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In this review, recent data on results concerning
prophylactic vaccinations against hepatitis B virus, influenza
viruses, and pneumococci are presented. Effects of active
immunization in chronic kidney disease depend on category
of glomerular filtration rate (GFR). The lower GFR category the
better results of response to vaccination. Abnormalities in
toll-like receptors and down-regulation of B-cell activating
factor receptor in transitional B cells were recently included
into uremia-associated deficits in immunocompetence.
Development of novel, more potent vaccines containing
toll-like receptor agonists as adjuvants may help to achieve
more effective immunization against hepatitis B virus in
immunocompromised patients. Experimental studies
announce further vaccine adjuvants. A vaccine against
hepatitis C virus is not available yet, but promising results
were already obtained in the experimental and preliminary
clinical studies. Prophylactic vaccinations against influenza
viruses and pneumococci become increasingly popular in
dialysis facilities due to their proved benefits.

Introduction

Chronic kidney disease (CKD) patients are at increased risk of
incidence and severity of infections because of their impaired
immunocompetency and greater exposure to microbes due to fre-
quent contacts with medical care facilities for CKD diagnosis or
treatment, including repeated dialysis sessions. Infections are on
the second place following cardiovascular diseases among causes
of death in dialysis patients.1,2 Successful renal transplantation
does not solve the problem of infections due to the use of immu-
nosuppressants.3 Prophylaxis by vaccination is the best method

to avoid acute and chronic consequences of infections. However,
CKD patients show remarkable deterioration of immunologic
functions, what decreases development of protective antibodies
in response to vaccination compared to healthy subjects.4 Novel
vaccine adjuvants may help to achieve better results of vaccina-
tions.5 Moreover, development of targeted nanodelivery systems
carrying vaccine components (antigens and adjuvants) to den-
dritic cells represents a promising strategy to increase vaccine
response rates.6 Effects of active immunizations of CKD patients
attract attention of clinicians and pharmaceutical agencies, and
are systematically summarized and evaluated.7-9

The objective of this review is to announce advances in recog-
nition of immunocompromised state in CKD patients, novel
issues concerning prophylactic vaccinations against hepatitis B
virus, influenza, pneumococci and other microbes in this group
as well as progress in development of hepatitis C vaccine which is
crucial for patients with altered immunocompetence, especially
those receiving maintenance extracorporeal dialysis therapy. In
this review, I am focusing only on data published in the last 5 y.

CKD as an Immunocompromised State

Immune abnormalities, accelerating with progression of renal
disease visualized by deterioration of glomerular filtration rate
(GFR) category (Table 1), are well-known feature of CKD.10

Increasing serum levels of parathyroid hormone (PTH), being
immunologic mediator, may contribute to altered host
defenses.11 Recently, a role of toll-like receptor (TLR) family in
recognition of antigens and in facilitating antigen uptake by den-
dritic cells has been underlined.12 TLRs belong to pattern recog-
nition receptors. However, data concerning TLRs in dialysis
patients are not consistent. In the study by Gollapudi et al., up-
regulation of TLR2 and TLR4 (but not TLR7 or TLR 9) expres-
sions on monocytes and TLR4 on polymorphonuclear leukocytes
of hemodialysis (HD) patients was demonstrated.13 In the other
study on uremic patients, TLR4 expression in peripheral blood
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mononuclear cells was shown to be down-regulated, especially in
individuals using conventional instead of ultrapure dialysate.14

