
 

 

Since January 2020 Elsevier has created a COVID-19 resource centre with 

free information in English and Mandarin on the novel coronavirus COVID-

19. The COVID-19 resource centre is hosted on Elsevier Connect, the 

company's public news and information website. 

 

Elsevier hereby grants permission to make all its COVID-19-related 

research that is available on the COVID-19 resource centre - including this 

research content - immediately available in PubMed Central and other 

publicly funded repositories, such as the WHO COVID database with rights 

for unrestricted research re-use and analyses in any form or by any means 

with acknowledgement of the original source. These permissions are 

granted for free by Elsevier for as long as the COVID-19 resource centre 

remains active. 

 



V

T
a
i

Z

a

b

R
A

I

T
c
[

o
+

0
d

accine (2008) 26, 3078—3085

avai lab le at www.sc iencedi rec t .com

journa l homepage: www.e lsev ier .com/ locate /vacc ine

raitors of the immune system—–Enhancing
ntibodies in HIV infection: Their possible
mplication in HIV vaccine development

oltán Becka, Zoltán Prohászkaa, George Füstb,∗
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Summary Considering recent HIV vaccine failures, the authors believe that it would be most
important to find new targets for vaccine-induced immunity, and to analyze the data from pre-
vious trials, using an innovative approach. In their review article, the authors briefly summarize
the significance of the antibody-dependent enhancement of infection in different viral diseases
and discuss role of these types of antibodies as the obstacles for vaccine development. Find-
ings which indicate that complement-mediated antibody-dependent enhancement (C-ADE) is
present also in HIV-infected patients, are summarized. Previous results of the authors, suggest-
C-ADE;
Fc-receptor

ing that C-ADE plays a very important role in the progression of HIV infection are described.
Data reflecting that enhancing antibodies may develop even in vaccinated animals and human
volunteers, and may be responsible for the paradoxical results obtained in some subgroups of
vaccinees are discussed. Finally, based on their hypothesis, the authors offer some suggestions
for the future development of vaccines.
© 2008 Published by Elsevier Ltd.

n
ntroduction
he end of 2007 is a difficult period for HIV/AIDS vac-
ine development. Both phase III trials of gp120 vaccines
1,2] aiming to raise sterilizing, antibody-mediated immu-
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f Internal Medicine, Kútvölgyi út 4, H-1125 Budapest, Hungary. Tel.:
36 1 212 9351; fax: +36 1 212 9351.

E-mail address: fustge@kut.sote.hu (G. Füst).
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ity, failed in 2003. There was no difference in the frequency
f the breakthrough infection between the vaccine and
lacebo arms. A further trial of an other type of vaccine
V520 of Merck), using a different strategy, was prematurely
topped in September 2007 [3]. The Merck vaccine relies
xclusively on the stimulation of cellular immune response.

lthough, it is well known that antibodies are important
o prevent infections and eventually all successful vac-
ines raise antibody-mediated protection, T-cell vaccines
re hoped to control the level of HIV in the body of vac-
inees for a long time and thereby prevent progression to

mailto:fustge@kut.sote.hu
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Enhancing antibodies and HIV vaccine development

AIDS [4]. Unfortunately, this was not the case in any of the
trials finished until now. Not only the vaccines did not pro-
vide any protection against HIV-1 infection, but also there
was no difference between the vaccine and placebo arms
as regards the progression of HIV disease in breakthrough
infection [3,5,6].

In our belief, it is a time to draw lessons from these fail-
ures, to find new targets for vaccine-induced immunity, and
to analyze the data from the trials performed so far, using
an innovative approach.

Many experimental and clinical data, as well as on expe-
rience obtained in other viral infections indicate that a
proportion of the antibodies — which develop early and per-
sist throughout the course of HIV infection — are ‘‘traitors’’
of the immune system. That is, instead of containing or elim-
inating the virus, these antibodies facilitate its production
in the body of infected persons. These enhancing antibodies
counteract the effect of the neutralizing antibodies and the
relative powers of the ‘‘good guys’’ versus ‘‘bad guys’’, that
is, the balance between enhancing and neutralizing antibod-
ies, are decisive for the progression of HIV disease. Further,
we assume that all types of HIV vaccines may raise enhanc-
ing antibodies as well, and these antibodies can reduce the
efficacy of the vaccines. At least in HIV infection, enhanc-
ing antibodies mostly exert their effect through activation of
the complement system. Therefore, the balance of enhanc-
ing/neutralizing antibodies can be correctly measured only
in the presence of fresh HIV seronegative human serum con-
taining human complement.

