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Abstract
Background—Hepatitis C virus (HCV) infection may be associated with thrombocytopenia and
increased iron stores in patients receiving medical care. We aimed to determine how often changes
in hematologic, iron metabolic and inflammatory markers occur in individuals with undiagnosed
HCV in the community.

Methods—Inner-city African Americans (n=143) were recruited from the community according to
reported ingestion of alcohol. They were divided broadly into those who drank more or less than 56
g alcohol/day as assessed by dietary questionnaire. HCV serology was determined and laboratory
values were compared according to HCV seropositivity in analyses that adjusted for alcohol
consumption.

Results—The prevalence of HCV seropositivity was 23% among men and 29% among women.
Levels of hepatocellular enzymes were higher with HCV seropositivity (P <0.0001) but hemoglobin
concentrations, white blood cell and platelet counts and serum ferritin concentrations did not differ.
The globulin fraction of the serum protein concentration (P=0.002) was increased with HCV
seropositivity as expected with chronic inflammation. However, erythrocyte sedimentation rate and
serum iron and haptoglobin levels did not differ significantly according to HCV status. Furthermore,
multivariate analysis revealed that C-reactive protein was decreased and transferrin concentration
was increased with both HCV and alcohol consumption (P<0.014).

Conclusions—Previously undiagnosed HCV seropositivity has little effect on the complete blood
count and body iron stores but appears to perturb the response to an inflammatory stimulus, causing
reduced rather than increased circulating CRP concentrations and increased rather than decreased
transferrin concentrations.

© 2009 Elsevier B.V. All rights reserved.
Correspondence to: Victor R. Gordeuk, MD, Center for Sickle Cell Disease, Howard University Hospital, 2041 Georgia Ave, NW,
Washington, DC 20060.
Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers
we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of the resulting
proof before it is published in its final citable form. Please note that during the production process errors may be discovered which could
affect the content, and all legal disclaimers that apply to the journal pertain.

NIH Public Access
Author Manuscript
Clin Chim Acta. Author manuscript; available in PMC 2011 May 2.

Published in final edited form as:
Clin Chim Acta. 2010 May 2; 411(9-10): 653–656. doi:10.1016/j.cca.2010.01.028.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Keywords
HCV infection; African American; CRP; Iron metabolism

Introduction
Hepatitis C virus (HCV) infection is a public health problem for persons of all races and it has
become the most common cause of death associated with liver disease in the U.S. [1]. African-
American patients have a lower rate of viral clearance and, consequently, a higher rate of
chronic hepatitis C compared to whites [2,3]. Hepatitis C is more prevalent among African
Americans than among persons of any other racial group in the United States [2]. Although
African Americans represent only 12% of the US population, they represent approximately
22% of the estimated Americans with chronic HCV infection [4].

Hemolytic anemia is a rare complication of untreated HCV infection [5]. HCV has been shown
to induce cytopenias especially thrombocytopenia, which is thought to be an indicator of
advanced liver disease. The cytopenias may be due to virus-induced bone marrow suppression
as well as portal hypertension, hypersplenism, and decreased thrombopoietin production [6,
7]. Patients being followed for chronic HCV infection frequently have increased serum iron
levels and hepatic iron stores, which are thought to correlate with reduced expression of
hepcidin, a peptide produced in the liver [8].

HCV infection may cause irreversible liver fibrosis. Viral proteins seem to modulate apoptosis
and steatosis, ultimately leading to hepatic stellate cell activation, fibrosis and increased risk
for hepatocellular carcinoma [9]. The net liver damage from HCV infection depends on the
balance between the host’s antiviral mechanisms and the ability of the virus to subvert them.
Alcohol consumption has been proposed as a risk factor for the progression of liver disease in
chronic HCV infection [10]. There is alteration of cytokine secretion in HCV infection, which
is especially marked among alcoholics [11]. One of these cytokines is interleukin 6, which
induces the expression of C-reactive protein [12]. Consumption of alcohol has been associated
with increased iron stores as assessed by serum ferritin concentration in several population
studies [13–15].

Materials and Methods
Participants

The Howard University IRB approved the research and all participants gave written informed
consent. The design of the study and the participants have previously been described [16].
Briefly, the participants were self-described African-American males and females >18 y who
were recruited as one of the following 2 groups: i) self-reported average alcohol consumption
of <2 drinks/week (n = 72); ii) self-reported average alcohol consumption of ≥4 drinks/day (n
= 71). The participants were in their usual state of health at the time of the study. They were
not presenting for acute or chronic health care but rather they were recruited from the
community.

