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The immunogenicity in adult male volunteers of sporozoites of Plasmodium falciparum and P. vivax was
evaluated at the University of Maryland from 1971 to 1975. Inoculation of large numbers of sporozoites by
mosquitos that had been X-irradiated proved safe and well tolerated, and the sporozoites were rendered
noninfective. Three volunteers were protectively immunized by this method, one against P. falciparum, one
against P. vivax, and one against both species. Protection was species- and stage-specific, but effective
against all strains tested within a species, and was reflected by a rise in titre of antibody to the
circumsporozoite protein.

Introduction
Trials commenced early in 1971 at the University of
Maryland to evaluate the safety and immunogenicity
of X-irradiated Plasmodium falciparum and P. vivax
sporozoites inoculated into adult male volunteers.
The studies were conducted in accordance with strict
ethical guidelines, institutional review of the protocols
and informed consent from the volunteers being
obtained, and were continued until 1975.

The rationale and methods used were based on
work in progress at New York University, where it
had been demonstrated that mice could be protect-
ively immunized against P. berghei by means of re-
peated inoculation with X-irradiated sporozoites of
the same species, delivered either directly by intraven-
ous injection (1), or by mosquitos that had themselves
been the recipients of the irradiation (2).

In the Maryland programme, the method in-
volved X-irradiation of colonized Anopheles stephensi
mosquitos, infected with P.falciparum or P. vivax, at a
mean dosage of 17 500 rads (minimum 15 000 rads)
(3). Parasitaemia did not develop in volunteers ex-
posed within one hour to 69 of 70 batches of these
mosquitos, indicating that all or practically all of the
sporozoites had been inactivated (the exception, at-
tributable to P. vivax Chesson strain, may have been
a coincidental relapse from an earlier infection rather
than an irradiation failure (4). At a lower dose (12 000
rads), parasitaemia directly related to the immuniza-
tions developed in four of seven subjects. The only
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side-effects discerned in some volunteers were depend-
ent on sensitivity to the bites of the many mosquitos
that had to be used. Attacks of malaria that developed
in some of the participants were either treated
promptly with appropriate curative regimens, or were
controlled at low levels of parasitaemia in order to
produce gametocytes, and were then cured. The pres-
ence of humoral antibodies to sporozoites was deter-
mined by means of the circumsporozoite precipitation
(CSP) reaction (5).

Results
Five volunteers were recipients of the sporozoites
irradiated at the mean dosage of 17 500 rads. Three of
these men received sporozoites of P.falciparum alone,
one of P. vivax, and one of both the species. The men
were exposed periodically to infected mosquitos that
had not been irradiated, in order to challenge the
efficacy of their acquired sporozite immunity. At each
challenge, the mosquitos were fed partly on the im-
munized person and partly on a nonimmunized
volunteer acting as a control. In all the 22 challenges,
the controls developed parasitaemia in from 7 to
18 days, indicating that the challenges were indeed
infective.

Protection against P. falciparum
Three volunteers, G.Z., E.N., and R.P., receiving only
P. falciparum sporozoites as immunogen, were ex-
posed initially on four occasions within four weeks to
infected mosquitos that had been irradiated at the
lower dose. An average of 222 mosquitos fed on each
man. Six to seven weeks later each man was fed on by
an average of 157 infected mosquitos, these (and all
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subsequent) batches having been irradiated at the
17 500 rads dosage. After challenge with homologous-
strain infective sporozoites four weeks later, two of the
men developed falciparum malaria while one, G.Z.,
did not (3).

The resulting extended study of the response by
G.Z. (Caucasian, aged 37, weight 73 kg) to additional
immunizations and challenges is summarized in Table
1, where "day 0" is the day of the first challenge that
was blocked from development. During a period of
420 days, this volunteer was bitten by 1441 irradiated
mosquitos that, upon dissection, were shown to be
heavily infected with sporozoites (although it was not
technically possible to calculate the numbers of sporo-
zoites that had been injected). CSP-test positivity
developed more slowly than did protection, but the
reaction once established was equally effective against
P. falciparum strains obtained worldwide (6). Five
highly infective challenges with a similar range of
strains failed to produce parasitaemia, but intraven-
ous injection of blood stages of the strain that had
been used for all the immunizations promptly pro-
duced infection, as did challenge with P. vivax
sporozoites (6).