The role of antibody-dependent enhancement in
viral infection and disease

In general, virus-specific antibodies play an important role
in the control of viral infections in several ways. In cer-
tain instances, however, the presence of specific antibodies
can be beneficial to the virus. This paradoxical process is
known as the antibody-dependent enhancement (ADE) of
viral infection. In ADE, virus-specific antibodies enhance the
entry of the virus into, and in some cases, its replication
within T cells, monocytes/macrophages and granulocytic
cells, through interactions with Fc and/or complement
receptors. A significant, 4 log-fold or even greater increase
in the in vitro production of several viruses was observed
following exposure to low-affinity antibodies [7]. ADE of
infection has been described for numerous viruses belong-
ing to different families and orders as reviewed [8,9].
Common properties of these viruses include (a) replica-
tion (partially or exclusively) in macrophages; (b) induction
of the abundant production of antibodies that poorly neu-
tralize even the homologous virus; and (c) they cause
persistent infection commonly characterized by prolonged
viremia.

Antigenic diversity of the isolates is another common
feature, which renders these viruses partially resistant to
neutralization by antibodies raised against heterologous

isolates. ADE of virus infection has been suggested as a
disease-enhancing factor in several human and animal viral
diseases [9].

Most data on the pathological significance of ADE were
accumulated in dengue virus (DV) infection. In the major-
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ty of cases, DV infection is usually manifested as a mild
ebrile disease, referred to as ‘‘dengue fever’’; afflicted
atients recover in 7—10 days without complications. Less
requently, however, it progresses to a severe and life-
hreatening syndrome, the dengue hemorrhagic fever (DHF),
hich is always accompanied by thrombocytopenia, some-

imes by frank hemorrhage, and leaking of plasma into
nterstitial spaces, which result in hypovolemia and, some-
imes, circulatory collapse. The most severe clinical form
f DHF, in which profound plasma leakage leads to shock, is
eferred to as the dengue shock syndrome (DSS).

The association between ADE of infection and the
everity of disease has been extensively studied. Some evi-
ence indicates a strong correlation. It was demonstrated
xperimentally, in Rhesus monkeys, that anti-DV maternal
ntibodies enhanced DV infection [10]. In the clinical set-
ing, a greater risk to develop DSS was demonstrated in
hildren with specific maternal antibodies or in patients
ho had previously been infected with either of the four DV

erotypes and were subsequently exposed to the DV-2 strain
f the virus [11]. Accordingly, it was found that DV produced
ore severe clinical manifestations in older individuals with

ubneutralizing levels of antibodies (induced by previous DV
nfections), than in individuals who had never been exposed
o the virus [12]. Additionally, case-control studies demon-
trated that the presence of DV antibodies is a significant
isk factor for increased severity of disease and mortality in
HF/DSS [13,14].

Several important, prospective sero-epidemiological
tudies conducted in areas endemic for DHF/DSS revealed
mmunopathological events leading to development of this
isease [15]. Following reinfection with a dengue virus
f a different serotype, severe disease is associated with
igh levels of antibody-enhanced viral replication early
n the course of the disease, followed by a cascade of
emory T-cell activation, and a ‘storm’ of inflammatory

ytokines and other chemical mediators. These compounds,
ainly released from T cells, monocytes/macrophages and

ndothelial cells, eventually increase vascular permeability.
As for the mechanism of ADE, evidence from in vitro

nd in vivo studies strongly suggests that viral replica-
ion in Fc-receptor bearing cells, especially monocytes and
acrophages, is enhanced by pre-existing, subneutralizing,

nd non-protective concentration of dengue IgG antibodies
16]. Enhanced replication of DV in these target cells lead-
ng to high levels of viremia at the early stage of illness is
orrelated with DHF/DSS incidence [17,18]. In addition of
gG, IgM type antibodies and enhancement of DV infection
ia complement receptors were also implicated [19].

