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We prospectively studied the evolution of HBsAg antibody
(HBsAb) after primary vaccination (four doses; Engerix B, 40
pg i.m at 0, one, two and six months) in 29 patients who were
seronegative (HBsAb <10 lU/l), had not been previously vac-
cinated and were on hemodialysis. Their mean age was 45.58
± 10.98 years, and the hemodialysis duration ranged from
1-21 years. In addition, we assessed dialysis adequacy for all
cases on four different occasions beside the estimation of
predialysis serum albumin, serum feritin, C-reactive protein
(CRP), transferrin saturation ratio (TSAT), body mass index
(BMI) and subjective global assessment (SGA). We measured
anti-HBs titer eight weeks after the fourth dose. Our results
showed that two patients (6.90%) were nonresponders
(HBsAb <10 llL/) after the completion of vaccination. One
patient (3.45%) was a weak responder (10-100 IU/L). Strikingly,
26 patients (89.65%) showed good antibody response (>100
IU/L). HBsAb titers showed no significant correlation with age,
duration of HD therapy, serum albumin, CRP, TSAT level, BMI or
SGA scores (p>0.05). Responders to primary vaccination had
significantly higher levels of urea reduction ratio (%) and Kt/V
compared to nonresponders (63.61 ± 6.97% and 1.25 ± 0.15
vs. 52.0 ± 2.10% and 0.92 ± 0.13, respectively, P<0.05). In con-
clusion, this was a preliminary study showing a very high
response to hepatitis-B vaccination among hemodialysis
patients that neither correlated with age, systemic inflamma-
tion nor nutrtional status. Efficient hemodialysis was associat-
ed with good response to hepatitis-B vaccine.
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INTRODUCTION
P atients on hemodialysis therapy are at a relatively

high risk of exposure to hepatitis-B virus (HBV)
infection.' HBV is present in extraordinary high

titers in blood and other bodily fluids of infected
patients.2 Dialysis staff can transfer the virus to patients
from contaminated surfaces via their hands or through
use of contaminated equipment and supplies.2 HBV
infection is a major public health problem in the Middle
East; the majority of its countries have an intermediate
or high endemicity ofHBV infection, including Egypt.3

Hepatitis-B vaccine has been recommended for all
susceptible hemodialysis patients since it became avail-
able in 1982, but the seroconversion rates are much low-
er in the patient population with end-stage renal disease
(ESRD).4 Seroconversion (anti-HBs >10 IU/1) was
found in 73-76.7% of hemodialysis patients three
months after vaccine administration, but an adequate
response (anti-HBs >100 IU/1) was observed only in
53.5% in one series.5 Others have also shown lower
response rates to HBV vaccine that ranged from
47-58% one month after the fourth injection.6'7

Beside lower response rates, hepatitis-B vaccine
immunogenicity is often transient, and booster doses are
necessary to maintain protection against HBV5 Forty-
one percent of responders had no detectable anti-HBs
levels in the serum after three years of follow-up in one
study.5 Reasons for poor response include malnutrition,
uremia, older age and the immunocompromised state of
patients with chronic kidney disease.8

Factors that have been associated with good response
to HBV vaccination include young age (<40 years),9
good nutritional status'0 and adequacy of dialysis." On
the other hand, duration of dialysis,4 hemoglobin and
parathyroid hormone levels and hepatitis-C virus
(HCV) infection did not significantly influence anti-
body responses to hepatitis-B immunization.8

The aim of this study was to assess the influence of
nutritional status, systemic inflammation, dialysis ade-
quacy and duration on the development of hepatitis-B
antibodies in a cohort of regular hemodialysis patients.

PATIENTS AND METHODS
The study was conducted in Kasr Al-Eini Nephrolo-
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gy and Dialysis Centre, Cairo University Hospital, over
a period of one year (December 2003 to November
2004). We prospectively studied the evolution of
HBsAg antibody (anti-HBs) after primary vaccination
(four doses; Engerix B, 40 gg administered by deltoid
intramuscular injection at 0, one, two and six months) in
29 patients who were seronegative (anti-HBs) <10 IU/l),
had not been previously vaccinated and were on
hemodialysis. All the subjects were negative for all sero-
logical markers of HBV infection, including HBsAg
and anti-HBc antibodies.

