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Abstract

New HIV infections continue relentlessly in southern Africa, demonstrating the need for a vaccine to prevent HIV subtype
C. In South Africa, the country with the highest number of new infections annually, HIV vaccine research has been ongo-
ing since 2003 with collaborative public-private-philanthropic partnerships. So far, 21 clinical trials have been conducted
in South Africa, investigating seven viral vectors, three DNA plasmids, four envelope proteins, five adjuvants and three
monoclonal antibodies. Active vaccine candidates have spanned subtypes A, B, C, E and multi-subtype mosaic sequences.
All were well tolerated. Four concepts were investigated for efficacy: rAd5-gag/pol/nef showed increased HIV acquisition in
males, subtype C ALVAC/gp120/MF59 showed no preventative efficacy, and the trials for the VRCO1 monoclonal antibody
and Ad26.Mos4.HIV/subtype C gp140/ aluminum phosphate are ongoing. Future trials are planned with DNA/viral vector
plus protein combinations in concert with pre-exposure prophylaxis, and sequential immunization studies with transmitted/
founder HIV envelope to induce broadly neutralizing antibodies. Finally, passive immunization trials are underway to build
on the experience with VRCO1, including single and combination antibody trials with an antibody derived from a subtype-
C-infected South African donor. Future consideration should be given to the evaluation of novel strategies, for example,
inactivated-whole-virus vaccines.

Introduction

The geographical disparity of the annual 1.7 million new
human immunodeficiency virus (HIV) infections [1] sub-
stantiates that southern Africa is most in need of a preventa-
tive vaccine. Subtype C predominates in southern Africa [2],
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where a third of the world’s new infections occur. In 2018,
South Africa (n = 240,000) and Mozambique (n = 150,000)
accounted for the highest numbers of new infections, almost
a quarter of global infections [1].

In this millennium, greater attention is being given to
developing HIV vaccines in South Africa with efforts span-
ning from the characterization of subtype C viral genetics
with the purpose of informing vaccine constructs, to the first
human HIV vaccine clinical trials in the country [3]. Unlike
most vaccine research trials in Africa, which are funded by
private industry [4], HIV vaccine research has been funded
largely by the United States (US) government through the
National Institutes of Health. More recently, the Bill and
Melinda Gates Foundation and the European and Develop-
ing Countries Clinical Trials Partnership have also commit-
ted funding. The South African Medical Research Council
invested in the development of subtype C vaccines under
the auspices of the South African AIDS Vaccine Initiative
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(SAAVI) from 1999 [3]. Local investment by African gov-
ernments for HIV vaccine research has been limited, there
are few vaccinology training programmes, and there is a
lack of vaccine design and manufacturing capability, all of
which compound the vaccine development gap in Africa [5].
Owing to the requirement for vaccine development expertise
and a research infrastructure to conduct HIV vaccine tri-
als, the enterprise has been collaborative [6]. Partners for
HIV vaccine research in South Africa have included product
developers such as AlphaVax, Merck, Sanofi, GlaxoSmith-
Kline, Novartis and Janssen, as well as consortia such as
SAAVI, the International AIDS Vaccine Initiative (IAVI),
and the HIV Vaccines Trials Network (HVTN) and African
universities and non-governmental organizations.

Our literature review is a narrative of preventative HIV
vaccine clinical trials conducted in South Africa. Although
the topic is not within the scope of this review, we note that
South Africa has also conducted clinical research into thera-
peutic HIV vaccines, including a tat vaccine that, in phase
2 testing, has demonstrated CD4" T-cell recovery and viral
reservoir reduction [7].

In our review, we find that 21 clinical trials have been
conducted in South Africa from 2003 until the time of writ-
ing (Table 1). Most were conducted with adult participants
(20/21), one with infants (1/21), and none with adoles-
cents below the age of 18 years old. About half of the trials
(11/21) were phase I trials. Four concepts were investigated
for efficacy, two of which are ongoing. Only one regimen
reached phase IIb-III, but it was not efficacious. Of the trials
conducted in adults, three-quarters (15/20) were conducted
with participants who were at low risk of HIV acquisition,
and a fifth (4/20) with individuals at risk, predominantly
young heterosexual adults. One trial recruited in low- and
medium-risk categories (1/20). Overall, seven viral vectors
have been studied with various inserts of gag, protease, pol,
env, nef, reverse transcriptase and tat genes from subtypes A,
B, C, E and mosaic sequences (Table 2). Three DNA plas-
mids have been investigated with various inserts of gag, pol,
env, nef, reverse transcriptase and tat genes from subtypes A,
B, and C (Table 3). Four envelope proteins originating from
subtypes B, C and E, and five adjuvants have been tested
(Table 4). Three monoclonal antibodies are currently being
investigated. Many trials (12/21) have enrolled participants
in countries outside South Africa as well, especially other
African countries and the US.

All 18 active vaccination trials have employed the prime-
boost strategy of immunization, which administers antigens
at the initial priming dose/s and the booster dose/s. Seven
trials investigated homologous prime-boost strategies,
defined as administering the same antigen, in the same anti-
gen delivery format, during the prime and the booster doses.
Twelve trials investigated heterologous prime-boost strate-
gies, defined as when the prime and the booster are the same
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antigen in different antigen delivery formats, or when the
primes and boosters are dissimilar antigens [8].

