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Schistosomiasis is a neglected tropical disease with the greatest burden in sub-Saharan Africa. An
efficacious and safe vaccine would have a major global public health impact. The investigational
SchistoShield® (Sm-p80 [antigen] + GLA-SE [adjuvant]) vaccine targets the Sm-p80 surface
membrane antigen of Schistosoma mansoni and in nonhuman primate challenge studies was shown
to be highly effective in killing pathogenic female worms and reducing host organ pathology and egg
excretion. In this Phase 1 first-in-human, dose-escalation trial with sequential assignment, we
evaluated the safety and immunogenicity of the vaccine in healthy adults in the United States. The
vaccine formulations, given as a three dose intramuscular series, were well tolerated and adjuvanted
formulations induced robust IgG ELISA responses against the Sm-p80 antigen. The vaccine has been
advanced to a Phase 1b trial among adults in endemic areas of Africa.

Clinicaltrials.gov registration: NCT05292391 https://Clinicaltrials.gov/study/NCT05292391.

Schistosomiasis is a poverty-related neglected tropical disease, impacting
more than 700 million people who live in endemic areas and are at risk of
infection'. Chemotherapy with praziquantel is the current preferred method
for schistosomiasis control; however, the effectiveness of mass-treatment
programs is compromised by reinfection requiring regular re-treatment’.
An efficacious vaccine with long-lasting protection against all schistoso-
miasis forms could have a major impact on this ancient disease™.

Here we report the first-in-human clinical trial of a potent schistoso-
miasis vaccine (SchistoShield®) which is based on a defined Schistosoma
mansoni antigen, the large subunit of the calcium-activated neutral protease
termed Sm-p80. Sm-p80 plays an important role in apical surface membrane
biogenesis, a phenomenon widely believed to be an immune evasion process
employed by the hemo-helminth schistosome parasite’. Effectiveness of
SchistoShield® against both intestinal and hepatic disease has been exten-
sively tested in animal models including mice, hamsters, and baboons®™*. In
the non-human primate model, SchistoShield® was effective against all
major schistosome species and, notably, is the only vaccine candidate to
consistently exhibit potent prophylactic (kills infectious larvae), therapeutic

(kills existing worms in the host), transmission-blocking (reduces egg via-
bility and egg expulsion into the environment), and pathology reducing
(decreases the quantity of eggs and granulomas in tissues) efficacy'’.

These preclinical findings supported the initiation of this first-in-
human, dose-escalation, Phase 1 study of SchistoShield” in healthy adults in
a non-endemic area.

Results

Trial population

Of the 45 participants enrolled, 42 received all three vaccinations, including
all participants in Groups A, B, and C. Two participants discontinued
treatment due to an AE: one participant from Group D discontinued
treatment due to worsening anxiety not related to vaccination and one
participant from Group E discontinued treatment due to a mild vesicle at the
injection site related to the study vaccination. Another participant in Group
D was lost to follow up after the first vaccination (Fig. 1). Baseline char-
acteristics were relatively similar across study groups, with some variation in
the distribution by sex across the study groups (Table 1).
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Fig. 1 | CONSORT flow diagram.

Table 1 | Characteristics of participants at enroliment

Characteristic Group A, 100 pug Group B, 10 pg Sm- Group C, 30 ug Sm- Group D, 30 ug Sm-  GroupE, 100 ugSm-  Overall
Sm-p80 (N=9) p80 + 5 pug GLA- p80 + 5 pug GLA-SE p80 + 5 pug GLA- p80 + 5 pug GLA- (N =45)
SE(N=9) (delayed booster)* (N =9) SE(N=9) SE (N=9)
Gender —n (%)
Male 6 (67) 5 (56) 2(22) 3(33) 3(33) 19 (42)
Female 3(33) 4 (44) 7(78) 6 (67) 6 (67) 26 (58)
Ethnicity — n (%)
Not Hispanic or Latino 9 (100) 9 (100) 9 (100) 7 (78) 8(89) 42 (93)
Hispanic or Latino - - = 2(22) 1(11) 3(7)
Race - n (%)
American Indian or - - - - - -
Alaska Native
Asian - 1(11) - 1(11) - 2(4)
Black - - - 1(11) - 12
White 8(89) 8(89) 8(89) 6 (67) 8(89) 38 (84)
Multiple 1(11) - 1(11) 1(11) 1(11) 4(9)
BMI (kg/m?) — mean 26.3 25.3 25.7 26.5 24.4 25.6

"Groups A, B, D, and E received study vaccinations on Days 1, 29, and 57; Group C received study vaccinations on Days 1, 29, and 180.