The study included 19 males and 10 females. Their
mean age was 45.58 i 10.98 years (range 23-61 years)
(Table 1). The etiology of end-stage renal failure was
angionephrosclerosis in six cases (20.7%), interstitial
nephritis in five cases (17.2%) obstructive uropathy in
five cases (17.2%) and analgesic nephropathy in three
cases (10.4%). The cause was unknown in 10 cases
(34.5%). All the study patients were anti-HCV antibody
positive.

The mean duration ofhemodialysis therapy was 6.68
i 4.93 years (range 1-21 years). Bicarbonate dialysis
was performed for all patients for 3-5 hours thrice
weekly. The blood flow rate ranged from 300-500
ml/min, the dialysate flow rate was 500 ml/min, and 1.3
m2 cellulosic dialyzers (Hemophan 25H, AFRI Medical
Co., Egypt) were used. The study protocol was approved
by the University of Cairo Research Committee. Written
consent was obtained from each patient.

Antibody to Hepatitis-B Surface
Antigen

To assess response to primary vaccination, we meas-
ured HBsAb titer eight weeks after the fourth dose using
a commercially available ELISA kit (AUSAB-EIA,
Abbot Labs, USA). Protection with hepatitis-B vaccina-
tion is considered to be achieved when concentration of
anti-HBs antibody titers is >10 IU/L.12"3 A nonresponse

Table 1. Patient demographic characteristics
when vaccination commenced

Parameter Mean ± SD
Age (year) 45.58 ± 10.98
Gender (male/female) 19/10
Duration of hemodialysis (year) 6.68 ± 4.93
Urea reduction ratio (%) 60.62 ± 6.96
Kt/V 1.13 ± 0.16
Serum albumin (g/dl) 3.65 ± 0.27
Hemoglobin level (g/dl) 10.04 ± 2.12
Subjective global nutritional 6.24 ± 0.55
assessment
Body mass index 22.37 ± 2.85
C-reactive protein (mg/I) 9.85 + 1.20
Ferritin (ug/l) 747.24 ± 311.68
Transferrin saturation (%) 43.44 ± 21.83

was defined as mean anti-HBs antibody titers <10 1U/L,
poor responders were those with titers between 10-100
IU/L, and those with anti-HBs titers >100 IU / L were
good responders.'2' 3 A high response was those with
titers >1,000 lU/L.'2"13

Dialysis Adequacy
We assessed dialysis adequacy using the Kt/V for-

mula and the urea reduction ratio (URR) for all cases on
three different occasions. Single-pool Kt/V (spKt/V)
was assessed using the Daugirdas second-generation
formula."4 The postdialysis blood urea nitrogen (SUN)
sample was obtained at the end ofthe dialysis session by
slowing the blood pump to 50-100 ml/min for 10-20
sec, after which the blood pump was stopped and a
blood sample was obtained either from the arterial
bloodline sampling port or from the tubing attached to
the arterial needle.14 URR was calculated as followed
and expressed as a percentage:

URR = Pre-SUN-Post-SUN/Pre-SUN'5
(Pre-SUN is predialysis serum urea nitrogen and Post-
SUN is postdialysis serum urea nitrogen)

Nutritional Status
Body mass index (BMI) was calculated as body

weight in kilograms divided by height squared. Subjec-
tive global nutritional assessment (SGA) was used to
evaluate overall protein-energy nutritional status before
the commencement of hepatitis-B vaccination.'6 SGA
includes six subjective assessments; four assessments
based on the patient's history of weight change, dietary
intake, gastrointestinal symptoms and ftmctional capac-
ity status; and two assessments based on the physician's
grading of muscle wasting, presence of edema/ascites,
loss of subcutaneous fat and existing chronic comor-
bidities, and acute metabolic stress. Based on these
assessments, each patient was given a score that reflects
nutritional status as follows:

1. Mild malnutrition to well nourished: 6 or 7 rating
in most categories or significant, continued
improvement.

2. Mild-to-moderately malnourished: 3, 4 or 5 rating,
no clear indication of normal status or severe
malnutrition.

3. Severely malnourished: 1 or 2 rating in most
categories/significant physical signs of
malnutrition.

Patients were also subjected to the following bio-
chemical tests for nutritional assessment: predialysis
serum albumin, ferritin, C-reactive protein (CRP), and
percent transferrin saturation (TSAT) at the commence-
ment of vaccination.
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Statistics
The results were summarized as the mean + standard

deviation (SD). Analysis of variance (ANOVA) was
used for testing the significance of differences of the
values measured between responders and nonrespon-
ders. Multiple linear regression analysis was performed
to assess factors influencing response to vaccine. P val-
ue <0.05 was taken as statistically significant. All analy-
ses were performed using the SPSS/PC+ package
(SPSS Inc., Chicago, IL).

