97 ◊ 106 1.34 ◊ 104 3.2 ◊ 103 S1 G1 45

SJ 3.86 ◊ 105 2.34 ◊ 104 4.2 ◊ 103 S1 G2 64

bdl ñ below detection limit.
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remaining three children were frequently hospital-
ized (e.g., prematurity, surgical operations, injec-
tions, invasive diagnostic procedures). No family
members of the children from the study group were
infected with HCV. All children were infected with
1 genotype of HCV (Table 1). Basic laboratory
parameters were correct, only the ALT activity in 3
children was slightly increased, in one girl nearly 10
times. None of children had clinical symptoms of
the disease (Table 2). 

Mean viral load in serum amounted to 117.087
◊ 105 IU/mL (children with SVR) and 3.7404 ◊ 105

IU/mL (children without SVR). In 3 children with-
out SVR, RNA-HCV was not detected in PBMCs,
whereas in children with SVR only one was RNA-
HCV free. Mean RNA-HCV viral load in liver in
children with SVR amounted to 235.1 ◊ 103 IU/mL
and 72.442 ◊ 103 IU/mL in children without SVR.
Fibrosis has not exceeded 2 points in the group stud-
ied (Table 3). 

Analyzing the relationship of HCV-RNA viral
load between compartments (serum, PBMCs, liver)
no significant correlation was found. It is worth to
notice the positive correlation between serum and
PBMCs (r = 0.47) viral load and negative correla-
tion between PBMCs and liver viral load (r = ñ0.47).
While analyzing the relationship between HCV-
RNA viral load in serum, PBMCs or liver and the
ALT, body weight, or the duration of infection no
significant correlation has been found. However,
attention should be paid to the negative correlation
between body weight and HCV-RNA in liver (r =
ñ0.57; p = 0.08155). The examined group consisted
only of 10 children, therefore, it is hard to obtain sta-
tistically significant results. Some trends of depend-
ence between various variables could however be
observed. 

DISCUSSION

HCV infection in adults and in children is
determined by host and viral factors, but these pre-
cise and various mechanisms are not fully identified.
Knowledge about the course of HCV infection in
children is even more modest. Children with CHC
are symptom free and do not show clinical signs of
chronic liver disease (6, 11).

The group of children in the current study was
homogeneous in terms of HCV genotype and
parental infection route. All of them were symptom
free. Laboratory parameters were within normal val-
ues, except of 4 children and especially a girl who
moreover was obese (BMI 31). The infectionís
duration and oncological history have not influenced

the level of development of pathomorphological
changes. These observations were also noted by
other researchers (7, 12, 13).

Any correlation between RNA-HCV viral load
in serum or liver and obtained SVR has been
observed. On the contrary, higher mean viral load in
both these compartments in children with obtained
SVR has been noted. It seems however, that this
result should be treated with caution, due to the
small number of the analyzed group. RNA-HCV
viral load in three studied compartments had
ambiguous value. Only HCV-RNA viral load in
PBMC of every patient was lower than in serum,
this tendency has not been observed in any other
compartment. In 3 patients RNA-HCV viral load in
liver was higher than in serum, and in 7 cases high-
er than in PBMCs. An interesting observation con-
cerns high directly proportional correlation between
viral load in serum and PBMCs, and inversely pro-
portional between viral load in PBMCs and liver tis-
sue. As it was mentioned before, higher viral load is
not necessarily accompanied by the increase of
aminotransferases activity or level of fibrosis, which
suggests the presence of another factors, probably
immunological or related to the virus biology, influ-
encing the progress of disease. 

The observations carried out already in the 90s
seem to confirm this hypothesis (14, 15). There are
still intense studies carried out on the factors direct-
ly responsible for both, the course of the disease and
especially results of the treatment. The researchers
focus on genetic studies concerning HCV replica-
tion, presence of certain, recurrent mutations in the
genome, conditioning the escape from the hostís
immune system control or resistance to the given
medications (16ñ20). The lack of animal models,
constitutes a major difficulty in HCV research.
Another critical study on HCV is in the field of
acquired and innate immunity, which arises due to
HCV infection (21, 22).

The biochemical and virological parameters
have not been influenced by the duration of the dis-
ease. Only inverse correlation between body weight
and HCV-RNA viral load in liver tissue has been
observed. On the basis of previous own observa-
tions, the authors can make a suggestion that in chil-
dren there are several clinical, biochemical, virolog-
ical or histopathological factors that influence
unambiguously the course of CHC or the results of
treatment. However, the results are often conflict-
ing, resulting probably from the small sample
groups under assessment (23ñ25).