Safety

Overall, the vaccines were well tolerated. Of the 45 enrolled participants, 43
(96%) experienced at least one local solicited AE, 37 (82%) experienced at
least one systemic solicited AE, and 39 (87%) experienced at least one
unsolicited AE. All solicited systemic AEs were mild to moderate in severity
(Table 2). Fatigue and headache were the most common solicited systemic
AEs reported, occurring in 69% and 58% of participants, respectively, after
any vaccination, and occurring in relatively similar proportions across study
groups and following each of the three study vaccinations. Fever was

reported by only one participant, in Group E, following the second vacci-
nation, and was mild in severity. There were four reports of arthralgia,
defined as a solicited event if there was generalized or multifocal joint pain,
of mild severity across three participants, one of whom reported arthralgia
after two vaccinations, all of whom were in Group A.

Solicited local AEs were nearly exclusively mild or moderate in severity.
Only two local AEs were judged severe, including one report of the size of an
area of erythema/redness (after the second vaccination in a Group C par-
ticipant) and one report of tenderness (after the first vaccination in a Group
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Table 2 | Percentage of participants experiencing solicited systemic and local adverse events (AEs) after the first, second, and

third vaccination, by study group and severity

Solicited AE Group 1%t vaccination 2" vaccination 3" vaccination
Mild Mod Any Mild Mod Any Mild Mod Any
% of Group
Any systemic AE A 67 11 78 22 44 66 33 11 44
B 44 11 55 22 11 33 33 33
C 67 11 78 67 67 56 22 78
D 22 22 44 57 14 71 29 14 43
B 44 11 55 38 13 51 50 50
All 49 13 62 40 17 57 40 10 50
Fever A 0 0 0
B 0 0 0
C 0 0 0
D 0 0 0
E 0 13 13 0
All 0 2 2 0
Chills A 0 0 22 22
B 11 11 0 0
C 0 0 11 11
D 11 11 14 14 0
E 22 22 13 13 13 13
All 9 9 5) 5 10 10
Fatigue A 56 11 67 44 11 55 11 11 22
B 22 11 33 22 22 11 11
C 44 44 56 56 22 11 33
D 22 11 33 29 29 14 14
E 56 56 13 13 26 50 50
Al 40 7 47 33 5 38 21 5] 26
Malaise A 11 11 11 11 22 11 11
B 11 11 22 22 11 11
C 33 33 11 11 11 11 22
D 11 11 22 14 14 28 14 14
E 44 44 0 25 25
All 18 7 25 12 5 17 10 7 17
Myalgia A 44 44 22 11 33 11 11
B 0 0 11 11
C 11 11 44 44 33 33
D 33 33 29 29 0
E 33 33 13 13 13 13
All 24 24 21 2 23 14 14
Arthralgia A 11 11 22 22 11 11
B 0 0 0
C 0 0 0
D 0 0 0
E 0 0 0
All 2 2 5! 5 2 2
Headache A 33 33 33 33 11 11 22
B 44 11 55 11 11 22 22
C 33 11 44 44 44 33 11 44
D 11 11 22 14 14 28 29 29
E 11 11 25 25 13 13
Al 27 7 34 19 10 29 21 5] 26
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Table 2 (continued) | Percentage of participants experiencing solicited systemic and local adverse events (AEs) after the first,
second, and third vaccination, by study group and severity