Besides dengue virus infection, ADE was found to affect
he course of other life-threatening infectious disorders in
umans. The severity of respiratory syntitial virus (RSV)
nfections in young children was found to be associated with
he presence of maternal antibodies [20]. These observa-
ions are supported also by animal experiments. Monkeys
ere immunized with an inactivated RSV vaccine and then,

nfected with the virus. The extent of infection, as well as

athological scores were higher in the immunized, than in
he control animals [21].

According to recent data, ADE may have an important
ole in the pathogenesis of Ebola-virus infection as well.
akada et al. [22] showed that in humans, Ebola Zaire virus
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nfection induces antibodies that enhance the in vitro infec-
ivity of the Zaire Ebola virus species.

Interestingly, enhancement was mediated by antibodies
o the viral glycoprotein and by the complement compo-
ent C1q. The authors suggest that ADE may be responsible
or the extreme virulence of the Zaire virus among the four
bola virus species.

In addition, ADE of infection has also been impli-
ated as a major obstacle to the development of vaccines
gainst viruses, such as dengue viruses, bluetongue virus,
nfluenza virus, lentiviruses and RSV (reviewed in [9]). In
ll cases, the presence of antibodies induced by vaccination
ncreased the susceptibility to subsequent viral infections
nd/or enhanced the severity of clinical disease caused by
irus challenge, in vaccinated individuals. Recently, ADE
as implicated in the pathogenesis of atypical morbilli
irus infection observed after immunization with formalin-
nactivated vaccine [23], and was suggested as a concern in
eveloping a vaccine for severe acute respiratory syndrome
SARS) as well [24].

ntibody-dependent enhancement of HIV infection

ntibodies that may enhance HIV infection in vitro were
escribed shortly after HIV has been first isolated. Their
resence in the blood of HIV-infected patients, as well as
n HIV- or SIV-infected experimental animals was confirmed
y several groups. Two types of enhancing antibodies were
escribed approximately at the same time, in the late eight-
es. Robinson et al. [25] found that sera from HIV-infected
ndividuals enhance in vitro HIV infection of the CR2 (com-
lement receptor type 2)-bearing T lymphoblastoid cell
ine MT2. The same authors demonstrated this enhance-
ent to be dependent on antibodies and mediated by

omplement, and coined its name ‘complement-mediated
ntibody-dependent enhancement (C-ADE)’ [26]. Gras and
ormont [27] could reproduce the same phenomenon in
eripheral blood lymphocytes. According to further studies
28], C-ADE of HIV-1 infection is characterized by increased
ynthesis of protein and RNA, as well as enhanced release
f infective viruses.

FcR-ADE that is, the ability of heat-inactivated sera from
IV-seropositive patients or IgG purified from such sera
o accelerate and/or enhance production of HIV by cells
nfected with mixture containing these antibodies was first
escribed by Takeda et al. [29] and Homsy et al. [30]. Shortly
hereafter, FcR-ADE of HIV-1 infection has been observed in
itro with many different HIV-1 isolates of both X4 and R5
henotypes, using different target cells (reviewed in [8]).

Except for early work with FcR-ADE [31], most data on
he clinical significance were reported on C-ADE. Therefore,
he following discussion will be largely restricted to the lat-
er type of infection-enhancement. In the light of a recent
bservation indicating that antibody binding to the Fc recep-
or, but not complement, can mediate antibody-dependent
rotection against HIV [32], the dominant role of C-ADE in

nhancement does not seem surprising.

C-ADE is mediated mostly by antibodies against the
-terminal end of gp41, containing the so-called immun-
dominant domain of the protein [33,34], although the role
f anti-gp120 cannot be excluded either [35]. On gp41,

g
S
i
s
v

Z. Beck et al.

wo domains (amino acids 579 to 613, and 644 to 663)
ere mapped by means of monoclonal antibodies as the
ain binding site for C-ADE antibodies [36], which was fur-

her characterized with use of site-directed mutagenesis by
itchell et al. [37].