In conclusion, it can be said that HCV-RNA
viral load in serum, PBMCs and liver in children
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with CHC does not present statistically significant,
mutual relations. Some trends of relationship of
viral load between various compartments seem
however, to exist. The duration of infection or onco-
logical history apparently does not influence the
viral load and the level of advancement of patho-
morphological changes, irrespective of the viral load
in the analyzed compartments. The laboratory val-
ues are within normal limits in most patients. Given
the aforementioned results, it is clear that more data
are needed, mostly more numerous groups of
patients, especially those whose influence of RNA-
HCV viral load had a major impact on the antiviral
treatment.

Acknowledgments

The study presented in this paper was per-
formed partially as part of a project financed by the
Ministry of Science and Higher Education, grant
No. NN401 2295 33, awarded to A. K-P and grant
No. NN401 1743 33 awarded to I. M-L.

REFERENCES

1. Choo Q.L., Kuo G., Weiner A.J., Overby L.R.,
Bradley D.W., Houghton M.: Science 244
(4902), 359 (1989).

2. Kuo G., Choo Q.L., Alter H.J., Gitnick G.L.,
Redeker A.G., Purcell R.H. et al.: Science, 244
(4902), 362 (1989). 

3. Alter H.J., Seeff L.B.: Semin. Liver Dis. 20, 17
(2000).

4. Seeff L.B.: Hepatology 36, 35 (2002).
5. Seeff L.B.: Liver Int. 29, 89 (2009).
6. Casiraghi M.A., De Paschale M. Roman� L.,

Biffi R., Assi A., Binelli G. et al.: Hepatology
39, 90 (2004).

7. Mohan P., Colvin C., Glymph C., Chandra
R.R., Kleiner D.E., Patel K.M.: J. Pediatr. 150,
168 (2007).

8. Schwimmer J.B., Balistreri W.F.: Semin. Liver
Dis. 20, 37 (2000).

9. Blackard J.T., Kemmer N., Sherman K.E.:
Hepatology 44, 15 (2006).

10. Michalak T.I., Pham T.N.Q., Mulrooney-
Cousins PM.: Future Virol. 2, 451 (2007). 

11. Iorio R., Giannattasio A., Sepe A., Terracciano
L.M., Vecchione R., Vegnente A.: Clin. Infect.
Dis. 41, 1431 (2005).

12. Camarero C., Ramos N., Moreno A., Asensio
A., Mateos M.L., Roldan B.: Eur. J. Pediatr.
167, 219 (2008). 

13. Badizadegan K., Jonas M.M., Ott M.J., Nelson
S.P., Perez-Atayde A.R.: Hepatology 28, 1416
(1998). 

14. Koziel M.J., Dudley D., Wong J.T., Dienstag J.,
Houghton M., Ralston R. et al.: J. Immunol.
149, 3339 (1992). 

15. McGuinness P.H., Bishop G.A., Painter D.M.,
Chan R., McCaughan G.W.: Hepatology 23,
676 (1996). 

16. Enomoto N., Sakuma I., Asahina Y., Kurosaki
M., Murakami T., Yamamoto C. et al.: J. Clin.
Invest. 96, 224 (1995). 

17. Enomoto N., Sakuma I., Asahina Y., Kurosaki
M., Murakami T., Yamamoto C. et al.: N. Engl.
J. Med. 334, 77 (1996). 

18. Pawlotsky J.M., Germanidis G., Neumann
A.U., Pellerin M., Frainais P.O., Dhumeaux D.:
J. Virol. 72, 2795 (1998). 

19. Sarrazin C., Berg T., Lee J.H., Teuber G.,
Dietrich C.F., Roth W.K. et al.: J. Hepatol. 30,
1004 (1993).

20. Pascu M., Martus P., Hˆhne M., Wiedenmann
B., Hopf U., Schreier E. et al.: Gut 53, 1345
(2004). 

21. Mozer-Lisewska I., S≥uøewski W., Dworacki
G., Kaczmarek M., Kowala-Piaskowska A.,
Figlerowicz M. et al.: Przegl. Epidemiol. 60,
657 (2006). 

22. Mozer-Lisewska I., Sluzewski W., Kaczmarek
M., Jenek R., Szczepanski M., Figlerowicz M.
et al.: Scand. J. Immunol. 62, 407 (2005). 

23. Kowala-Piaskowska A., Mozer-Lisewska I.,
Figlerowicz M., S≥uøewski W.: Eur. J.
Epidemiol. 22, 343 (2007). 

24. Kowala-Piaskowska A., Jackowiak P.,
Figlerowicz M., Alejska M., S≥uøewski W.,
Figlerowicz M.: Pediat. Pol. 83, 455 (2008).

25. Wirth S., Pieper-Boustani H., Lang T., Ballauff
A., Kullmer U., Gerner P. et al.: Hepatology 41,
1013 (2005). 

Received: 20. 05. 2011



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>







    /HEB (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