Solicited AE Group 1%t vaccination 2" vaccination 3" vaccination
Mild Mod S Any Mild Mod S Any Mild Mod Any
Nausea A 11 11 11 11 11 11
B 0 11 11 0
C 11 11 0 33 33
D 11 11 22 14 14 0
E 22 11 33 13 13 13 13
All 11 4 15 5 5 10 12 12
Vomiting A 0 0 0
B 0 0 0
C 11 11 0 11 11
D 0 0 0
E 0 0 0
All 2 2 0 2 2
Any local AE A 89 89 89 11 100 78 11 89
B 78 1 89 78 78 67 1 78
C 67 67 78 11 89 78 78
D 56 56 86 86 57 29 86
E 67 22 11 100 50 13 63 63 13 76
Al 71 7 2 80 76 5 2 83 69 12 81
Pain A 78 78 44 11 55 78 78
B 44 44 22 22 11 11
C 33 33 22 22 33 33
D 33 33 57 57 14 14 28
E 44 11 55 25 13 38 25 25
All 47 2 49 33 5 38 33 2 35
Tenderness A 89 89 89 11 100 78 11 89
B 78 11 89 78 78 67 1 78
C 67 67 89 89 78 78
D 56 56 86 86 57 29 86
E 67 22 11 100 50 13 63 63 13 76
All 71 7 2 80 79 5 84 69 12 81
Itching A 0 0 22 22
B 0 0 0
C 0 0 0
D 0 0 0
E 0 0 13 13
All 0 0 7 7
Size of erythema or A 11 11 0 0
redness
B 11 11 0 0
C 0 11 11 0
D 0 0 0
E 0 0 0
All 4 4 2 2 0
Size of induration or A 11 11 0 0
swelling
B 0 0 0
C 0 0 0
D 0 14 14 0
E 0 0 0
All 2 2 2 2 0
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Table 2 (continued) | Percentage of participants experiencing solicited systemic and local adverse events (AEs) after the first,

second, and third vaccination, by study group and severity

Solicited AE Group 1%t vaccination 2" vaccination 3" vaccination
Mild Mod S Any Mild Mod S Any Mild Mod S Any
Swelling (functional) A 33 33 11 11 11 11
B 22 22 0 0
C 0 11 11 11 11
D 11 11 14 14 0
E 11 11 0 13 13
All 16 16 7 7 7

Mod Moderate, S Severe

Solicited systemic events are graded as mild if there is no interference with daily activity; moderate if there is some interference with daily activity; and severe if there is significant interference, that prevents

daily activity.

Temperature values are noted only if >38.0 °C (lower limit of graded fever) and are reported as mild (38.0°C - 38.4 °C), moderate (38.5 °C-38.9 °C), or severe (> 38.9 °C).

Local (injection site) pain AEs are graded as mild if the participant is aware of pain but it does not interfere with daily activity and no pain medication is taken; as moderate if the participant is aware of pain,
there is interference with daily activity or it requires use of pain medication; and severe if the participant is aware of pain and it prevents daily activity.

Local tenderness AEs are graded as mild if the areaimmediately surrounding the injection site hurts only when touched or with arm motion, and it does not interfere with daily activities; as moderate if the area
immediately surrounding the injection site hurts when touched or with arm motion and it interferes with daily activities; and severe if the areaimmediately surrounding the injection site hurts when touched or

with arm motion and it prevents daily activity.

Local AEs of itching and swelling (functional) are graded as mild if there is no interference with daily activity; moderate if there is interference with daily activity; and severe if the AE prevents daily activity
The size (maximal diameter) of areas of erythema or induration are reported as mild (2.5-5 cm), moderate (5.1-10 cm), or severe (>10cm).

E participant). The frequency of reported solicited local AEs was relatively
consistent across study groups and following each of the three vaccinations,
with tenderness (96%) and pain (65%) most commonly reported.

The most common related unsolicited AE within 28 days post vacci-
nation was arthralgia, defined as an unsolicited event if there was pain in one
joint, which was reported by three participants across Groups A and B. In
Group A, two participants experienced mild arthralgia, one after dose 2 and
another after dose 3. Although one of those participants had symptoms in
two joints in the hand, the event was reported as an unsolicited AE as it was
not judged to be generalized arthralgia. In Group B, one participant
experienced mild arthralgia after dose 1.

Other unsolicited AEs judged related to vaccination included a single
record of each of the following: lymphadenopathy, tachycardia, injection
site vesicles, injection site warmth, face swelling, muscular weakness, plantar
fasciitis, tendon disorder, dizziness, hypoesthesia, and cough. All were
graded mild in severity, except for plantar fasciitis and injection site warmth,
which were graded as moderate. Thirty-seven (82%) participants reported at
least one unrelated unsolicited AE, with the most common of these events
being upper respiratory tract infection (20%) and vessel puncture site
hemorrhage (13%). One participant in Group D had grade 3 tachycardia
judged unrelated to study product. One NOCMC, of thyroid nodules of
mild severity judged unrelated to vaccination, was reported in a Group A
participant. No SAEs, MAAEs, PIMMCs, or deaths were reported.

