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Hepatitis C Virus Saudi Patients

ABSTRACT

Recently, about 2.35% of the world population, are estimated to be chronically 
infected with hepatitis C virus (HCV). However, the role of immune system 
dysfunction happening in state of obesity among HCV is poorly understood. 
The purpose of this study was to determine the strength of the association 
between the human immune response and body mass index (BMI) and whether 
differences exist in the effects of obesity on selected immune parameters 
among HCV Saudi patients. Two hundred non-hypertensive, non-cirrhotic Saudi 
patients with chronic HCV infection; Patients were divided in to two equal 
groups according to their body mass index : Group (A):  Included HCV patients 
with a BMI more than 25 kg/m2 (the obese group). Group (B): Included HCV 
patients with a BMI between 18.5 and 23 kg/m2 (the normal-weight group). 
Parameters CD3, CD4 and CD8 were quantified. Leukocyte and differential 
counts were performed. We observed elevation with regard to the normal 
weight group in the parameters of white blood cells, neutrophils, monocytes, 
CD3, CD4 and CD8 for group A. CD3, CD4 and CD8 correlated with BMI only as a 
total amount, as well as with all measured parameters of blood count. There 
is a strong association between BMI and the human immune system among HCV 
patients.

Key Words: Immune System; Obesity; Body Mass Index; Hepatitis C Virus 
Infection.

Hepatit C Virüslü Suudi Hastalarda İmmun Cevap ve Vücut Kitle İndeksi 
Arasındaki İlişki

ÖZET

Son zamanlarda, dünya nüfusunun yaklaşık % 2.35, hepatit C virüsü (HCV) ile 
kronik olarak enfekte olduğu tahmin edilmektedir. Bununla birlikte, HCV’nin 
obezite durumunda gerçekleşen bağışıklık sistemi bozukluğundaki rolü tam 
olarak anlaşılamamıştır. Bu çalışmanın amacı, Suudi hastalarda immun cevap 
ve vücut kitle indeksi (VKİ) arasındaki ilişkiyi ve seçilmiş bağışıklık parame-
treleri üzerine obezitenin etkilerinin mevcut olup olmadığını belirlemektir. 
Kronik HCV enfeksiyonu olan sirotik olmayan, hipertansiyonu olmayan iki yüz 
Suudi hasta; Hastalar vücut kitle endeksine göre iki eşit gruba ayrıldı: Grup 
(A):  VKİ 25 kg/m2’den daha fazla olan HCV’li hastalar (obez grup). Grup (B): 
VKİ 18.5 ve 23 kg/m2 arasında olan HCV’li hastalar (normal kilolu grubu). CD3, 
CD4 ve CD8 parametreleri ölçüldü. Lökosit ve diferansiyel sayımları yapıldı. A 
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Immune system response and body mass index among hepatitis C virus patients

MATERIAL AND METHOD

Subjects and Methods

Two hundred non-hypertensive, non-cirrhotic Saudi pa-
tients with chronic HCV infection; their age ranged from 
25 to 38 (30.42 ± 4.16) years, were studied on referral 
to Gastroenterology and Hepatology Department, King 
Abdulaziz University Teaching Hospital, Saudi Arabia. All 
these patients were anti HCV positive by enzyme-linked 
immunosorbent assay (ELISA). None of the patients in-
cluded in this study had other potential causes of liver 
disease, such as alcoholism or autoimmune phenomena. 
All the patients were not treated previously with antiviral 
drugs. Only patients diagnosed with chronic HCV mono-
infection and have anti HCV antibodies by ELISA were se-
lected to undergo Real-Time polymerase chain reaction 
(RT-PCR) and were treated with combined pegylatedin-
terferon--alfa (PEG-IFNα)-ribavirin therapy. This study 
was a single blind randomized controlled trial where the 
persons in the lab doing tests were not aware of the sub-
jects’ groups. Moreover, the present study was approved 
by the Scientific Research Ethical Committee, Faculty of 
Applied Medical Sciences at King Abdulaziz University.  All 
participants were free to withdraw from the study at any 
time. If any adverse effects had occurred, the experi-
ment will be terminated and the Human Subjects Review 
Board will be informed. However, no adverse effects oc-
curred, and so the data of all the participants were avail-
able for analysis.

