
Full Terms & Conditions of access and use can be found at
https://informahealthcare.com/action/journalInformation?journalCode=irnf20

Renal Failure

ISSN: 0886-022X (Print) 1525-6049 (Online) Journal homepage: informahealthcare.com/journals/irnf20

The Effect of Erythropoietin Therapy and
Hemoglobin Levels on the Immune Response to
Engerix-B Vaccination in Chronic Kidney Disease

Kamal Hassan, Lev Shternberg, Mohamad Alhaj, Ronit Giron, Ron Reshef,
Mira Barak & Batya Kristal

To cite this article: Kamal Hassan, Lev Shternberg, Mohamad Alhaj, Ronit Giron, Ron Reshef,
Mira Barak & Batya Kristal (2003) The Effect of Erythropoietin Therapy and Hemoglobin Levels
on the Immune Response to Engerix-B Vaccination in Chronic Kidney Disease, Renal Failure,
25:3, 471-478, DOI: 10.1081/JDI-120021160

To link to this article:  https://doi.org/10.1081/JDI-120021160

Published online: 26 Aug 2009.

Submit your article to this journal 

Article views: 699

View related articles 

Citing articles: 2 View citing articles 

https://informahealthcare.com/action/journalInformation?journalCode=irnf20
https://informahealthcare.com/journals/irnf20?src=pdf
https://informahealthcare.com/action/showCitFormats?doi=10.1081/JDI-120021160
https://doi.org/10.1081/JDI-120021160
https://informahealthcare.com/action/authorSubmission?journalCode=irnf20&show=instructions&src=pdf
https://informahealthcare.com/action/authorSubmission?journalCode=irnf20&show=instructions&src=pdf
https://informahealthcare.com/doi/mlt/10.1081/JDI-120021160?src=pdf
https://informahealthcare.com/doi/mlt/10.1081/JDI-120021160?src=pdf
https://informahealthcare.com/doi/citedby/10.1081/JDI-120021160?src=pdf
https://informahealthcare.com/doi/citedby/10.1081/JDI-120021160?src=pdf


©2003 Marcel Dekker, Inc. All rights reserved. This material may not be used or reproduced in any form without the express written permission of Marcel Dekker, Inc.

MARCEL DEKKER, INC. • 270 MADISON AVENUE • NEW YORK, NY 10016

RENAL FAILURE

Vol. 25, No. 3, pp. 471–478, 2003

CLINICAL STUDY

The Effect of Erythropoietin Therapy and Hemoglobin

Levels on the Immune Response to Engerix-B

Vaccination in Chronic Kidney Disease

Kamal Hassan,1,* Lev Shternberg,1 Mohamad Alhaj,1 Ronit Giron,1

Ron Reshef,2 Mira Barak,3 and Batya Kristal1

1Nephrology and Hypertension Department, and
2Gastroenterology Unit, Western Galilee Hospital, Nahariya, Israel

3Clalit Health Services, Haifa, Israel

ABSTRACT

Background. Patients undergoing chronic hemodialysis have an increased risk of

acquiring hepatitis B infection. Only 43–66% of dialysis patients develop effective

anti-HBs titers after vaccination. Aim. To evaluate the effect of recombinant

erythropoietin (rEPO) therapy and basal hemoglobin levels on the outcome of

the immune response to four doses of IM 40 mg Engerix-B vaccination in

hemodialysis and chronic kidney disease (CKD) patients before starting replace-

ment therapy. Subjects and methods. One hundred and three patients were

included in the study: 34 hemodialysis patients treated with rEPO (Group A),

36 predialytic patients who did not treated with rEPO (Group B) and 33 pre-

dialytic patients treated with rEPO (Group C). Plasma creatinine in predialytic

patients was 2–7mg/dL. All patients’ HBsAg and anti-HBs antibodies were nega-

tive. Patients were immunized with IM 40mg Engerix-B at 0, 1, 3, and 6 months.
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Anti-HBs titers were measured at 7th month. Results. Eighty seven point one

percent of patients from group C developed protective anti-HBs titers compared

with 69.4% from group B and 44.1% from group A ( p¼ 0.001). Patients from all

groups with baseline hemoglobin levels above 11 gr/dL developed protective anti-

HBs titers significantly more than patients with baseline hemoglobin levels below

11 gr/dL ( p<0.05). Conclusion. Predialytic patients treated with rEPO and with

hemoglobin levels higher than 11 gr/dL had significantly better immune response

outcomes to Engerix-B vaccination. Immunization against hepatitis B infection

should be considered at early stages of CKD prior to the deterioration in kidney

functions and the development of renal anemia.

Key Words: Renal failure; Hepatitis B; Immunization; Predialytic; Engerix-B.

