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Abstract: Hepatitis C has emerged as a major worldwide public health problem. The

host immune response to HCV infection is composed of both a non-specific immune

response, including interferon (IFN) production and natural killer (NK) cell activity,

and a virus-specific immune response, including humoral and cellular components.

Susceptibility to infection has been related to immunological disturbances. Several

studies have provided experimental evidence of disorders of both cellular and

humoral immunity. The present study was carried out to evaluate the serum immuno-

globulins level (IgG, IgM, IgA) and IgG-subclasses (IgG1–4) in chronic hepatitis C

patients in comparison with healthy control patients. This study included 50 patients

with biochemical, serologic, virologic, and histologic evidence of chronic hepatitis

C. Total IgG, IgA, and IgM were assayed by nephelometry. IgG subclasses were

assayed using human IgG subclasses enzyme immunoassay. The results showed a sig-

nificant increase of total serum IgG and IgM levels found in patients with chronic HCV

compared with the healthy control patients (P , 0.001 for each). There was a statisti-

cally significant difference in the IgG subclasses (IgG1 to IgG4) between the patients

and controls (P , 0.001 for each). On the other hand, no significant difference was
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found between patients and healthy controls in IgA level (P ¼ 0.4). The normal total

serum immunoglobulins pattern is apparently shifted in chronic hepatitis C infection

in the Egyptian patients. This pattern may include an ethnic or biologic background

and could be used in the differentiation of the patients with minimal liver disease.

Keywords: Hepatitis C virus (HCV), Immunoglobulins, Nephelometry

INTRODUCTION

Hepatitis C infection is a major worldwide public health problem.[1] Between

70% to 80% of those infected with HCV will develop chronic infection that

may progress to cirrhosis, liver failure, or hepatocellular carcinoma.[2] The

host immune response to HCV infection is composed of both a non-specific

immune response, including interferon (IFN) production and natural killer

(NK) cell activity, and a virus-specific immune response, including humoral

and cellular components.[3] Susceptibility to infection has been related to

immunological disturbances. Several studies have provided experimental

evidence of disorders of both cellular and humoral immunity.[4]

The pathogenesis of serum immunoglobulin increase (hyperglobuline-

mia) is not completely understood, and probably includes additional mechan-

isms, as the profile of immunoglobulin elevation varies according to the cause

of liver cirrhosis. Hyperglobulinemia in patients with liver cirrhosis tends to

affect all immunoglobulin subclasses.[5] Hyperglobulinemia affecting the

three main immunoglobulin classes was considered a hallmark of chronic

active hepatitis,[6] but all studies before 1989 probably contained mixed

patients with both autoimmune hepatitis and chronic HCV infection.

Serum immunoglobulin M (IgM) values are particularly higher in patients

with primary biliary cirrhosis.[6] Increased serum immunoglobulin A (IgA)

levels may be present in all types of cirrhosis, but are characteristic of those

of alcoholic origin.[7] Conversely, selective IgA deficiency was found to be

associated with chronic HCV infection in one study.[8] Selectively increased

immunoglobulin G1 (IgG1) levels were observed in a group of 76 patients

with chronic HCV infection, 29 of them having liver cirrhosis.[5] Assay of

immunoglobulins G is a useful method for distinguishing primary HCV

infection from chronic or past HCV infection.[9]

As the IgG subclasses are major serum immunoglobulins important in

secondary antibody responses, they are responsible for immunological

memory and long-term protection against viral and bacterial infections.

Each of the four IgG subclasses is encoded by a separate C region gene and

endowed with unique biological functions that are important for an efficient

humoral response to a given pathogen. In adults, antibody responses to

protein antigens are restricted mainly to IgG1, IgG3, or both; IgG2 is

generally stimulated by carbohydrate antigens, whereas IgG4 has been associ-

ated with chronic antigenic stimulation.[10]
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Few and controversial studies are available about the total immunoglobu-

lin pattern in HCV infected patients. In addition, none of these studies, to the

best of our knowledge, mentioned the pattern of IgG subclass alterations in

those patients. Thus, our rationale was to investigate the effect of the

hepatitis C virus infection, as a causative agent of liver disease, on the level

of serum immunoglobulins. Different isotypes (IgG, IgM, & IgA) and IgG-

subclass levels (IgG1–4) were investigated in patients with chronic

hepatitis C infection and compared with healthy control.

