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Humoral Immune Response to the Anti-malaria Vaccine
SPf66 in the Colombian Atrato River Region
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The immunogenicity of anti-malaria synthetic vaccine SPf66 was tested in a region of the Colom-
bian middle Atrato river. The specific serum antibodies against SPf66 were quantified in vaccinees and
placebo injected controls for a two-years period post-immunization. The frequency of individuals show-
ing seroconversion of anti-SPf66 antibodies three months after completion of the immunization sched-
ule was higher in vaccinees than in controls (52.7% and 25.5%, respectively, p<0.01). However, an
over than four-fold increase of the specific anti-SPf66 antibody titers was observed only in 1.4% of
vaccinees and 0.2% of the controls (p<0.01). The anti-SPf66 antibody titers augmented in vaccinees
from first dose application to three months after the third dose, continuously decreasing thereafter to
reach below baseline values two years after completion of the immunization schedule. The results shov
that SPf66 has very low immunogenicity and induces a short term humoral immune response (six months)
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The synthetic molecule SPf66, developed imntibodies are known to recognize native proteins
Colombia (Patarroyo et al. 1987) to prevBfds- in the merozoite such as 135Kd, 83 Kd and 115
modium falciparunmalaria, is nowadays the anti-Kd (Salcedo et al. 1991).
malaria vaccine most frequently tested in human In addittion, several epitopes present in the
populations. The peptide has been tested in aninfalPf66 peptide have been identified in merozoite
models and human volunteers subject to expernproteins that are important for invasion of erythro-
mental challenge (Patarroyo et al. 1987, 1988) a&ytes such as EBA-175 (erythrocyte binding anti-
well as in individuals from endemic areas in Cogen) and PMMSA (protein merozoite major sur-
lombia and other countries in America and Africdace antigen) (Molano et al. 1992). This finding is
(Valero et al. 1993, Sempertegui et al. 1994supported by the observation of antibodies against
Teuscher et al. 1994). the peptide in non-vaccinated populations from

SPf66 has been shown to induce production @ndemic areas (Valero et al. 1993, Noya et al. 1994,
specific IgG antibodies against the peptide in apFeuscher et al. 1994). It is noteworthy that a corre-
proximately 60% of vaccinees once immunizatiottation has also been found between the low 1gG
is completed, although such immunogenicity haantibody response to the vaccine and the presence
not been associated to protection against malariaf HLA-DR4 allele in vaccinees (Murillo et al.
infections (Valero et al. 1993, Sempertegui et all991).

1994, Teuscher et al. 1994). In order to further test the immunogenicity of

Immunogenicity of the SPf66 vaccine has beethe SPf66 vaccine, a double-blind randomized pla-
expressed in terms of the relative frequency afebo control study was carried out in a region of
positive individuals for specific IgG antibodiesthe Colombian middle Atrato river, known to be a
against the peptide one month after completion dfigh endemic area fd®. falciparuminfection. A
the immunization schedule (Valero et al. 1993two year follow up study was performed on the
Sempertegui et al. 1994, Noya et al. 1994). Thespecific antibodies against SPf66 in vaccinees and

