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Adults with no known immunity to sporozoites received, i.m., at weeks 0 and 8 two single 200pg doses of a
peptide Plasmodium falciparum sporozoite vaccine conjugated to tetanus toxoid ((NANP)3-TT) plus placebo
(group 1) or interferon-a (IFN-c) (group 2) and were followed for antibody responses at weeks 4, 12 and 40.
Peak antibody responses were observed at week 12. At week 40, a > 4-fold increase in antibody titre to
sporozoites in IFA, or to (NANP)50 in ELISA was still detectable in 6 of 12 (50%) volunteers in group 1 and in
16 of25 (64%) in group 2. Peak antibody titres in IFA and ELISA decreased with a rate of 0.8% and 0.5% per
week, respectively.

Introduction
Repeats of the tetrapeptide sequence, (Asn-Ala-Asn-
Pro). ((NANP).), constitute the immunodominant
epitope of the circumsporozoite (CS) protein of Plas-
modium falciparum sporozoites (1-3). The synthetic
dodecapeptide (NANP)3 conjugated to tetanus toxoid
(TT) as a carrier protein has been administered to
humans with aluminium hydroxide (Al(OH)3) alone
or in association with interferon-a (IFN-a) to enhance
adjuvanticity (4-7).

We here report the antibody responses after 40
weeks in clinical volunteers who received two single
doses of IFN-cx and (NANP)3-TT in a trial which was
double-blind, placebo-controlled, and randomized.

Population, materials and methods
Details have been reported elsewhere (6). The pro-
tocol was peer-reviewed and approved by the ethical
committee of Basle University. Volunteers were
recruited from among medical students, but the fol-
lowing were excluded: persons < 18 years of age,
smokers, women of childbearing potential, persons
with markers for HBV or HIV infection, a history of
malaria exposure (during the last 12 months), hyper-
sensitivity to vaccines, immunizations with live viral
vaccines (during the last 4 weeks), or acute illness.
After explanation of the potential risks, volunteers
gave informed written consent to participate.

Volunteers were randomly allocated to experi-
mental groups in a double-blind manner. (NANP)3-
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TT (Ro 40-2361/002) contained 160 pg of conjugate
(25 mol of(NANP)3 per mol of TT), and 0.85 mg of Al
(as Al(OH)3) per ml. Single doses of 200 Mg were
injected i.m. into the left arm on weeks 0 and 8.
Placebo (group 1) consisted of human albumin sus-
pension (2.5 mg/0.5 ml). Recombinant human IFN-a
was used as available commercially (Roferon-A), in
single doses of 0.5 x 106 or 1.5 x 106 IU. The two dose
groups were comparable in all aspects studied and
were pooled for analysis (group 2). IFN-a or placebo
was injected through the indwelling needle immedi-
ately after administration of the vaccine. To record
adverse events, volunteers kept a diary for 7 days.
Antibody responses were determined at weeks 0, 4, 12,
and 40. At the final evaluation, the volunteers were
examined physically and queried for intercurrent
events.

Antibodies were determined in duplicate as
reported previously (5), using (NANP)50 and TT as
antigens in an enzyme-linked immunosorbent assay
(ELISA), and intact air-dried P. falciparum sporo-
zoites on slides in an indirect immunofluorescent
antibody test (IFA). A > 4-fold increase in titre over
the prevaccination level was considered significant
and indicative of seroconversion.

Data were analysed with a commercial statistical
package (StatView II by Abacus Concepts, Inc.,
Berkeley, CA 94703). Reciprocal antibody titres were
Logl0-transformed. Continuous variables were com-
pared with the t-test and proportions with x2.

A total of 37 volunteers were enrolled, all being
followed through to week 40. None of the volunteers
was exposed to malaria during follow-up. Groups
were comparable with regard to age, history of aller-
gies, years since last tetanus immunization, and phys-
ical findings on entry (Table 1).
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Table 1: Personal characteristics, by group

Group 1 Group 2

No. of males:females 3:9 10:15

Median age (years) 25 26
(21-42)8 (19-57)

No. with allergies:
To inhalants 6 1
To drugs 2 2

Median weight (kg) 62 67
(49-91) (53-88)

a Figures in parentheses are the range.

Results
Vaccinations were well tolerated; only transient local
adverse events were observed (6).

Antibody response. To ensure comparability, since 28
weeks had passed between the analysis at weeks 12
and 40, antibody titres at week 12 were reevaluated in
the present trial (6). Despite the passage of time, there
was an excellent agreement of week 12 titre results
(n = 37, for IFA r = 0.94, IgM ELISA r = 0.77, and
IgG ELISA r = 0.93; P < 0.001).

Seroconverslons. The proportion of responders in
IFA and ELISA is shown in Table 2. At week 40, the
response rate by either test was 50% in group 1 and
64% in group 2.