The mechanism of C-ADE was investigated by several
tudies during the last two decades. As summarized recently
y Robinson [38], binding of the antibody to gp41 initiates
he complement cascade, leading to deposition of the com-
lement component C3d,g on the virion. Opsonized virions
ubsequently bind to complement receptor type 2 (CD21).
ltimately, the engagement of CD21 and CD4 receptors by
psonized virions leads to an increased rate of HIV spread
hrough the tissue culture and to a ten-fold increase in
he release of reverse transcriptase (RT) into the culture
edium, as well as to an increase of the level of HIV

enomic RNA. Most importantly, C-ADE leads to an almost
00-fold increase in the number of the infective progeny
irus synthesized, compared with infections by HIV-1 alone.
-ADE of HIV-1 infection requires CD4, but the binding
f C1q to C1q-R of virions may also increase C-ADE [39].
ccording to recent studies by Robinson [38], the CXCR4
oreceptor is also required — in addition to CD4 and com-
lement receptors — for enhanced entry of HIV into MT2
ells.

he significance of C-ADE in the progression of HIV
isease

indings in both experimental animal- and human studies
ndicate that C-ADE may be strongly associated with the
rogression of SIV or HIV disease.

Previous studies have shown that passive immunization of
hesus macaques with antibodies from chronically infected
onkeys could lead to enhanced pathogenesis after inocu-

ation with SIVmac251 [40]. Moreover, disease progression
fter immunization was correlated to the titer of antibodies
irected against an enhancing domain in both passive [41]
nd active immunization studies [42]. In other words, the
igher the titer of antibody to primary enhancing domain
he faster the animals proceeded to AIDS.

Several findings of our group and others [43] indicate that
-ADE is correlated to the progression of HIV disease as well.
e used a method described first in [44] in all of our stud-

es to measure C-ADE. Briefly, serum samples from patients
ere heat-treated (56 ◦C, 30 min) and diluted at 1:64 with
ulture medium. Test serum dilutions were mixed with iden-
ical volumes of fresh pooled sera from HIV-seronegative
ealthy persons; HIV-1IIIB (100 TCID50) was added and incu-
ated at 37 ◦C for 1 h. Then, the mixture was added to
nd incubated together with 5 × 105 MT-4 cells without a
hange for 4 days at 37 ◦C. Growth of HIV in the cultures was
onitored on days 3 and 4 with reverse transcriptase (RT)

ssay. The results were measured as count per minute, and
xpressed finally as an index (enhancement/neutralization
ndex = E/N I) value. This E/N index is a ratio between virus

rowth in the presence and in the absence of test serum.
amples with an E/N I below 0.5 (i.e. two-fold decrease
n virus production) were considered neutralizing, whereas
amples with an E/N I over 2.0 (i.e. two-fold increase in
irus production) were considered enhancing. The method
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Enhancing antibodies and HIV vaccine development

has two major benefits: (1) it uses almost physiological com-
plement concentration (25% in the infecting mixture) and (2)
virus production is measured by RT assay, which measures
only infective viruses.

An apparent drawback of the measurements performed
in our system seems to be that a single, T cell-adapted
strain, HIV-1IIIB is used for experiments with clinical samples,
whereas in most other systems, the use of primary HIV-1 iso-
lates and assays with primary cells is essential for in vivo
relevance. Recent, elegant studies by Mitchell et al. [37]
and Robinson [38] help to resolve this apparently paradoxi-
cal situation. According to Mitchell et al. [37], the primary
antigenic domain of gp41, responsible for the C-ADE of HIV
and SIV, is a conservative sequence, which is critical for the
gp41—gp120 interaction. Even more importantly, Robinson
[38] found anti-HIV immunoglobulin-enhanced replication
of HIV strains belonging to different clades, indicating that
antibodies mediating C-ADE are broadly reactive.

With this method, we obtained evidence indicating that
C-ADE occurs early in the course of HIV infection and it is
strongly associated with and is predictive of the progression
of HIV disease.