In uremic patients due to diabetic nephropathy, pro-inflamma-
tory CD14(C)CD16(C) monocytes and TLR4 expression were
significantly up-regulated concomitantly with increased serum
levels of inflammatory markers – interleukin (IL) ¡6 and C-reac-
tive protein.15 Immunological dysfunction in this group of
patients was attributed to the activation of TLR4/NF-kB and
STAT5 signaling pathways.15 Lipopolysaccharide stimulation of
TLR4 on neutrophils activates signal transduction pathway lead-
ing to pro-inflammatory cytokine secretion, like tumor necrosis
factor a (TNF-a), IL-6 or IL-8, whereas anti-inflammatory IL-
10 is decreased.13,16 In dialysis patients, this production was
heightened, while the response to TLR2 stimulation with pepti-
doglycan was unchanged in these subjects.13 TLR9 is a key par-
ticipating molecule in innate and mucosal immunity. TLR9 is
expressed mainly by B cells and dendritic cells. It is involved in T
helper (Th) 1-type immune response and decreases in the pro-
inflammatory response. TLR9-mediated immune response may
be activated by synthetic oligodeoxynucleotides containing
unmethylated CpG motifs.17 TLR agonists were already used as
vaccine adjuvants and are being tried in elaboration of novel
vaccines.18

Significantly altered B cell-associated immunity is a well-
known phenomenon related to GFR category 5 (end-stage renal
disease, ESRD).19 Pahl et al. clearly showed that B-cell lympho-
penia is associated with the downregulation of B-cell activating
factor (BAFF) receptor in transitional B cells. This resulted in
resistance to the biological actions of BAFF being a potent B-cell
differentiation and survival factor.20 Results of this study added
new issues to uremia-associated impairment in immunocompe-
tence. In experimental studies, BAFF was a target under condi-
tions of abnormal B-cell activation and differentiation leading to
generation of high titers of auto-antibodies.21 However, agonists
of BAFF receptors were not examined yet in vaccinology.

Vaccination Against Hepatitis B Virus

Effective hepatitis B vaccination not only confers protection
against hepatitis B, but also predicts better survival of dialysis
patients.8 Infection-cause mortality was shown to be lower in res-
ponders than in non-responders to hepatitis B vaccination.22

Despite decreased immunocompetence, multiple other rea-
sons of hepatitis B vaccination failure were recognized in
CKD patients (older age at the primary vaccination, male
gender, type of renal disease leading to ESRD, co-morbid
diseases, malnutrition, especially low serum albumin level,23

but also obesity). In last years, further factors have been indi-
cated as having impact on effects of hepatitis B vaccination,
like protein catabolic rate.24 Since the beginning of the cur-
rent century, genetic factors involved in synthesis, regulation
or stability of Th1/Th2 cytokines are explored as possible fac-
tors contributing to non-response to hepatitis B vaccination.
Results of these studies indicate that in renal replacement
therapy (RRT) subjects, there is a relatively weak association
between polymorphisms of genes encoding Th cell cytokines
and development of antibodies to surface antigen of hepatitis
B virus (anti-HBs) in response to hepatitis B vaccination or
hepatitis B virus (HBV) infection.25-30

Active immunization against HBV may be less effective in
ESRD patients due to vitamin D deficiency.31 Vitamin D related
genetic background may contribute to lower response to hepatitis
B vaccination. The VDR rs1544410 AA genotype may play a
negative role (but not as an independent factor) in determining
response to hepatitis B vaccination in RRT patients.32

Dialysis quality improves over years. Currently used dialyzers
may contribute higher response rates to hepatitis B vaccine.33

The lower GFR category the less pronounced CKD-related
deterioration in immunocompetence and lower expression of
acquired factors contributing to worse response to active immu-
nization. That is the reason that HBV vaccination was formerly
recommended at lower GFR categories.7-9 However, “Kidney
Disease: Improving Global Outcomes (KDIGO) CKD” Work
Group recommends that all adults at high risk of progression of
CKD (GFR categories G4-G5) should be immunized against
hepatitis B, and the response confirmed by appropriate serologi-
cal testing (grade 1B).34 The recent recommendations of the
Advisory Committee on Immunization Practices (ACIP) of the
Centers for Disease Control and Prevention (CDC) also indicate
a need for advanced vaccination strategy for adults with GFR cat-
egories G4-G5.35 A question arises whether it is not too late to
start vaccination at GFR category G4. More recent studies con-
firmed occurrence of higher seroconversion rates in response to
HBV vaccination in GFR category 3–4 patients than in those
already on HD, although vaccine doses were lower in the former
group.36 On the other hand, GFR category 3–4 patients required
higher doses of vaccine to show seroconversion rates comparable
to those of healthy medical staff.36 Vaccination efficacy may be
increased in dialysis patients with further doses of HBV vac-
cine.37 It would be interesting to know whether hepatitis B vacci-
nation, introduced in many countries in the childhood
vaccination schedules, will influence on the prevalence of non-
responders among dialysis patients.