To date, preventative HIV vaccine clinical trials in South
Africa have vaccinated with either HIV components or with
HIV antibodies, and we review their findings through this
thematic framework.

Vaccinating with HIV components

Most HIV vaccine trials in South Africa have employed the
strategy of presenting antigens to the immune system, either
indirectly, for example through a recombinant vector vac-
cine or DNA plasmid vaccine with inserts encoding for the
expression of the antigen/s of choice, or directly with an
HIV subunit vaccine consisting of the antigen/s of choice.

Vectors: recombinant viral vector and DNA plasmid
vaccines

Vectors are bacteria, viruses or nucleic acids that have been
modified to incorporate gene/s encoding antigen/s of choice
[9]. Vector vaccines elicit intracellular gene transcription,
and the subsequent antigen presentation induces predomi-
nantly cellular immune responses. Viral and DNA plasmid
vectors have been investigated clinically in South Africa
[9]. Compared to bacterial vectors, viral vectors are gener-
ally easier to bio-engineer and cheaper to develop, and they
produce robust adaptive immune responses [9]. Moreover,
there is unlikely to be pre-existing immunity to vectors based
on viruses that do not typically infect humans, minimising
the possibility of attenuation of immune reponses [10].
DNA plasmid vaccines further reduce interference from
an immune response directed at a viral or bacterial vector
[10]. Their small size also allows for novel administration
routes, such as needle-free injection systems like Biojec-
tor, although this may increase costs [11]. Preliminary data
suggests that CD4* T-cell response rates may be increased
by Biojector administration of a DNA plasmid prime plus a
protein boost [12]. Additionally, DNA plasmids are cheap
and easy to manufacture. To date in South Africa, all HIV
DNA plasmid vaccines have been investigated in combina-
tion with other vaccines (Section 2.3).

The first five HIV vaccine trials that were conducted in
South Africa (2003-2005) administered recombinant vectors
only. The vectors, all viral, had inserts of various combina-
tions of HIV genes (most frequently gag) isolated from sub-
types A, B or C. IAVI 011 evaluated a 2-dose regimen of a
modified vaccinia Ankara (MVA) vector expressing HIV-1
subtype A gag p24 and p17 antigens at two dose levels via
various routes: low dose subcutaneous and intramuscular
and mid dose (subcutaneous, intramuscular and intrader-
mal). Although there were no serious adverse events, the
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vaccine did cause some severe local reactions. Based on a
low rate and durability of immune responses seen in the
concurrent IAVI 010 trial, which included the same vaccine
candidate and a higher dose level, further development of
the candidate vaccine was considered futile, so enrolment
and vaccinations in IAVI 011 were halted [13]. HVTN 040
and HVTN 059 assessed a Venezuelan equine encephalitis

Acceptable safety profiles. At peak, all groups
had high IgG response rates to gp140, gp120,
V1V2. ASOlg-adjuvanted groups showed
improved CD4" response rates and magnitudes.

Enrolment completed. Follow-up ongoing.

§ virus (VEEV)-based replicon vaccine, AVX101, expressing
2 _'§ = the DU422 isolate subtype C gag gene [14]. The vaccine was
3 = g, well tolerated and demonstrated dose-dependent antibody
é § g responses with modest T-cell responses. However, due to
é § g g vaccine stability issues, HVTN 040 was halted prior to com-
8 —é § E pletion of all dose levels, and HVTN 059, which had been
3 & EE£ implemented to obtain additional safety and immunogenicity

data following improvements in manufacturing methods of

: g . S :
§ § AVX101, was also halted after issues were identified with
= ] = the contract manufacturer’s documentation and environ-
: g 5 mental monitoring program [14]. The IAVI A002 trial of
4 E 2 < tgAACO9, a recombinant vaccine based on adeno-associated
‘q N . .
< < < ;t) D virus serotype 2 encodlng HIV-1 subtype C Gag, protease,
= v v = 5 and part of reverse transcriptase, was safe and well tolerated.
4 4 | . .
s e e % E However, it produced low to moderate antibody and cellular
_3; _;: _;: i li . responses, possibly owing to low inflammatory responses to
E Ty = £ g g the vector. No further development was warranted [15]. The
& s .
g E g E = E g2 HVTN 050 trial found that the MRKAdS5 HIV-1 subtype B
S
g & E & Sy 0% < gag vaccine was safe and immunogenic [16].
— = . .
§ g ns I =) Iz 3 HVTN 502 (conducted in the Americas) and HVTN
aE|=z Z Z 2w