RESULTS
The patient demographic and nutritional parameters

are shown in Table 1. The mean URR and Kt/V values
were 60.62 ± 6.96% and 1.13 ± 0.16, respectively. Both
are lower than values recommended by the National Kid-
ney Foundation-65% and 1.2, respectively).'7 The mean
SGA score and percent TSAT were 6.24 ± 0.55 and
43.44 ± 21.83%, respectively. The mean hemoglobin lev-

el was 10.04 i 2.12 g/dl-lower than the target of 11-12
g/dl recommended by the National Kidney Foundation.'7

Antibody Response to Vaccination
Twenty-seven patients (93.10%) responded to pri-

mary vaccination (Figure 1). Of these, seven patients
(24.14%) were high responders with anti-HBs level
>1,000 1U/L, 19 patients (65.51%) were good respon-
ders and had anti-HBs level in the range of 100-1000
1U/L, and one patient (3.45%) was a poor responder
with anti-HBs level <100 1U/L.

Factors Affecting Antibody Response
Responders to primary vaccination had significantly

higher levels ofURR (%) and Kt/V compared to nonre-
sponders (63.61 i 6.97% and 1.25 i 0.15 vs. 52.0 +
2.10% and 0.92 i 0.13, respectively, P<0.05). There was
no statistically significant difference in age, gender,
duration of hemodialysis therapy, hemoglobin, CRP,

Figure 1. Response rates to hepatitis-B vaccination
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Table 2. Patient variables of responders and nonresponders to primary vaccination

Parameter Responders (n=27) Nonresponders (n=2) P Value
Age 45.25 ± 11.05 50.00 ± 12.72 0.12
Gender (male/female) 1.7 2 0.09
Duration of hemodialysis 6.88 ± 5.09 4.50 ± 2.12 0.30
Urea reduction ratio (%) 63.61 ± 6.97 52 ± 2.10 0.001*
Kt/V 1.25 ± 0.15 0.92 ± 0.13 0.017*
C-reactive protein (mg/I) 8.87 ± 1.24 9.91 ± 0.58 0.34
Transferrin saturation (%) 42.70 ± 22.11 53.50 ± 20.50 0.41
Ferritin (ug/1) 756 ± 304.76 629.00 ± 524.67 0.47
Albumin (g/dl) 3.65 ± 0.29 3.70 ± 0.00 0.83
Hepatitis B (g/dl) 10.12 ± 2.17 8.85 ± 0.77 0.31
Subjective global nutritional assessment 6.24 ± 0.55 6.20 ± 0.84 0.90
Body mass index 22.07 ± 2.51 22.67 ± 3.22 0.94
Anti-HBs level (lU/L) 597.25 ± 354.40 5.5 ± 2.12 <0.00001*
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TSAT, serum ferritin and albumin levels, and BMI and
SGA scores between responders and nonresponders
(Table 2). Multiple regression analysis showed no sig-
nificant correlation between HBsAb level and subject
age, duration of hemodialysis therapy, serum albumin,
hemoglobin, CRP, TSAT, serum ferritin, BMI and SGA
scores, URR (%) and Kt/V levels, on the other hand
(Table 3).

DISCUSSION
The present study showed a very high response to

hepatitis-B vaccination among hemodialysis patients.
Twenty-six patients (89.65%) showed good antibody
response (>100 IU/L) after the complete vaccination.
Previous studies in hemodialysis patients have shown a
variable hepatitis-B vaccination response rate ranged
from 47_73%.4-6 Similar, good responses to hepatitis-B
vaccination in hemodialysis patients had also been
observed in areas with intermediate endemicity (2-8%
prevalence) of HBV, such as in Brazil, which
approached 89.5% in one study.'3

Several studies have demonstrated that hepatitis-B vac-
cine, even when used at high dose, does not elicit as good a
response in patients with chronic renal failure as it does
with the normal population.4'6 The reasons for the poor
response ofhemodialysis patients to vaccination are multi-
ple. Uremia impairs antigen presentation to and activation
ofT cells, and subsequent antibody production.'8

In the present study, age, gender, duration of
hemodialysis therapy, hemoglobin, TSAT, serum ferritin
and albumin levels, and BMI and SGA scores did not
predict response to hepatitis-B vaccine. These results
are in agreement with those reported by Peces et al.,'9
Dacko et al." and Tele et al.'3 Similarly, Roozbeh et al.20
showed that age, gender, BMI and serum albumin con-
centration did not differ between responders and nonre-