Antibody thtres. IFA titres are presented in Table 3.
Baseline titres were < 80 except in two volunteers
with initial titres of 1:160 and 1:320. Peak titres
occurred at week 12. Antibody curves for IFA and
ELISA were similar (Fig. 1). On the assumption of
linearity, the peak titres in IFA and ELISA decreased
at rates of 0.8% and 0.5% per week, respectively
(Table 4).

Discussion
We have previously reported on the good tolerability
but moderate immunogenicity of the synthetic
P. falciparum sporozoite vaccine (NANP)3-TT (5, 6).
Similar results were also obtained with a recombinant
P. falciparum sporozoite vaccine (8, 9).

In the present study we found elevated antibody
titres in 22 of 37 vaccinees, 32 weeks after a second
dose of (NANP)3-TT. In contrast, in unvaccinated
Thai migrant workers with acute falciparum malaria
treated with mefloquine, a rapid decline in antibody
levels to R32tet32 (Met-Asp-Pro(NANP)1_5-Asn-Val-
Asp-Pro-(NANP) 5_-Asn-Val-Asp-Pro recombinated

Fig. 1. Log10 (1: antibody titre) In (a) IFA, (b) IgM ELISA,
and (C) IgG ELISA at weeks 0, 4, 12, and 40 In groups 1
(vaccine plus placebo, o, n = 12) and 2 (vaccine plus IFN-
a: *, n > 25). Dots show arithmetic means, bars indicate
standard deviations. Abscissa indicates weeks, ordinate
indicates Log [I: titre].
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Table 2: Volunteers with > 4-fold rise In antibody titre after vaccination with 200 pg of (NANP)3-TT
No. in group 1 (n = 12) No. in group 2 (n = 25)

Test Week 4 Week 12 Week 40 Week 4 Week 12 Week 40

IFA 2 (17)8 5 (42) 1 (8) 11 (44) 15 (60) 6 (24)
IgM ELISA 6 (50) 8 (67) 4 (33) 20 (80) 23 (92) 10 (40)
IgG ELISA 1 (8) 5 (42) 3 (25) 20 (80) 24 (96) 16 (64)
IFA or ELISA 8 (67) 10(83) 6(50) 20 (80) 24(96) 16(64)
a Figures in parentheses are percentages.

Table 3: Reciprocal antibody titres IFA (groups 1 and 2) at weeks 0, 4, 12, and 40

Group 1

Geometric mean

Group 2

Week 0

40
80
40
40
20
20
80
20
20
160
40
20

37.8
(41.3)8

20
20
40
40
20
20
20
40
5

20
80
40
80
40
40
40
40

320
5

80
5

20
20
20
40

28.7
(61.2)8

Geometric mean

Week 4

80
160
40
80
20
20
80
160
20
160
160
40

63.5
(59.8)

20
160
80
160
20

320
40
20
20
80
160
160
80
80
160
80
80
320
1280
160
40
80
40
40
320

89.4
(251.0)

Week 12

80
80
20
40
80
40
160
160
80
80
160
80

75.5
(47.8)

40
160
160
320
20

320
320
20
80
20
160
320
160
160
320
80
80
320
160
160
20
160
160
80

1280

124.7
(248.3)

Week 40

20
80
20
40
40
20
20
40
40
80
80
80

40.0
(126.3)

5
40
160
160
20
40
80
5
5
10
80
40
80
40
80
40
40
160
20
40
20
40
40
20

640

38.9
(126.3)

a Figures in parentheses are ± S.D.
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Table 4: Percentage decrease of arithmetic mean log1o (1: antibody titre) between weeks 12 and 40, assuming linearity
(n = 37)

Mean log10 (1: titre) Percentage decrease
Estimate of antibody

Test Week 12 Week 40 Total Per week half-life (weeks)

IFA 2.02 (0.41)a 1.59 (0.43) 21.3 0.76 18
IgM ELISA 3.06(0.33) 2.65(0.32) 13.4 0.48 25
IgG ELISA 3.48(0.36) 2.99 (0.41) 14.1 0.50 20

a Figures in parentheses are + S.D.

with 32 aminoacids of an Escherichia coli gene) was
seen in most patients, and the apparent anti-R32tet32
antibody half-life was 27 days (10). This has stimu-
lated discussion about the differences in antibody
responses to natural infection as opposed to immuni-
zation with peptides.

The amount of antibody needed for protective
immunity against sporozoites is not known, but at
least three field studies have failed to show a correla-
tion between antisporozoite and/or anti-(NANP) anti-
body levels and protection (11-13). In contrast, 2 of 9
(22%) vaccinees exposed to experimental P. falcipa-
rum infection were fully protected for > 28 days (4, 8).

In conclusion, (NANP)3 can induce a low level
of antipeptide antibodies which persisted at least in
some vaccinees for at least 9 months. Two single doses
of IFN-a did not significantly enhance the persistence
of antibody titres.
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