AIDS Rev. 2009;11:157-64

Non-Responsiveness to Hepatitis B Vaccination
in HIV Seropositive Patients; Possible Causes and Solutions
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Abstract

Hyporesponsiveness (anti-HBs 10-100 IU/I) or non-responsiveness (anti-HBs < 10 IU/l) to hepatitis B
vaccines is a problem in approximately 20-70% of HIV-positive patients. Mechanisms for impaired
humoral and cellular immunity related to the HIV infection are reviewed.

Contributing risk factors like age, gender, CD4* T-cell count, HIV RNA load and coinfection with
hepatitis C are highlighted. New developments in improving the HBV vaccine immunogenicity are
discussed and clinical recommendations are given for HBV-re-vaccination of HIV patients who failed

on standard HBV vaccination. (AIDS Rev. 2009;11:157-64)
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Worldwide, but especially in sub-Saharan Africa
and East Asia, millions of people are coinfected with
HIV and hepatitis B virus (HBV). The HIV and HBV
infections often occur simultaneously due to the
shared modes of transmission’3. The HBV infection
progresses more aggressively in HIV-coinfected pa-
tients, with a higher incidence of cirrhosis and hepa-
tocellular carcinoma®. On the other hand, it is sug-
gested that HBV is a cofactor for HIV disease
progression®. The risk of hepatotoxic side effects of
combined antiretroviral therapy (cART) is increased
in patients with-HBV coinfection®57,
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after a three-dose (0, 1, 6 months) vaccination schedule,
vaccination against HBV is not as effective in HIV-posi-
tive as it is in HIV-negative persons®*2. Around 90-95%
of healthy adult individuals are protected after vaccina-
tion, whereas 20-70% of the HIV-seropositive patients
develop protective antibody titers, mostly depending
on CD4* T-cell counts and HIV viral loads®.

Recommendations have been published for the vac-
cination of non-responders to hepatitis B vaccines with
chronic kidney disease and for those on dialysis'3, but
none exist for the HIV-infected patient. Soriano, et al.
published an article with recommendations from an
HIV-HBV international panel in 2005, partly based on
the work of Tedaldi, et al.'¥, advising vaccination with
hepatitis B vaccine when CD4* numbers are greater

n 200 cells/ul and,, when they are not, to start
blication may be

Because some recommendations for vaccination on
ised groups of patients may be
of use for vacomatmg HIV-infected patients, these
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Possible causes for hyporesponsiveness
to HBV vaccination

HIV infection-related factors

HIV infection has profound effects on the immune
system and comprehensive reviews have been written
on HIV pathogenesis'"7.

Characteristic is a progressive loss of CD4* T helper
(Th) cells in the blood compartment, ultimately causing
susceptibility to opportunistic infections and the devel-
opment of AIDS™. This decline in CD4* T-cell numbers
is due to several mechanisms: cell death caused by
infection by HIV itself, chronic immune activation lead-
ing to apoptosis, antibody-dependent cell-mediated
cytotoxicity killing of CD4+* cells carrying gp120, and
impaired lymphocyte regeneration®17,

More recent insights show that degradation of the
immune system already starts during acute HIV infec-
tion, and comprises extensive CD4* memory T-cell
destruction in extra-lymphoid effector sites and, sub-
sequently, of its precursors, central memory and/or
naive T-cells in the secondary lymphoid tissues®. Fur-
thermore, other dysfunctions of the immune system de-
velop that equalize aging, such as increased numbers
of CD28~ CD8* T-cells, an oligoclonal instead of a poly-
clonal T-cell repertoire, and reduced numbers of inter-
feron gamma (IFNy) producing virus-specific T-cells
upon antigen stimulation'®. Moreover, a hyperimmune
activation status and dominating T-cell activation spe-
cific for particular HIV-epitopes and less for other
epitopes like HBV will diminish the degree of response
to vaccination®.

A lack of CD4* T-cell help can impair CD8* T-cell
and B-cell activity, resulting in hampered cytotoxicity
and antibody production, while the inability to mount a
virus-specific CD8* T-cell response results in a level of
circulating virus that cannot be cleared by antibodies
alone?.