Using four different seroconversion plasma panels
(from Boston Biomedica) on cultures infected with
plasma—virus—human complement mixtures, a marked rise
of E/NI was observed in all four panels, with values reach-
ing an index value of 3—4 (corresponding to 3—4 times

enhancement in virus production), concomitantly with or
just before seroconversion, approximately day 35—40 post
infection. Furthermore, this was associated, in general, with
an increase in p24 antigenemia and with the appearance
of HIV-1 RNA (Fig. 1, result in one seroconversion panel).

Figure 1 Temporal changes of enhancement/neutralization
index (E/NI) values, HIV-1 antigen, antibody and RNA levels in a
HIV-1 seroconversion panel. Enhancement/neutralization index
values in MT-4 cell cultures infected with mixtures of HIV-1IIIB,
1:64 dilutions of recalcified and heat-treated samples supple-
mented with pooled serum from HIV-seronegative subjects as
complement source (©— — — — —©) are shown on the left y-
axis. HIV antibody titers measured by the Abbott HIV 1/2 kit
(�— — — — — —�), the level of p24 antigen determined by the
Abbott antigen test {�———�) expressed in both cases in sam-
ple OD/cut-off OD (s/co) values are shown on the right y-axis.
HIV RNA levels (+, detectable; −, undetectable are also shown.
Adapted from [45].
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y contrast, in cultures infected with virus—serum mix-
ures without complement, an E/NI value of 1 or lower was
bserved at all time-points and in all 4 seroconversion panels
45].

In a study performed in 98 patients with advanced HIV
isease [58 patients in Centers for Disease Control and Pre-
ention (CDC) stage III or IVA, 40 patients in CDC stage
VB or IVC] we found a very strong correlation between
/NI (that is, the extent of enhancement over neutraliza-
ion) on one hand, and viral load on the other. Spearman’s
ank correlation coefficients were calculated when viral
oad was measured by the Amplicor and NASBA methods
A: 0.709; p < 0.0001 and R = 0.627; p < 0.0001, respectively).
y contrast, much weaker correlation (A: 0.276; p = 0.0059
nd R = 0.207; p = 0.041, respectively) was found in cultures
nfected with mixtures containing heat-inactivated serum
that is, no active complement). When viral load in sam-
les which neutralized (E/N index < 0.5), did not neutralize
r enhance (E/N index 0.5—2.0) or enhanced (E/N index > 2)
IV production in the presence of complement were com-
ared, a parallel significant (Kruskall—Wallis test p = 0.0014)
ncrease was observed (Fig. 2). We found a negative correla-
ion between the E/N indices and CD4 cell count (Spearman’s
ank correlation coefficient −0.279, p = 0.0058.) [45].

Twelve serum samples from 20 AIDS patients, whereas
nly 3 samples from 20 asymptomatic cases had an E/N index
ver 2. Conversely, none of the AIDS patients’ samples, but
/20 samples of asymptomatic patients neutralized HIV in
he presence of complement [44]. Recently, Subbramanian
t al. [43] reported quite similar findings. They found C-ADE
ediating antibodies in 72% of patients with HIV disease and

he titer of these antibodies was higher in patients with AIDS,
han in those with asymptomatic infection. By contrast, neu-
ralization in the presence of complement could be detected
n the sera of asymptomatic patients, predominantly.

Most importantly, the neutralization assay performed in
he presence of complement predicted the development

f AIDS in 21 asymptomatic HIV patients during a median
ollow-up period of 61 (55—64) months (Fig. 3), while the
ame test performed in the absence of complement had no
redictive value. Similar results were obtained when the

igure 2 Correlation of virus neutralization/enhancement
easured in the presence of complement with plasma HIV-1
NA (Amplicor). P value for Kruskall—Wallis test is indicated.
dapted from [45].
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Figure 3 Development of AIDS during a 61 (55—64) months
median (IQ range) follow-up period in 21 asymptomatic HIV
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atients with different baseline neutralization in the presence
f complement. P value for Fisher’s exact test is indicated.
dapted from [46].

ecline of CD4 cell count was compared in patients with
r without neutralization in the presence of complement. In
ddition, both E/N I values and HIV-1 RNA levels increased
ignificantly during a 17-month observation period in 18
IV-infected patients who remained untreated or were on
ZT-monotherapy [46].