503 (conducted in South Africa) tested a similar vaccine
to HVTN 050, but with additional pol and nef gene inser-
tions. The vaccine induced immune responses, which
were shown to be influenced by the following variables:
female sex predicted higher subtype C antigen immune
responses and being overweight and heavy alcohol use
predicted reduced responses [17]. However, the immuno-

month)

vaccine; bivalent subtype C gp120, a protein
DNA-HIV-PT123, a DNA plasmid vaccine, and N
MF59 or ASO1y adjuvanted subtype C gp120,
MO, 3, 6, 12 and aluminum-phosphate-adju-
vanted subtype C gp140, a protein vaccine, at

g = = ©
SEE g 55
< =2 3 g
£S5 g s
¢ TR 5 EE
[ = = — 9
502 2 sk
s | 2% < & E L S
z > 25 % gs genicity generated from the vaccine did not translate to
E 5 S = = g g efficacy [18, 19]. HVTN 503 was the first vaccine efficacy
< < . . .
% <>t z 3z % > 53 trial conducted in South Africa, but enrolment was halted
E] 2 g% g = § s % when HVTN 502 demonstrated futility [18]. Increased
< © <t B [ . . ..
% S g N g 3 o X3 2 HIV acquisition was observed in male vaccine recipients
= Lo . . . . .
%0 £33 5 g E 3z % = in HVTN 503, irrespective of serological adenovirus sero-
9] B g > Q = . .. .
E z2--= s 3 = § S E t}fpe 5 .(AdS.) status and circumcision stat.us, prompthg
= discontinuation of further Ad5-based vaccine research in
§ = = S) southern Africa [20]. (In the US, however, HVTN 505,
<= — — = . . . o
& o o = é which included an AdS5S booster in addition to a DNA
2 S 2 § ?t plasmid prime, was initiated after HVTN 502 and HVTN
E z z = 5 503 in AdS seronegative male participants and demon-
£ e & & = strated neither enhancement nor efficacy [21].) The rea-
= © = = < © sons behind the enhancement seen in HVTN 502 and 503
Q .
E E are not yet fully understood and are complex and multi-
=l ey factorial. One of the possible reasons was underpinned
Q . . .
= g by the quandary that although vaccine-induced immune
9 ; =~ ~ 0 o responses may include T cell proliferation, including
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Table 2 Viral vectors and gene inserts used in HIV preventative vaccines in South Africa [13-16, 18, 29, 31, 35, 38-42]

Viral vector SA trial use HIV antigen gene insert: subtype,;, origin
gag protease RT pol env nef gag/RT/tat/nef
Adeno-asso-  IAVI A002 Cpua Cpuszz  Couum
ciated virus
serotype 2
Adenovirus HVTN 050 B, car consensus
serotype 5
(Ad5)
Ad5 HVTN 204 BhxaNLa3 BhxsanLas Agorwo20,
Buxga/man
Corza012
Ad5 HVTN 503 Beam-i By Bir.rr
Ad26 HVTN 705 Mosaic 1&2 Mosaic 1&2  Mosaic 1&2S
Ad26 HVTN 091 gpl40-
A92rw020
Ad26 HIV-V-A004  Mosaic 1&2 Mosaic 1&2  Mosaic 1
Ad35 HVTN 091 gp140-
Aoi1za173
Canarypox HVTN 097 By a1 By A gp41-B 41
env-Erpgn3
Canarypox HVTN 100, By ar By ar gp120-Cy 06
HVTN 107, gp41 TM-
HVTN 702 By ar
Modified Vac- IAVIO11 A nsensuss CDS8 T-cell CDS8 T-cell CDS8
cinia Ankara CDS8 T-cell epitopes epitopes T-cell
(MVA) epitope epitopes
MVA HVTN 073’ gpl 50CT- CDu422,Du151,C0nsensus
HVTN 086 Couisi Du422/Dul51, Dul51
MVA HIV-V-A004  Mosaic 1&?2 Mosaic 1&2  Mosaic 1&2
Venezuelan HVTN 040, Chuan
equine HVTN 059

encephalitis
(VEE) virus

long-lived memory T cells, CD4 T cells are known to be
HIV targets. One in vitro study demonstrated that the Ad5
vector rendered HIV susceptibility through multiple mech-
anisms: the AdS vector induced CD4 T-cell proliferation,
and those cells also had high surface expression of CCRS5
and CXCR4, the chemokine coreceptors necessary for HIV
entry. In comparison, ALVAC induced CD8 T-cell prolif-
eration and less chemokine coreceptor expression [22].

HIV subunit vaccines: protein vaccines

HIV subunit vaccines present an antigen directly to the
immune system. Major advantages of HIV subunit vac-
cines are the lack of live HIV, stability, and low cost. How-
ever, there are complexities with protein vaccines. Proteins
require administration with adjuvants for immunogenicity
(though the generation of immune responses is not the same
thing as efficacy for preventing HIV acquisition), and the

@ Springer

optimal protein-adjuvant combination cannot be predicted
but must be determined by clinical trials [23]. Moreover,
viral proteins and synthetic peptides used as vaccines may
not necessarily structurally resemble the conformation of the
actual folded HIV protein, and so these vaccines may induce
antibodies different from the ones that would be necessary
to bind to the virus itself [23].

All nine trials in South Africa using the subunit vacci-
nation approach have administered a variation of the HIV
envelope protein: gp120 or gp140. Generally, peptide vac-
cines have had limited success in preventing infections with
any pathogen, including HIV [24]. Even before HIV vaccine
trials were initiated in South Africa, it had been established
that subunit envelope protein vaccines alone were not effica-
cious in preventing HIV infection [25]. Therefore, in South
Africa, protein vaccines have been investigated only in com-
binations with other HIV vaccine candidates, and only after
the 2009 announcement in Thailand that the RV 144 regimen
of a vector and adjuvanted protein had partial efficacy [26].
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Of the two combination regimen trials with protein vaccines
in South Africa, HVTN 702 has not shown efficacy, and
HVTN 705 is ongoing.

