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Abstract

Background In response to the pandemic 2009 A/H1N1

virus, monovalent MF59-adjuvanted vaccines were pre-

pared. Recently, single 3.75-lg doses of MF59-adjuvanted

vaccines have shown good immunogenicity in young

adults. However, the immunogenicity of these vaccines has

not been evaluated in dialysis patients.

Methods Dialysis patients received a single 3.75-lg dose

of MF59-adjuvanted vaccine by intramuscular injection.

For immunogenicity assays, serum samples were obtained

before vaccination and 28 days after vaccination. All sera

were tested by hemagglutination inhibition assays.

Results Overall, 48 hemodialysis (HD) patients and 34

peritoneal dialysis (PD) patients were included in immu-

nogenicity analysis. In HD patients, geometric mean titers

(GMTs) were significantly increased compared with base-

line GMTs in both young (aged 18–60 years) and elderly

(aged C60 years) patients (51.2 ± 51.4 vs. 14.1 ± 20.7 in

young patients, P = 0.012; 37.9 ± 73.9 vs. 6.8 ± 8.0 in

elderly patients, P = 0.018, respectively). The rates of

seroprotection and seroconversion were 27.6 and 17.2 % in

young patients and 31.6 and 26.3 % in elderly patients,

respectively. Among PD patients, GMTs were increased

only in young patients (39.8 ± 51.4 vs. 6.8 ± 5.0,

P = 0.001). The rates of seroprotection and seroconversion

were 36.0 and 36.0 % in young patients and 11.1 and 0.0 %

in elderly patients, respectively.

Conclusion A single 3.75-lg dose of MF59-adjuvanted

vaccine was suboptimal to elicit protective antibody

response in dialysis patients. Antibody responses against

vaccine were compromised especially in elderly PD

patients. Trials of different vaccination protocols such as a

two-dose schedule or a higher hemagglutinin antigen dose

of MF59-adjuvanted vaccine are necessary for improving

antibody response in dialysis patients.

Keywords Adjuvant � Dialysis � End-stage renal disease �
Immunogenicity � Influenza A/H1N1 � Vaccination

Introduction

In April 2009, emergence of a novel swine origin H1N1

influenza A virus was reported in Mexico and the United

States. The rapid global spread of influenza A/H1N1

resulted in the World Health Organization (WHO) declar-

ing a pandemic on June 11th 2009 [1]. The pandemic
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A/H1N1 virus generally caused mild and self-limiting ill-

ness, which was less pathogenic than had been anticipated.

The WHO classified the influenza A/H1N1 2009 pandemic

as being of moderate severity [2], but the majority of

deaths occurred in people with underlying medical condi-

tions such as end-stage renal disease. From June to Sep-

tember 2009, Marcelli et al. [3] reported 306 cases of

influenza A/H1N1 in dialysis units. Among them, 34 %

were hospitalized and 5 % died.

Vaccine is one of the most effective methods to reduce

morbidity and mortality. In the early stage of pandemic, the

European Medicine Agency recommended a two-dose

schedule based on the unsatisfactory immune response

against the avian influenza vaccine [4, 5]. However, several

clinical trials have found that even a single dose of pan-

demic vaccine is sufficient to elicit a protective antibody

response in healthy adults [6–9]. As most countries adopt a

single-dose schedule, a much larger population was able to

be vaccinated.

In response to the pandemic, several adjuvanted and

non-adjuvanted vaccines were developed. Oil-in-water

emulsion adjuvants, such as AS03 and MF59, enhance

the immune response to vaccine antigen and could

reduce the dose of antigen needed. The use of an adju-

vanted 3.75-lg dose of vaccine allows four times as

much vaccine to be available compared to the standard

influenza vaccine, which contains 15 lg hemagglutinin

antigen (HA). As pandemic vaccine supplies were lim-

ited, the WHO suggested development of adjuvanted

vaccines [10]. In the Republic of Korea, MF59-adju-

vanted vaccine containing 3.75 lg HA was chosen to be

administered during the vaccination campaign. Despite

the novel MF59 adjuvant vaccine being licensed for

human use a decade earlier, the mechanism of action is

still unknown. Recent studies have shown that the MF59

adjuvant is a strong inducer of cytokines, cytokine

receptors, and genes involved in leukocyte migration and

antigen presentation [11, 12].