Protection against P. falclparum and P. vivax
One volunteer, D.F.C. (Caucasian, aged 48, weight
77 kg), received P.falciparum and P. vivax sporozoites
from mosquitos irradiated at the 17 500 rads dosage

(4). The apparent failure of the two species to interact
immunologically, despite overlapping in their pre-
sentations to the volunteer, permits them to be
described individually.

The P. falciparum portion of the study is sum-
marized in Table 2. A total of 838 heavily infected
irradiated mosquitos fed on the volunteer from 18
weeks to one week prior to the initial infective chal-
lenge, which resulted in parasitaemia. Further im-
munizations were given using 968 mosquitos between
eight weeks and one day prior to a second challenge,
which did not produce parasitaemia. A third chal-
lenge also failed. Despite further immunizations, how-
ever, a fourth and much more rigorous challenge that
was made after a considerable interval resulted in
parasitaemia. A low titre of the CSP reaction
developed but faded before the final challenge.

The P. vivax portion is summarized in Table 3 (in
which the days of the operations are in concordance
with those of Table 2). Following an initial challenge
and infection, 539 mosquitos were used to immunize
the volunteer. During the course of the immunization
parasitaemia reappeared, attributable either to some
sporozoites having escaped irradiation or to relapse of
the initial infection despite the patient having been
treated with a full course of primaquine. Two weeks
after the last immunizing dose, a challenge did not
produce parasitaemia. Additional challenges 11 weeks
and 26 weeks after the final immunizing dose were,
respectively, unproductive and productive. Low titres
of the CSP reaction developed and waned.

Table 1: Protection against P. faiciparum sporozoltes In volunteer G.Z.

Challenges by non-irradiated infective mosquitosc

Immunizations by irradiated CSP testsb (titres
Days infected mosquitos" and parasite strains) No. of mosquitosa Prepatent period (days)

-98 neg. B
-98 to -70 222 (4 +) B
-28 to -15 157 (3 +) B

0 neg. B 9 (3+) B
84 to 91 294 (4 +) B
154 26 (3+) B neg. B
210 to 217 490 (4+) B
229 1:5 B 13 (4+) B -

285 1:10B
289 Blood IV B 7
308 120 (4+) B 1:40 B,S
315 14(3+)MM
322 132 (4+) B 1:40 B,M,S
337 1:20 B,S Vivax 14 (3+) 15
350 1:20Pa,S 6(2+)Pa
361 10 (3+) Ph
442 1:20 S

a Number of mosquitos feeding, and sporozoite density (scale 1 +to 4+), and parasite strain (B=Burma (Thau.), M=Malaya (Tay.),
Pa=Panama II, Ph=Philippines (Per.), S=Solomons (Nes.), V=Vietnam (Smith)).
b Circumsporozolte precipitation (CSP) tests.
c All challenges involved P. falciparum except that of day 337, when Chesson strain P. vivax-infected mosquitos were used.
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Table 2: Protection against P. talclparum sporozoltes In volunteer D.F.C.

Challenges by non-irradiated infective mosquitos

Immunizations by irradiated
infected mosquitosa

467 (4+) B
371 (4+) B

166(3+) M,Pa,Ph
802 (3+) M,Pa,Ph

400 (3+) B

CSP testsb (titres
and parasite strains)

neg. B

1:5 M,S

1:5 B
neg. V

No. of mosquitosa

8 (3+) Pa

Prepatent period (days)

9

12 (4+) M
14 (4+)

90(3+) V 8

Number of mosquitos feeding, and sporozoite density (scale 1 + to 4+), and parasite strain (B= Burma (Thau.), M=Malaya (Tay.),
Pa=Panama II, Ph=Philippines (Per.), S=Solomons (Nes.), V=Vietnam (Smith)).
bCircumsporozoite precipitation (CSP) tests.

Table 3: Protection against P. vivax sporozoites In volunteer D.F.C.