Combination regimens

Subunit vaccines are thought to induce antibody responses.
DNA plasmid vaccines, recombinant live vectors, and
live attenuated viruses are thought to stimulate cellular
responses. Combination regimens carry the theoretical
advantage of stimulating multiple parts of the immune sys-
tem and bypassing the induction of anti-vector immunity
seen during homologous prime-boost vaccinations with live
vectors [27]. However, there are cost, regulatory, and logistic
drawbacks of complex regimens. Vaccine-induced immunity
may be affected by pre-immunity against vaccine vectors,
number of doses, dosing intervals, immunization routes, and
adjuvants [28].

CDu422,Du 151,Consensus Du422/Dul51, Dul51

gag/RT/tat/nef

BHXBZ. NLA4-3, NY5/BRU

nef
Censa

A92rw020’ BHXBZ/BaL!
C97ZAU] 2

2p140-Cogznes1

env
CDu 151

Viral vector plus protein

RV144 follow-on trials in South Africa The Thai RV 144 trial
evaluated vaccines that had been designed to match HIV-1
strains commonly circulating in Thailand at the time [26].
The 6-month regimen was that of two canarypox primes
of ALVAC-HIV (vCP1521), expressing subtype E env and
subtype B gag and pro, followed by two ALVAC-HIV +
AIDSVAX subtype B/E gp120 protein boosts [26]. The reg-
imen demonstrated modest efficacy, which was statistically
significant in a modified intention-to-treat analysis, but not
in the per-protocol analysis [26].

After results were announced, the P5 (Pox-Protein Public
Private Partnership) tailored the RV 144 regimen to subtype
C HIV strains. Adaptations of the RV 144 vaccine regimen
to South Africa included the use of the 96ZM651 gp120
env insert (subtype C) rather than the TH023 gp120 env
insert (subtype E) used in RV 144, inclusion of two sub-
type C gp120 Env proteins (TV1.C and 1086.C) in boost
vaccinations (rather than subtype B and E proteins used in
RV144), dose adjustments of the vector and protein, use
of the MF59 instead of alum adjuvant, and the addition of
boosters at month 12 and, in HVTN 702, month 18 [29]. The
TV1.C and 1086.C gp120 Env proteins comprising biva-
lent subtype C gp120 were selected from candidate subtype
C gp120 proteins according to an algorithm incorporating
many factors. These included genetic relatedness to regional
HIV strains, CCRS5 binding, capacity in animal studies to
elicit key epitope-specific antibodies, and percent monomer
expression [30].

South Africa conducted a phase I trial, HVTN 097, of the
partially efficacious RV144 regimen, ALVAC plus alum-
adjuvanted AIDSVAX B/E [31]. The results were compared

BHXBZ, NLA4-3, NY5/BRU

pol
Consa

protease

HIV antigen gene: subtype,,,;, origin

BHXBZ, NL4-3, NY5/BRU

gag
Coszmesi

HVTN 073, HVTN 086

HVTN 108, HVTN 111
HVTN 204

SA trial use

Table 3 DNA plasmids and gene inserts used in HIV preventative vaccines in South Africa [12, 40-43]

DNA plasmid

Clade C DNA-HIV-PT123
SAAVI DNA-C2
VRC-HIVDNA-016-00-VP
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Table 4 HIV subunit proteins used in HIV preventative vaccines in South Africa [12, 29, 31, 35, 39, 41-43]

Protein Structure SA trial use HIV envelope
Suptypestrain
origin

Adjuvant Trial
AIDSVAX B/E Monomeric gp120 Aluminum hydroxide HVTN 097 By Eaoas
Bivalent subtype C gp120 Monomeric gp120 MF59 HVTN 100, HVTN 107, HVTN 108 Crvic, 1086.C

HVTN 111

Aluminium hydroxide HVTN 107

ASOly HVTN 108

No adjuvant HVTN 107
Clade C gp140 Trimeric gp140 Aluminium phosphate HIV-V-A004, HVTN 705 Ceza97012
Novartis subtype C gp140 Oligomeric gp140 MF59 HVTN 073 Extension, HVTN 086 Crvi

to those of another phase I trial, HVTN 100, which investi-
gated the subtype C ALVAC and MF59-adjuvanted gp120
regimen. The immunological profiles of the two regimens
were different, and it was found that the selected vaccine
inserts contributed to these differences [32]. The RV 144/
HVTN 097 regimen induced greater magnitude and
breadth of V2 responses than the HVTN 100/HVTN 702
regimen, but the HVTN 100/HVTN 702 regimen induced
higher gp120 and ADCC responses [31]. However, when
the subtype B/E and subtype C vaccines were compared in
terms of the IgG antibody response against the V1V2 loop
region of the 1086C HIV envelope, a lower proportion of
participants responded to the subtype C vaccine. The dif-
ference in responses between the RV144/HVTN 097 and
HVTN 100/HVTN 702 regimens suggest that the choice of
viral sequences inserted into prime-boost vaccine regimens
influences the elicitation of V2-specific antibodies [32].
V2-specific IgG antibodies had been observed as one of the
correlates of protection in the RV144 vaccine trial in Thai-
land. In the subtype B/E vaccines, the inclusion of the A244
antigen efficiently induced V2 antibody responses, but the
antigens in the subtype C vaccines were not as effective in
accomplishing V2-directed responses [32].