Although a single 3.75-lg dose of MF59-adjuvanted

vaccine has shown good immunogenicity in young adults

[7, 13], its immunogenicity in dialysis patients has not yet

been investigated. Dialysis patients are considered immu-

nocompromised and at increased risk of infection. How-

ever, immune dysfunction in dialysis patients might also

compromise vaccine response. In a recent study, a 3.75-lg

dose of MF59-adjuvanted vaccine was not satisfactory in

the elderly who are also supposed to have a decreased

immune response [13].

In this study, we evaluated the immunogenicity of a

single 3.75-lg dose of MF59-adjuvanted 2009 influenza

A/H1N1 vaccine in dialysis patients and compared the

immune response between hemodialysis (HD) and perito-

neal dialysis (PD) patients.

Materials and methods

Study design

From January to June 2010, we conducted a single-center, pro-

spective study at our university hospital. Dialysis patients

scheduled to receive pandemic H1N1 influenza vaccine were

enrolled after providing an informed consent. Patients under

maintenance HD or PD, aged[18 years were included. Exclu-

sion criteria were pregnancy, patients under acute dialysis or

combined HD and PD therapy, current febrile illness or another

acute illness, history of allergic reaction to influenza vaccine or

egg derivatives, and history of infection with A/H1N1 2009 virus.

All participants received a single 3.75-lg dose of MF59-

adjuvanted vaccine by intramuscular injection into the del-

toid muscle. For immunogenicity assays, serum samples

were obtained before vaccination (day 0) and 28 days after

vaccination (day 28). Clinical and laboratory data were

extracted from patient medical records at baseline. All lab-

oratory data including serum creatinine in HD patients were

measured through blood sampling immediately before ini-

tiation of one hemodialysis session with overnight fasting. In

assessment of dialysis adequacy, weekly standardized Kt/V

in HD patients was calculated by equation of Leypoldt [14]

and weekly Kt/V in PD patients was estimated using the

standard method to measure total weekly urea [15].

Vaccines

The influenza A/H1N1 vaccine, a monovalent MF59-ad-

juvanted (Novartis, Marburg, Germany) inactivated split-

virus vaccine, was produced by Green Cross Corporation

(Yong-in, Korea). Each vaccine (0.25 mL) contained

3.75 lg of HA derived from A/California/7/2009 NYMC

X-179A, 4.88 mg of squalene MF-59, 0.59 mg of poly-

sorbate 80, and 0.59 mg of sorbitan trioleate in buffer. The

vaccine was prepared in embryonated chicken eggs with

the standard techniques that are used for the production of

seasonal trivalent inactivated vaccine.

Immunogenicity assessment

All sera were tested by hemagglutination inhibition (HI)

assays according to the WHO standard methods with the

use of turkey red blood cells (TCM Bio Inc., Seoul, Korea)

[6, 16]. Non-specific inhibitors were removed from serum by

overnight treatment with a receptor destroying enzyme, and

then non-specific agglutinins were removed by incubation

with packed turkey red blood cells. A starting dilution of

serum for HI assay was 1:10, and antibody titers below the

lower limit of 1:10 were estimated to be a value of 1:5.

The three co-primary endpoints were defined as—sero-

protection rate, the proportion of participants achieving
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antibody titer C1:40 after vaccination; seroconversion rate,

the proportion of participants with a pre-vaccination anti-

body titer \1:10 and a post-vaccination titer C1:40, or a

pre-vaccination titer C1:10 and an increase in the titer by a

factor of four or more; or geometric mean titer (GMT)

ratio, the ratio of the GMT after vaccination to the GMT

before vaccination. Immunogenicity was assessed by the

guidelines of the Committee for Proprietary Medicinal

Products (CPMP) of the European Medical Agency [17].

According to the guidelines, one of the following criteria

should be met to be beneficial—a seroprotection rate

[70 %, or a seroconversion rate [40 %, or a GMT ratio

[2.5 for young subjects (aged 18–60 years); a seropro-

tection rate [60 %, or a seroconversion rate [30 %, or a

GMT ratio [2.0 for elderly subjects (aged [60 years).

Statistical analysis

Demographic variables are presented as mean ± SD. To

compare HI titers of pre-vaccination and post-vaccination

among the groups, the Kruskal–Wallis test was performed.

The Wilcoxon test was used to compare HI titers obtained

before and after vaccination. Non-parametric dependent

variables between the groups were compared by Mann–

Whitney U test. Categorical variables were analyzed using

the Chi-squared test or Fisher’s exact test. A logistic

regression analyses were used to assess the associations of

baseline characteristics and antibody responses. All statis-

tical analyses were performed using SPSS version 15.0

(SPSS Inc., Chicago, IL, USA) and a P value \0.05 was

considered statistically significant.