To quantify dietary iron content and alcohol consumption, participants filled out the University
of Hawaii Multi-Ethnic Dietary Questionnaire with the help of the study research nurses. The
test-retest reliability of this questionnaire has been validated [17]. The questionnaire asks about
average eating habits over the past year. The questionnaire was analyzed at the University of
Hawaii. Estimates for average daily intake of kilocalories, alcohol and dietary iron were
provided. Any person with known diagnosis of HCV infection or history of treatment for HCV
infection was excluded from the study.
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Laboratory tests
Peripheral blood was collected in the morning. EDTA-anticoagulated blood was used for
performing complete blood count, reticulocyte count (Coulter® LH750, Beckman Coulter,
Inc., Fullerton, CA) and erythrocyte sedimentation rate (ESR) (Westergren method). Serum
was used to determine hepatitis B surface antigen (Diagnostic Products Corporation, Los
Angeles, CA), antibody to hepatitis C (Ortho® HCV Ver 3.0 ELISA Test System, Ortho-
Clinical Diagnostics, Inc., Raritan, NH), aspartate aminotransferase (AST), alanine
aminotransferase (ALT), bilirubin, total protein, albumin, iron, transferrin (Unicel® DxC 600
Synchron® Clinical System, Beckman Coulter) and ferritin (Access® 2 Beckman Coulter).
These tests were performed in the clinical laboratory of Howard University Hospital.
Concentrations of C-reactive protein (CRP) were determined from serum samples that had
been stored at −80°C by enzyme-linked immunosorbant assay (ALPCO Diagnostics,
Windham, NH, USA) (expected plasma range provided by the manufacturer of 0.068–8.2 mg/
l). Transferrin saturation was calculated by dividing the serum iron in µg/dl by 1.27 X
transferrin concentration in mg/l and multiplying by 100 [18]. The ferritin to AST ratio was
calculated by dividing the serum ferritin concentration by the serum AST activity; this index
has been shown to reflect hepatic iron stores in the setting of acute alcohol consumption, shortly
after stopping consumption and after prolonged abstention from alcohol [19]. The normal range
for the ferritin to AST ratio is approximately 1–10 µg/U for men and 1–7 µg/U for women.
Liver biopsies were not performed as a part of this study.

Statistical analysis
Continuous variables were tested for normality and the best transformation was used if the
variable had a non-normal distribution. In Table 1, ANOVA was used to compare variables
according to HCV status with adjustment for sex, age, and total alcohol intake/kg per day. In
Table 2 and Table 3, multivariate linear regression with backwards and forwards modeling was
used to develop models of the effect of HCV seropositivity on CRP concentration and
transferring concentration that only included covariates having a significance level of <0.05.
Analysis was performed using STATA 10.0 (StataCorp, College Station, TX).

Results
The median age was 48 y and 71% of the participants were males. The prevalence (95%
confidence interval) of hepatitis C seropositivity was 27% (20%–36%). This prevalence was
23% and 29% in males and females, respectively. One participant was positive for hepatitis B
surface antigen, and this person was HCV negative. Median daily estimated dietary iron was
20 mg. The median hemoglobin level was 14.1 g/dl and the median CRP concentration was
2.3 mg/l.

Comparison of HCV positive and HCV negative participants is presented in Table 1. HCV
positive cases were significantly older than HCV negative study subjects. After adjusting for
the effects of sex, age and alcohol intake, values for AST, ALT, GGT, total protein, globulin
and transferrin were higher in HCV seropositive cases while albumin and CRP were lower.
Hemoglobin concentration and other components of the complete blood count did not differ
significantly according to HCV status or alcohol intake. After adjusting for the effects of age,
sex and HCV infection, greater alcohol intake was associated with lower CRP concentration,
higher serum iron concentration and higher transferrin (Table 1, see footnotes).

Further multivariate analysis revealed that serum CRP concentration increased significantly
according to increasing erythrocyte sedimentation rate (P <0.0001) and decreased significantly
according to increasing alcohol intake (P = 0.012) (Table 2 and Fig. 1). After adjustment for
both of these factors, the trend to lower CRP concentration in HCV patients shown in Table 1

Ufearo et al. Page 3

Clin Chim Acta. Author manuscript; available in PMC 2011 May 2.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



was strengthened. According to the analysis shown in Table 2 and with all other things being
equal, an increased CRP of 10 mg/l in an HCV seronegative individual would translate to a
normal CRP of 4.6 mg/l in an HCV seropositive individual (95% CI of 2.8–7.6) (P = 0.003).