More recently, we measured the changes of E/N indices
n 28 patients undergoing HAART [47]. While a substan-
ial proportion of the samples obtained at the beginning of
AART enhanced virus production in the presence of comple-
ent and neutralization was rare, sera obtained from 20/28
atients after 19.0 (10.5—24.0) months of HAART treatment
eutralized HIV even in the presence of complement (Fig. 4).
edian (25th—75th percentile) value of E/N I dropped sig-
ificantly (p < 0.0001) from 1.32 (0.79—2.29) E/N I to 0.37
0.19—0.57) during the follow-up period under HAART. The

omparison of cultures inoculated with mixtures of HIV and
urified IgG (prepared from serum pools taken before and
uring HAART) also revealed markedly decreased E/NI values
47].

igure 4 Distribution of samples with neutralization (E/N
ndex < 0.5), neither neutralization nor enhancement (E/N index
.5—2.0), or enhancement (E/N index > 2.0) measured in the
resence of complement in the same 28 AIDS patients at the
eginning of and after the administration of HAART for 19.0
10.5—24.0) months. P value for �2 test is indicated. Adapted
rom [47].
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In sharp contrast to these findings, clinical usefulness
f measuring CEAs was challenged by Montefiori’s group
48,49]. They did not find any difference in the frequency
f neutralizing or enhancing antibodies (measured in the
resence of complement) in patients in different stages of
IV disease. Additionally, long-term non-progressor state
as similarly not associated with the lack of enhancing
ntibodies. The main difference between their method
nd our procedure was the final concentration of human
omplement in the mixtures added to target cells. While
omplement concentration was 25% in our experiments,
ontefiori’s group [48,49] used a concentration of 2.5%. It

eems reasonable to suppose that the closer are the exper-
mental conditions to in vivo conditions, the higher is the
athological relevance of the measurement.

ossible influence of enhancing antibodies on the
fficacy of HIV vaccines

hus, many data indicate that during the natural course of
IV infection, a mixture of different antibodies is present

n the blood of patients and some types of antibodies
ay antagonize other antibody types. As it was detailed

bove, enhancing antibodies appear earlier after HIV infec-
ion than neutralizing antibodies. Furthermore, the balance
f ‘‘good’’ and ‘‘bad’’ antibodies changes during the pro-
ression of HIV disease, and ‘‘bad’’, enhancing antibodies
ecome predominant in the advanced stage. This issue
as addressed by the elegant study of Subbramanian et
l. [43]. These authors measured in parallel the con-
entrations of virus-neutralizing antibodies (NAs), NA in
he presence of complement (C-NA), as well as those of
ntibody-dependent cellular cytotoxicity-mediating (ADCC)
ntibodies and infection-enhancing antibodies in the pres-
nce or absence of complement (C-ADE versus FcR-ADE).
ntibodies that may control HIV progression (NA, C-NA
r ADCC) were found mainly in asymptomatic patients,
hereas in AIDS stage, the balance shifted towards

nfection-enhancing (FcR-ADE or C-ADE) antibodies.
These findings raise the possibility that infection-

nhancing antibodies can be developed in experimental
nimals or volunteers immunized with candidate HIV vac-
ines. Similarly, it seems plausible that, similarly to natural
nfections, they may abrogate the beneficial effect of neu-
ralizing or ADCC-mediating antibodies. Certain data from
he SIV-monkey model and HIV vaccine trials indicate that
his may indeed occur. Antibodies to the putative SIV
nfection-enhancing domain diminish the beneficial effects
f an SIV gp160 vaccine in Rhesus macaques [42]. Verrier
t al. [50] demonstrated that in hyperimmunized Rhesus
acaques, whole virus particle-based HIV-1 vaccines can
lay a facilitator role in the transmission of the virus and/or
he evolution of the disease. In a recent passive immuniza-
ion study, SIV immunoglobulin decreased plasma viremia
nd delayed disease progression in four monkeys out of
ix; however, the remaining two animals in the group had

igher viral loads in their peripheral blood cells than any
ther of the 12 control animals, and progressed more rapidly
han the controls [51]. In another, recent experiment con-
ucted on Rhesus macaques immunized with a recombinant
aricella—Zoster Virus vaccine expressing HIV gp160, those
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that received the vaccine raised high amounts of non-
neutralizing antibodies and manifested increased levels of
SIV replication, more rapid CD4 depletion, and accelerated
progression to AIDS, compared with controls. This observa-
tion indicates that candidate AIDS vaccines may not simply
be either efficacious or neutral; they may also have the
potential to be harmful [52].