Patients were divided in to two equal groups according to 
their body mass index: Group (A): Included HCV patients 
with a BMI more than 25 kg/m2 (the obese group). Group 
(B): Included HCV patients with a BMI between 18.5 and 
23 kg/m2 (the normal-weight group).

Methods

Evaluated Parameters 

Real-Time polymerase chain reaction (RT-PCR): Ten 
milliliter blood samples were collected from each par-
ticipant at study entry. The blood samples were obtained 
using disposable needles and heparinized vacuum sy-
ringes and stored at –70°C until assayed. Serum samples 
of all participants were tested for Real-Time polymerase 
chain reaction (RT-PCR) to detect serum HCV RNA levels 
by polymerase chain reaction using the COBAS TaqMan 
HCV test, v2.0 (Roche Diagnostics, Indianapolis, NJ, USA).

Analysis of peripheral blood cells: The analysis of pe-

grubu için, beyaz kan hücreleri, nötrofiller, monositler, CD3, 
CD4 ve CD8 parametrelerinde, normal kilolu gruba göre bir 
yükselme gözlenmiştir. VKİ sadece CD3, CD4 ve CD8 ile değil, 
keza kan sayımında ölçülen tüm parametreler ile ilişkili idi. 
HCV hastalarında, VKİ ve bağışıklık sistemi arasında güçlü bir 
ilişki vardır.

Anahtar Kelimeler: Bağışıklık Sistemi; Obezite; Vücut Kitle 

İndeksi; Hepatit C Virüs Enfeksiyonu.

INTRODUCTION

Globally, an estimated 180 million people are chronically 
infected with HCV and 3 to 4 million are newly infected 
each year (1,2). Hepatitis C virus (HCV) infection is one 
of the main causes of chronic liver disease worldwide (3) 
and persistent infection occurs in 50 to 80% of those in-
fected and may lead to the development of cirrhosis and 
subsequent hepatocellular carcinoma (1). The progres-
sion of HCV involves changes in the cellular immunity of 
those affected (4,5). Some studies have indicated that 
the cellular immunity of HCV patients undergoes altera-
tions, leading to poor immunological responses or dys-
functions (6,7). 

Obesity has also been associated with decreased im-
mune system competence  as it  alters innate and adap-
tive immunity and immunity deterioration is related to 
the grade of obesity (8). Moreover, impaired immune re-
sponses have also been suggested to occur in obese hu-
mans. Studies indicated that the incidence and severity 
of certain infections are higher in obese individuals when 
compared to lean people (9). Retrospective and prospec-
tive studies showed obesity to be an independent risk 
factor for infection after trauma (10,11). In a prospective 
cohort study of critically ill trauma patients, obese pa-
tients had more than two fold increased risk of acquiring 
infection (12). Also, Renehan et al. demonstrated an as-
sociation of obesity with 25–40% of certain malignancies 
in both obese men and women (13). 

Many authors reported dysregulation and alteration in 
number of immune cells in obese subjects. Obese sub-
jects showed either increased or decreased total lym-
phocytes in peripheral blood populations (14) and had 
decreased CD8+ T cell population along with increased or 
decreased CD4+T cells (15). So, The purpose of this study 
was to determine whether differences exist in the effects 
of obesity on selected immune parameters among HCV 
Saudi patients.
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ripheral blood cells (e.g., total and differential count) 
was performed on a Beckman Coulter AcT 5diff hema-
tology analyzer. The values are expressed in percentages 
and absolute numbers.

Flow cytometry analysis: The human leukocyte differ-
entiation antigens CD3, CD4 and CD8 (Beckman Coulter, 
Marseille, France)  Five microliters of appropriate mono-
clonal antibody was added to 50 µL of a whole-blood sam-
ple and incubated for 15 minutes at room temperature. 
Thereafter, the erythrocytes were lysed with 125 µL of a 
lysing solution, OptiLyse C, for 10 minutes. The reaction 
was stopped by the addition of 250 µL phosphate-buff-
ered saline. The samples were analyzed by flow cytom-
etry using Cytomics FC 500 and CXP software (Beckman 
Coulter).The leukocyte subsets were defined by forward- 
and side-scatter pattern. The negative control value was 
determined by a fluorescence background and antibody-
nonspecific staining.