Multivariate analysis also revealed that the serum transferrin concentration decreased
significantly according to increasing serum ferritin concentration (P <0.0001) and increased
according to increasing alcohol intake (P = 0.003) (Table 3 and Figure 2). After adjustment
for both of these factors, the trend to higher transferrin concentrations in HCV positive
participants shown in Table 1 was strengthened. According to the analysis shown in Table 3
and with all other things being equal, a transferrin concentration of 247 mg/dl in an HCV
negative individual would translate to a transferrin concentration of 262 mg/dl in an HCV
seropositive individual (95% CI of 252–276) (P = 0.013).

Discussion
The prevalence of previously undiagnosed and untreated HCV infection in inner city African
Americans, discovered through screening individuals from the community in their usual state
of health, was 27%. This was a cross-sectional study of persons without a past history of HCV
infection, and so we cannot comment on the chronicity of the infection.

HCV seropositivity in this study was not associated with anemia, thrombocytopenia or other
changes in the complete blood count except for a trend to higher lymphocyte counts. Nor were
the serum ferritin concentration or transferrin saturation influenced by HCV seropositivity.
These observations are in contrast to reports of hemolytic anemia, thrombocytopenia and other
cytopenias, and increased iron stores in association with untreated HCV infection [5–8], and
they indicate that the hematologic manifestations of HCV infection in previously undiagnosed
individuals from the community may differ from those of symptomatic individuals presenting
for medical care. Alcohol consumption estimated by dietary questionnaire also did not have a
discernable effect on the complete blood count.

HCV seropositivity was associated with significant increases in AST, ALT and GGT, and with
changes in serum proteins consistent with a chronic inflammatory process, i.e., increase in the
globulin fraction and decrease in albumin concentration. Other aspects of the inflammatory
response were lacking. In particular, the erythrocyte sedimentation was not increased, the
serum iron was not decreased, the transferrin concentration was increased rather than
decreased, and the CRP concentration was decreased rather than increased.

The anemia of chronic inflammation [20] was noticeably absent in the patients with untreated
HCV in this study, and this observation along with a lack of inflammatory changes in
erythrocyte sedimentation rate, iron, transferrin and CRP raises the possibility that HCV may
have certain properties in suppressing certain aspects of the systemic inflammatory response.
Our finding of reduced rather than increased CRP concentrations in the present cohort parallels
recent reports that co-infection with HCV is associated with reduced CRP concentrations in
HIV infected patients [21,22].

C-reactive protein is an acute phase plasma protein produced by hepatocytes under the
transcriptional control of the pro-inflammatory cytokine, interleukin 6 [12]. Some investigators
have reported that HCV infection is associated with increased expression of interleukin-6
[23–26], while others have not observed increased expression [27,28]. One study indicated that
the interleukin-6 response to stimulation of toll like receptors 3 and 4 is compromised in HCV
infection [29]. Lack of increased CRP expression in association with HCV seropositivity is
not likely to be due simply to poor functioning of hepatocytes, for there was increased
expression of transferrin. Transferrin is ordinarily a negative acute phase reactant, but in the
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present study serum levels were increased in association with HCV in tandem with decreased
serum CRP concentration.

Interleukin 6 not only promotes the transcription of CRP by hepatocytes but also that of of
hepcidin [30]. Hepcidin is a peptide hormone that regulates iron absorption by enterocytes and
iron release by macrophages; decreased hepcidin levels lead to increased iron absorption
[31]. Ferroportin is an iron exporter present on the surface of absorptive enterocytes,
macrophages, hepatocytes and placental cells that also serves as a receptor for hepcidin. The
binding of hepcidin leads to internalization and degradation of ferroportin, thereby decreasing
export of cellular iron [31]. Relatively low hepcidin expression has been reported in HCV
infection [8], and this might help to explain a failure to observe hypoferremia in association
with HCV infection in the present study.
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Figure 1.
Relationships among C-reactive protein, HCV seropositivity, erythrocyte sedimentation rate
and alcohol intake. a. Correlation between C-reactive protein concentration and erythrocyte
sedimentation rate in HCV seronegative and seropositive cases. b. Correlation between C-
reactive protein and alcohol intake in HCV seronegative and seropositive cases.
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Figure 2.
Relationships among serum transferrin concentration, HCV seropositivity, serum ferritin
concentration and alcohol intake. a. Correlation between serum concentrations of transferrin
and ferritin in HCV seronegative and seropositive cases. b. Correlation between serum
transferrin concentration and estimated alcohol intake in HCV seronegative and seropositive
cases.
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Table 1

Clinical characteristics according to hepatitis C status. Results are mean values (95% confidence interval)* unless
otherwise specified1.