EXPERIMENTAL

Patients

This study included 50 patients (40 males and 10 females) with chronic

hepatitis C, with median age of 35 years. All of them had positive serum

anti-HCV antibodies, positive serum HCV-RNA, and histologically proven

chronic hepatitis. The histopathological assessment was carried out separately

by two pathologists, and then a consensus between them was made on discor-

dant assessments. The two pathologists were not aware of the clinical picture

at the time of assessment. Patients with schistosomiasis, HBV, biliary

cirrhosis, autoimmune hepatitis, and other liver-related diseases were

excluded during the clinical, laboratory, and pathological investigation.

Special attention was given to cases with minimal liver disease, as an

approach to evaluate if the causative agent, independently of liver damage,

influences the serum immunoglobulin levels. Therefore, all patient groups

were without apparent pathological features, i.e., free from cirrhosis (micro-

nodular, macronodular, or mixed), fibrosis, and hepatocellular carcinoma.

All these lesions will be tested in a further study. The pathological criteria

of these patients ranged between chronic hepatitis with minimal or mild

activity to moderate activity with no cirrhosis. All patients were chosen

from the out-clinic patients of National Liver Institute, Minufiya University

and Gastro-Entrology Surgery Center, Mansoura University. The results of

the patient groups were compared with 25 healthy controls away of the

patients’ neighborhood, with age and gender matching the patients. All

patients gave written informed consents. All patients and controls were not

alcohol drinkers or tobacco users.

Enzyme Linked Immunosorbant Assay (ELISA) for Detection

of Anti-HCV Antibodies

All patients and controls were screened for the presence or absence of anti-

HCV antibodies. An ETI-AB-HCV K-3 Kit was used. It is an enzyme

immunoassay utilizing the 3rd generation of ELISA (Sorin Biomedica,
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Saluggia, Italy). Highly antigenic determinants of both structural (recombi-

nant C22 and C33) and non structural (synthetic NS4 and NS5) regions of

HCV genome were coated onto microtitre plates to capture specific antibodies

present in serum samples.

Reverse-Transcription Polymerase Chain Reaction (RT-PCR)

RT-PCR technique was performed to confirm the obtained results with

ELISA and to identify patients with viremia by detection of HCV-RNA. In

brief, HCV-RNA was extracted using the phenol/isopropanol method as

described by Chomczynski and Sacchi.[11] The synthesis and extension of

complementary DNA (cDNA) was performed according to the method of

Sullivan and Gerber[12] using dNTPs, primers, and RT enzymes (Promega

Corp., Madison, USA), the reaction was run in a programmable DNA

thermal cycler (Perkin Elmer, USA) for 35 cycles: denaturation at 948C for

1 min, primer annealing at 558C for 1 min, and primer extension at 728C for

1 min. Detection of the amplified specific DNA sequences was performed

using a DNA enzyme immunoassay kit (Sorin Biomedica). The kit utilizes

biotinylated single stranded nucleic acid probes specific for the HCV

genome coated onto a microtitre plate. The manufacturer’s instructions

were followed.

Serum Immunoglobulins Determination

IgG, IgA, and IgM were assayed by nephelometry (BN-II Analyzer, Behring

Diagnostics, Marburg, Germany). IgG subclasses were assayed using a

Human IgG subclasses enzyme immunoassay kit (The Binding site Ltd.,

Birmingham, UK). The manufacturer’s instructions were applied.

Statistical Analysis

Results were expressed as a median and were analyzed by using Mann-

Whitney U test, Kurskal-Wallis test, and Spearman’s correlation. P � 0.05

was considered significant. All statistical procedures were performed by

using SPSS software, version 11 for windows.