Challenges by non-irradiated infective mosquitos

Immunizations by irradiated
infected mosquitosb

180(3+) C

359 (3+) C

CSP tests (titres and
parasite strains)

neg. C

neg. C

1:5 C

1:5 E

1:1 E

No. of mosquitosb

8 (3+) C

11 (3+) C

12 (4+) E

9(3+) C

Prepatent period (days)

14

14

"The days relate to those listed in Table 2.
bNumber of mosquitos feeding, and sporozoite density (scale 1 + to 4+), and parasite strain (C=Chesson, E=EI Salvador (Gue.)).
c Reappearance of parasitaemia without an immediate predisposing challenge.

Protection against P. vivax

One volunteer, W.K. (Caucasian, aged 26, weight
68 kg), received P. vivax sporozoites from mosquitos
irradiated at the 17 500 rads dose (7). An initial
challenge one week after the end of an immunizing
course, which had been spread through one week
and involved inoculation by 728 mosquitos, produced
parasitaemia (Table 4). Additional immunization with
1251 mosquitos was given for 10 days, one week after
completion of which a challenge failed to infect the
volunteer. A challenge 22 weeks later produced infec-
tion but, without further immunizations, challenges at
26 and 39 weeks did not result in the appearance of

parasitaemia. The CSP reaction rose sharply after the
second batch of immunizations, then subsided.

Discussion
In this study undertaken at the University of
Maryland from 1971 to 1975, one volunteer was
successfully immunized against sporozoites of P.falci-
parum, one against both P. falciparum and P. vivax,
and one against P. vivax alone, by means of exposure
to large numbers of heavily infected irradiated mos-
quitos. A similar study being undertaken collabora-
tively between the Naval Medical Research Institute,
Bethesda, and Rush-Presbyterian-St Luke's Medical
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Days

-205 to -178
-105 to -84
-77
-55 to -40
-12 to -1

0
24
118 to 135
128
217
221

Daysa

-77
31 to 43
48
128
136 to 148
156
161
217
237
248
330
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Table 4: Protection against P. vlvax sporozoltes In volunteer W.K.

Challenges by non-irradiated infective mosquitos

Immunizations by irradiated CSP tests (titres and
Days infected mosquitosa parasite strains) No. of mosquitosa Prepatent period (days)

-123 to -116 728E neg.C
-109 neg.E 7E 15
-102 to -12 neg. C,E
-15 to -5 1251 C
-10to -6 1:20C
-1 1:40C

0 60C
9 1:40C

23 to 32 1:5 C
38 1:1 C
65 to 160 neg. C
153 12C 11
167 to 174 1:1 C
181 1:5C
184 6C
188 to 286 1:1 C,E
275 6 E
293 1:5 E
300 to 307 1:1 E
314 neg. E

a Number of mosquitos feeding, and parasite strain (C=Chesson, E=EI Salvador (Gue.)).

Center, Chicago, found essentially the same results in
respect of P. falciparum (8). In the Maryland pro-
gramme it was difficult to relate success in immun-
ization to the numbers of mosquitos used (and not
possible to calculate the numbers of sporozoites in-
volved), as on occasion infection developed from chal-
lenge following immunization with as many heavily
infected mosquitos as 728 or 838, but did not develop
from challenge after immunization with as few as 379
or 539 mosquitoes. In one instance involving volun-
teer W.K., a challenge using only 12 mosquitos on day
153 appeared sufficient, in the absence of concomitant
specific immunizations, to boost immunity to a level
protective against a later challenge on day 184.

Despite demonstration of cross-immunity to
sporozoites of isolates of P. falciparum collected in a
variety of places worldwide, and similarly of P. vivax
(6, 7), immunity did not extend to the asexual erythro-
cytic stages of the strains of parasites that had been
used for sporozoite immunization (3). Furthermore,
inoculation of infectious P. vivax sporozoites in a
person demonstrating persistent immunity to P.falci-
parum sporozoites produced P. vivax parasitaemia (6).
The observations conformed with results of studies of
rodent malaria that had already been undertaken (9).

The work at Maryland indicated that sporozoite-
induced immunity to P. falciparum and P. vivax was
species- and stage-specific, but not strain-specific, and
in the absence of further immunization, persisted for
three to six months.
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