INTRODUCTION

Patients undergoing chronic hemodialysis have an increased risk of acquiring
hepatitis B virus infection due to defective immune response, resulting from T cell
dysfunction.[1–5]

Seroconversion after hepatitis B vaccination has been estimated to occur when
the level of anti-HBs is higher than 10 IU/l.[6–8] Hepatitis B vaccination resulted
in high antibody response in over 95% of healthy individuals.[9] Immunogenicity
in dialysis patients has been less satisfactory with poor vaccine response ranging
from 43 to 66%.[9–13] In order to improve the immune response in these patients
several protocols had been examined including vaccination with intramuscular high
doses,[14] intradermal immunization,[15] concomitant therapy with oral levamisole
supplementation,[16] alpha interferon,[17] interleukin-2[18] or granulocyte macrophage
colony stimulating factor (GM-CSF).[19] Although these protocols showed some
improvement in the vaccination outcomes, the results were suboptimal. Only few
protocols examined the efficacy of hepatitis B vaccination in chronic kidney disease
(CKD) before starting renal replacement therapy (predialytic patients).[20,21]

Erythropoietin (EPO) is a major determinant of the regulation of proliferation
and differentiation of erythroid progenitor cells.[22] Recombinant EPO (rEPO) is
being used widely in the treatment of renal anemia more than one decade.
Recent data indicate that rEPO have humoral and cellular immunomodulating
properties.[23–25]

The aim of the study was to evaluate the effect of rEPO therapy and basal
hemoglobin levels on the outcome of the immune response to four doses of IM
40 mg Engerix-B vaccination in hemodialysis and chronic kidney disease (CKD)
patients before starting replacement therapy.

SUBJECTS AND METHODS

One hundred and three patients were included in the study: 34 hemodialysis
patients who are on subcutaneous rEPO therapy: 80 units/kg in two divided doses
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weekly (Group A), 36 predialytic patients who had not been treated with rEPO
(Group B) and 33 predialytic patients who are on rEPO therapy with the same sche-
dule given to hemodialysis patients’ (Group C). All patients HBsAg and anti-HBs
antibodies were negative; their hemoglobin levels were below 12 gr/dL and without
any evidence of iron, folic acid or vitamin B12 deficiencies. Plasma creatinine range of
predialytic patients was 2–7mg/dL and creatinine clearance test (CCT) was below
30mL/min. Patients were immunized with IM 40 mg recombinant DNA hepatitis B
vaccine (Engerix-B) at 0, 1, 3, and 6 months. The vaccine was applied in the deltoid
muscle. Anti-HBs titers were measured at 7th month. Levels of antiHBs antibodies
titers >10 IU/l were considered protective. The patients were not treated with blood
transfusions or immunosuppressive drugs before and during the study and did not
suffer from any active autoimmune disease. Basal plasma creatinine, complete blood
count, albumin and CCT were examined again at 7th month. The baseline character-
istics of the patients enrolled in the study are shown in Table 1.

STATISTICAL ANALYSIS

Nominal variables: sex, type of kidney disease, and protective anti-Hbs titers
were described by frequencies and percents. Quantitative variables: hemoglobin,
serum creatinine, serum albumin, CCT, and age were described by mean and
standard Wilcoxon rank sum test and Mann Whitney test were used to compare
age, serum creatinine, serum albumin, and CCT between groups. Chi-square test was
used to compare the development of protective anti-HBs titers between all groups.
Fisher’s exact test was used to compare the development of protective anti-HBs titers
between patients with baseline hemoglobin levels higher and below 11 gr/dL.

RESULTS

At 7th month 87.1% patients from group C developed protective anti-HBs
titers compared with 69.4% from group B and 44.1% patients from group A
( p¼ 0.001) (Fig. 1). Furthermore, 92.3% of predialytic patients with hemoglobin
levels higher than 11 gr/dL who had been on rEPO therapy, developed protective
anti-HBs titers compared to 33.3% with hemoglobin levels below 11 gr/dL
( p¼ 0.02) (Fig. 2).

Table 1. Baseline characteristics of the patients enrolled in the study.

Group n

Engerix-B

(mg)
rEPO

(units/kg/w)

Sex

(m/f )

Age

(years)

Scr

(mg/dL)

CCT

(mL/min)

Hb

(gr/dL)

A 34 40 80 18/16 62.2� 15 — — 10.2� 1.8

B 36 40 — 18/18 59.2� 11 3.1� 1.1 26.0� 5.0 11.7� 0.4

C 33 40 80 17/16 61.5� 10 3.5� 1.0 21.9� 6.7 11.5� 0.5
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Eighty two point nine percent of predialytic patients with hemoglobin levels
higher than 11 gr/dL who did not receive rEPO therapy, developed protective
anti-HBs titers compared with 31.0% with hemoglobin levels below 11 gr/dL
( p¼ 0.03) (Fig. 2). Sixty four point one percent of hemodialysis patients with
hemoglobin levels higher than 11 gr/dL who had been on rEPO therapy developed
protective anti-HBs titers compared to 30.0% with hemoglobin levels below 11 gr/dL
( p¼ 0.05) (Fig. 2). In all groups, no significant correlations were found between age,
sex, type of kidney disease, serum creatinine, serum albumin, and the development
protective anti-HBs titers.