It seems highly probable that enhancing antibodies may
develop in human volunteers immunized with candidate HIV
vaccines. For example, complement-dependent enhancing
antibodies were detected in two trials: in 11 of 19 vol-
unteers [53], and in 6/24 subjects [54] vaccinated with
high dose (640 �g) of a HIV-1 gp160 candidate vaccine.
Indirect evidence indicates that enhancing type antibodies
could have developed during recent phase III vaccine tri-
als as well. Gilbert et al. [55] have recently reported on the
correlation between immunological responses to the recom-
binant gp120 vaccine and the incidence of HIV-1 infection
in a phase 3 vaccine trial. They found that vaccinees who
developed low antibody responses had a slightly, but signif-
icantly higher chance of becoming infected, than placebo
recipients. In Caucasian recipients, this odds ratio was as
high as 2.20 (1.29—3.74; p = 0.004), and 2.00 (1.22—3.29;
p = 0.006) for MN CD4 blocking and for GNE8 V2-binding
antibodies, respectively. On the other hand, even the high
antibody response appeared to fail to protect vaccinees
against HIV-1 infection. The authors put forward two alter-
native explanations of their findings: (a) the vaccine induced
an immune response that enhanced susceptibility to HIV-
1 infection in low responders and (b) differing antibody
responses to rgp120 merely identified the diverse capa-
bilities of vaccinees to resist HIV-1 infection [55]. In the
discussion of their paper, they weighed the relative plau-
sibility of the two explanations, but could not decide.
In accordance with the Editorial Comment by Graham
and Mascola [56], we would like to discuss the possi-
bility, corroborated by the abundance of literature data
summarized above, that antibody-mediated enhancement
may develop and can diminish or abrogate the benefi-
cial effects of the vaccine or can even be harmful for
vaccinated volunteers. We believe that this risk should
be seriously considered during the future development of
vaccines.

Proposals

Findings summarized above indicate that the balance of
‘‘good’’ (neutralizing or ADCC mediating) and ‘‘bad’’
(infection-enhancing) antibodies strongly correlates with,
and possibly it is one of the driving forces behind, the
progression of HIV disease. We suppose that these findings
obtained in HIV-infected persons may have relevance for
HIV-1 vaccination trials as well. Based on these assumptions,
we would like to put forward four proposals.
(1) Since it cannot be excluded that HIV vaccines increase
the likelihood of infection, we propose that serum
samples obtained from vaccinated and placebo-treated
volunteers with breakthrough infections in major vac-
cine trials be tested for C-ADE and FcR-ADE.
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2) In accordance with the proposals of Robinson [38], we
also suggest to avoid the inclusion of the whole gp41
or at least the major epitopes for C-ADE on gp41 into
HIV vaccines, and to reinvestigate the epitopes responsi-
ble for the development of different types of enhancing
antibodies. With this approach, it may be possible to
develop preventive vaccines with strong neutralizing
and weak ADE inducing characteristics.

3) Based on literature data referred to above—–indicating
that a neutralization assay performed in the presence
of complement exhibit much stronger correlations to
disease progression than the traditional test, we pro-
pose using an alternative to the traditional method
for measuring neutralizing antibodies, in order to find
an effective vaccine. It is reasonable to assume that
measurement of the balance between neutralizing and
enhancing antibodies in the presence of complement
may reflect also the proportion of protective and anti-
protective antibodies present in vaccinees. This method
can be easily adapted to animal experiments. There-
fore, it may prove useful as early as during the selection
of candidate vaccines by eliminating potentially harmful
vaccines.

4) We also believe that measurement of the virus pro-
duction by cells infected with HIV-1 in the presence
of antibodies and complement may provide a better
immune correlate than we have currently.
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