Furthermore, it is propose
HIV particles provides a ¢
nisms normally associated W|th innate immune, re-
sponses, and that chronic inn&te
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HIV viral load
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undetectable viral load have a higher chance of hav-
ing a protective antibody titer after HBV vaccina-
tion?>24 suggesting that ongoing viremia limits suc-
cessful vaccination?,

Mounting an appropriate immune response de-
pends on the strict regulation of lymphocyte activa-
tion; to become activated, lymphocytes need at least
two independent signals®?6. The first is an antigen-
specific signal sent via the T-cell receptor, uniquely
present on T-cells, or via the surface immunoglobulin
on B-cells. The second, co-stimulatory, signal is inde-
pendent of the antigen receptor and is crucial for full
activation, sustained cell proliferation, the prevention
of anergy or apoptosis, induction of differentiation to
effector and memory status, and for cell-cell coop-
eration. These molecules are transmembrane proteins
that induce an intracellular signaling cascade via their
cytoplasmic tail that modifies the T-cell receptor-me-
diated signal in a stimulatory or an inhibitory way?%26.
An important receptor/ligand pair in T/B-cell coopera-
tion for instance is CD40/CD40L. Signaling of CD40
is crucial for antibody production, isotype-switching,
upregulation of surface molecules, development of
germinal centers, and the humoral memory re-
sponse?’%8,

CD4+ cells

A critical number of CD4* cells are necessary in HIV-
infected subjects to mount an appropriate immune re-
sponse. This number varies between 150-500 cells/mm?
in different studies®. The large variation between these
number could lie in the fact that HIV affects the immune
system at an early stage of infection before CD4* T-cell
numbers begin to decling'®%,

Pasricha, et al. found a 100% response after a
three doubled-dose vaccination schedule in 27 HIV-
positive patients with > 200 CD4* cells/mm3 count™®.
Protection was only achieved in 47% of 13 patients

rrlh < 200 cells/mm?3 CD4* T-cell count'®,

6 k@aE@Be Bﬂeﬁ&é - -specific response to hep-
atitis B surface antigen (HBsAg) may be partly the
ility]of CD4+ T-cells to activate B-
cells into isotype-switching of immunoglobulins due

gog @xﬂressmn on these T-cells
patients®!,

., on the other hand, claimed that viremia
Of the p%@ifrg)hréjact on the capacity of CD4* T-cells to ex-

press CD40L, but causes B-cells to poorly proliferate,
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B-cells

In healthy individuals, a good response to HBV vac-
cination is correlated with a significant increase in the
number of specific B lymphocytes®,

Furthermore, a dominant Th1/0-like cytokine secre-
tion pattern of HBs-specific T-cells exists also in
chronic HBV-infected patients®4. Incubation with [FNy
results in a dose-dependent expansion of the number
of anti-HBs antibody secreting B-cells, so it can be
concluded that Thi-like cells are crucial for the pro-
duction of neutralizing anti-HBs antibodies and for
effective virus control in acute hepatitis B infection
and could be therapeutic in chronic HBV-infected pa-
tients34,

Moir, et al., on the other hand, describe the B-cell
defects in patients with HIV viremia, including hyper-
gammaglobulinemia, increased expression of activa-
tion markers, increased levels of autoantibodies, high-
er risk of B-cell ymphomas, decreased responsiveness
(in vivo) to vaccination and (ex vivo) stimulation. So,
not only does HIV infection scale down CD4* T-cell
help, but it causes intrinsic B-cell defects as well32%,
These defects ameliorate on cART®,

Natural killer cells and natural killer T-cells

Natural killer (NK) and natural killer T (NKT) cells are
considered mediators of vaccine response at the in-
nate level. Their activation can mediate viral clearance
and enhance the activation of adaptive components,
together contributing to protection against hepatitis
B infection3®8, A diminished activation of NK and
NKT cells was found in healthy nonresponders to HBV
vaccine, suggesting that NK and NKT cells are in fact
important components of the protective immune re-
sponse elicited by the vaccine3®.