In 2011, the ACIP CDC recommended that hepatitis B vacci-
nation should be administered to all previously unvaccinated
adults aged 19 through 59 y with diabetes mellitus (type 1 and
type 2) as soon as possible after a diagnosis of diabetes is made.38

This recommendation is very important for nephrology

Table 1. Glomerular filtration categories in accordance with “Kidney Dis-
ease: Improving Global Outcomes (KDIGO) Chronic Kidney Disease (CKD)”
Work Group34

GFR category
Estimated GFR

(ml/min/1.73 m2 body surface area)

G1 �90
G2 60–89
G3a 45–59
G3b 30–44
G4 15–29
G5 <15

GFR – glomerular filtration rate
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community, as diabetes is the most frequent cause of ESRD
among incident and prevalent ESRD patients.39

Novel hepatitis B vaccines (HB-AS04, HB-AS02, HBsAg-
1018) contain agonists of TLR4 and TLR9. TLR agonists
directly activate immune system through stimulation of TLRs.

A novel vaccine (Fendrix�, GlaxoSmithKline Biologicals) was
licensed in Europe in February 2005. It is also referred as HB-
AS04, because contains 20 mg of recombinant HBV surface anti-
gen (HBsAg) adjuvanted with AS04 [50 mg 3–0-desacyl-4’-
monophosphoryl lipid A adsorbed on aluminum salt (500 mg Al
3C )]. AS04 acts as a TLR4 agonist and induces higher levels of
memory B cells as compared to aluminum alone formulations.40

This vaccine was already reported to be more efficient than stan-
dard recombinant vaccine (Engerix-B�) in pre-dialysis and HD
patients. More recent studies confirmed its beneficial effect in
HD subjects.41 Revaccinating non-responders with 3 doses of
Engerix-B� (renal function of this group was not mentioned)
using either a single dose of HBVaxPro-40 or Fendrix elicited
significantly better responses than those obtained using 3 addi-
tional Engerix-B doses. Diabetic patients or those using immuno-
suppressive medication were excluded from this study.42

HB-AS02 is an investigational hepatitis B vaccine which con-
tains 20 mg recombinant HBsAg formulated with an oil-in-water
emulsion-based adjuvant system AS02 containing monophos-
phoryl lipid (MPL), a detoxified derivative of the lipopolysaccha-
ride molecule of the bacterial wall of Salmonella minnesota, and
an immunostimulant named QS21 extracted from Quillaja sapo-
naria, the Chilean soapbark tree (50 mg MPL C 50 mg QS21).
In healthy adult volunteers, HBV-AS02 has been shown to elicit
high level anti-HBs responses with relatively good tolerance.43

This vaccine was also reactogenic in approximately 77% of CKD
patients who failed to respond to prior vaccination with a con-
ventional hepatitis B vaccine and provided higher anti-HBs con-
centrations following a booster dose than a conventional
vaccine.44 Three doses of HBV-AS02 vaccine (at 0, 1, and 6
months) have been shown to induce more rapid seroprotection
(at 12 months, seroprotection rates of 94 and 79%, respectively)
and higher anti-HBs concentrations in patients with renal insuffi-
ciency than 4 doses (at 0, 1, 2, and 6 months) of HBV-AS04.45,46