RESULTS

The demographic and biochemical data for patients and controls groups are

listed in Table 1. All HCV patients were positive for HCV-RNA as detected

by the RT-PCR, and the controls were confirmed for their negativity in that

test and also in an ELISA assay. The median of serum total IgG in the
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patients group with chronic hepatitis C was 1395 mg/dL demonstrated a sig-

nificant difference (P , 0.001) when compared to that of the healthy control

(1111 mg/dL). A significant increase in IgG1, IgG2, IgG3, and IgG4 levels

was also found in the patients compared with healthy control (P , 0.001

for each) (Figures 1–7) (Table 2).

Serum IgM was increased in patients with HCV infection compared with

healthy control (P , 0.001). Mean serum total IgA in the patients group was

399.8 mg/dL, which showed no significant difference (P ¼ 0.4) when

compared with the healthy control (394 mg/dL).

No correlation was found between total IgG and IgA (r ¼ 0.05) and also,

between IgM and IgA (r ¼ 0.242). On the other hand, a good correlation was

Table 1. The demographic and biochemical data in the chronic HCV patients and in

the healthy controls

Variable Chronic HCV patients Healthy controls

Male/Female 40/10 20/5

Age (Years) 35 33

Serum AST (IU/mL) 38 32

Serum ALT (IU/mL) 79 30

Serum albumin (g/dL) 4.2 4.7

Serum bilirubin (mg/dL) 0.9 0.7

Data are expressed as median.

Figure 1. The level of serum total immunoglobulin (IgM) in the patients group (HCV

positive) compared to healthy control group (HCV negative).
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found between IgM and IgG (r ¼ 0.87) (Table 3). No significant correlation

was found between the investigated immunoglobulins with the biochemical

and demographic data listed in Table 1 and or the pathological criteria of

these patients (P . 0.05 for each).

Figure 2. The level of serum total immunoglobulin (IgA) in the patients group (HCV

positive) compared to healthy control group (HCV negative).

Figure 3. The level of serum total immunoglobulin (IgG) in the patients group (HCV

positive) compared to healthy control group (HCV negative).

M. Lotfy et al.108

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
1
6
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1



DISCUSSION

It is well known that a number of viral infections profoundly change the

immune state.[13] In the present study, the data showed that the chronic

HCV infection is associated with a distinct pattern of serum immunoglobulin.

Figure 4. The level of serum total immunoglobulin (IgG1) in the patients group

(HCV positive) compared to healthy control group (HCV negative).

Figure 5. The level of serum total immunoglobulin (IgG2) in the patients group

(HCV positive) compared to healthy control group (HCV negative).
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Total IgG, IgG1, IgG2, IgG3, and IgG4 levels were increased in patients with

HCV infection when compared with the controls.

Chronic HCV infection is associated with many immunological aberra-

tions, which include alterations of the Th1/Th2 cytokine balance.[14,15]

A specific cytokine imbalance could prompt B cells to increase IgG production

in patients with HCV infection, independently from liver damage. HCV

infection is also associated with many cases of cryoglobulinemia and

some cases of B-cell lymphoproliferative disorders.[16 – 18] Andre and

McQuilkan[19] reported that the increase in gamma globulin is due to stimu-

lations of numerous plasma cell clones by either exogenous or endogenous

antigens.

Some investigators[20,21] demonstrated that elevated antibodies of a par-

ticular IgG subclass in chronic diseases suggest that the immunoregulation

of these antibodies would reflect fundamental humoral abnormalities in

these disorders. The elevation of IgG1 and IgG2 level may be due to higher

humoral response and the lymphocytotoxic activity has been found mainly

in the IgG subclasses IgG1 and IgG2. These findings are similar with

models of generalized enhanced B-cell responses. In many of these models

elevated serum IgG subclass levels have been noticed to exist in addition to

elevated specific antibody levels.[20]

Our results agree with Monos et al.[22] and Buelow et al.[23] who stated

that the elevated serum IgG is associated with most of the lymphocytotoxic

Figure 6. The level of serum total immunoglobulin (IgG3) in the patients group

(HCV positive) compared to healthy control group (HCV negative).
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activity. The highest lymphocytotoxic activity was present mainly in the IgG1

and 2 subclasses. Kanno and Kazuyana[9] reported that an assay of IgG is a

useful method for distinguishing primary HCV infection from chronic or

past HCV infection.