Table 3. Independent determinants of anti-HBs
level in hemodialysis patients by using multiple
linear regression analysis

Factor t Value Beta P Value
Constant 1.24 0.22
Age 0.862 0.205 0.40
Duration of HD -0.129 -0.029 0.89
URR (%) -0.397 -0.397 0.69
Kt/V 0.592 0.183 0.56
CRP -1.737 -0.361 0.10
TSAT 0.544 0.120 0.59
Ferritin 1.108 0.244 0.28
Albumin -1.181 -0.255 0.25
Hepatitis B 1.400 0.332 0.17
SGA -0.735 -0.169 0.47
BMI -1.822 -0.436 0.08
HD: hemodialysis; CRP: C-reactive protein; TSAT: Transferrin
saturation; SGA: subjective global nutritional assessment; BMI:
body mass index

sponders to hepatitis-B vaccine.
In contrast, Fernandez et al.'° had shown that malnu-

trition negatively influences the response to the HBV
vaccine in hemodialysis patients; patients with serum
albumin levels between 3-3.5 g/dl were nonresponders
in a higher percentage (87.5%) than those with serum
albumin levels between 4.5-5 g/dl (18.8%). Kara et al.2'
also showed that hemodialysis patients with serum albu-
min levels >3.5 g/dl had too much antibody response to
hepatitis-B vaccine.
A recent meta-analysis of 17 clinical trials showed

decreased response to hepatitis-B vaccination among
older dialysis patients,22 which might be attributed to
age-associated changes in immune status. This effect
was not evident in the current study, as our cohort of
dialysis patients was relatively younger compared to the
other studies.4""23

ESRD is associated with monocyte activation, over-
production of proinflammatory cytokines and immune
dysfunction.24 Little data exist concerning the relation-
ship between chronic inflammation and antibody
response to vaccinations in the dialysis population.24 In
the current study, no statistically significant difference in
CRP level was found between responders and nonre-
sponders. This finding may be explained by the variable
counterproduction of anti-inflammatory cytokines such
as interleukin-1 0 (IL- 10), resulting in better B-cell func-
tion in uremic patients.25'26 Patients producing higher lev-
els of IL-10 exhibit reduced uremia and dialysis-induced
chronic inflammation and respond better to vaccines.26

In the present study, responders to HBV vaccination
had significantly higher levels ofURR (%) and Kt/V
compared to nonresponders (63.61 ± 6.97% and 1.25 ±
0.15 vs. 52.0 ± 2.10% and 0.92 ± 0.13, respectively,
P<0.05). The positive effect of efficient dialysis on
HBV vaccination response was also reported previously
in hemodialysis patients.27 Similarly, in a study of peri-
toneal dialysis patients immunized with the hepatitis-B
vaccine, the initial weekly Kt/V was 2.37 and 2.01 in
responders and nonresponders, respectively." Efficient
dialysis might lead to an enhanced response because
dialysis helps to restore impaired B7-2 (CD 86) expres-
sion on monocytes of dialysis patients.28 However, the
favorable effect of efficient dialysis on immune function
has not been confirmed by other investigators.4'23'29

Seroprevalence ofHCV antibodies was reported to be
high (49.1%) among ESRD patients in Egypt and was
correlated significantly with blood transfusion.30 In the
current study, all patients were anti-HCV antibody posi-
tive. The status of positivity of anti-HCV did not pose a
negative effect on HBV vaccination of hemodialysis
patients in the present study. This was reported previously
by a study from Taiwan,3' by Peces et al.'9 and Majdan et
al.32 Others have shown that HCV infection may reduce
the effectiveness of hepatitis-B vaccine in hemodialysis
patients.4'33 Twenty-three percent of HCV-infected
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patients had anti-HBs of >100 IU/L in one study.4 Effec-
tive immunity was observed in 12.5% of HCV-positive
and in 35.3% ofHCV-negative patients in another study.33

CONCLUSION
We reported a very good response to hepatitis-B vac-

cination among a group of HCV-positive hemodialysis
patients that neither correlated with age, systemic
inflammation nor nutritional status. Efficient hemodial-
ysis was associated with good response to hepatitis-B
vaccine. Future studies are needed to determine the
most cost-effective vaccination regimen for hemodialy-
sis patients in our region.
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