Natural Killer T-cells display an extremely restricted
T-cell receptor repertoire consisting of a Va24 chain
preferentially paired to V1137, but circulati mbers
of the Vo24*Vp11+ subsetNQ\llpfacref rf

reduced in HIV-infected subjects®, possibly leading to
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clearly differ between good and poor responders. The
T-cells from good responders recognize HBsAg in the
context of most of the available class Il molecules. In
poor responders, however, less HLA class || molecules
participate in the HBsAg-specific T-cell response: Poor
responders are frequently homozygous for certain
HLA-DR, -DP, and -DQ molecules*!-*3. Furthermore, the
proportion of HLA DRB1*07 is two- to sixfold higher in
non-responders than in responders*"43,

Little is known about ethnicity and vaccine response.
A correlation was found between being indigenous
Taiwanese and having a nonresponse to a booster
vaccination with Engerix-B#445,

Gender

In one study in 144 HIV-infected patients who were
revaccinated because of nonresponse (anti-HBs titer
of 0 IU/l) after a standard vaccination schedule, more
female than male patients had an adequate response
(OR: 2.8 female/male; 95% ClI: 1.3-6.3; p = 0.009). This
was not associated with a difference in body mass
index in men and women?,

Age

Neither the total number of B-cells nor the number of
|g-secreting B-cells decreases with age, but a change
in B-cell repertoire with respect to antigen specificity
occurs. This increases the risk of nonresponse to HBV
vaccine®.

There is evidence of an immune dysregulation of
T-cells in the elderly, including lower proliferative re-
sponses, resulting in altered help for B-cells and,
henceforth, altered antibody production”48, This oc-
curs in the mucosal immune system earlier than in the
systemic immune compartment*®. Non-responsive-
ness increases with increasing age from 30 years
onward®. Adding an additional dose of vaccine or

%]anging the route of l\:/)acoination does not change

dGekiiON May be

quantitatively diminished responﬁ@ﬁ)t’c&dctgbﬁ@dw m [Bhgyt@qo pylﬂg

this patient group.
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0 nd there is no review on impaired respon-
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though immunity in pregnancy is modified; the innate

PR BlicationS 2010 "

159



160

AIDS Reviews. 2009;11

Other factors
Coinfection with HCV

Rockstroh finds no evidence for differences in HIV-re-
lated mortality between hepatitis C virus (HCV)-coin-
fected cART-treated individuals®?, but Jones mentions
a growing consensus that HCV has a deleterious ef-
fect on HIV progression®. Treatment therapies for
HCV/HIV-coinfected patients are discussed by Cooper®®.

Antibody concentrations following vaccination for
hepatitis A% and hepatitis B%” are lower in HCV-infect-
ed patients than in HCV-seronegative individuals, but
a high-dose booster is effective for the hepatitis B vac-
cine?’.

Antiretroviral therapy

Overton, et al, found that vaccinated responders re-
ceived cART for a median of 13.5 months (interquartile
range [IQR] 6.1-19.4 months), whereas treated nonre-
sponders received cART for a median of 3.7 months
(IQR 1.3-15.5 months; p = 0.005)%. It suggests that the
duration of cART, through the improvement of cellular
immunity, plays an important role in a successful re-
sponse to vaccination, even after having AIDS before
starting cART®,

Combination ART reduces the chronic immune acti-
vation, leading to repopulation of both memory and
naive T-cell subpopulations and CD4* CD28* lympho-
cytes in the blood compartment by shutting down viral
replication. It causes reduction of abnormal T-cell ac-
tivation, restoration of antigen-specific T-cell responses
and normalization of T-cell repertoire®. Thymic T-cell
production contributes to naive T-cell recovery at all
ages during long-term successful cART, without signs
of increased T-cell aging®. Also, immune reconstitu-
tion mediated by cART is not restricted to conven-
tional CD4* and CD8* T-cells, but also involves recon-
stitution of an importa
represented by CD1d and