Results

Study participants

51 HD patients and 35 PD patients were enrolled. They

received a single 3.75-lg dose of MF-59-adjuvanted vac-

cine; however, 3 and 1 patient from each group were lost to

follow-up or were not available for their second antibody

titer. Overall, 82 dialysis patients (48 HD patients and 34

PD patients, respectively) were included in immunoge-

nicity analysis.

Baseline characteristics

The baseline characteristics are shown in Table 1. The

HD group was older (mean age 58.0 ± 12.0 vs.

50.1 ± 11.6, P = 0.01) and had more co-morbid condi-

tions than the PD group (39.6 vs. 17.6 %, P = 0.034).

Sex, underlying diabetes, and dialysis duration were

comparable between the groups. The number of patients

with inadequate dialysis, defined as weekly standardized

Kt/V \2.0 in HD and weekly Kt/V \1.7 in PD, was also

comparable between the groups. 14 HD patients (29.2 %)

and 3 PD patients (8.8 %) had received the seasonal

trivalent influenza vaccine in winter 2009 (P = 0.025).

There was no significant relationship between prevalence

of seasonal vaccination and socio-economic status.

Immunosuppressant drugs were being taken by 3 (6.3 %)

and 1 (2.9 %) patient from each group.

Immunogenicity

The results of the immunogenicity assessment are shown

in Table 2. Among HD patients, 4 of 29 young patients

(13.8 %) and 1 of 19 elderly patients (5.3 %) had HI

titers of C1:40 at baseline, with no significant difference

between young and elderly patients. The baseline GMTs

were comparable between young and elderly patients.

Four weeks after vaccination, the GMTs were signifi-

cantly increased compared with the baseline GMTs and

did not differ between young and elderly patients

(51.2 ± 51.4 vs. 14.1 ± 20.7 in young patients,

P = 0.012; 37.9 ± 73.9 vs. 6.8 ± 8.0 in elderly patients,

P = 0.018, respectively). The rates of seroprotection and

seroconversion (27.6 and 17.2 % in young patients and

31.6 and 26.3 % in elderly patients, respectively) did not

meet the CPMP criteria. However, the GMT ratio met

the CPMP criteria in both young and elderly patients

(5.1 ± 12.2 in young patients, 6.8 ± 14.7 in elderly

patients, respectively). Post-vaccination GMTs and three

co-primary endpoints (GMT ratio, seroprotection rate,

seroconversion rate) showed no significant difference

between young and elderly patients.

In PD patients, none of 25 young patients (0.0 %) and 1

of 9 elderly patients (11.1 %) had HI titers of C1:40 at

baseline, and did not differ between young and elderly

patients. The baseline GMTs were comparable between

young and elderly patients. Among PD patients, GMTs

were increased only in young patients (39.8 ± 51.4 vs.

6.8 ± 5.0 in young patients, P = 0.001; 13.3 ± 25.0 vs.

13.3 ± 25.0 in elderly patients, P = 1.000, respectively).

The rates of seroprotection and seroconversion (36.0 and

36.0 % in young patients and 11.1 and 0.0 % in elderly

patients, respectively) did not meet the CPMP criteria. The

GMT ratio met the CPMP criteria only in young patients,

and was significantly higher than that of elderly patients

(6.0 ± 8.6 vs. 1.0 ± 0.0, P = 0.006).

Comparison of immunogenicity between dialysis

groups

At baseline, both the GMTs and rates of HI titers of

C1:40 showed no significant difference between dialysis
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groups regardless of ages. Among young patients, both

weekly standardized Kt/V in HD patients and weekly Kt/

V in PD patients were 2.1 ± 0.2 and 2.4 ± 0.8,

respectively. The number of patients with inadequate

dialysis were comparable between dialysis groups

[2 (6.9 %) vs. 4 (16 %), P = 0.399]. There were

Table 1 Baseline characteristics of patients

HD patients (n = 48) PD patients (n = 34) P value

Age, years (mean ± SD) 58.0 ± 12.0 50.1 ± 11.6 0.010

Number of males (%) 26 (54.2) 23 (67.6) 0.220

Number of patients with diabetes mellitus (%) 24 (50.0) 23 (67.6) 0.111

Number of patients with comorbiditya C2 (%) 19 (39.6) 6 (17.6) 0.034

Number of patients with low socio-economic status (%) 6 (12.5) 2 (5.9) 0.459

Number of patients having seasonal influenza vaccine within 1 year (%) 14 (29.2) 3 (8.8) 0.025

