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P27A is a novel synthetic malaria vaccine candidate deriveffom the blood stage

Plasmodium falciparumprotein Trophozoite Exported Protein 1 (TEX1/PFF0165c)n |
phase 1a/lb clinical trials in malaria unexposed adults in@tzerland and in malaria
pre-exposed adults in Tanzania, P27A formulated with Alhydgel and GLA-SE adjuvants
induced antigen-speci c antibodies and T-cell activity. Tie GLA-SE adjuvant induced
signi cantly stronger humoral responses than the Alhydrogl adjuvant. Groups of
pre-exposed and unexposed subjects received identical vagine formulations, which
supported the comparison of the cellular and humoral respose to P27A in terms of
ne speci city and af nity for populations and adjuvants. Globally, ne speci city of the

T and B cell responses exhibited preferred recognized sequees and did not highlight
major differences between adjuvants or populations. Af ity of anti-P27A antibodies was
around 10 & M in all groups. Pre-exposed volunteers presented anti-P2& with higher
af nity than unexposed volunteers. Increasing the dose of GA-SE from 2.5 to 5mg

in pre-exposed volunteers improved anti-P27A af nity and dcreased the number of
recognized epitopes. These results indicate a higher matation of the humoral response
in pre-exposed volunteers, particularly when immunized wi P27A formulated with
5mg GLA-SE.

Keywords: malaria, Plasmodium falciparum , vaccine, P27A, clinical trial, immune response, adjuvant, p opulations

INTRODUCTION

In 2018, malaria a ected 213 million people and caused 405,0@thdaevorldwide. Sub-Saharan
Africa accounts for nearly 93.4% of total malaria cases.d@hil under 5 years of age are most
susceptible to malaria and account for 67% of all malariatdeg). Plasmodium falciparur(Pf)
causes the most serious forms of malaria. Though there a@rrents and promising vaccine
candidates for this disease, a highly e cacious vaccineotscarrently availableZ, 3). Sequencing
of the Pf genome provided over 5,300 potential gene and protein targetsrig and vaccine
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development 4). Using a genome-wide approach, new proteinTABLE 1 | Sequences of P27A and overlapping 20-mers peptides.
fragments have been identi ed with de ned structural feeds

that are potential targets for antibodies that inhibit patesi Peptide PRFO165¢ Sequence
growth (5). One of these fragments, P27A, consists of 104 aming,;,_ sp 223-396 HNNNEKNISY//QEEKENMLNNKKRS
acid residues (aa) and is partief Trophozoite Exported Protein 293242 HNNNEKNISYDKNLVKQEND
;, TEX.l/PFF01650§e7). This noyel .fragment is partlt_:ularly P2 233952 DKNLVKQENDNKDEARGNDN
|ntere_st|ng because |t§ sequence is highly conserved_ \mttgh_a . PP NKDEARGNDNMCGNYDIHNE
mutation E_/G_at pos;?on h29$5( 7). The P27A amino acu_JI P4 253272 MCGNYDIHNERGEMLDKGKS
sequence |Sd|catfes t a_t the rr:ighment afSSl,;]mes anbllptrilysmaPS 263282 RGEMLDKGKSYSGDEKINTS
upstrluct(lj.reh con o:mda}tlon, \L/Jv |c; V\;as durt tgr est/? |sHe'jdt 973200 VSGDEKINTSDNAKSCSGDE
circular dichroism stu |es_$. nstructured antigens/fragments 283.312 ONAKSCSGDEKVITSDNGKS
that consist of over 50 amino acid residues and exhibit biicialg
L. . P8 293-322 KVITSDNGKSYDYVKNESEE
activity were rst reported by Wright and Dysor8], followed by
h ; 303-322 YDYVKNESEEQEEKENMLNN
reports of other fragments speci cally relevant to thiesmodia
P10 313-332 QEEKENMLNNKKRSLECNPN