Clinical laboratory evaluations assessed before and after vaccinations
included hemoglobin, white blood cells, platelets, alanine aminotransferase,
and creatinine. Of the laboratory measurements defined as AEs related to
vaccination, two participants had one measurement of mildly increased
creatinine, two participants had one measurement of a mild decrease in
white blood cells, two participants had more than one measurement of a
mildly increased platelet count and one participant had one measurement of
a mildly increased platelet count. Three female participants had mild or
moderate decreased hemoglobin.

Immunogenicity

Baseline samples were tested in duplicate for anti-Sm-p80 IgG ELISA levels.
Only three participants had baseline anti-Sm-p80 IgG ELISA values below
the lower limit of quantification (LLOQ) (IgG end point titer of 1.000 on the
log10 scale) for both read-outs, and another six participants had one value
below and one above that level. Among the other participants, one (in
Group C) had a relatively high baseline endpoint titer of 3715, one had a titer
of 372, two others had baseline titers of 288 (one of whom was in Group C),
and all other participants with duplicate values above the LLOQ had

baseline values less than 170. All participants denied, as a condition of
enrollment, having had known schistosomiasis infection or having traveled
to an endemic area for schistosomiasis and been potentially exposed.
Among the Groups, the highest nominal Day 1 baseline GMT, of 75, was
observed in Group Cbut this value was not statistically significant compared
to the baseline GMTs observed in the other groups (Table 3).

Seropositivity status at baseline did not appear to influence the
magnitude of responses to the vaccine and responses were induced in
both baseline seropositive and seronegative participants. For example,
the participant with the baseline titer of 3715 responded with titers of
6166 and 10,233 at 28 days after the second and third vaccinations,
respectively.

In an ad hoc sensitivity analysis excluding the Group C participant with
the baseline titer of 3715, the Group C GMTs through Day 29 in the ad hoc
analysis were somewhat lower than the Group C GMTs in the analyses of all
participants (reported in Table 3), with a baseline GMT of 46 vs 75 and a Day
29 GMT of 95 vs 139, all with wide confidence intervals (CIs). After Day 29,
there was little difference in the Group C GMTs reported in the ad hoc
analysis and those reported in Table 3, for example, with Day 36 and 57
GMTs of 952 vs 1080 and 2427 vs 2692, respectively, suggesting that the
outlier at baseline had little influence on the overall findings.

All formulations induced an increase in anti-Sm-p80 IgG ELISA
GMTs, with consistently lower responses in the unadjuvanted Group A
participants compared with the adjuvanted Groups (Table 3 and Fig. 2).
However, there was no significant increase in anti-Sm-p80 IgG GMTs, as
evidenced by the overlapping CIs compared to baseline, at 7 or 28 days after
Dose 1 in any study group. At 28 days after Dose 2, there was a significant
increase in GMT, compared with baseline, in all Groups, with the greatest
increases in the adjuvanted Groups. Among those Groups, Group C
(delayed booster) had the highest peak response after Dose 2, although there
were wide Cls around those estimates.

In the analysis of all participants, increased GMTs were observed at 7
and 28 days following Dose 2 in all groups, and Group C had significantly
greater GMT responses compared to Group A (unadjuvanted group), as
evidenced by the non-overlapping Cls, at those time points. The pre-Dose 3
GMT at Day 180 for Group C (376) was numerically lower than the pre-
Dose 3 GMTs at Day 57 in the other adjuvanted vaccine groups (869, 869,
and 1660 for groups B, D, and E respectively). For all Groups, peak GMT
responses were observed at 28 days after Dose 3, with the highest nominal
response in Group C.