Close to full registration is the novel vaccine known as
HBsAg-1018 (Heplisav, Dynavax Technologies, D€usseldorf,
Germany) adjuvanted with TLR9 - CpG oligodeoxynucleotide.47

In healthy subjects 18–55 y of age, 2-dose regimen of HBsAg-
1018 at a 0–4 weeks induced a superior antibody response than a
3-dose regimen of a standard hepatitis B vaccine.48 In another
study, 2-dose regimen of HBsAg-1018 at 0–4 weeks elicited an
antibody response in healthy young adults that was similar to a
0–8 weeks schedule.49 HBsAg-1018 improved immunogenicity
in non-responders to standard hepatitis B vaccination.50 In
healthy adults � 40 y of age, 3-dose regimen of HBsAg-1018
given at 0, 1, and 6 months demonstrated superior seroprotection
with 2–3 doses when compared to the conventional hepatitis B
vaccination.51,52 In CKD subjects 18–75 y of age, 3 doses of
HBsAg-1018 induced significantly higher, earlier, and more
durable seroprotection than 4 double doses of the conventional
hepatitis B vaccine.53 However, HBsAg-1018 was associated

with significantly more injection-site tenderness than the conven-
tional vaccine (63.2% – 81.8% vs. 15.4% – 18.8%).54

Novel hepatitis B vaccines may provide not only quicker, bet-
ter and longer seroprotection against HBV, but also improve
compliance and reduce costs due to the simplified vaccination
schedules.55 However, hepatitis B vaccines with novel adjuvants
are still under investigation. When compared to standard vac-
cines, adjuvanted vaccines should not be considered as an one
only group, due to their involvement in various immunological
pathways, and therefore different mode of action.56

Experimental Adjuvants for Hepatitis B Vaccines

In experimental studies on mice and guinea pigs, a polysac-
charide adjuvant derived from delta inulin (AdvaxTM) was inves-
tigated. HBsAg with AdvaxTM enhanced both anti-HBs antibody
titers, and anti-HBs CD4 and CD8 T-cells, with increases in
Th1, Th2 and Th17 cytokine responses. AdvaxTM adjuvant simi-
larly enhanced humoral and cellular immune responses in guinea
pigs to a third generation preS-HBsAg vaccine.57

In female Balb/c mice, immunization with hepatitis B vaccine
and nano-complex Hep-c increased the lymphocyte proliferation
and specific IgM and IgG2a compared to the hepatitis B vaccine
immunized group. Hep-c significantly increased the IFN-g and
IL-4 cytokine levels compared to the hepatitis B vaccine immu-
nized group.58

In mice, cyclic diguanylate (c-di-GMP) was a more potent
activator of both humoral and Th1-like immune responses com-
paring it with lipopolysaccharide, CpG oligonucleotides, and a
conventional aluminum salt based adjuvant.59

Hemokinin-1 (HK-1) activates B cells for proliferation, sur-
vival, differentiation into plasma cells, and enhances humoral
response toward increased antibody production. The HK-1
coding sequence was sub-cloned as single or triple copies in-
frame downstream of S2 HBsAg in the proVAX/S2 construct.
Compared to mice immunized with proVAX/S2 or proVAX/
S2-HK-1, proVAX/S2–3HK-1 induced a higher level of IgG
production.60

Immunostimulants for Better Response to Hepatitis
B Vaccination

A recently meta-analysis of 5 studies that fulfilled the inclu-
sion criteria showed that, for impaired immune response in HD
patients, it might be reasonable to recommend the administra-
tion of levamisole, which increases the number of natural killer
cells, enhances B lymphocyte function, stimulates depressed T-
cell activity, stimulates antigen-presenting cells, and improves the
chemotaxis of granulocytes.61

In subjects aged>40 years, 200 mg zinc sulfate orally daily for
30 d had no effect on level of immunity in response to hepatitis B
vaccine.62 Serum zinc level was not monitored in this study.