Body mass index (BMI): Weight and height scale 
(Metrotype –England) was used to measure weight and 
height to calculate the body mass index (BMI). Body mass 
index was calculated by dividing the weight in kilograms 
by the square of the height in meters (kg/m2). According 
to the WHO classification, a BMI of <18.5 kg/m2 is under 
weight, 18.5-24.9 kg/m2 is normal 25-29.9 kg/m2 is over-
weight. A BMI of > 30 kg/m2 is classified as obese and this 
group was further divided into moderate obesity (30-34.9 

kg/m2), sever obesity (35-39.9 kg/m2) and very sever obe-
sity (≤40 kg/m2) (16). 

Statistical analysis

Independent t-test was used to compare differences 
between both groups. Statistical analysis of data was 
performed using SPSS (Chicago, IL, USA) version 17. The 
relationship between continuous variables and BMI was 
assessed by Pearson or Spearman rank correlation. All 
data were expressed as the mean ± SD. P<0.05 indicated 
statistical significance.

RESULTS

The demographic and clinical characteristics of the sub-
jects are shown in Table 1. The mean age of the obese 
group was 30.42 ± 3.16 years, and the mean age of the 
normal weight group was 28.87 ± 3.54 years. There was 
no significant age, height, albumin, fasting blood glucose, 
hemoglobin, total bilirubin , systolic blood pressure dif-
ference between the obese and normal-weight groups. 
However, body weight, body mass index (BMI), waist cir-
cumference, fat mass, alanine aminotransferase (ALT), 
diastolic blood pressure and HCV viral load were signifi-
cantly different between the obese and normal-weight 
groups. The obese group had a significantly higher fat 
mass determined by bioelectric impedance.
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   Group (A)   Group (B)

Age (year)  30.42 ± 3.16  28.87 ± 3.54
Height (cm)  164.16 ± 5.18  163.14 ± 4.72
Body weight (kg)  82.44 ± 3.37*  63.85 ± 2.93
BMI (kg/m2)  30.74 ± 3.61*  21.88 ± 2.12
Waist circumference (cm) 93.91 ± 4.73*  72.62 ± 4.86
Fat mass (kg)  24.22 ± 2.95*  13.43 ± 2.14
ALT (U/L)   65.11 ± 7.91*  32.32 ± 6.75
Albumin (gm/dl)  3.82 ± 0.89  3.27 ± 0.78
FPG (mg/dL)  115.45 ± 12.45  107.65 ± 10.37
Hb (gm/dl)  12.16 ± 1.52  12.09 ± 1.31
Total Bilirubin (mg/dl) 1.34 ± 0.86  1.22 ± 0.82
SBP (mm Hg)  123 ± 13.17  120 ± 12.95
DBP (mm Hg)  83 ± 8.11*   76 ± 8.32
HCV viral load (IU/mL) 7.36 ± 3.52 × 106*  1.74 ± 3.38 × 106

Table 1. Comparison of clinical data between both groups.

BMI : Body Mass Index ; Hb : Hemoglobin; FPG: Fasting Blood Glucose; ALT :Alanine aminotransferase; SBP: Systolic blood pressure; DBP: Diastolic blood 

pressure; (*) indicates a significant difference between the two groups, P < 0.05.
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The number of white blood cells, total neutrophil count, 
monocytes, CD3, CD4 and CD8 were significantly elevated 
in obese individuals when compared with normal controls 
(Table 2). The Pearson’s correlation coefficients test for 
the relationship between body mass index and white 
blood cells , total neutrophil count, monocytes, CD3, 
CD4, CD8 in both groups showed a strong direct relation-
ship in both groups (Table 3, 4).

DISCUSSION

Previous cohort studies indicated that obesity increases 
risk of hepatic steatosis and fibrosis in non-diabetic pa-
tients with chronic hepatitis C infection due to dimin-
ished response to antiviral therapy and as a result obesity 
is considered as an  important factor in the progression 
of chronic HCV (17,18). As the impact of obesity on the 
immune system  in the HCV is unknown, our study was 
conducted to explore the association between the obe-
sity and immune system in obese HCV Saudi patients.