Among the Groups vaccinated on the Day 1, 29, and 57 schedule, the
lowest nominal response at 28 days after Dose 3 was observed in Group A
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Table 3 | Anti-Sm-p80 ELISA total IgG geometric mean titers and 95% confidence intervals by time point and treatment group

Vaccination* Study Group A 100 ug
Day Sm-p80
(unadjuvanted)

Group B 10 ug Sm-
p80 + 5 ug GLA-SE

Group D 30 ug Sm-
p80 + 5 ug GLA-SE

Group E 100 ug Sm-
p80 + 5 ug GLA-SE

Study
Day

Group C 30 ug Sm-
p80 + 5 ug GLA-SE

Third vaccination on Day 57

Third vaccination on Day 180

1 1 25 (9, 68) 29 (13, 64) 30(10,91) 26 (16, 44) 1 75 (20, 284)
+7 23 (11, 46) 27 (12, 61) 28(9,92) 17 (8, 36) +7 67 (17,271)
2 29 33 (12, 88) 34 (12, 98) 45 (10, 193) 49 (29, 83) 29 139 (31, 616)
+7 120 (37, 387) 226 (86, 595) 490 (136, 1761) 420 (159, 1112) +7 1080 (407, 2867)
3 (Groups ABDE) 57 228 (92, 568) 869 (250, 3022) 869 (115, 6572) 1660 (538, 5117) +28 2692 (1022, 7085)
3 (Group C) 180 376 (113, 1251)
+7 499 (234, 1065) 1475 (528, 4122) 4062 (552, 29,902) 3620 (1235, 10,615) +7 2610 (845, 8065)
+28 1187 (368, 3834) 4255 (1788, 10,125) 4074 (590, 28,139) 4480 (17083, 11,783) +28 16,343 (5920, 45,116)
+124 514 (176, 15083) 1413 (627, 3183) 440 (105, 1839) 986 (364, 2668) +124 1472 (458, 4729)
D181 D304
"Groups A, B, D, and E received vaccinations on a Day 1, 29, and 57 schedule. Group C received vaccinations on a Day 1, 29, and 180 schedule.
Fig. 2 | Geometric mean anti-Sm-p80 ELISA IgG
responses over time by Group with 95% confidence 65536 —
intervals.
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(GMT 1187), while responses in Groups B, D, and E were comparable
(GMTs 4255, 4074, and 4480 respectively), suggesting a lack of a dose
response across the Groups given 10, 30, or 100 pg Sm-p80 antigen plus
adjuvant. Geometric mean titers subsequently declined in all Groups at the
final time point of 124 days after Dose 3 (Groups A, B, D, and E [514, 1413,
440, and 986, respectively] and Group C [1472], but remained significantly
higher than baseline, as evidenced by the non-overlapping Cls.

These results indicate that all vaccine formulations induced anti-
Sm-p80 antibody responses and that responses were greater with the
adjuvanted formulations. Since there were only 9 patients in each group,
the confidence intervals were wide and, in general, overlapping, and there
was no statistically significant difference in the antibody responses across
the three study groups given varying dosages of Sm-p80 plus 5 ug GLA-
SE adjuvant on a Day 1, 29, and 57 schedule. The delayed booster dose
induced a nominally higher GMT at 28 days after Dose 3 compared with
the other adjuvanted Groups but by the end of follow-up had declined to
levels comparable to those observed in the other adjuvanted groups.
Future studies with a higher number of participants may indicate a dose
response relationship.

Discussion

We report the findings from this Phase 1, first-in-human, clinical trial of
SchistoShield® vaccine formulations, with and without GLA-SE adjuvant.
The study vaccine formulations were associated with acceptable safety
profiles, and no SAEs, MAAEs, PIMMC:s, or deaths were reported. Among
the 45 participants enrolled in the study, local and systemic solicited AEs
were commonly reported, by 96% and 82% of participants, respectively,
with fatigue, headache, and myalgia the most commonly reported solicited
systemic AEs. Tenderness was reported by all but two participants following
any dose with one report judged as severe. Notably, fever was reported by
only one participant, in Group E following the second vaccination.

Also of note, the four reports of the solicited systemic AE of arthralgia
occurred exclusively in the unadjuvanted 100 ug dose Group A and the three
reports of the related unsolicited AE of arthralgia included two participants
in Group A and one in Group B. While it is possible that the clustering of
these events in the unadjuvanted Group is due to chance, the occurrence of
these events suggests the need to monitor such AEs in subsequent trials of
the adjuvanted formulation of this vaccine. Two participants discontinued
treatment due to an AE: one participant from Group D discontinued
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treatment due to moderate worsening anxiety not related to vaccination and
one participant from Group E discontinued treatment due to a mild vesicle
at the injection site judged related to the study vaccination.