placebo injected controls. The correlation between
the response to the vaccine and history of a previ-
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climate predominates in the area, with a mean termonths, according to the immunization schedule
perature of 28C, and a 80% relative humidity.  established by Rocha et al. (1992). Both vaccine
Population is mainly african-black with mes-and placebo were donated by manufacturers, later
tizo and native minorities who earn their livingreconstituted in identical two-letter code labeled
from agriculture, fishing, and gold mining. Mostvials which were kept refrigerated €iClbefore
people live in wooden, zinc-roofed palafitte-housesse. Vaccine and placebo codes were only known
to prevent from flooding in rainy periods of theby us until the final analysis of the results.
year. From 1987 to 1992, the study area showed Serological follow-up and antibody determina-
an annual parasitic incidence (API) ranging frontion - During immunization, blood samples were
97 to 308 cases per 1,000 inhabitants and an aaken just prior to application of every vaccine
nual average incidence of 178/1.000. During thdose, at zero, one and six months and then there
study period, from 1992 to 1995, the API in thisvere scheduled measurements at three, six, eigh-
area decreased 108/1000 inhabitants to < 5/10G@en and twenty four months post-immunization.
In that periodP. falciparumcases were more nu-  Blood samples were obtained by finger punc-
merous thaf. vivaxcases with an average ratio ofture on four 1.5 cm filter paper discs (Whatman
11/1. #3MM CHr). These were room-temperature dried
Study population- The reference population and kept atC for transportation to the laboratory
included over one-year old individuals residentsvhere they were finally frozen at ZD until pro-
in urban areas of Vigia del Fuerte and Bellavistaessing. For serologic tests, blood was reconsti-
identified through a census carried out in July 1998ited from filter paper discs with 498 of PBS
before the beginning of the study. Individuals wer@H 7.2, containing 1% of Tween™ 80 for 24 hr at
registered according to neighborhoods, since the#8C, which corresponded to an initial dilution of
were differences among them concerning the tyge16.
of building, the distance from mosquito-breeding IgG antibodies again$t falciparumwere de-
sites and flooding degree during rainy periods dkcted by means of indirect immunofluorescence
the year. assay (IFA) (Lopez-Antuiiano & Schmunis 1988).
The study population included individuals whoThe IFA antigen was obtained from continuous
gave a previously written consent after being suulture ofP. falciparum strain FCB2 syncronized
ficiently informed about aims, risks and benefitdy the Lambrios’ technique (Lambrios &
derived from the study. Subjects with the follow-anderberg 1979). This antigen was plate-seeded
ing conditions were excluded: history of bronchiaht a concentration of 5% hematocrite with 1%
asthma, clinical diagnosis of malaria confrontegbarasitaemia, air dried and blocked with 3% of
by parasitic count at the moment of vaccinationhlotto in PBS.
acute illness, children 1 to 4 years of age with any The plates were then incubated in the presence
transmittable disease, subjects having lived lesd the diluted blood samples for 30 min af@7
than six months in the endemic area, and pregnaitter washing, fluorescein-labeled anti-human IgG
women. Eligible subjects were randomly assigne(BioMérieux, France) (1:400) was added to the
to either of two groups: one receiving the antiplates for 30 min at 3C. The sample analysis was
malaria SPf66 vaccine and the other receiving alearried out in a Nikon fluorescence microscope with
minium hidroxide as placebo. B2A filters and the cutoff point dilution was 1:16.
Vaccination - Individuals were immunized Specific IgG antibodies against the synthetic
with the synthetic peptide SPf66, batch # 8, propeptide SPf66 were detected by means of FAST™
duced by the Instituto de Inmunologia, Bogot&LISA (Falcon assay screening test). This tech-
(Colombia) under good manufacturing practice, byique was performed as described by Salcedo et
means of the solid-phase chemical synthesm. (1991). Two-fold dilutions of the eluted sample
method (Houghten 1985, Valero et al. 1993were previously prepared in PBS containing 1%
Sempertegui et al. 1994). of Tween™20 and 5% of milk and the plates were
Five-years old individuals and over received @cubated for 1 hr at room temperature. After wash-
vaccine dose of 2 mg synthetic protein adsorbeidg, peroxidase conjugated anti-human IgG (Sigma
onto 1.25 mg aluminium hydroxide. Children 1 toChemical Co., USA) was added to the plates.
4 years of age received half of these concentr®ptical density was read at 620 nm in a Titertek
tions per dose. The concentration of aluminiunMultiskan 340 MK Il spectrofotometer (Labsystem
hydroxide used as placebo was 1.25 mg/ml in irand Flow Labs, Finland). Antibody titer was con-
dividuals 5 years old and over, half of this concersidered to be the highest dilutioh 1:100) of the
tration was used as placebo in children 1 to 4 yearsuted fraction with optical density higher than 0.1.
All individuals were given three doses of the Statistical analysis Seroconversion was con-
SPf66 peptide or placebo at zero, one and sbidered as the increase of anti-SPf66 antibody ti-
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ters during or after immunization as compared to A higher percentage of positivity for anti-para-
baseline titers. To assess such variation site IgG antibodies as compared to those against
seroconversion index (SCI) was defined as the réhe synthetic peptide SPf66 was observed in both
tio of the antiboby titers at every scheduteda- groups before immunization. The anti-parasite an-
surement to baseline antibody titers. To estimatéody titers by IFA were directly correlated to age
the SCI, a 1:50 value was assigned to the samplgorrelation coeficient = 0.37 1.C. 95% 0.31-0.42,
with negative pre-vaccination titers. Seroconverp<0.05). On the contrary, there was no such cor-
sion was taken into consideration with index valrelation for anti-SPf66 antibodies.
ues >1.0. Seroconversion @ne month after the first-dose
The increase in the number of titer dilutionsapplication of both vaccine and placebo,
was determined for all subjects who seroconvertezbroconversion was detected in 47% of vaccinees
three months after the third dose. To assess thad 42% of placebo subjects (p=0.1). Three months
production kinetics of anti-SPf66 IgG-titers andafter completion of the vaccination schedule,
anti-P. falciparumlgG-titers, a logarithmic trans- seroconversion percentages were 52.7% (222/421)
formation of titers was done (x + 1) and then an vaccinees and 25.5% (107/420) in the placebo
geometric mean for each time point was calcugroup (p<0.001). Seroconversion was not present
lated. For this analysis, negative samples were a@g-any subject 6 and 18 months after the third dose.
signed a zero value. From the individuals with seroconversion three
RESULTS months after the. third dpse in th_e_ vapcine group
] ] N (222), 30% continued with a positive index at six
Population baseline conditions A total of months after the third dose and 2% at eighteen
2,157 individuals met the vaccination criteria, oinonths after the third dose. There were no sub-
which 1,280 (59.3%) gave a written consent to bects with positive index twenty-four months after
included in the StUdy. Six hundred and thirty— tWQhe vaccination schedule was Comp|eted_
individuals (494%) received the first dose of SPf66 A h|gher seroconversion frequency was de-
and 648 (50.6%) received the first dose of placebgscted in subjects who were negative for anti-SPf66
The three-dose schedule was completed by 9%htibodies prior to immunization (Table I1). Most
subjects (77.7%), of which 500 received the vacseroconverters from both vaccine and placebo
cine and 494 were given the placebo; however, onjroups showed a single-dilution increase in anti-
421 subjects of the vaccine group and 420 of thepfee antibody titers. Seroconversion with more
placebo group completed the serologic follow upthan a two-dilution increase in antibody titers was
Distribution of individuals that received the higher in vaccinees than in placebo subjects
complete immunization plan was similar concerngp<0.01) (Fig. 1).
ing age, sex, history of malarial infection, and No correlation was found between anti-SPf66
prevalence of positive titers of both anti-SPf66 anéntibody seroconversion after either the first or the
anti-parasite antibodies (p>0.01) in both vaccingird vaccine dose and the presence or absence of
and placebo groups (Table I). anti-parasite antibodies prior to vaccination
(p>0.01). There was no correlation between
seroconversion three months after the third dose
TABLE | and history of a malarial episode before the study