Number of patients with immunosuppressants use (%) 3 (6.3) 1 (2.9) 0.638

Serum blood urea nitrogen, mg/dL (mean ± SD) 59.2 ± 22.0 58.7 ± 17.3 0.714

Serum glucose, mg/dL (mean ± SD) 120.5 ± 66.2 157.9 ± 83.9 0.006

Serum total protein, g/dL (mean ± SD) 6.8 ± 1.0 6.4 ± 0.7 0.020

Serum albumin, g/dL (mean ± SD) 4.0 ± 0.4 3.7 ± 0.4 0.013

Hemoglobin, g/dL (mean ± SD) 10.2 ± 1.5 10.1 ± 1.1 0.451

Time on dialysis, months (mean ± SD) 41.0 ± 57.9 31.6 ± 26.0 0.486

Frequency of hemodialysis, sessions/week (mean ± SD) 2.9 ± 0.2

Length of session, h/session (mean ± SD) 4.0 ± 0.1

Single-pool Kt/V 1.4 ± 0.2

Weekly standardized Kt/V 2.1 ± 0.2

Number of dialysate exchange, exchanges/day (mean ± SD) 4.1 ± 0.4

Dwell volume of dialysate, L/exchange (mean ± SD) 2.0 ± 0.1

Weekly Kt/V 2.5 ± 0.9

Number of patients with inadequate dialysisb (%) 6 (12.5 %) 6 (17.6 %) 0.516

a Comorbidity included cardiovascular disease, cerebrovascular disease, liver cirrhosis, inflammatory bowel disease, chronic obstructive pul-

monary disease and malignancies
b Inadequate dialysis was defined as weekly standardized Kt/V \2.0 in hemodialysis and weekly Kt/V \1.7 in peritoneal dialysis

Table 2 Antibody responses after a single 3.75-lg dose of MF59-adjuvanted 2009 influenza A/H1N1 vaccine, as measured by HI assay

HD patients PD patients

18–60 years (n = 29) C60 years (n = 19) P 18–60 years (n = 25) C60 years (n = 9) P

Baseline

GMT (mean ± SD) 14.1 ± 20.7 6.8 ± 8.0 0.094 6.8 ± 5.0 13.3 ± 25.0 0.972

No. of subjects with

HI titers of C1:40 (%)

4 (13.8) 1 (5.3) 0.635 0 (0.0 %) 1 (11.1) 0.265

After vaccination

GMT (mean ± SD) 51.2 ± 51.4* 37.9 ± 73.9* 0.774 39.8 ± 51.4* 13.3 ± 25.0 0.039

No. of seroprotectiona (%) 8 (27.6) 6 (31.6) 0.766 9 (36.0 %) 1 (11.1) 0.225

No. of seroconversionb (%) 5 (17.2) 5 (26.3) 0.487 9 (36.0 %) 0 (0.0) 0.073

GMT ratioc (mean ± SD) 5.1 ± 12.2 6.8 ± 14.7 0.488 6.0 ± 8.6 1.0 ± 0.0 0.006

GMT geometric mean titer, HD hemodialysis, HI hemagglutination inhibition, PD peritoneal dialysis

* P \ 0.05 compared to baseline GMT
a Seroprotection was defined as achieving antibody titer C1:40 after vaccination
b Seroconversion was defined as pre-vaccination antibody titer\1:10 and a post-vaccination titer C1:40, or a pre-vaccination titer C1:10 and an

increase in the titer by a factor of four or more
c GMT ratio was defined as the ratio of the GMT after vaccination to the GMT before vaccination
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significant differences in age, glucose, total protein,

albumin between HD and PD patients (50.2 ± 7.6 vs.

45.2 ± 9.3 in age, P = 0.041; 106.4 ± 49.5 vs. 148.6 ±

89.1 in glucose, P = 0.008; 6.9 ± 0.5 vs. 6.4 ± 0.6 in

total protein, P = 0.008; and 4.0 ± 0.3 vs. 3.8 ± 0.3 in

albumin, P = 0.004, respectively). After vaccination in

young patients as shown in Fig. 1a–c, three co-primary

endpoints were comparable between dialysis groups.