Figure 1. Development of protective anti-HBs titers in hemodialysis patients (Group A),

predialytic patients who had not been treated with rEPO (Group B) and predialytic patients

who are being on rEPO therapy (Group C).

Figure 2. Effect of baseline hemoglobin on the outcome of vaccination with Engerix-B

in CKD.
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DISCUSSION

Only 43–66% of dialysis patients develop effective anti-HBs titers after
vaccination[9–13] compared with over 95% of healthy individuals.[9] All protocols
used to improve the outcome of vaccination against hepatitis B infection in
chronic dialysis patients were sub-optimal.[14–19] This reduced immune response
was related to defective immune response in uremic patients.[1–5] In our study,
only 44.1% of hemodialysis patients developed protective anti-HBs titers
(Fig. 1).

In order to improve the immunogenicity in dialysis patients, few protocols
examined the efficacy of hepatitis B vaccination in patients suffering from CKD
before starting renal replacement therapy.[20,21] In one study, Carol et al. showed
that immunization of predialytic patients with three double vaccine doses at 0, 1, and
6 months resulted in developing protective anti-HBs titers at 7th months in 60% of
these patients.[20] Our results showed that immunization of predialytic patients with
four double vaccine doses at 0, 1, 3, and 6 months resulted in developing protective
anti-HBs titers at 7th months in 87.1% of patients who had been on rEPO therapy
compared with 69.4% of patients who did not receive rEPO therapy ( p¼ 0.001),
(Fig. 1). These results suggest that immunization of predialytic patients improve
significantly the immune response to Engerix-B compared to hemodialysis patients
( p¼ 0.001) (Fig. 1). Moreover, rEPO therapy improved significantly the immune
response to Engerix-B in predialytic patients who had been on rEPO therapy
( p¼ 0.001) (Fig. 1).

Our results suggest that in hemodialysis and predialytic patients with hemo-
globin levels higher than 11 gr/dL, the immune response to Engerix-B was signifi-
cantly better compared to patients with hemoglobin levels below 11 gr/dL (Fig. 2).
To our knowledge, this association between the hemoglobin levels and the
development of protective anti-HBs titer after hepatitis B vaccination was not
reported before in patients suffering from CKD. Possible reasons might be a
better general state of health in patients with higher hemoglobin, higher EPO
levels or less level of inflammation, which is well known to be present in renal failure
and to induce anemia. Recent data indicate that rEPO have humoral and cellular
immunomodulating properties.[23–25] rEPO increases immunoglobulins production
and increase proliferation of human B cells and B cell lines.[23] rEPO increases
significantly CD4 and CD8 cells without changing significantly the CD4/CD8
ratio, decreases significantly the number of natural killer cells and improves the
impaired phagocytic activity in hemodialysis patients.[24] rEPO increases significantly
in vitro T-cell mitogenic proliferation in hemodialysis patients.[25] We suppose that
rEPO may affect the immune response to Engerix-B through, at least, some of these
immunomodulating properties.

There is general consensus that it is difficult to achieve protective anti-HBs titers
following hepatitis B vaccination in patients suffering from CKD. Our results
showed that the immune response to vaccination with four doses of IM 40 mg
Engerix-B B in hemodialysis patients is still poor. On the other hand, vaccination
against hepatitis B infection in predialytic patients treated with rEPO and where
hemoglobin levels were higher than 11 gr/dL achieved better immune response to
Engerix-B, but still slightly below the outcomes achieved in healthy individuals.
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Hemoglobin levels higher than 11 gr/dL were associated with better immune
response outcomes. It may be that the hemoglobin level itself is not the major
factor contributing to the improvement in immune response outcome, but it may
be that hemoglobin levels higher than 11 gr/dL indicate higher EPO levels, less
inflammation and better immunogenicity state. Therefore, successful correction of
anemia in predialytic patients with rEPO, prior to vaccination against hepatitis B
infection, can be associated with an improvement in the immunogenicity and play an
important role in the outcome of immunization of CKD patients. In the light of our
results, we conclude that vaccination against hepatitis B infection should be done at
early stages of CKD prior to the deterioration in kidney functions and the
development of renal anemia.
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