parasite and other organisms by Feng et al. and Corradin €tal.
ll). Puri ed human antibodies with P27A—speci ca nity inhibi Underlined amino acids in P10 are not present in P27A-LSP sequence.
parasite activityn vitro, and the anti-P27A response is associated
with protection ©, 7). Peptide vaccines induce a direct, strong
immune response, and are cost-e ective and easy to produce afdd-GLA2.5/50, and TZ-GLA5/50, they received ri§ P27A
store (L2-14). Due to the promising properties of P27A as anand 2.5mg or 5mg GLA-SE. Sera, plasma and peripheral blood
anti-malaria vaccine candidate, phase l1a and 1b clinicalstri mononuclear cells (PBMC) were taken at day O (DO, pre-
were performed in malaria unexposed subjects from Switzdrlanvaccination) and at day 84 (D84, 1 month after the third
(CH) and in malaria pre-exposed healthy adults from Tanzanianjection) using the same procedure at both sites. PBMC were
(TZ) to evaluate its safety and immunogenic properties inseparated from blood on a density gradient (Ficoll-Paque Plus)
combination with adjuvants Alhydrogel or glucopyranosyliti ~ and were stored in liquid nitrogen until use. Positive consrol
A in a stable emulsion (GLA-SE) ). The vaccine was safe and were a pool of sera from eight exposed subjects from Burkina
induced a strong humoral response, particularly in combimati Faso, set arbitrarily to 152 AU/mL to P27A, and the plasma
with GLA-SE, and was active in inhibiting vitro parasite growth  of a vaccinated volunteer with a high response (5,420 AU/mL
(15). In this report, we characterized the anti-P27A cellular ando P27A). Negative control sera were pooled from 20 non-
humoral responses generated in vaccinated subjects, particu exposed individuals.
the ne specicity and IgG a nities. Groups of pre-exposed
and unexposed subjects received identical vaccine forionkt
which supported comparisons of populations and adjuvants. ELISPOT Determination

After thawing, PBMC were plated in 96-round-bottom well

MATERIALS AND METHODS plates at 2.5 1 cells/well in 8% human AB serum in
_ o RPMI. Cells were stimulated separately in triplicates with
Peptides for in vitro Use each of the following: 58g/mL of P27A, 10ng/mL of each

Ten 20-mer synthetic peptide fragments overlapping on 1@0-mer P27A peptide, a pool of the ten 20-mer peptides
amino acids (P1-P10) were synthesized using the solid-pha6E0mg/mL of each), Bng/mL of phytohaemagglutinin (PHA)
Fmoc strategyTable 1) (6, 12). Peptides were puri ed by reverse- and unstimulated as controls. For the stimulation with PHA,
phase high-pressure liquid chromatography and analyzed b40,000 to 75,000 cells were plated. After 20-24 h of culturing
mass spectrometry6). P27A GLP and GMP preparations at 37C 5% CQ, cells were transferred for a 15-20h
(Almac, Craigavon, UK) were used throughout the study. Ftir cesupplementary culturing on a nitrocellulose-lined microtite
stimulation, lyophilized peptides were resuspended in apyrisgenplate coated with 100L of capture anti-hu IFNg (5mg/mL)

sterile water and ltered through a 0.2@n lter. and blocked (BBY Human IFN-gamma ELISPOT Set). At
the end of culture, the plate was washed and incubated for
Human Samples 2h at room temperature (RT) with 1G@_/well of biotinylated

P27A formulated in Alum or in GLA-SE was studied in parallelanti-hu IFN-g antibody (2mg/mL, BD). After washing, plate

in a phase 1a clinical trial in Lausanne, Switzerland (CH) andvas incubated with 1061 /well of streptavidin-HRP conjugate

in a 1b clinical trial in Bagamoyo, Tanzania (TZ)5). Trials (BD) for 1h at RT. After washing, 108 /well of 3-amino-9-
were registered in clinicaltrials.gov (NCT01949909) anvdwmy  ethyl-carbazole (AEC, BY AEC substrate reagent set) was
pactr.org (PACTR201310000683408). As describ&igure S1  added for a 5-30min incubation stopped with tap water.
two groups from CH and three groups from TZ, each consistingAfter plate drying, spots were counted using a computer
of eight healthy individuals, received three intramusciylan.)  assisted video image analyzer (EliSpot Robotic Systems with
injections at days 0, 28, and 56. Volunteers of groups CHAID EliSpot Software Version 6.x, ELROBOG6i, AID, D-
Alum/50 and TZ-Alum/50 received 5fg P27A and 0.85mg StralBberg). Results were expressed as spot forming units
Alhydrogel adjuvant, per injection. In groups CH-GLA2.5/50, (SFU)/million PBMC.
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Humoral Response protein G using the manufacturer's protocol (GammaBitd
The immunoglobulin G (IgG) immune response against thePlus Sepharo$¥, GE Healthcare, S-Uppsala).
synthetic P27A and overlapping 20-mers was measured using