Among elderly patients, both weekly standardized Kt/V

in HD patients and weekly Kt/V in PD patients were

2.1 ± 0.2 and 2.7 ± 1.0, respectively. The number of

patients with inadequate dialysis were comparable

between dialysis groups [4 (21.1 %) vs. 2 (22.2 %),

P = 0.399]. Age was significantly lower in PD patients

than in HD patients (69.9 ± 6.4 vs. 63.8 ± 3.3,

P = 0.041). Although other variables including glucose,

total protein, and albumin showed no significant differ-

ences between dialysis groups, three co-primary end-

points were relatively low in PD patients compared to

HD patients (Fig. 1d–f).

Analysis of predictive factors for immune response

Dialysis patients who developed seroconversion were

considered as immune responders. In univariate analysis,

baseline GMTs, age, sex, dialysis duration, underlying

diabetes, comorbidity, previous seasonal vaccination, use

of immunosuppressants, laboratory variables including

Fig. 1 Comparison of antibody

responses between hemodialysis

(HD) and peritoneal dialysis

(PD) patients. a Seroprotection

rate, b seroconversion rate, and

c geometric mean titer ratio in

subjects aged 18–60 years.

d Seroprotection rate,

e seroconversion rate, and

f geometric mean titer ratio in

subjects aged [60 years
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blood urea nitrogen, creatinine, glucose, total protein,

albumin, hemoglobin, dialysis modality, dose of dialysis

measured by weekly standardized Kt/V in HD and weekly

Kt/V in PD, and number of patients with inadequate dial-

ysis were not related to immune response. Similarly, in

multivariate analysis, none of them was independently

associated with the immune response.

Discussion

Dialysis patients are immunocompromised and recognized

as a high risk group for serious influenza-related complica-

tions. Uremia-associated multiple immunologic abnormali-

ties, including defects in complement activation, neutrophil

function, and both B-cell and T-cell function, have been

described in dialysis patients [18–20]. As a result, although

international recommendations differed slightly across

organizations, dialysis patients were consistently included in

the priority groups for pandemic vaccination [21]. However,

immune dysfunction in dialysis patients might also com-

promise vaccine response. Nevertheless, little is known

about whether current vaccination strategy would provide

sufficient immunogenicity for dialysis patients.

To the best of our knowledge, this is the first prospective

cohort study on the immunogenicity induced by a single

3.75-lg HA MF59-adjuvanted 2009 A/H1N1 vaccine in

dialysis patients. In a previous study with MF59-adju-

vanted pandemic vaccine, the rates of seroprotection and

seroconversion were excellent (92 and 88 %, respectively)

in young adults aged 18–50 years even at a single 3.75-lg

HA concentration [7]. Recently, Cheong et al. [13] also

reported sufficient antibody response (78 % seroprotection,

67 % seroconversion) in young adults aged 18–64 years

following a single 3.75-lg dose of MF59-adjuvanted vac-

cine. However, in elderly subjects aged[65 years who are

considered as immunocompromised, a single 3.75-lg dose

of MF59-adjuvanted vaccine induced a suboptimal anti-

body response (44 % seroprotection, 37 % seroconver-

sion). Elderly subjects required a higher HA concentration

(7.5 lg HA) or a two-dose schedule to elicit a sufficient

antibody response.

In this study, the GMTs were significantly increased

after vaccination in the majority of dialysis patients.

However, both the rates of seroprotection (range 11-

36 %) and seroconversion (range 0-36 %) were not suf-

ficient to meet the CPMP criteria [17]. These results are

different to those of previous studies, showing a rate of

78–92 % seroprotection and 67–88 % seroconversion in

healthy young adults [7, 13]. Our results are similar or even

lower to those of healthy elderly subjects [13]. Considering

an HI titer of C40 is associated with a C50 % reduction in

the risk of influenza virus infection or disease in

susceptible populations [22, 23], our findings suggest that a

single 3.75-lg dose of MF59-adjuvanted vaccine is sub-

optimal to elicit protective antibody response in dialysis

patients.

It is well known that dialysis patients are associated with

decreased immune response to several vaccines. When the

hepatitis B vaccine is used in an immunocompetent pop-

ulation using a three-dose schedule, a 90–95 % seropro-

tection rate is expected. However, in dialysis patients,

seroprotection rates are substantially low (50–60 %) and

anti-HB levels decline more rapidly [24, 25]. To improve

the immune responses, current guidelines recommend

higher doses of vaccine than the general population [26].