In our study, obese HCV Saudi patients showed increased 
number of white blood cells, total neutrophil count, 
monocytes, CD3, CD4 and CD8 than HCV patients with 
normal body weight, also there was a strong direct rela-
tionship between body mass index and white blood cells, 
total neutrophil count, monocytes, CD3, CD4, CD8 in both 
groups. Our findings are in line with the results of many 
previous studies as Moulin et al. who showed in his study 
that obesity is associated with the modulation of immune 
parameters (19), elevated numbers of circulating immune 

cells as neutrophil, monocyte, leukocyte and total WBC 
(20), as well as elevated activation levels of certain WBC 
and suppressed immune cell function (14). Also, several 
authors have reported a chronic inflammation status in 
individuals with higher BMI (21-23). Which was associated 
with elevated amounts of white blood cells, neutrophils, 
and monocytes in the blood of all participants with BMI 
higher than that of the control group (24). 

Altered immune system response in obese subjects may 
be related to hyperinsulinemia and insulin resistance as-
sociated with obesity. Insulin receptors are present on 
monocytes and activated T lymphocytes and insulin sig-
naling modulates T cell activation and function by induc-
ing glucose uptake, amino acid transport and lipid metab-
olism (25). Further, as insulin has been shown to promote 
anti-inflammatory T helper type 2 cell phenotype insulin 
resistance enhances T helper type 1 cell development 
(26). 

Another cause for immunomodulation in obesity is re-
duction in lymphocyte proliferative response to mitogen 
stimulation and dysregulated cytokine expression (15) as 
Chandra and Kutty found lower lymphoproliferative re-
sponse to mitogens, impairment of delayed cutaneous 
hypersensitivity and a decrease in intracellular bacterial 
killing capacity by neutrophils in obese children and ado-
lescents (27). Moriguchi and cols proposed that the de-
creased lymphoproliferative response observed in obese 
rats may be, in part, due to decreased glucose uptake 
as the main energy source for proliferation of lympho-
cytes (28). These authors showed that obese rats have a 
decreased expression of glucose transporter 1 (GLUT-1), 
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   Group (A)  Group (B)

White blood cells count   8.87 ±2.59* 6.15 ±2.43
(109/µL)
Total neutrophil count 5.85 ±1.23* 3.54 ±1.18
(109/µL)
Monocytes (109/µL)  0.62 ±0.24* 0.43 ±0.15
CD3 count (109/L)  1.96±0.83* 1.57 ±0.42
DC4 count (109/L)  1.22±0.47* 0.96±0.41
CD8 count (109/L)  0.75±0.28* 0.48±0.25

Table 2. Mean value and significance of white blood 
cells, total neutrophil, monocytes, CD3, CD4 and CD8 
count of group (A).

(*) indicates a significant difference between the two groups, P < 0.05.

   
    Pearson’s value  (r)

White blood cells count  (109/µL) 0.315*
Total neutrophil count (109/µL) 0.238*
Monocytes (109/µL)   0.252*
CD3 count (109/L)   0.233*
DC4 count (109/L)   0.224*
CD8 count (109/L)   0.229*

Table 3. Shows the Pearson’s correlation coefficients 
test value and the relationship between the BMI and 
white blood cells, total neutrophil, monocytes, CD3, 
CD4 and CD8 count in group (A).

Significance was calculated by Spearman or Pearson correlation 

(2-tailed),*p < 0.05; r, correlation coefficient.
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which is expressed on the immune cells membranes after 
mitogen stimulation. However, further investigation is 
needed to determine if this is the case in humans as well.

Our findings indicated an association between BMI and 
cell subpopulation counts in peripheral blood. In the 
whole tested population we denote an increase of white 
blood cells, neutrophils, monocytes, CD3, CD4 and CD8 
counts. We agree with the suggestion of Kintscher et al. 
observed an increased number of CD3 and CD4 lympho-
cytes in the peripheral blood of obese women correlat-
ing with BMI (29). Also, Antuna-Puente  et al. found that 
BMI is positively correlated with the number of macro-
phages in adipose tissue (30). Finally, within the limit of 
this study, weight reduction is recommended for modula-
tion of immune system response among obese patients 
with HCV. Further researches are needed to explore the 
impact of weight reduction on immune system response 
among obese patients with HCV.

Conclusion 

There is a strong association between BMI and the human 
immune system among HCV patients, so an integrated 
treatment approach is essential to correct the immune 
system incompetence through medications, life style 
change and exercise training program. 
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