Selenium once a day orally in a dose of 200 mg was added at
the beginning of accelerated (0–10–21 day) schedule of hepatitis
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B vaccination and continued for 30 d in insulin-dependent dia-
betes mellitus patients. Subjects receiving selenium showed sero-
conversion to protective level of anti-HBs in 74.2% cases, what
was significantly higher than in control patients (48.4%).63

Progress in Hepatitis C Virus Vaccines

In the absence of HCV vaccine, the prevalence of HCV infec-
tion among HD patients is several times greater than that of the
general population.64 However, there are already promising vac-
cine candidates in development. The newest research in this field
was recently summarized in the review by Fauvelle et al.65 In
experimental, pre-clinical or preliminary clinical studies, the dif-
ferent technologies for vaccine production, novel immunogens or
adjuvants were used in vaccine candidates: HCV core protein
with adjuvant ISOMATRIXTM, purified E1E2 glycoproteins
(from HCV genotype 1a) adjuvanted with MF59C.1, adenoviral
vectors, or virosome-formulated CD4 and CD8 synthetic pepti-
des. However, the authors have underlined that HCV vaccine
development, also very promising, needs further efforts and
resources until an effective vaccine becomes available.65

Combined Vaccines Against Hepatotropic Viruses

In HD patients, combined hepatitis A and B vaccine improves
the seroprotection against HBV compared with hepatitis B
monovalent vaccine.66

Chimeric HBV-HCV envelope proteins were recently devel-
oped and such particles elicited a strong specific neutralizing anti-
body response against HCV and HBV envelope proteins in
rabbits.67 These data may be a chance for the development of a
bivalent vaccine able to prevent infection from both HBV and
HCV.

Vaccination Against Influenza

According to the KDIGO CKD Work Group recommen-
dations (2012) all adults with CKD should be offered annual
influenza vaccination, unless contraindicated (grade 1B).34

Vaccination with trivalent inactivated influenza vaccine is rec-
ommended for patients with altered immunocompetence,
whereas live attenuated influenza virus vaccine is usually
contraindicated.68

Data collected from 1998 to 2009 in Taiwan have shown that
influenza vaccination coverage increased in HD patients from
1.14% in 1998 to 38.0% in 2009.69 United States Renal Data
System files have indicated that over 115,000 adult HD patients
was vaccinated each year from 1999 to 2005 against influenza.
Vaccination coverage increased from 47% in 1999 to 60% in
2005.70 In dialysis patients in a London district general hospital
in years 2009–2010, uptake of influenza vaccination in both
years was 50%, and 13% and 17% in years 2009 and 2010,
respectively.71

In April 2009, a novel influenza A virus (H1N1) caused a
pandemic. The World Health Organization strongly recom-
mended a worldwide vaccination against influenza A(H1N1)
pdm09 patients with ESRD and those who received renal graft.72

In March 2011, AS03, an adjuvant system containing a-tocoph-
erol and squalene in an oil-in-water (o/w) emulsion, was consid-
ered for the development of novel influenza vaccines. With this
adjuvant, antibody response was higher than that obtained with
aluminum hydroxide.73 AS03 has been safely administered with
the A(H1N1) pdm09 and the H5N1 strains to thousands of
healthy adults.74 The rate of seroconversion to AS03 adjuvanted
A(H1N1) pdm09 vaccine was 57% – 64.2% in HD patients75,76

and 35% – 44% in renal transplant patients75,77, whereas it was
90% – 93.8% in a control population.75,76 Vaccine dose was an
independent factor for response to pandemic A(H1N1) vaccina-
tion in HD subjects.78 Annual influenza vaccination is also rec-
ommended for HD or kidney transplanted adolescents or young
adults.79