an enzyme-linked immunosorbent assay (ELISA), (9. Surface Plasmon Resonance

Microtiter plates (Nuné“ Maxisorp, Denmark) were coated at Measurements of Avidity in Human Sera
a concentration of 2 and ®g/mL, respectively, at RT for 1 h then Biacore 8K instrument (GE Healthcare, Glattbrugg

blocked with PBS-3% milk for 1 h. Samples and controls werg_ . . : o
serially diluted in PBS-1.5% milk-0-05% Tween and added §tW|tzerIand) was used to determine the apparent dissociation

.constant (ko) of antigen-speci ¢ human polyclonal antibodies
ﬁoqtgzre\évoerl:agron;rnot!zgf;es 'zgerfen;?: deticgfal}lnsﬁ r;]l(a)ltse- AT;EO P27A. Around 10ng/mL of P27A in 10 mM sodium acetate,
u'g : y antibodl JUgE ) ine p filea HH D 4.5 was immobilized on a CM5 chip to reach the nal
(A-9544, Sigma, St. Louis, MO), diluted 1:1000 in PBS-1.5/:h. . . . .
. . ip density of about 150 response units (RU). A nity-puri ed
milk-0-05% Tween, were added to each well. p'N'FrOphenygntibodies from volunteers were 1:2 serially diluted from
phosphate substrate tablets (SigmathsSigma, St. Louis, MO)

. . . own to 200 pM and injected at a ow rate of H@/min.
were dissolved and added to each well. The optical density) (O fter each cycle of injection, the surface chip was regeedra

of each well was measured at 405nm using an OpsysMR pl%e ushing it with 3M MgCI for two consecutive 30-second
reader (Dynex Technologies). Results were expressed as AU/n

. intervals. Association @), dissociation (k ) and equilibrium
bas_e_d on the standard curve obtained from the response of b) constants were determined using 1-1 Langmuir binding
positive control pool of sera to P27A.

kinetic ts provided by the suite of analysis software from

ELISA-Based Determination of Apparent Biacore 8K (GE Healthcare #29310604).

Af nity (EC50) and Avidity Statistical Analvsi
EC50 represents the concentration of soluble peptide inhibito ha(;S Ical Ana ¥S|Sd ing GraphPad Pri 03. Wil
required to obtain 50% inhibition of IgG binding to coated 'N€ data were analyzed using GraphPad Prism 7.03. Wilcoxon
peptide (L6). The competitive ELISA protocol1(-19) was and Mann Whitney non-parametric tests were performed

adapted and modied. 96-well microtiter plates (Nufc tSo compare (ljntlga- and |nter|- .groupl; values, respectively,
Maxisorp, Denmark) were coated with B2 of 2mg/mL of pearman and Pearson correlations between parameters were

P27A at RT for 1h then blocked with PBS-3% milk for 1h,2!S0 performed. A two-way ANOVA test was used to compare
Sera samples, at the dilution giving 50% of the maximal bigdinaInthOdy titers of each adjuvant group against each peptite. T

to coated P27A, were incubated 30 min at RT with 1:10 serial9" cance level used for each testwab 0.05.

dilutions of competitor soluble P27A or 20-mer peptides stagti

with concentrations of either 20@g/mL or 1® M and without RESULTS

peptide as control (max). Then, 5@ of each well was plated . o

in duplicates onto the P27A coated plate, incubated at RT fol-Cell Response and Fine-Speci city

2h and developed as described above. Percentage of inhibitidhe e ect of adjuvants on the T-cell response was evaluated
was calculated as: 100-(@EDDmin)/(ODmax-ODmin) 100, in unexposed volunteers. The IF§lvesponse to each 20-mer
ODmin representing signal in well without serum. EC50 andpeptide, individual or pooled, or to the full length P27A (P27A-
EC10 were calculated using the linear function: % inhibitd ~ LSP) was determined by ELISPOT at DO and DB#gre 1).