The difference in the results between RV144, which
showed partial efficacy, and HVTN 702, which showed none
[33], has placed the field at a crossroad. Evidently, region-
specific trials of the same strategy are necessary. The detec-
tion of immune responses in an early-phase trial amongst
low-risk individuals is not a guarantee or even a suggestion
that efficacy would manifest in advanced-phase testing. The
interaction between molecules of the immune system and
HIV occur within a complex context that is not yet even
fully elucidated [24].

Besides the differences in the vaccines, there are also
stark differences between Thailand and South Africa, and
the most obvious is the circulating level of HIV. In 2018,
South Africa had >37 times the number of incident HIV
cases compared to Thailand [1]. HVTN 702 enrolled a
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population at high risk of HIV in South Africa and found
no efficacy [33]. In the Thai trial, vaccine efficacy amongst
those categorized as high risk was minimal (3.7%; 95%CI
-72.7 to 46.3), while efficacy was highest in the medium-risk
group 47.6% (95%CI -6.0 to 74.0) [26]. In the HVTN 702
trial, similar to the ECHO contraception trial released the
previous year, HIV incidence was recorded at around 4%,
and this was despite making the optimal standard of preven-
tion care accessible [33, 34]. This highlights the ongoing
gap in the HIV prevention market for at-risk populations
in South Africa, and shows that the need for an efficacious
vaccine remains urgent.

Might the HVTN 702 regimen have been efficacious if
it had selected a different vector (DNA plasmid instead of
canarypox), adjuvant (alum or ASOly instead of MF59),
or gp120 protein dose (40 mcg or 600 mcg instead of 200
mcg)? Or might a different dosing strategy (co-administra-
tion instead of prime-boost) or administration method (Bio-
jector instead of needle-syringe) make a difference? These
alternative subtype C vaccine approaches were investigated
in four phase I/Ila trials (HVTN 107, HVTN 108, HVTN
111 and HVTN 120), in parallel with the trials that had
hoped to develop subtype C ALVAC/gp120/MF59 for licen-
sure (HVTN 100 and HVTN 702). Comparing the induction
of immune correlates of protection across these phase I/Ila
trials will provide guidance on an approach that might yield
better efficacy outcomes than HVTN 702.

HVTN 107 investigated immune responses generated by
MF59 versus aluminium hydroxide (the adjuvant used in the
RV 144 regimen) versus no adjuvant on the background regi-
men of subtype C ALVAC/gp120 [35]. Results are expected
in 2020.

Viral vector plus protein: mosaic regimens HIV sequences
vary worldwide, posing a challenge to HIV vaccine devel-
opment. A systematic review and global survey found the
following frequencies of HIV-1 infection by subtype: C
(46.6%),B (12.1%), A (10.3%), CRF02_AG (7.7%), CRFO1_
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AE (5.3%), G (4.6%), D (2.7%), F, H, J, K combined (0.9%),
other circulating recombinant forms (CRFs) (3.7%), and
unique recombinant forms (6.1%) [36]. Moreover, sequence
diversity is evolving quickly toward an increasing propor-
tion of recombinants [36]. Polyvalent ‘mosaic’ antigens are
proposed as a solution to optimize coverage.

The HVTN 705 trial is currently investigating, in sub-
Saharan African women, the efficacy of synthetic mosaic
antigens designed by computational optimization (“in sil-
ico”) from fragments derived from natural sequences [37].
The vector being used in HVTN 705, adenovirus serotype
26 (Ad26), had first been trialled in HVTN 091, demon-
strating a good safety profile and induction of CD4* T-cell
responses to the HIV envelope [38]. The mosaic concept was
first investigated in South Africa in the phase I trial HIV-V-
A004, which is demonstrating durable immune responses in
a long-term extension study [39].

There are notable differences between the Ad26/gp140
(HVTN 705) and ALVAC/gp120 (HVTN 702) regimens
[35, 39]. First, the vaccine constructs are substantially dif-
ferent: the vectors (Ad26 versus canarypox), the inserts
(synthetic mosaic antigens versus subtype B and C anti-
gens from natural strains), the protein (monomeric gp120
versus trimeric gp140), and the adjuvant (aluminum phos-
phate versus MF59) [35, 39]. Second, the vaccine-induced
immunogenicity profiles are distinct: Ad26/gp140 induces
higher CD8 responses to gp140 and gp41 and more durable
antibody and cellular responses (up to 3 years versus up to 6
months), while ALVAC/gp120 induces higher V2, including
1gG3 V2, responses [32, 39]. In non-human primate studies,
the Ad26/gp140 regimen had demonstrated protection from
experimental challenge, identifying the following correlates
of reduced acquisition: non-neutralizing binding antibod-
ies to HIV envelope, ELISPOT T-cell responses expressing
gamma interferon, and antibody-dependent cellular phago-
cytosis (ADCP) [39]. These correlates were not the same as
the correlates of protection identified in the human RV 144
trial [35, 39].