Unlike research on hepatitis B vaccine, it is difficult to

interpret seasonal influenza vaccine studies in dialysis

patients. In several studies, dialysis patients could mount

an adequate antibody response similar to healthy controls

[27, 28], whereas in other studies, dialysis patients showed

a poorer response than the general population [29, 30].

Current guidelines recommend influenza vaccination every

year for dialysis patients [31, 32]; however, frequent pre-

vious vaccinations can influence the immunogenicity.

Furthermore, annual reformulation of vaccine using dif-

ferent strains also makes comparisons across the studies

difficult. For these reasons, caution should be used in

extrapolating results from seasonal influenza studies to the

new pandemic vaccination.

Regarding the 2009 pandemic vaccine, Mulley et al.

[33] have shown that a single 15-lg dose of non-adju-

vanted vaccine, which contains four times as much HA as

our vaccine, resulted in a decreased antibody response in

hemodialysis patients compared with healthy controls—56

versus 87 % in seroprotection and 45 versus 77 % in

seroconversion, respectively. Two recent studies conducted

with a 3.75-lg dose of AS03-adjuvanted vaccine also

demonstrated a decreased antibody response in dialysis

patients. Labriola et al. [34] compared the seroconversion

rates between hemodialysis patients and healthy controls.

After a single dose of vaccine, seroconversion was

observed in only 34 of 58 (64 %) hemodialysis patients, in

contrast to 30 of 32 (94 %) healthy controls. Dikow et al.

[35] compared the efficacy of a one-dose schedule and a

two-dose schedule in hemodialysis patients. In their study,

seroprotection was observed in 41 of 64 patients (64 %)

with the one-dose schedule, which was lower than the

predicted seroprotection rate (98 %) in healthy adults. In

two previous studies with adjuvant vaccine, despite the

antibody response being blunted in dialysis patients, a

single 3.75-lg dose of AS03-adjuvanted vaccine was suf-

ficient to provide clinical protection.

In our study, however, both the rates of seroconversion

and seroprotection were suboptimal to confer clinical

protection. These discrepancies may be due to the different
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adjuvants (MF59 vs. AS03) and assays (HI vs. ELISA). As

there are no available data on comparing immunogenicity

between adjuvants, it is not clear whether AS03 adjuvant is

more immunogenic over MF59 adjuvant in dialysis

patients. In our study, HI assay was applied for determi-

nation of antibody response. Although a recent study has

demonstrated that microneutralization is more sensitive

than traditional HI assay, HI assay is still considered as the

primary test for assessment of pandemic influenza vaccine

[36]. The use of standard HI assay could reduce interlab-

oratory variation and allows comparison of the results of

our study with those of other H1N1 vaccine trials. Despite

the differences in adjuvants and assays, pre-vaccination

immune status may also contribute to the discrepancies. In

previous studies conducted in Europe, antibody titers of

C1:40 at baseline were reported in about 30 % of study

subjects, similar to Australia and the USA [6, 37]. High

rates of detectable antibodies at baseline suggest previous

exposure or subclinical infection in those countries. In our

study, HI titers of C1:40 at baseline were observed in

0–13 % of participants, which were consistent with the

4–12 % from the United Kingdom and China [7, 38].

Considering that serologic response might differ according

to the degree of pre-vaccination immune status, the relative

low antibody response in our study could be explained by

the low rates of HI titers of C1:40 at baseline. Moreover,

our results reflect a more precise immune response in

dialysis patients who are immunologically naı̈ve to new

pandemic influenza strain. Indeed, in a more recent study

by Crespo et al. [39], hemodialysis patients showed sub-

optimal seroconversion rates (33 %) after excluding sub-

jects with HI titers of C1:40 at baseline.

Among PD patients, some of the differences between

young and the elderly are interesting. Elderly patients

showed a relatively lower GMT level than young patients.

In fact, none of the elderly patients seroconverted. Older

age is consistently associated with poorer response to

vaccine both in the general population [7, 8, 13, 40] and

dialysis patients [35, 39, 41]. Less vigorous antibody

response in the elderly is associated with several factors

such as a decrease in the number of Langerhans cells, the

limited capacity of dendritic cells to present antigen,

defects in the expression of Toll-like receptors, and

reduced expression of MHC class I and II molecules [42].