All formulations induced anti-Sm-p80 IgG responses, with the lowest
responses in the unadjuvanted Group A. Among the three adjuvanted
formulations given on the Day 1, 29, and 57 schedule, the GMTs at 28 days
after the third vaccination were comparable. The delayed booster vaccine
schedule induced a nominally higher GMT at 28 days after the third vac-
cination, which declined over time to levels similar to those induced by the
standard interval schedule.

Most participants had detectable levels of anti-Sm-p80 IgG responses
at baseline and four had endpoint titers >170, including one participant with
a baseline level of 3715. Another Phase 1 trial, of a recombinant S. mansoni
vaccine targeting the tetraspanin 2 surface protein, in healthy adults in the
United States, also found detectable serum levels of IgG against the target
protein at baseline, in 7 of the 61 (11%) volunteers'’. In that study, among
the seropositive volunteers who received the study vaccine (instead of pla-
cebo), there was no appreciable response to the three-dose vaccine series.
This is in contrast to our findings, indicating consistent increases in anti-
Sm-p80 IgG responses post-vaccination among participants with detectable
anti-Sm-p80 IgG antibodies at baseline. The baseline seropositivity among
our non-endemic study population is likely due to cross-reactivity between
Sm-p80 and other antigens. This has been shown, for example, with cross-
reactivity of S. mansoni egg antigens with peanut and other plant allergens'’.
As previously noted" it is also possible that prior exposure to other avian or
mammalian schistosomes that cause cercarial dermatitis (swimmer’s itch)
could induce cross reactive responses.

The results from this trial conducted in a non-endemic area supported
the initiation in 2023 of a larger Phase 1b trial among schistosome-endemic
populations in Africa (Madagascar and Burkina Faso) (NCT05762393),
evaluating the 30 mcg adjuvanted SchistoShield® formulation given on the
three-dose standard schedule, which is to be followed by a Phase 2 trial, also
in Africa. In addition, SchistoShield® is concurrently being tested in a
schistosome human challenge infection model in The Netherlands and in
Uganda.

As the vaccine candidates advance to later-stage clinical trials it will be
important to have one or more correlates of protection, in order to evaluate
vaccine efficacy against this complex multicellular helminth schistosome
parasite which employs an efficient immune evasion strategy and has a
complex life cycle. To this end, progress has been made to develop a
reproducible, quantitative, and functional assay in which schistosomal
calpain (Sm-p80) inhibition by anti-Sm-p-80 antibodies induced by vac-
cination can be measured”. Significant inhibition by Sm-p80-specific
antibodies produced by immunized mice, non-human primates, as well as
participants in this clinical trial, was observed. These results suggest that
inhibition of enzyme activity could serve as an important vaccine surrogate
of protection in future Phase 3 trials.

The World Health Organization launched a neglected tropical diseases
Road Map for 2021-2030 that targets the elimination of schistosomiasis in
all endemic countries and calls for development of vaccines for humans, and
animals, to prevent reinfection and reduce transmission. Currently, multiple
human vaccine candidates targeting different schistosome antigens are in
clinical trials’, including the recombinant S. mansoni Tetraspanin-2 Alhy-
drogel vaccine, evaluated in early phase trials funded by NIAID"*'"®, which is
also being evaluated in a Phase 2 trial in Uganda (NCT03910972). Advances
in technology and an increased focus on preventative methodologies have
the potential to reduce the burden of this impactful disease. The results of
this trial support further development of the Sm-p80 vaccine.

Methods

Trial design and participants

We conducted a Phase 1, first-in-human, open-label, dose-escalation trial
designed to determine the safety, reactogenicity, and immunogenicity of
three intramuscular (IM) injections of this recombinant Sm-p80 protein
vaccine with and without adjuvant. Participants were sequentially assigned

to Groups A through E (Table 1). Group A received a dose of 100 pg without
adjuvant, Group B received a dose of 10 pg Sm-p80 with 5 pug of GLA-SE
adjuvant, Groups C and D received a dose of 30 pg Sm-p80 with 5 pg of
GLA-SE adjuvant, and Group E received a dose of 100 ug Sm-p80 with 5 ug
of GLA-SE adjuvant. Groups A (unadjuvanted comparator), B, D, and E
(low dose, mid dose, and high dose standard schedule, respectively) received
vaccinations on Days 1, 29, and 57; Group C received vaccinations on Days
1, 29, and 180 (mid dose delayed schedule) (n =9 per Group).