Baseline characteristics of study population period (p>0.01).

Vaccinees Placebo
n =500 n = 494

% % TABLE II
Frequency of seroconversion three months after the
Age groups (years ] . o
ge g Fl) (3./ ) 11.8 12.6 third dose according to initial state of SPf66 antibodies
5-9 19.6 20.1 Initial state Seroconversion
10-14 18.0 18.6 Ac - SPf66
15-44 384 36.7 Vaccinees Placebos
45 or more 12.2 12.0 No. (%) n No. (%) n
Men 44.2 46.2 Negative 182 (58.3) 312 97 (29.1) 333
Women 55.8 53.8 Positve 40 (36.7) 109 10 (11.5) 87
Previous malaria episodes 44.9 42.7
Plasmodium falciparum 41.5 41.0 Total 222 (52.7) 421 107 (25.5) 420
IgG antibody n: subjects in every cell; no seroconversion: vaccinees

SPf66 1gG antibody 25.3 21.3 199, placebo 313.
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Percentage Geometric mean
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:
Vaccinee$ 48 30 21 1 [=Vaccinees Paceto |
Placeb 5 2 4 Fig. 3: production kinetics of anBtasmodium falciparuran-
[mVaccinees® Placebo | tibodies in vaccinees and placebo subjects.
n =421 n =420
Fig. 1: increase in SPf66 antibody titers three months after the DISCUSSION
thir . . .
d dose This is the first study that measures the SP66

) ) peptide immunogenicity, by means of the determi-

Nineteen percent (96/500) of vaccinees anfiation of specific IgG antibody titers, in a vacci-
28% (139/494) of placebo subjects showed no alzted population with a two-year follow up period.
teration of their baseline anti-SPf66 antibody tiyn addition, this is the first time that specific anti-
ters during the study, neither during the course @fody response against the SPf66 peptide is corre-
immunization nor during the subsequent two-yeagted to personal history of a previous contact with
follow-up period. _ . _natural infection.

Kinetics of production of anti-SPf66 and anti-  The decrease of malaria incidence registered
P. falciparum antibodies A significant increase jn the study area during the present study (unpub-
in the average of anti-SPf66 antibody titers inished observations) may be considered an advan-
vaccinees was observed one month after the flrggge to assess the immunogenicity of the SPf66
dose of vaccine (p< 0.01). The responsamif- yaccine by excluding the effect of natural infec-
SPf66 antibodies was higher in vaccinees than §bn on the production of cross reactive anti-SPf66
placebo individuals until six months after complegntibodies.
tion Of the immunization SChedule, When |t began The percentage Of Specific anti_peptide anti_
to descend progressively to reach below-baselingdy carriers three months after the third dose in
average values two years after the third dose (Fig. 2he SPf66 vaccinated group (63.1%) is similar to