f [log (peptide concentration)]. Using the same method as foolunteers from the groups CH-Alum/50 and CH-GLA2.5/50
a nity, avidity was evaluated using 1:2 serial dilutions tife  exhibited a signi cant IFNg response to the pool of 20-mer
chaotropic reagent guanidine hydrochloride (GuHCI, from 61t peptides and P27A-LSP. The two adjuvant groups of unexposed
0.1 M) as inhibitor and without GUHCI as control (max). Avigit volunteers had similar IFNy responses. The average response
was expressed as the concentration of GUHCI (M) required t¢0 the pool of 20-mer peptides was 27.35 [0; 200] SFU/million

obtain 50% inhibition of IgG binding to coated P27A. PBMC for the CH-Alum/50 group and 20 [0; 106.7] SFU/million
] _ _ _ PBMC for the CH-GLA2.5/50 group; Wilcoxop-values were
Af nity Puri ed Human Antibodies 0.0156 and 0.0313, respectively. The average response to P27A

P27A-sepharose conjugate was prepared with 16 mg of P21&P was 28 [0; 256] SFU/million PBMC for the CH-Alum/50
mixed with 2.5 g of CNBr-Sepharose 4B (Amersham Biosciengroup and 16.65 [0; 120.4] SFU/million PBMC for the CH-
AB, S-Uppsala) according to the manufacturer's protocol. Five tGLA2.5/50 group; Wilcoxorp-values were 0.0156 and 0.0156,
7 mL of D84 plasma diluted 1:5 in PBS 0.5M NaCl was mixedespectively. By comparison, the IFiNresponses to individual
with the P27A-sepharose conjugate and stirred gently ovatnig 20-mer peptides was weaker, but the sum of the individual
at 4 C. After centrifugation, washing and transferring the bead responses was about equal to that of the 20-mer peptide pool and
into a syringe, bound antibodies were eluted with glycind (@, P27A-LSP. No comparative di erence in intensity was observed
pH 2.5). The collected fractions were instantly neutralizecbetween the adjuvant groups. The distribution of the IigN-
with PBS (10x, pH 7.4), and their protein concentrationresponses along the sequence varies widely between vakintee
was determined by the absorbance at 280nm and anti-P27@igure 2A). However, the resulting responses per group focused
IgG by ELISA. Fractions of interest were pooled. Total 1gGn 4-5 peptides, principally P1, P2, P5, and P8 with Alum and on
from DO plasma were puri ed by a nity chromatography on P1 and P8 with GLA-SH-gure 2B).
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FIGURE 1 | Cellular responses to P27A and overlapping 20-mers at D84 iRhase 1a. PBMC from unexposed volunteers (CH-Alum/50(D 8) and CH-GLA2.5/50)
(n D 8) at D84 were stimulated with P27A-LSP or the overlapping 2@ner peptides P1 to P10, individually or as a pool. The frequecy of IFN-g secreting cells was
revealed by ELISPOT. Results are expressed as SFU/ million FE. Comparisons between groups were done using Mann-Whitng test; p-values are indicated.
Responses at DO and D84 to P27A-LSP and the pool of peptides @& shown with Wilcoxon testp-values.

Antibody Response and Fine-Speci city unexposed grougy(D 0.0098), while on the contrary, recognition
The ne speci city of the humoral response was determined byfrequency of P7 was signi cantly higher in the pre-exposed grou
ELISA using individual 20-mer peptides. We previously reportedhan in the unexposed groupp(D 0.0092), regardless of the
that GLA-SE formulation induced higher anti-P27A titersath  adjuvant formulation Figure 30).

Alum, and that pre-exposed subjects exhibited lower humoral

responses as compared to unexposed subjects. Furthermore, ARtibody Af nities and Avidities to P27A

increase in the dose of GLA-SE in the vaccine formulation waé/e performed a competitive ELISA to evaluate the functional
associated with an increase in antibody titeislE). We observed antibody a nity for soluble P27A of each volunteer after the
that the antibody responses directed to the 20-mer peptides hdtird vaccination (Day 84). We observed a 2-log di erencehivit