There was a significant difference (P , 0.001) found in serum immuno-

globulins level (IgG and IgM) between patients with chronic hepatitis C and

the healthy control. These results may indicate that HCV, per se, may induce

such immunoglobulin alteration independently from liver pathology itself.

This is in agreement with Gonzalez-Quintela et al.[24] in regard to the IgG

Table 2. Serum total immunoglobulins concentrations (expressed in mg/dL) in

healthy subjects and in chronic HCV patients

Variable Chronic HCV patients

Healthy

controls

Median (5th, 95th percentiles) P value

IgA 400 (375, 421) 387.5 (350, 450) P ¼ 0.4

IgM 173 (160, 190) 127 (110, 150) P , 0.001

IgG 1395 (1350,1448.5) 1111 (1065, 1150) P , 0.001

IgG1 906.8 (836.7, 941.5) 722 (692, 747.5) P , 0.001

IgG2 365.5 (353.7, 379.5) 291 (279, 301) P , 0.001

IgG3 59.99 (58.1, 62.3) 47.8 (45.8, 49.5) P , 0.001

IgG4 62.8 (60.8, 65.2) 50 (47.9, 51.8) P , 0.001

Figure 7. The level of serum total immunoglobulin (IgG4) in the patients group

(HCV positive) compared to healthy control group (HCV negative).
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elevation in those patients. They suggested that the causative agent of liver

disease may induce an imbalance in the regulation of immunoglobulin classes.

In regard to the serum IgM, it was found to be increased in patients with

HCV infection compared with control. The elevated serum IgM levels may be

related to chronic antigenic stimulation and this is in agreement with previous

studies in patients with other liver diseases, such as primary biliary

cirrhosis.[6] The elevated levels of IgM and IgG in HCV infection,

described by Sarin and his collaborators,[25] could be due to the dysfunction

of the T cells, currently regarded as responsible for the virus persistence.[26]

The elevated levels of IgM found in the HCV group in our study corroborate

Sarin’s et al. findings[25] and Caly et al.[27]

Similar IgA was found in patients and controls. Previous reports showed

that the IgA is increased in patients with liver cirrhosis and IgA values

correlate with liver dysfunction.[7,28] The elevation of IgA was found in

alcoholic liver disease but not in chronic HCV infection as reported in

many studies.[24,25,27] These studies in agreement with our study and contra-

dict the results of Watt et al.[29] who reported that the IgA was elevated in

chronic HCV infection.

In conclusion, our data revealed an elevation of humoral immune

response in chronic hepatitis C as indicated by increasing serum immunoglo-

bulin isotypes IgG, IgM, and IgG subclasses (IgG1–4). In addition, it showed

that the HCV infection is apparently associated with alteration of serum

immunoglobulins in cases with minimal liver disease. Finally, these

findings may provide some new insights about antibody response to HCV.

Further studies are needed to elucidate both the mechanisms and the conse-

quences of such immunoglobulins elevation. In addition, further study

is needed to explore whether or not the total immunoglobulins pattern

affects the different modalities of therapy, chronicity, persistence, and

clearing of HCV.

REFERENCES

1. Lindsay, K.L.; Davis, G.L.; Schiff, E.R.; Bodenheimer, H.C.; Balart, L.A.;
Dienstag, J.L.; Perrillo, R.P.; Tamburro, C.H.; Goff, JS.; Everson, G.T.;
Silva, M.; Katkov, W.N.; Goodman, Z.; Lau, J.Y.; Maertens, G.; Gogate, J.;
Sanghvi, B. Response to higher doses of interferon a2b in patients with chronic
hepatitis C: A randomized multicenter trial. Hepatology 1996, 24, 1034–1040.

Table 3. Correlations between different serum immuno-

globulins concentration

IgG � IgA 0.05 P ¼ 0.77

IgM � IgA 0.242 P ¼ 0.161

IgG � IgM 0.87 P , 0.001

M. Lotfy et al.112

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
1
6
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1



2. Takada, N.; Takase, S.; Enomoto, N.; Takada, A.; Date, T. Clinical backgrounds of

the patients having different types of hepatitis C virus genome. J. Hepatol. 1991,

14, 35–40.