As a result, nonresponse in the elderly PD patients is not

surprising because the immune compromise from the

elderly would compound the existing immune deficiency of

uremia. Another interesting finding is different antibody

response between dialysis modes. It has been suggested

that the immune response to vaccine in PD patients are

better than HD patients [43–45]. It is thought that better

clearance of middle molecules by peritoneal dialysis is the

cause. Indeed, several studies have shown better antibody

response in PD patients compared with HD patients after

seasonal influenza vaccination [30, 46, 47]. However, a

recent meta-analysis with a mean age of subject cohorts

ranging from 12.2 to 61.0 years demonstrated no signifi-

cant differences between dialysis mode and seroresponse to

hepatitis B virus vaccine in a dialysis population [48].

More recently, Lin et al. [49] reported that the decay rate of

antibody titers in the PD group is faster than in the HD

group after hepatitis B vaccination. In our study, antibody

response was comparable in young patients between dial-

ysis modes despite unfavorable conditions in PD patients

(high serum creatinine and glucose level, low total protein

and albumin level) except younger ages. However, in

elderly patients, antibody response was relatively low in

PD patients compared to HD patients even though the

conditions of PD patients were favorable (younger ages) or

similar to HD patients. These findings suggest that poten-

tial amelioration of immune response by PD may be

blunted in the elderly and differ from young adults. To

clarify why the antibody response is relatively weak in

elderly PD patients as compared to elderly HD patients,

further studies would be needed.

Our data showed that seasonal influenza vaccine does

not influence the antibody response to pandemic vaccine.

As the 2009 A/H1N1 strain is antigenetically distinct from

seasonal H1N1 strains, seasonal influenza vaccine is not

cross-reactive with the 2009 A/H1N1 virus in HI assays

[50]. Underlying medical conditions such as diabetes

mellitus and comorbidity have been suggested as a factor to

nonresponse [51, 52]. However, in this study, such factors

were not associated with nonresponse in addition to

uremia.

Our study has some limitations. First, we included a

relatively small number of patients, which may limit the

generalizability of the results. Second, solicited local and

systemic adverse events were not collected; however, no

serious adverse events were reported. Adverse events are

more common for the MF59-adjuvanted vaccine than for

the non-adjuvanted vaccine, but are generally mild and

transient [7, 13]. Third, long-term immunogenicity was not

investigated. In addition to the blunted antibody response,

antibody titers decline more rapidly in dialysis patients

compared with healthy individuals. Thus, more studies on

the long-term immunogenicity and clinical effectiveness

after immunization are needed.

In summary, a single 3.75-lg dose of MF59-adjuvanted

vaccine was suboptimal to elicit protective antibody

response in dialysis patients. Immune response against

vaccine was compromised especially in elderly PD

patients. Trials of different vaccination protocols such as a

two-dose schedule or a higher HA dose of MF59-adju-

vanted vaccine are necessary for improving antibody

response in dialysis patients.

Clin Exp Nephrol (2013) 17:275–283 281

123



Conflict of interest None.

References

1. World Health Organization. DG statement following the meeting

of the emergency committee. http://www.who.int/csr/disease/swi

neflu/4thmeetingihr/en/index.html. Accessed 1 Sept 2011.

2. Nicoll A, Ammon A, Amato Gauci A, Ciancio B, Zucs P, Devaux

I, et al. Experience and lessons from surveillance and studies of

the 2009 pandemic in Europe. Public Health. 2010;124:14–23.

3. Marcelli D, Marelli C, Richards N. Influenza A(H1N1)v pan-

demic in the dialysis population: first wave results from an

international survey. Nephrol Dial Transplant. 2009;24:3566–72.

4. Johansen K, Nicoll A, Ciancio BC, Kramarz P. Pandemic influ-

enza A(H1N1) 2009 vaccines in the European Union. Euro

Surveill. 2009;14:19361.

5. Treanor JJ, Campbell JD, Zangwill KM, Rowe T, Wolff M.

Safety and immunogenicity of an inactivated subvirion influenza

A (H5N1) vaccine. New Engl J Med. 2006;354:1343–51.

6. Greenberg ME, Lai MH, Hartel GF, Wichems CH, Gittleson C,

Bennet J, et al. Response to a monovalent 2009 influenza A

(H1N1) vaccine. N Engl J Med. 2009;361:2405–13.

7. Clark TW, Pareek M, Hoschler K, Dillon H, Nicholson KG,

Groth N, et al. Trial of influenza A (H1N1) 2009 monovalent

MF59-adjuvanted vaccine. N Engl J Med. 2009;361:2424–35.

8. Zhu FC, Wang H, Fang HH, Yang JG, Lin XJ, Liang XF, et al. A

novel influenza A (H1N1) vaccine in various age groups. N Engl

J Med. 2009;361:2414–23.