DNA plasmid plus vector

HVTN 204 was a phase II placebo-controlled trial in South
Africa and the Americas that tested the safety and immuno-
genicity of a VRC multi-subtype DNA-HIV prime and rAd5-
HIV boost regimen with subtype A, B and C env, gag-pol
and nef immunogens [40]. The DNA-HIV vaccine (VRC-
HIVDNA-016-00-VP) was composed of six DNA plasmids
in equal concentrations that encode gag, pol, and nef from
subtype B and HIV-1 Env glycoproteins from subtypes A, B
and C (Table 3). The replication-defective recombinant Ad5-
HIV vaccine (VRC-HIVADV014-00-VP, rAd5) contained a
mixture of four rAdS vectors encoding the HIV-1 Gag-Pol
polyprotein from subtype B and HIV-1 Env glycoproteins

from subtypes A, B and C matching the DNA Env com-
ponents (Table 2). Participants were evenly randomized to
receive either DNA at 0, 1 and 2 months followed by rAd5
at 6 months, or placebo. At month 12, T-cell responses were
observed in 70.8% of vaccine recipients, most frequently
to gag and env [40]. The vaccine induced a high frequency
(83.7%-94.6%) of binding antibody responses to consen-
sus group M and subtype A, B and C gp140 Env oligomers
[40]. Antigen-specific T-cell responses were reduced in AdS-
antibody-seropositive individuals [40]. Despite demonstrat-
ing immunogenicity, further clinical evaluation of the Ad5
vector used in HVTN 205 did not continue in South Africa
based on the results of HVTN 503 [18]. The HVTN 204
regimen was tested further in the US with seronegative men
in HVTN 505 but was found to be futile [21].

SAAVI and the NIH designed subtype C vaccine con-
structs. The combination of the SAAVI DNA plasmid plus
the SAAVI MVA vector was tested in the HVTN 073 trial
[41]. HVTN 073 demonstrated modest immunogenic-
ity induced by SAAVI DNA-C2, a multigene subtype C
DNA vaccine with two DNA plasmids, and with SAAVI
MVA-C, a multigene subtype C recombinant modified vac-
cinia Ankara vaccine [41]. In its extension phase, HVTN
073 administered a late boost with adjuvanted protein
(Section 2.3.3).

Given the non-efficacious result of the HVTN 505 trial of
DNA plasmid/rAd5 in 2013 in the Americas [21], no further
investigations of the DNA plasmid plus vector strategy have
been conducted in South Africa.

DNA plasmid plus vector plus protein

The HVTN 073 phase I safety and immunogenicity trial
investigated the SAAVI HIV-1 subtype C DNA vaccine
encoding Gag-RT-Tat-Nef and gp150, boosted with MVA
expressing matched antigens (Tables 2 and 3). A total of
48 participants were randomized to receive three doses of
SAAVI DNA-C2 (months 0, 1, and 2) followed by two doses
of SAAVI MVA-C at months 4 and 5 or placebo [41]. After
the release of the RV 144 trial findings, it was decided to add
a protein boost with HIV-1 subtype C V2-deleted gp140
with MF59 to the regimen. Two years after vaccination, 27
participants were therefore re-randomized to receive two
doses of gp140/MF59, 3 months apart [41]. The DNA-MVA
regimen elicited CD4* T-cell and CD8" T-cell responses in
74% and 32% of the participants, respectively, and the pro-
tein boost increased CD4*" T-cell responses to 87% [41]. All
participants developed tier 1 HIV-1C neutralizing antibody
responses as well as durable Env-binding antibodies [41].
Overall, the HIV-1 subtype C DNA-MVA vaccine regimen
showed promising cellular immunogenicity. Boosting with
gp140/MF59 enhanced levels of binding and neutralizing
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antibodies as well as CD4* T-cell responses to the HIV-1
envelope [41].

The safety and immunogenicity of SAAVI DNA-C2,
SAAVI MVA-C and Novartis V2-deleted subtype C gp140
with the MF59 adjuvant was further evaluated in the HVTN
086 trial [42]. At three South African sites, 184 HIV-
uninfected participants were randomized (1:1:1:1) to one
of four vaccine regimens: MVA prime, sequential gp140
protein boost (M/M/P/P); concurrent MVA/gp140 (MP/
MP); DNA prime, sequential MVA boost (D/D/M/M);
DNA prime, concurrent MVA/gp140 boost (D/D/MP/MP);
or placebo [42]. The M/M/P/P and D/D/MP/MP regimens
induced the strongest peak neutralizing and binding anti-
body responses and the greatest CD4% T-cell responses to
Env [42]. The MVA, but not DNA, prime contributed to the
humoral and cellular immune responses [42]. The D/D/M/M
regimen was poorly immunogenic overall but did induce
modest CD4" T-cell responses to Gag and Pol. CD8" T-cell
responses to any antigen were low for all regimens [42].
Overall, the SAAVI DNA-C2, SAAVI MVA-C and Novartis
gp140 with MF59 adjuvant in various combinations were
safe and induced neutralizing and binding antibodies and
cellular immune responses [42]. Sequential immunization
with gp140 boosted immune responses primed by MVA or
DNA. The best overall immune responses were seen with
the M/M/P/P regimen [42]. SAAVI did not pursue this vac-
cine regimen in light of the advancement of the P5 vaccine
programme in South Africa.