In the studies which were published after appearance of rec-
ommendations of KDIGO, higher response rates after a single
dose of H1N1 influenza vaccine were shown in peritoneal dialysis
than in HD subjects.80 Quintana et al. have reported that the
seroconversion rate at 42 d after 2 doses of A(H1N1) pdm09 vac-
cine was 80% in the HD group, 64.9% in the renal allograft
recipients group with good allograft function, 100% in the
advanced CKD group, and 71.4% in the peritoneal dialysis
group. In pre-dialysis, HD and peritoneal dialysis patients, a
response to vaccination was similar to that in the general popula-
tion vaccinated with one dose, but it was weaker in graft recipi-
ents on triple immunosuppressive therapy including calcineurin
inhibitors, mycophenolate and steroids.81

In HD patients, negative predictors of response to influenza A
(H1N1) pdm09 vaccination included age � 65 y and hemoglo-
bin level < 10 g/dL.82

The main benefits of influenza vaccination of HD patients
included lower probability of pneumonia/influenza, respiratory
failure, intensive care unit stay, and lower mortality.69,83 A seri-
ous complication of influenza vaccination is antineutrophil cyto-
plasmic antibody vasculitis, which has been reported in 8 cases,
mainly in women.84

In the most recent recommendations by the ACIP CDC, 1
dose of inactivated influenza vaccine annually is recommended
for adults with estimated GFR <30 ml/min/1.73 m2(GFR cate-
gories G4-G5).35

Vaccination Against Streptococcus Pneumoniae

Thirteen-valent pneumococcal conjugate vaccine (PCV13) or
23-valent pneumococcal polysaccharide vaccine (PPSV23) is rec-
ommended for patients with altered immunocompetence.68,85

The KDIGO CKD Work Group recommends that all adults
with estimated GFR <30 mL/min/1.73 m2 (GFR categories
G4-G5) and those at high risk of pneumococcal infection (e.g.,
nephrotic syndrome, diabetes, or those receiving immunosup-
pression) should receive the pneumococcal polyvalent (conjugate,
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polysaccharide) vaccine unless contraindicated (grade 1B), and
that all adults with CKD who have received pneumococcal vacci-
nation should be offered revaccination within 5 y (grade 1B).34

In the recent recommendations by the ACIP CDC, 1 dose of
PCV13 or 1 – 2 doses of PPSV23 are advised for CKD adults
with GFR categories G4-G5 and for those with nephrotic
syndrome.35

However, only 22% of HD patients a London district general
hospital underwent pneumococcal vaccination in the 5 analyzed
years.71 Vaccination against pneumococcal disease was associated
with improved survival in dialysis patients.83,86

Polyvalent pneumococcal vaccine is administered via intra-
muscular or subcutaneous route. Development of pneumococcal
vaccine that could be given intranasally in spray may increase not
only acceptance for vaccination, but also exhibit elevated Strepto-
coccus pneumoniae-specific IgA, IgG2c, and IgG1 antibodies in
serum and bronchoalveolar lavage fluid.87

Other Vaccinations

The ACIP CDC recommendations for other vaccinations in
adults with GFR categories G4-G5 are presented in Table 2.

Closing Remarks

Numerous studies indicate positive effects of vaccination in
CKD/RRT patients. Many infections influencing morbidity and
mortality of these patients might be prevented by vaccination.
Adverse effects of vaccinations are not frequent, also in these spe-
cific patients. The calendar of vaccinations for CKD/RRT
patients35 should become more popular in dialysis facilities
worldwide for keeping a persistent immunity against influenza
viruses and pneumococci as well as HCV in the future. Effects of
hepatitis B vaccination are a good example of advantages result-
ing from a consequent strategy, as is the inclusion of the vaccine
in the childhood vaccination schedules.

At present, it seems to be important to propagate among
CKD patients a wider use of vaccines against influenza and pneu-
mococci. From the clinical point of view, it would be worthy to
know whether novel vaccines, like Fendrix, could elicit such a
seroprotection rate in defined nonresponders to hepatitis B vacci-
nation among HD patients that is enough high for recommenda-
tion of this vaccine to all immunocompromised patients.
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