9. Roman F, Vaman T, Gerlach B, Markendorf A, Gillard P,

Devaster JM. Immunogenicity and safety in adults of one dose of

influenza A H1N1v 2009 vaccine formulated with and without

AS03(A)-adjuvant: preliminary report of an observer-blind, ran-

domized trial. Vaccine. 2010;28:1740–5.

10. World Health Organization. Influenza pandemic preparedness

and response: report by the Secretariat. http://apps.who.int/gb/eb

wha/pdf_files/EB115/B115_44-en.pdf. Accessed 1 Sept 2011.

11. Mosca F, Tritto E, Muzzi A, Monaci E, Bagnoli F, Iavarone C,

et al. Molecular and cellular signatures of human vaccine adju-

vants. Proc Natl Acad Sci USA. 2008;105:10501–6.

12. Tritto E, Mosca F, De Gregorio E. Mechanism of action of

licensed vaccine adjuvants. Vaccine. 2009;27:3331–4.

13. Cheong HJ, Song JY, Heo JY, Noh JY, Choi WS, Park DW, et al.

Immunogenicity and safety of the influenza A/H1N1 2009 inac-

tivated split-virus vaccine in young and older adults: MF59-ad-

juvanted vaccine versus nonadjuvanted vaccine. Clin Vaccine

Immunol. 2011;18:1358–64.

14. Leypoldt JK. Urea standard Kt/V for assessing dialysis treatment

adequacy. Hemodial Int. 2004;8:193–7.

15. Nolph KD, Moore HL, Twardowski ZJ, Khanna R, Prowant B,

Meyer M, et al. Cross-sectional assessment of weekly urea and

creatinine clearances in patients on continuous ambulatory peri-

toneal dialysis. ASAIO J. 1992;38:M139–42.

16. World Health Organization. WHO manual on animal influenza

diagnosis and surveillance. http://whqlibdoc.who.int/hq/2002/

WHO_CDS_CSR_NCS_2002.5.pdf. Accessed 1 Sept 2011.

17. Committee for Proprietary Medicinal Products of the European

Agency for the Evaluation of Medicinal Products. Note for

guidance on harmonization of requirements for influenza vac-

cines. http://www.ema.europa.eu/pdfs/human/bwp/021496en.pdf.

Accessed 1 Sept 2011.

18. Descamps-Latscha B. The immune system in end-stage renal

disease. Curr Opin Nephrol Hypertens. 1993;2:883–91.

19. Descamps-Latscha B, Herbelin A. Long-term dialysis and cel-

lular immunity: a critical survey. Kidney Int Suppl. 1993;41:

S135–42.

20. Haag-Weber M, Horl WH. Uremia and infection: mechanisms of

impaired cellular host defense. Nephron. 1993;63:125–31.

21. Hanquet G, Van Damme P, Brasseur D, De Cuyper X, Gregor S,

Holmberg M, et al. Lessons learnt from pandemic A(H1N1) 2009

influenza vaccination. Highlights of a European workshop in

Brussels (22 March 2010). Vaccine. 2011;29:370–7.

22. de Jong JC, Palache AM, Beyer WE, Rimmelzwaan GF, Boon

AC, Osterhaus AD. Haemagglutination-inhibiting antibody to

influenza virus. Dev Biol (Basel). 2003;115:63–73.

23. Hobson D, Curry RL, Beare AS, Ward-Gardner A. The role of

serum haemagglutination-inhibiting antibody in protection

against challenge infection with influenza A2 and B viruses.

J Hyg (Lond). 1972;70:767–77.

24. Chow KM, Law MC, Leung CB, Szeto CC, Li PK. Antibody

response to hepatitis B vaccine in end-stage renal disease

patients. Nephron Clin Pract. 2006;103:c89–93.

25. Ramezani A, Eslamifar A, Banifazl M, Ahmadi F, Maziar S,

Razeghi E, et al. Efficacy and long-term immunogenicity of

hepatitis B vaccine in haemodialysis patients. Int J Clin Pract.

2009;63:394–7.

26. Edey M, Barraclough K, Johnson DW. Review article: hepatitis B

and dialysis. Nephrology (Carlton). 2010;152:137–45.

27. Song JY, Cheong HJ, Ha SH, Kee SY, Jeong HW, Kim WJ.

Active influenza immunization in hemodialysis patients: com-

parison between single-dose and booster vaccination. Am J

Nephrol. 2006;26:206–11.
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