DNA plasmid plus protein

The P5 vaccine programme researched the combination of
DNA plasmid with a protein in two early-phase trials, HVTN
111 and HVTN 108 [35]. HVTN 111 compared the safety
and immunogenicity of a subtype C DNA plasmid prime
followed by DNA plasmid plus subtype C gp120 protein
boost, with DNA/protein co-administration injected intra-
muscularly via either needle/syringe or a needle-free Biojec-
tor [12]. Interestingly, DNA and protein co-administration
was associated with an increased V1/V2 antibody response
rate, one of the correlates of decreased HIV-1 infection risk
identified in RV 144 [12]. DNA administration by Biojector
elicited significantly higher CD4" T-cell response rates to
HIV envelope protein than administration by needle/syringe
in the prime/boost regimen, but not in the co-administration
regimen [12].

HVTN 108 evaluated the safety and immunogenicity of
the DNA plasmid vaccine with different combinations of
subtype C protein and adjuvant (MF59 or ASOl). In this
phase I/1la trial, 334 HIV-uninfected participants from South
Africa and the US were randomized into seven interven-
tion groups or placebo [43]. The regimens included DNA
prime at months 0 and 1 with DNA/protein/adjuvant boosts
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at months 3 and 6, DNA/protein/adjuvant co-administration
at months 0, 1 and 6, and only low-dose protein/ASO1; at
MO, 1 and 6. DNA/protein/adjuvant combinations dem-
onstrated acceptable safety profiles but more reactogenic-
ity events in the ASOly groups [43]. With the exception
of DNA prime with low-dose protein and ASO1y boost,
all intervention groups showed high IgG response rates to
gp120 and gp140 and robust responses to V1V2 [43]. The
ASO01;-adjuvanted groups showed the highest CD4* T cell
responses [43]. Overall, the DNA/protein co-administration
with ASO1; seemed to be the most promising regimen for
further development.

Where to from here for an active vaccine for South
Africa?

There are plans to investigate further the combination of
DNA plasmids with adjuvanted proteins with or without
vectors. PrEPVacc will examine a novel strategy using pre-
exposure prophylaxis during the vaccination period [44].
It is planned as a phase IIb trial with 1668 at-risk adults in
South Africa, Uganda, United Republic of Tanzania, and
Mozambique. Participants will first be randomized to an
HIV vaccine regimen: DNA-HIV-PT123+AIDSVAX®/
BE or DNA-HIV-PT123+CN54gp140/MPLA and MVA-
CMDR+CN54gp140/MPLA or placebo. Thereafter, par-
ticipants will be randomized a second time to tenofovir
alafenamide/emtricitabine (Descovy) or tenofovir disoproxil
fumarate/emtricitabine (Truvada) pre-exposure chemopro-
phylaxis [44].

Will we need to consider yet other vaccination strate-
gies? Many subunit vaccines have now been investigated,
but does this crossroad present the opportunity to consider
a different inactivated vaccine strategy? For example, the
inactivated-whole-virus vaccine strategy is used in the inac-
tivated polio vaccine, rabies vaccine, and influenza vaccine.
Although a subtype C inactivated whole vaccine is not yet
in trials, recently in Canada, the subtype B NL4-3 strain of
HIV was genetically modified and inactivated chemically
and by radiation [45]. It was proven safe and immunogenic
in a phase I trial, amongst HIV-infected individuals on anti-
retroviral treatment [45]. Immune responses against subtype
C HIV were not described. The inactivated-whole-virus vac-
cine strategy would need to be proven both safe and immu-
nogenic in HIV-uninfected individuals to progress.

Active vaccination strategies to prevent HIV have focused
on adult populations in South Africa. However, there is a
gap in the development of an active vaccine to prevent HIV
transmission through breast milk [46]. To address this need,
HVTN 135 has been approved by regulatory authorities and
is expected to start in 2020. This phase I trial pioneers two
innovative vaccine concepts. The first is attempting to induce
broadly neutralizing antibodies against HIV through active
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vaccination. Infant immune systems have unique character-
istics that may facilitate the development of vaccine-induced
broadly neutralizing antibody responses [47]. The second
is the investigation of antigens derived from transmitted/
founder viruses instead of from isolates in chronically
infected individuals. Although it is not the most common
variant in the donor, a single transmitted/founder virus
establishes most cases of HIV infection [48]. HVTN 135
proposes to investigate CH505TF gp120, which is an enve-
lope protein derived from transmitted/founder subtype C
HIV in an acutely infected Malawian individual. CH505TF
binds with high affinity to a broadly neutralizing antibody
lineage and may contribute to an ultimate strategy of sequen-
tial immunization.

Antibodies

After acquisition, HIV quickly proliferates and diversifies,
creating evolving targets for antibody responses. From as
early as one year after infection, but generally between 2 and
3 years, 10-30% of infected individuals generate antibodies
that neutralize most HIV strains, called broadly neutralizing
antibodies (bnAbs) [49]. Natural bnAb generation requires
affinity maturation of B cells, which is the process of B cells
being exposed repeatedly to antigen and producing antibod-
ies with sequentially higher binding strengths between the
HIV epitope and the antibody [49]. Affinity maturation may
occur as successive antibodies induced by a series of anti-
genic variants appearing during chronic infection, but also
as antibodies induced by the same viral antigen [50]. BnAbs
have been noted to be structurally different to other antibod-
ies [51]. More recently, bnAbs have been investigated for
their HIV prevention potential [52]. Passive immunization
has long been employed for other infectious diseases. No
antigens are given in this strategy.