the same intensity pro le as anti-P27A. To characterize the individual EGsg (Figure 4). Figure 4A shows that the overall
speci city and compare responses between groups, we analyzadity for soluble P27A was signi cantly higher in the pre-
the proportion of responses to the 20-mers peptidégure 3A  exposed group than in the unexposed group (mediarsd=6
shows the percentage of recognition for each 20-mer peptid4,26 10 & and 2.19 10 8, respectivelyp D 0.0395). In
andFigure 3Bindicates the proportions of the responses to eaclirigure 4B, the two adjuvants induced anti-P27A responses with
peptide in the di erent groups. Comparisons among the twosimilar EGy. Interestingly, increasing the dose of GLA-SE from
adjuvants used and the volunteers at the two sites are showh5 to 5mg induced responses with higher functional a nity in

in Figure 3C. The most striking observations found are: (1)the pre-exposed groug={gure 4Q) in addition to higher titers.
similarity of low or no responses to peptides P2, P3, and P9 itherefore, in this population, a nity correlated with IgG tits

all groups Figure 3A); (2) P10 is most frequently recognized (Figure 4D). This was not the case for unexposed subjects, for
followed by P1 and P8; (3) comparison of the TZ-GLA-SE2.5/5W0vhich data is not shown. Finally, adjuvant e ect on a nity to
and TZ-GLA-SE5/50 pie graphs shows that an increase in GLA0-mer peptides P1, P5, P8, and P10 was analyzed using phase
SE from 2.5 to Bng induced a signi cant reduction in the 1asamples thatwere positive for these peptides. Peptides showed
number of recognized peptidep € 0.0001 in Kruskal Wallis, low a nity compared to P27A LSP, with no di erence between
Figures 3B,Q; and (4) globally, both formulations induced a adjuvants Figure S3.

similar pattern of humoral responses in the two populations, We also measured the adjuvant e ect on IgG avidity to bound
except to peptides P5 and P7. Recognition frequency of AB27A by ELISA using the chaotropic agent guanidinium
was signi cantly lower in the pre-exposed group than in thehydrochloride. Representative serum samples from the
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A B
Peptides
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I 007-05 o
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N Em @
012-08 (]
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o 01610 [ o)
2 02011 .. I (3
~ 021-12 @
S 004-13 '] L
i 019-14 9
O 02315 a
018-16 [ | )
SFU/million PBMC
HP1 ®mP2 mP3 ®mP4 mP5
mP6 ®mP7 ®mP8 ®P9 mP10
0 10 20 30
FIGURE 2 | Repartition of the cellular recognition along the sequencef P27A at D84 in Phase 1a. PBMC from unexposed volunteers [C#Alum/50 (n D 8) and
CH-GLA2.5/50 (nh D 8)] at D84 were individually stimulated with overlapping 2fher peptides P1 to P10, and the frequency of IFNg secreting cells revealed by
ELISPOT.(A) Heat map indicates the individual responses to each 20-mer @ptide, Y-axis represents the volunteer ID and the X-axis regsents the frequency of IFNg
secreting cells as SFU/million PBMC, and individual piesufitrate the repartition of responses to the 20-mers as % of th total response.(B) Pie graphs show the
median value per vaccination group of the percentage of IFNj-secreting cells to each 20-mer peptide.

unexposed population were evaluated. 1gG avidity for plastiby using overlapping 20-mer peptides covering the entire P27A
bound P27A was signi cantly higher in the CH-Alum/50 group sequence as previously shown for MSP2 family specic and
than in the CH-GLA2.5/50 groupHigure 4B). Additionally, we constant regions 40). As measured by ELISPOT, the T-cell
used SPR to measure the binding kinetics of eight represeatat response speci c to the ten 20-mer peptides was not particularly
a nity puri ed sera samples with the highest anti-P27A titer elevated. However, P27A elicited a low but positive responk2 in
from groups CH-Alum/50, CH-GLA2.5/50, and TZ-GLA2.5/50 of 16 volunteers. This was also evident in the concomitaneB-c
at D84. Binding kinetics were clearly concentration-depamtd response found in all volunteers, without qualitative di e

for all the tested individualsHigure S3. The avidities to bound between formulations.