In contrast, the comparison of ami- that reported in other studied populations in Ecua-
falciparum antibody titers behavior, both in gor (57%) (Sempertegui et al. 1994) and Venezu-
vaccinees and placebo individuals showed no staiy (60.4%) (Noya et al.1994), but higher than that
tistical significant difference because of vaccinagpservedin a study carried out in La Tola (Colom-
tion. Averages of these titers remained unalterggla) (339) (Valero et al. 1993). This can be ex-
during the course of immunization and then depjained by the fact that in the latter study the cut-
creased progressively during the subsequent foltf point used for the determination of antibody

low-up period (Fig. 3). titers was 0.2 (Valero et al. 1993), unlike the 0.1
cutoff point used by the other studies (Sempertegui
Geometric mean et al. 1994, Noya et al. 1994)
100 Although the seroconversion index was calcu-
-,:;/"\ lated at every scheduled measurement, the follow-
10 | . .
/ \ ing two measurements were considered as the most
1 :&‘.41 important for the analysis of the results: one month
after first-dose application, because it permits to
01 " analyse humoral response to the first antigenic
0 1 6(0F| 3 & 18 24 | Months X ; . .
Vaccinees 3.25| 2042 2138 2445 366 106 12 stimuli, and three months after third-dose applica-
Placebg 271| 132 08p 512 143 102 146 tion because this was the first measurement before
* P<0.001 <—Immunization— | «——— Post Immunization——> the vaccination schedule was completed.
It is noteworthy that a significant higher
[# vaccinees Placeb seroconversion index average was observed for the

Fig. 2: production kinetics of anti-SPf66 antibodies in vaccineeBr€Sent study population (14.19 for vaccinees and
and placebo subjects. 10.96 for the placebo group) as compared to that
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obtained in a population under 15 years old (8.3Pf66 antibodies before vaccination in individu-
for vaccinees and 0.7 for the placebo groupals from most study populations (Valero et al. 1993,
(Alonso et al. 1994). This can be explained by th8empertegui et al. 1994, Leach et al. 1995). The
fact that the seroconversion index is an absolutiecrease of infection incidence in the middle Atrato
value measuring changes in antibody titers andver area probably affected the levels of specific
subtracting the effect produced by antibodyntibodies against the peptide as well as those
baseline values. This interpretation suggest thagainst the parasite.
immunization in Vigia del Fuerte and Bellavista The average of specific anti-SPf66 antibody ti-
had a higher effect on anti-SPf66 antibody baselirters ninety days after the third dose is lower in this
titers as compared to that carried out in Africa fostudy (25.03 in vaccinees and 5.13 in controls) as
both vaccinees and the placebo group. compared to that obtained in the studies carried out
Although the synthetic molecule was immuno-in Tanzania (Alonso et. al. 1994) and Gambia (Leach
genic in vaccinees, we think this immunogenicityet al. 1995, D’ Alessandro et al. 1995). This differ-
was poor since the majority of the specificence could be explained by a greater prevalence of
seroconversion observed three months after ttseich antibodies observed before vaccination in the
third dose was characterized by a single-dilutiofatter communities as well as to differences in mea-
increase in anti-SPf66 antibody titers. surement times, since in the African studies the
Interestingly, in this study the group of sub-determination of IgG antibodies was carried out one
jects with pre-vaccination anti-SPf66 antibody haanonth after the third dose.
less frequency of seconversion three months after Presumably, vaccinees and controls were
the last vaccine dose (Table Il). Several studies haequally subject to natural infection during the study.
demonstrated the presence of anti-SPf66 antiboBrailure to find an association between pre-vacci-
ies in non-vaccinated individuals from endemimation IFA data or history of malaria infection with
areas (Valero et al. 1993, Leach et al. 1995). It geroconversion three months after completion of
logical to think that these antibodies may modifymmunization suggests that the response to the
the course of humoral immune response to theaccine was not related to individuals’ previous
SPf66 peptide. One of the mechanisms to explasontact with natural infection.
this fact could be that SPf66 antibodies induced This lack of association, together with the per-
by natural infection neutralize the antigen at theentage of non-responders found in this study point
moment of vaccination, inhibiting humoral immuneto the conclusion that SPf66 peptide specific re-
response, in a similar way to the inhibition of thesponse is not related to external factors but rather
response to Rh antigens during pregnancy (Abb#s genetic individual characteristics.
1995). If this hypothesis is true, a different strat- Finally, according to the data presented here,
egy of vaccination for seropositive subjects in enit can be concluded that the SPf66 vaccine shows
demic areas should be designed. very low capacity to induce humoral immunity.
A significant number of individuals from both Therefore, the characteristics of the cellular im-
groups did not respond to immunization at anymune response induced by the SPf66 vaccine must
time of the study. Several authors have reportedo& determined in order to shed ligth on the under-
correlation between low response of IgG antibodstanding of the mechanisms of protection against
ies against the peptide SPf66 and presence of Hu#aturalP. falciparuminfection.
lI-specific alleles such as DR4 (Murillo et al. 1991),
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