Eligible participants were males and non-pregnant females 19 through
55 years of age, in good health or with controlled chronic illness, without
immunosuppression, and without known history of schistosomiasis.
Complete inclusion and exclusion criteria are provided on clinicaltrials.gov
(NCT05292391). Forty-five participants who provided written informed
consent for study participation were enrolled at a single site in Seattle, WA
between May 23, 2022 and January 24, 2023.

We evaluated safety and tolerability by identification of serious adverse
events (SAEs) and medically-attended adverse events (MAAEs) (including
new-onset chronic medical conditions [NOCMCs] and potentially
immune-mediated medical conditions [PIMMCs]) from the time of the first
study vaccination through 12 months after the last study vaccination; other
unsolicited AEs from the time of each study vaccination through 28 days
after each study vaccination; clinical safety laboratory AEs prior to and at
28 days after each study vaccination; and solicited local and systemic AEs, as
reported on a daily study diary from the time of each study vaccination
through 7 days after each vaccination. Solicited local (injection site) AEs
included pruritus, erythema, induration/swelling, pain, and tenderness.
Solicited systemic AEs included fever, chills, fatigue, malaise, myalgia,
arthralgia, headache, nausea, and vomiting. Adverse events were graded
according to standard toxicity grading scales (Supplemental Materials).

The protocol and informed consent forms were approved by the
National Institute of Allergy and Infectious Diseases (NIAID), Division of
Microbiology and Infectious Diseases (DMID), the US Food and Drug
Administration, and the institutional review board of record for the
study site.

Study vaccine

The vaccine antigen is an E. coli - produced recombinant protein which is
formulated and lyophilized to yield Sm-p80 for injection. Sm-p80 stands for
S. mansoni calpain protein with a mass of approximately 80 kDa and GLA-
SE stands for Glucopyranosyl Lipid Adjuvant, a synthetic Toll-like receptor
4 agonist Monophosphoryl Lipid A - like molecule, which is formulated ina
Squalene oil-in-water Emulsion. The antigen was manufactured by PAI Life
Sciences Inc (Seattle, WA), the GLA-SE adjuvant was manufactured by
AAHI (formerly IDRI, Seattle, WA, and drug product was filled and lyo-
philized by Lyophilization Technology Inc. (Ivyland, PA). Vaccine for-
mulations were prepared by study site research pharmacists by
reconstituting the antigen with water-for-injection and, when applicable,
mixing with the liquid adjuvant. Vaccines were administered by IM injec-
tion in the deltoid at a volume of 0.5 mL.

Immunogenicity assay

We collected venous blood samples at each vaccination visit (prior to
administration of vaccine), at seven days after each vaccination, and at
124 days after the third vaccination. For Groups A, B, D, and E (vaccinations
given 28 days apart) we collected an additional sample at 28 days after the
third vaccination. For Group C (vaccinations given on Days 1, 29, and 180),
we collected additional samples at 28 days after the second and third vac-
cinations. Serum samples were tested by a qualified total IgG endpoint titer
enzyme-linked immunosorbent assay (ELISA) against the Sm-p80 protein
(supplied by PAI) at the Seattle Children’s Research Institute (Seattle, WA)
using methods previously described *’.

Statistical analysis
The sample size of 45 participants (9 per each of the five study groups) was
selected to obtain preliminary estimates of safety and immunogenicity to
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guide future research and product development and was not designed to test
any specific null hypothesis.

For IgG antibodies, the immunogenicity outcome measures included
the proportion of participants who met the definition of seroconversion,
defined as a fourfold rise from baseline, at 28 days after the first, second, and
third study vaccinations, and the geometric mean titers (GMTs) at the
sample collection timepoints.

Data availability

All data generated or analysed during this study are available from the
authors upon request, including individual de-identified participant data
(including data dictionary) and statistical code.
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