Possible solutions
Type of vaccine
Recombivax-HB®, Engerix-B®

The current recombinant vaccines, Recombivax-
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methods®. They contain a single antigen (S) and are
evenly protective against disease from hepatitis B
virus, although Engerix-B® gives a higher geometrical
mean titer when measured in adolescent and adult
populations®263,

Twinrix®

Instead of using a vaccine with more than one anti-
gen, two different hepatitis vaccines can be combined,
as is the case with Twinrix® Adult (GlaxoSmithKline).
This vaccine contains 720 ELISA units of inactivated
hepatitis A virus (HAV) antigen and 20 pg HBsAg
(Havrix®, GlaxoSmithKline, and Engerix-B®)®,

A stronger and faster anti-HAV or anti-HBsAg re-
sponse can be achieved when changing over from
monovalent to combined vaccination, regardless of
when this switchover is performed during the vac-
cination schedule®. Revaccination of healthy nonre-
sponders to the standard hepatitis B vaccine regi-
men with a double dose of Twinrix®, given at 0, 1,
and 6 months, is effective in 95% of the cases®,
though both anti-HBs and anti-HAV titers are signifi-
cantly lower in the nonresponder group than in the
reference group®®.

HepaCare®

Novel recombinant vaccines have been produced
that contain three antigens (S, pre-S1, and pre-S2) and
are called triple-antigen vaccines. One of them was
HepaCare®. The potential added value of this novel
vaccine has been evaluated by comparing Recombi-
vax-HB® with Hepacare® and the conclusion was that
the latter was statistically equally efficient in a two-dose
regimen, and superior in a three dose regimen, to
Recombivax-HB®%67. Both vaccines are well tolerated
and have similar safety profiles®:67,

These vaccines have been compared in healthy in-
Bliduait) B0t pfvallé te@uperior for individuals who
are at risk for suboptimal response to vaccinatior (ad-
$ﬂfg;moking)66v57. This was endorsed
in a double-blind, randomized, controlled study on

without the prior vthPt*féﬁrfF [YRkoR 4] Opy feled to respond ace-

uately to course 0 patitis B vaccination with a
|ne68 There was a significantly faster and
onse to revaccination with HepaCare®

than to revaccination with Engerix-B®¢8,
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Dosing and vaccination schedules

For patients on hemodialysis and for patients with
general immune suppression, a double dose of Engerix-
B® or Recombivax-HB® given on a standard schedule
(i.e. 0, 1, and 6 months) is recommended'. Vaccine
dosage has not been defined in HIV-infected adults
and children.

The vaccine efficacy may be increased by doubling
the pediatric dosage of 10 pg in HIV-infected children
to the adult dose of 20 pg®.

Rey, et al. tested the effect of doubling the number of
vaccinations of adults by adding three booster doses to
a three-dose (T 0, 1, 2) vaccination'. They suggested
that doubling the number of hepatitis B vaccinations in
HIV-infected patients can significantly improve anti-HBs
response rates''. However, Cornejo-Juérez, et al. found
no difference in a small randomized controlled trial com-
paring a 20 pg dose to a 40 ug dose in three administra-
tions™. They did find a significantly higher seroconversion
rate for patients with CD4 cell counts > 200 cell/mm?,
compared to those with cell counts of < 200 cell/fmm37°,
In another randomized controlled trial in 210 sub-
jects, a double vaccination dose improved the im-
munologic response to the vaccine only in patients
with a CD4* cell count > 350 cell/mm?® and a HIV
viral load of < 10,000 copies/ml™".

Double-dose hepatitis B virus revaccination of
HIV-infected patients proved to be effective in
50.7% of 144 patients who had previously failed to
respond to standard doses*®.

The usual adult dose (20 pg each dose) as com-
pared to 40 ug of Engerix-B® recombinant vaccine is
inferior in end-stage renal disease patients. Besides,
further increasing the dose to 80 pg is suggested be-
cause long-term results show that the 80 pg regimen
is associated with significantly greater persistence of
anti-HBsAg™.