3. Onji, M.; Kikuchi, T.; Kumon, I.; Masumoto, T.; Nadano, S.; Kajino, K.;

Horiike, N.; Ohta, Y. Intrahepatic lymphocyte subpopulations and HLA class I

antigen expression by hepatocytes in chronic hepatitis C. Hepatogastroenterology
1992, 32, 340–343.

4. Kay, N.E.; Raij, R.L. Immune abnormalities in renal failure and haemodialysis.

Blood Purify 1986, 4, 120–129.

5. Musset, L.; Lunel, F.; Cacoub, P.; Mannant, P.R.; Slivain, C.; Lacombe, C.;

Opolon, P.; Preud’homm, J.L. Increased serum immunoglobulin G1 levels in

hepatitis C virus infection. Hepatology 1995, 21, 1755–1757.

6. Martin, D.M.; Vroom, D.H.; Nasrallah, S.M. Value of serum immunoglobulins in

the diagnosis of liver disease. Liver 1984, 4, 214–218.

7. Vidal, C.; Gonzalez-Quintela, A.; Millan, I.; Gude, F.; Cuervas Mons, V. Serum
IgE in liver cirrhosis contrasting results in alcoholic and non-alcoholic patients.

Clin. Exp. Allergy 1994, 24, 540–548.

8. Illan, Y.; Shouval, D.; Ashur, Y.; Manns, M.; Naparstek, Y. IgA deficiency associ-

ated with chronic hepatitis C virus infection. A cause or an effect? Arch. Intern.

Med. 1993, 153, 1588–1592.

9. Kanno, A.; Kazuyama, Y. Immunoglobulin G antibody avidity assay for serodiag-

nosis of hepatitis C virus infection. J. Med. Virology 2002, 68 (2), 229–233.

10. Jefferis, R.; Pound, J.D. Immunoglobulins. In Inflammation: Basic Principles and

Clinical Correlates, 2nd Ed.; Gallin, J.I., Goldstein, I.M., Snyderman, R., Eds.;
Raven Press: New York, 1992; 11–32.

11. Chomczynski, P.; Sacchi, N. Single step method of RNA isolation by acid

guanidine thiocyanate-phenol-chloroform extraction. Anal. Biochem. 1987, 162,

156–159.

12. Sullivan, D.E.; Gerber, M.A. Conservation of hepatitis C virus 50-untranslated

sequences in hepatocellular carcinoma and the surrounding liver. Hepatology

1993, 19, 551–553.

13. Griffin, D.E. Immunologic abnormalities accompanying acute and chronic viral

infections. Rev. Infect. Dis. 1991, 13, 129–133.
14. Tsai, S.L.; Liaw, Y.F.; Chen, M.H.; Huang, C.Y.; Kuo, G.C. Detection of type

2-like T-helper cells in hepatitis C virus infection: implication for hepatitis C

virus chronicity. Hepatology 1997, 25, 449–458.

15. Foschi, F.G.; Gramenzi, A.; Castelli, E.; Cursaro, C.; Pagani, S.; Margotti, M.;

C’Errico, A.; Andreone, P.; Stefanini, G.F.; Bernardi, M. Soluble CD30 serum

level in HCV positive chronic active hepatitis: A surrogate marker of diseases

activity? Cytokine 2000, 12, 815–818.

16. Rasul, I.; Shepherd, F.A.; Kamel-Reid, S.; Krajden, M.; Pantalony, D.;

Heathcote, E.J. Detection of low-grade B-cell non-Hodgkin’s lymphoma in

patients with chronic hepatitis C infection and mixed cryoglobulinemia. Hepatol-
ogy 1999, 29, 543–547.