P27A showed K values within the nanomolar range in the three  Examining the antigen speci city with the 20-mer peptides
groups, with a tendency for a lower avidity in those vaccidate indicates that the entire P27A sequence is a target of
with GLA-SE Figure 4F. This aligns with the results obtained the humoral response in both cohorts, with no statistical

by ELISA using a chaotropic agefigure 4B). di erence between unexposed and pre-exposed volunteers
except for peptides ve and seven. It is not clear whether
DISCUSSION the dierence observed is due to the dierence in genetic

background or to pre-exposure to malaria. Of note, the

P27A formulated with Alhydrogel and GLA-SE tested in phasénost recognized 20-mer peptides are peptide fragments 1,
1a and 1b clinical trials conducted in Switzerland and Taiga 5. 8 and 10, where 1 and 10 cover the N- and C-
demonstrated promising T and B cell responses. The GLA-Stermini of P27A. The N- and C- termini are generally more
formulation, showed the most promise, with the observatioatt ~ €Xible than the interior segment and may therefore have a
the intensity of response to identical vaccine formulatiovess higher probability of adapting favorably to di erent antibody
lower for pre-exposed volunteers than for unexposed volustee®inding sites.
(15). In this follow-up report, we intended to characterize the Direct ELISA to plastic-bound antigens and the concomitant
ne T and B cell responses directed to the antigen, focusinghibition of the response by soluble P27A and its 20-mer
on the potential impact of adjuvants and the exposure status gieptides determine the antigen speci city and the apparent
volunteers tdP. falciparum Kp of the interaction between the single antigens and
Given the unstructured nature of P27A, the de ned ne antibodies. Competitive ELISA results show that the apparent
speci city of cellular and humoral response was easily asdessKp for the interaction between antigen and antibodies is
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FIGURE 3 | Repartition of the ne speci city of the humoral response aloly the sequence of P27A at D84 in Phase 1a and 1b. The ne speci ciy of the humoral
response was determined by ELISA using sera from unexposed Wanteers (CH-Alum/50 and CH-GLA2.5/50) and exposed voluntes (TZ-Alum/50, TZ-GLA2.5/50,
and TZ-GLA5/50) against individual 20-mer peptides(A) Heat map indicates the individual repartition of antibodyeisponses to each 20-mer peptide, P1 to P10, over
the sum of the responses, for each vaccination group. Right-¥xis represents the volunteer ID and the left Y-axis denotethe percentage value.(B) Pie graphs show
the median proportion of humoral response to each 20-mer pefide for each vaccination group.(C) Pie graphs represent the median repartition of humoral resmses
of all volunteers grouped either by adjuvant type (Alum or GL:-SE) or by site (CH or TZ). Comparisons per peptide were dongsing Mann-Whitney test; p < 0.05;

**p < 0.01; ***p<0.001.

around 108 M in vaccinated subjects. Nevertheless, preto the boost from the three injections of the vaccine in
exposed volunteers exhibit signicantly higher anity, addition to the natural immunity induced by previous
probably indicating a higher immune maturation due malaria exposure.
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FIGURE 4 | Relative af nity and avidity of speci ¢ IgG to P27A at Day 84 in Pase 1a and 1b. Strength of the binding of speci c IgG to P27A was galuated at day 84
for all volunteers (CH and TZ) by competition ELISA using sdlle P27A as competitor (A—C) or guanidium chloride GUHCKE). Results are expressed as EGp.

(A) Comparison of relative antibody af nity for P27A in pre-expsed and unexposed subjects, from TZ (3 groupsn D 23) and CH (2 groups,n D 16), respectively.

(B) Comparison of relative antibody af nity for P27A in each adjant group, Alum @ D 16) and GLA-SE (1 D 23). (C) Comparison of relative antibody af nity for P27A
in each TZ-GLA-SE dose group, 2.5 or 5ug(D) Correlation between anti-P27A IgG titer (log AU/mL) and af njt(log M) in pre-exposed TZ subjectsn D 23. Pearson
r and p-values are indicated.(E) Comparison of antibody avidity for P27A in unexposed volueers grouped by adjuvant type, Alumrf D 5) and GLA-SE ( D 5).

(F) Antibody avidity for P27A in eight samples from TZ-GLA2.5/5( D 3, blue circles), CH-GLA2.5/50 D 3, blue triangles), and CH-Alum/501¢ D 2, yellow
triangles). Antibody avidity was determined by SPR with katic constants K, (association) and Ky (dissociation) and equilibrium K D Koi/Kon. (A—C,E) Lines indicate
medians and quartiles,p-values of Mann-Whitney tests are indicated. TZ subjects,ircles; CH subjects, triangles; Alum, yellow symbols; GLSE, blue symbols.