The currently recommended dose of recombinant

hepatitis B vaccine in patients with end-stagge lj er.%and
renal) disease awaiting traki@n@@ﬁtsé%ﬁeﬁhh reQ u

doses of 40 pg. In order to obtain the best response,

this should be given as early as l’p@@ﬂE@d}U}@@dﬂ@l’ p

of disease’.

Routes of vaccinatich%jheg}ilc;[nt he prior

b
WPITREMsgsiar

vaccination in HIV-infected subjects was performed.
The dose of an intradermal vaccination is approxi-
mately one-tenth of that of an intramuscular vaccina-
tion, which makes it more cost-effective while equally
immunogenic. The intradermal immunization assessed in
the study induced protective immunity among HIV-posi-
tive subjects (in 39%), as has often been described to
occur with intramuscular immunization’. So, from this
study it can be concluded that intradermal vaccination
is equally effective, but less practical than intramuscu-
lar vaccination because of the number of injections that
needs to be given’® in order to reach protective titers
and to maintain them over follow-up’®.

Adjuvants

Adjuvants augment antigen-specific immune re-
sponses by physical localization and improved presen-
tation of antigen and by provocation of inflammatory or
innate immune responses. At the moment, the adju-
vants as mentioned below are only in used in the set-
ting of clinical trials.

Newer adjuvants

Cytosine-phosphate-guanine (CpG) oligodeoxynu-
cleotides (ODN) represent a new type of adjuvant that
has shown promise in primate models and initial clini-
cal trials’’.

Synthetic ODN containing un-methylated CpG motifs
are potent direct stimulants of B-cells and plasmacy-
toid dendritic cells through binding to the innate im-
mune receptor toll-like receptor 9 (TLR9), which acti-
vates an immunostimulatory cascade and can
indirectly, through secretion from these cells, also ac-
tivate a number of other types of immune cells®*78,

The CpG ODN improves the humoral immune re-
sponse to Engerix-B® in simian immunodeficiency virus
(SIV)-infected rhesus macaques?®, but HIV RNA and

tibody titers were inversely correlated. The antibody
(AL 2B old Bwer n th fected than i

the healthy macaques®2*.

hT@tl@S@ﬂ}S | &) gmdomized, controlled, double-

la study suggest that in subjects with
;i)gr f'r@crtion, in vivo TLR9 stimula-

tion can substitute for the normal requirement for T-cell

blind, phase |

lp: i rating humoral immunity 8-,
Several studies have investigated routep(j:thghﬁarp Mﬁaéfcpe 7909 added to an accelerated dou-

intramuscular deltoid injection for vaccination. Intra-

ble-dose of Engerix-B® vaccine achieved superior re-
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titers and durability of response is also better com-
pared to other novel adjuvants like monophosphoryl
lipid A (MPL), thymopentin, AM3 (Immunoferon®; Can-
tabria Pharma) and levamisole according to Cooper”.
Comparable results were achieved by Halperin, et al.,
who used an immunostimulatory DNA sequence (ISS
1018) plus HBsAg vaccine in healthy adults®'.
Enhancement of cell-mediated immune responses
have been recognized as an important factor in the
clearance of acute infection, and for that reason Cooper
suggest a potential role for CPG 7909 in therapeutic
vaccines for HBV as well”®. It may be possible to de-
velop a two-dose vaccine with CpG adjuvant that would
be superior to the current three-dose vaccines’”8'.

DNA vaccines

Another novel vaccine approach for rapid induction
of strong Th1 immunity that seemed promising in animal
models is DNA-based immunization. Engerix-B8/CpG
ODN was compared with Engerix-B®/DNA-vaccine’”.

The HBsAg-expressing DNA vaccine alone did not
give any detectable anti-HBs levels”. After challenge,
however, one of the animals appeared to be protected,
despite the lack of detectable pre-challenge anti-HBs,
suggesting priming of an antibody response’’. For
now, DNA vaccines are still part of the future.