HCV− (n=98) HCV+ (n=36) P value

Age (y) 47 (46–49) 52 (50–54) 0.002

Male sex** 68 (69%) 27 (75%) NS

Body mass index (kg/m2) 29.3 (27.7–30.9) 28.2 (25.8–30.6) NS

Alcohol intake (g per kg/day) 0.5 (0.3–0.7) 1.0 (0.5–1.4) NS

Iron intake (g per kg/day) 0.3 (0.3–0.4) 0.3 (0.2–0.4) NS

Hemoglobin (g/dl) 14.1 (13.9–14.3) 13.9 (13.5–14.3) NS*

MCV (fl) 89 (87–91) 90 (89–92) NS*

Lymphocyte count (1000/µl) 1.9 (1.8–2.1) 2.2 (2.0–2.5) 0.051*

White blood cell (1000/µl)1 5.7 (5.2–5.9) 5.7 (4.9–6.3) NS*

Granulocytes (1000/µl)1 3.0 (2.7–3.3) 3.0 (2.5–3.5) NS*

Basophils (1000/µl) 0.04 (0.01–0.07) 0.02 (0–0.07) NS*

Monocytes (1000/µl) 0.44 (0.41–0.48) 0.43 (0.38–0.49) NS*

Eosinophils (1000/µl) 0.12 (0.10–0.15) 0.08 (0.04–0.12) NS*

Platelets (1000/µl) 257 (242–273) 248 (224–275) NS*

Haptoglobin (mg/dl) 141 (127–156) 139 (113–165) NS*

AST (units/l) 24 (23–26) 38 (33–45) <0.0001*

ALT (units/l) 22 (20–24) 38 (32–46) <0.0001*

GGT (U/l) 30 (26–34) 58 (43–83) <0.0001*

Bilirubin (mg/dl) 0.7 (0.7–0.8) 0.7 (0.6–0.8) NS*

Alakiline Phosphatase (units/l) 69 (66–76) 83 (69–89) NS*

Total protein (g/dl) 7.2 (7.1–7.3) 7.5 (7.2–7.6) 0.030*

Albumin (g/dl) 4.0 (3.9–4.1) 3.8 (3.7–4.0) 0.043*

Globulin (g/dl) 3.1 (3.0–3.2) 3.5 (3.3–3.7) 0.003*

Ferritin (µg/l) 89 (74–108) 108 (77–150) NS*

Ferritin/AST ratio 3.4 (2.8–4.1) 2.5 (1.8–3.4) NS*

Serum iron (µg/dl) 79 (72–86) 89 (76–105) NS*

Transferrin (mg/dl) 247 (240–255) 262 (250–276) 0.028*

Transferrin Saturation 25 (23–28) 25 (22–30) NS*

C-reactive protein (mg/l) 2.4 (1.9–3.2) 1.3 (0.9–2.1) 0.026*

Erythrocyte sedimentation rate
(mm/hr)

17 (14–21) 19 (13–26) NS*

Hepatitis B surface antigen, no.(%) 1 (1%) 0 (0%) NS
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*
Mean (95% CI of mean) and p value were adjusted for sex, age and alcohol intake per kg/day.

**
Number (%)

1
Six cases with HIV/AIDS, of which three were HCV positive, one case with prior HCV treatment and two cases with outlier calorie intake were

excluded from analysis. After adjusting for all other variables, alcohol intake correlated negatively with C-reactive protein (beta=−0.21, p = 0.015)
and positively with transferrin (beta= 0.02, p = 0.022) and serum iron (beta = 0.06, p = 0.041).
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Table 2

Multivariate linear regression model of serum C-reactive protein concentration (natural log), N = 113.

Beta 95%
confidence
interval

P

Sedimentation rate (`root) 0.21 (0.11 – 0.32 <0.0001

Alcohol intake per kg/day (natural Log) −0.21 (−0.38 – −0.05) 0.012

Hepatitis C seropositivity −0.78 (−1.29 – −0.27) 0.003

Constant −0.24 (−0.77 – 0.28) NS

R2 = 0.23. Variables entered into model were: age, sex, BMI, ESR, HCV, alcohol and iron intake, 6 cases with HIV/AIDS, 1 case with prior HCV
treatment and 2 cases with outlier calorie intake were excluded from analysis.
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Table 3

Multivariate linear regression model of serum transferrin concentration (natural log), N = 131.

Beta 95%
confidence
interval

P

Serum ferritin (square root) −0.06 −0.09– −0.04 <0.0001

Alcohol intake per kg/day (natural Log) 0.02 0.01–0.04 0.005

Hepatitis C seropositivity 0.07 0.02–0.12 0.013

Constant 5.82 5.70–5.94 <0.0001

R2= 0.21. Variables entered into model were: age, sex, BMI, ESR, HCV, alcohol and iron intake, 6 cases with HIV/AIDS, 1 case with prior HCV
treatment and 2 cases with outlier calorie intake were excluded from analysis.
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