Moreover, increasing the dose of GLA-SE in the formulationgroup TZ-GLA-SE5/50. Hill et al. observed that the high anti
favored higher anti-P27A titers1f), higher anity and a  P27A responses induced by GLA-SE are correlated with high
reduction of the number of epitopes recognized. These areligoclonal expansion of extrafollicular ASC and Tfh expregsin
signs of an e cient humoral maturation, and corroborate the specic TCR @1).
observation reported by Hill et al2() regarding the repertoire Interestingly, the Alum formulation seems to induce an anti
of Tfh and antibody secreting cells (ASC) of the volunteessi®  P27A response with higher avidity than the GLA-SE formulatio
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particularly by ELISA. This discrepancy may be due to &DATA AVAILABILITY STATEMENT
technical bias. The avidity ELISA assay using a chaotropic
agent measures the strength of Ig binding to plastic-bound he datasets generated for this study are available on sé¢pie
peptides, while the a nity inhibition ELISA assay measuresthe corresponding author.
the strength of Ig binding to a soluble peptide in a native
conformation. Because P27A is intrinsically unstructummtdt ETHICS STATEMENT
therefore exible, its conformation is probably more prone
to alteration when adsorbed to the plastic surface of thdhe phase la study involving human participants was reviewed
ELISA plate. The vaccine formulated in Alum, in which theand approved by Commission cantonale d'éthique de la
P27A is absorbed on aluminum salt surfaces, vaccine mdgcherche sur I'étre humain of the Canton de Vaud (CER-VD),
possibly induce responses to altered bound-peptides, at ledstusanne, Switzerland. The phase 1b study involving human
partially. On the contrary, P27A in the GLA-SE emulsionparticipants was reviewed and approved by the National Institute
will favor antibodies preferably or exclusively directed twla For Medical Research (NIMR), Dar es Salam, Tanzania. The
with high anity to the soluble native P27A, so bound patients/participants provided their written informed conseat
P27A is recognized with less anity, and therefore with participate in these studies.
less avidity.
Moreover, while the adjuvants in uence the magnitude of AUTHOR CONTRIBUTIONS
the immune response, studies have observed that they have les
in uence on the ne speci city and a nity of antigen-specic GC and RA were responsible for conceptualization. KG, DG,
antibodies £2). The dose of adjuvant was making an exception)-PB, and RA were responsible for investigation. CY and BC
to this, since we observed that a signi cant increase in ani Wwere responsible for SPR analyses. SH, RA, CM, CD, and FS
correlated with increased titers and the dose of GLA-SE in prewere responsible for the clinical trial. KG was responsible for
exposed volunteers. writing the original draft. RA, KG, GC, and FS were resporesibl
In conclusion, the two P27A vaccine formulations usingfor writing, reviewing and editing the manuscript.
two di erent adjuvants, Alhydrogel and GLA-SE, largely éxhi
similar characteristics at the T and B cell level, independerfFUNDING
of the intensity of the responses induced. Genetic di erences
between the Swiss and Tanzanian cohorts and previous exposuree European Vaccine Initiative (EVI) provided funding from
to the malaria parasite are likely to shape the subsequean Irish Aid grant for the phase la study in Switzerland,
immune response to antigen vaccination, which may explaimnd also provided the P27A vaccine and the Alhydrogel.
observed dierences in humoral responses between the twimfectious Disease Research Institute (IDRI) provided the GLA-
populations. The formulation of P27A in gy GLA-SE is SE adjuvant. The European and Developing Countries Clinical
likely to induce an e cient immune response in pre-exposed Trials Partnership (EDCTP) provided funding for the phase 1b
populations, the target population that could bene t from the study in Tanzania.
vaccine. This formulation may also be suitable for unexposed
travelers since recent trials showed that 2 omgpb GLA-SE SUPPLEMENTARY MATERIAL
vaccine formulations were similarly saf&3(24). Further studies
to formally conrm these observations should be performedThe Supplementary Material for this article can be found
in phase 2a and 2b clinical trials covering a greater numbeonline at: https://www.frontiersin.org/articles/10.388nmu.

of volunteers. 2020.00412/full#supplementary-material
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