17. Hausfauter, P.; Cacoub, P.; Rosenthal, E.; Bernard, N.; Loustaud-Ratti, V.; Le

Lostec, Z.; Laurichesse, H.; Turpin, F.; Ouzan, D.; Grasset, D.; Perrone, C.;

Cabrol, M.P.; Piette, J.C. Hepatitis C virus infection and lymphoproliferative

diseases in France: A national study. Am. J. Hematol. 2000, 64, 107–111.

18. Zignego, A.L.; Gianelli, F.; Marrochi, M.E.; Mazzocca, A.; Ferri, C.; Giannini, C.;

Monti, M.; Caini, P.; Villa, G.L.; Laffi, G.; Gentilimni, P.T. (14; 18) translocation

in chronic hepatitis C virus infection. Hepatology 2000, 31, 474–479.

Immunoglobulins Analysis in HCV Infection 113

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
1
6
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1



19. Andre, C.M.; McQuilkan, S.M. Plasma proteins. In Immunological Investigation
of Renal Disease; McGiven, A.R., Ed.; Churchill Livingstone: Edinburgh,
London, and New York, 1980; 4.

20. Aceti, A.; Pennica, A.; Teggi, A.; Fondacaro, L.M.; Caferro, M.; Leri, O.;
Tacchi, G.; Celestino, D.; Quaranta, G.; De Rosa, F. IgG subclasses in human
hydatid disease: prominence of the IgG4 response. Int. Arch. Allergy Immunol.
1993, 102, 347–351.

21. Yazdanbakhsh, M.; Paxton, W.; Brandenburg, A.; Van Ree, R.; Lens, M.;
Partono, F.; Maizels, RM.; Selkirk, M.E. Differential antibody isotype reactivity
to specific antigens in human lymphatic filariasis: gp 15/400 preferentially
induces immunoglobulin E (IgE), IgG4, and IgG2. Infect. Immun. 1995, 63,
3772–3779.

22. Monos, D.S.; Prystowsky, K.B.; Levinson, A.I.; Zmijewski, C.M. Evaluation of
B cell immunity in patients with pretransplant sensitization. J. Clin. Immunol.
1988, 8, 200–206.

23. Buelow, R.; Burlingham, W.J.; Clayberger, C. Immuno-modulation by soluble
HLA class I. Transplantation 1995, 59, 649–654.

24. Gonnzalez–Quintela, A.; Alende, M.R.; Gamallo, R.; Gonzalez-Gil, P.; Lopez-
Ben, S.; Tome, S.; Otero, E.; Torre, J.A. Serum immunoglobulins (IgG, IgA,
IgM) in chronic hepatitis C. A comparison with non-cirrhotic alcoholic liver
disease. Hepatogastroenterology 2003, 50, 2121–2126.

25. Sarin, A.K.; Dhingra, N.; Bansal, A.; Malhotra, S.; Guptan, R.C. Dietary and nutri-
tional abnormalities in alcoholic liver disease: A comparison with chronic alco-
holics without liver disease. Am. J. Gastroent. 1997, 92, 777–783.

26. Yao, Z.-Q.; Nguyen, D.T.; Hiotellis, A.I.; Hahn, Y.S. Hepatitis C virus core protein
inhibits human T lymphocyte responses by a complement–dependent regulatory
pathway. J. Immunol. 2001, 167, 5264–5272.

27. Caly, W.R.; Strauss, E.; Carrilho, F.J.; Laudanna, A.A. Different degrees of mal-
nutrition and immunological alterations according to the etiology of cirrhosis: A
prospective and sequential study. Nutr. J. 2003, 2 (1), 10–19.

28. Van de Wiel, A.; Van Hattum, J.; Schuurman, H.J.; Kater, L. Immunoglobulin A in
the diagnosis of alcoholic liver disease. Gastroenterology 1988, 94, 457–462.

29. Watt, K.; Uhanova, J.; Gong, Y.; Kaita, K.; Doucette, K.; Pettigrew, N.;
Minuk, G.Y. Serum immunoglobulins predict the extent of hepatic fibrosis in
patients with chronic hepatitis C virus infection. J. Viral Hepat. 2004, 11 (3),
251–256.

Received April 8, 2005

Accepted May 15, 2005

Manuscript 3164

M. Lotfy et al.114

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
1
6
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1