Infused antibody

VRCOI, a broadly neutralising monoclonal antibody, is the
passive immunization agent in the most advanced phase of
testing [52]. An IgG1 antibody, VRCO1, was isolated from
a subtype-B-infected long-term non-progressor. HVTN
703, which is an efficacy trial of VRCO1, aims to prove the
concept that a passively administered broadly neutralising
antibody can cause reduction in HIV acquisition in African
women [52]. In this study, VRCO1 is administered intrave-
nously over 30 minutes every two months. As such, it would
carry pragmatic challenges to roll out on a mass scale, espe-
cially in constrained health systems [53]. Ultimately, if the
concept of antibody-mediated prevention is proven, more-
practical delivery platforms would need to be employed.

Subcutaneous injection of antibody

Subcutaneous injection of monoclonal antibodies is being
researched as a more pragmatic delivery platform. CAPRISA
012A is currently investigating the safety and pharmacoki-
netics of PGT121 and VRC07-523LS. PGT121 is a recom-
binant human IgG1 antibody isolated from a subtype-A-
infected elite neutralizer who was not an elite controller [54].
VRCO07-523LS is an engineered antibody based on VRCO1.

Monoclonal antibodies are also being investigated to aug-
ment the elimination of vertical transmission of HIV. Passive
vaccination of infants has the potential to prevent breast milk
transmission of HIV. IMPAACT P1112 was the first trial to
investigate monoclonal antibodies against HIV in infants.
VRCO1, VRCOILS and VRCO07-523LS were administered
subcutaneously to HIV-exposed infants. VRCO1 demon-
strated a good safety profile when administered as either a
single dose or in multiple doses [55].

Antibody combinations

Monoclonal antibody combinations are in the pipeline.
TAVI C100 is a phase I-1II trial that proposes to investigate a
combination of two monoclonal antibodies, 3BNC117-LS-
J and 10-1074-LS-J, amongst 225 low-risk adults in South
Africa, the US, Kenya, Rwanda, and Uganda [56]. Enrol-
ment is planned to begin in 2020. 3BNC117-LS-J is based
on 3BNC117, an antibody isolated from an American elite
HIV controller who has subtype B HIV [57]. 10-1074-LS-J
is based on 10-1074, an antibody isolated from the same
donor from whom PGT121 was isolated [54].

Where to from here for a passive vaccine for South
Africa?

CAPRISA 012B plans to investigate CAP256V2LS, an
engineered antibody based on a neutralising antibody iso-
lated from the subtype-C-infected donor CAP256 [58]. The
clinical development pathway is aimed toward combination
administration.

It is possible that, in the future, identification of effi-
cacious broadly neutralizing antibodies could inform the
design of an active vaccine by mapping epitopes on the HIV
envelope.

Conclusions

A vaccine effective against subtype C is important for
epidemic control. HIV vaccine research has been robust
in South Africa for 17 years. Clinical investigation has
focused largely on active vaccination candidates based on
many HIV subtypes and strains, but more recently, passive
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immunization has also been investigated. Many active
vaccine regimens have shown safety and even immune
responses, but few have reached efficacy testing. Of those
that have, the immune responses have not been protective
against HIV infection, and there is still no licensed vaccine.

It would be prudent to learn from the non-efficacy result
of HVTN 702 to inform development of vaccines aimed at
inducing correlates of protection as observed in RV144.
Comparing the immune correlates of protection across P5
trials may help identify optimized strategies for subtype C
vaccination. Amongst the available early-phase trial results,
co-administration of DNA plasmid and ASOIg-adjuvanted
protein is promising.

In all likelihood, however, the field will need to investi-
gate novel antigens and strategies. Particularly if the HVTN
703 results demonstrate that bnAb infusion can prevent
HIV in sub-Saharan Africa, the novel strategy of sequential
immunization with bnAb lineage antigens will be a promis-
ing active vaccination approach to induce bnAbs.

Antigens derived from transmitted/founder viruses are
also an intriguing new pathway for the field. There are only
a few different transmitted/founder viruses and envelope
amino acid sequences. Possibly, the difference in efficacy
outcome between RV 144 and HVTN 702 may be because
RV 144 vaccine inserts included antigens that represented a
more homogenous local viral diversity. Subtype C viruses
are more heterogeneous, so using vaccine antigens derived
from transmitted/founder viruses may be advantageous.

However, it is possible that the field may need to move
toward approaches not reliant on the direct or indirect pres-
entation of select antigens to the immune system. Although
the inactivated whole-virus vaccine strategy has long been
shunned by the HIV vaccine field, there is now some evi-
dence that it may be worth pursuing, and though not within
the scope of this paper, it is now plausible to consider the
completely novel strategy of human genetic engineering to
delete HIV co-receptor genes and mimic natural immunity.

Alongside the critical need to develop HIV vaccines for
adult populations, pursuing the elimination of vertical trans-
mission through vaccine approaches is also an imperative
for South Africa. Furthermore, despite the lack of HIV vac-
cine research with adolescents thus far, the high burden of
acquisition in young girls and young men who have sex with
men highlights the need for future vaccine research with
adolescent populations in South Africa.
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