Cytokines

In HIV-infected persons, the basal cytokine levels
appear to be different from those in healthy controls,
so another possibility to augment immune response to
HBV vaccines could be to use exogenous interleukins
or interferons as adjuvants, particularly IL-12 and IL-4
as suggested by Wang, et al.*® because /L-12B pro-
moter S allele was the only cytokine gene variant as-
sociated with the nonresponder phenotype (p = 0.03)*.
Associations between IL-4 variants have been associ-
ated with functional consequences and clipical mani-
festations in certain infeoti&@i@@gz‘@f ﬁ’]

Interleukin 2 could be of clinical importance as well,

because Meuer, et al, suggests that I@W@ds@j IC2 @le@r pl’ﬂa@wt@@@@/y

ment is an efficient means of inducing systemic antigen-
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Granulocyte-macrophage
colony-stimulation factor

Patients with end-stage renal disease often show
inadequate response to hepatitis B vaccination. Sev-
eral articles have been published about the positive
effect of granulocyte-macrophage colony-stimulating
factor (GM-CSF) as an adjuvant for hepatitis B vaccina-
tion. This is true for revaccination as well as primary
vaccination in these patients®492,

Sasaki, et al. investigated the effect of recombinant
human granulocyte-macrophage colony-stimulating
factor (rhGM-CSF) as an adjuvant for the hepatitis B
vaccine in HIV-infected patients and concluded that
the use of rhGM-CSF enhances the efficacy of HBV
vaccine in HIV-infected patients®.

Passive immunization

Patients treated for acute lymphoblastic leukemia in
the ages of 1-21 years cannot be protected from hep-
atitis B infection by vaccination alone, nor by vaccina-
tion combined with interferon a2b%. Combining pas-
sive (human-specific hepatitis B immunoglobulin) and
active immunization, or preceding the active immuniza-
tion by passive immunization, significantly increases
the response rate in these patients®.

Clinical recommendations
for optimal HBV vaccination

An HBV vaccination should be offered to all HIV-
positive patients who are at risk for acquiring HBV
infection and who have negative HBsAg and anti-
HBc serological results. The younger the patient, the
better the response, as the vaccine response sig-
nificantly declines with age*”®'. Preferably, patients
should have CD4 counts > 200 cells/ml and unde-
tectable HIV-RNA10:22-2429 Therefore, when applica-

le, vaccination is offgred at least six months after
Biﬁl&@&'@@AﬁmaMti Saccination optimally con-
sists of three doses of 10 pg HBvaxPRO® (Merck)
|i|ﬁ]ghe deltoid region'. Nonre-
sponders, defined as having an anti-HBs antibody

specific immune responswiﬁhwgggwgdoﬁfi?@nbrj@? Wprﬁ-e@hat @Pw-ﬂ'sbsstmmm U/l one month after

dialysis) subjects. The optimum IL-2 'and the

the last vaccination, should be revaccinated with a

time point for vaccination need to be deterbﬁjej 2, ﬁt%d ?e of 20 ug HBvaxPRO® again at 0, 1, and
Interleukin 2 therapy has no immune-enkanci eefp é

fect on the induction of a primary response, but in-

In case of persistent non-responsiveness, revaccina-
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published study showed a > 95% efficacy with com-
plete revaccination with a double dose of Twinrix® 62,

Suggestions for further research

Itis difficult to find the best way to vaccinate HIV-positive
patients because systematic trials comparing different
immune status, vaccines, doses, and other factors are
scarce, making it necessary to compare different types
of studies.

A systematic review should be made on specific im-
munological aspects of HIV positivity in relation to im-
munizations. This includes defining the cut-off value of
the number of CD4* cells necessary for adequate im-
mune response to vaccination with hepatitis B vaccine
in HIV-infected patients. Then, the most effective vac-
cination dose and schedule should be determined,
including the use of available adjuvants, if possible.

On top of this, non-HIV-specific aspects of non-
responsiveness to vaccination need to be assessed
for an optimal approach in the HIV-infected patients.
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