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COMPARATIVE INFECTIVITY OF A STRAIN OF PLASM ODIUM
FALCIPARUM FROM PANAMA TO THREE SPECIES OF
ANOPHELES AS STUDIED BY MEMBRANE FEEDING
WILLIAM E.: COLLINS,! GEOFFREY M. JEFFERY,?

JIMMIE C. SKINNER,® axp ANDREW J. FHARRISON !

National Institutes of Health, National Institute of Allergy and Infectious Discases,
Laboratory of Parasite Chemotherapy

Studies on the comparative infectivity
of Plasmodium falciparum to Anopheles
quadrimaculatus, A. albimanus and A.
freeborni have been reviewed and reported
previously (Collins, 1962 and Collins ez
al., 1963). The present report concerns
the result of similar infectivity studies of
a strain of P. falciparum from Panama
and the same three species of Anopheles,
with a comparison of direct mosquito
feeding on patients and feeding on a
blood pool through a membrane.

MerTHODS AND ProcepUres. The Pan-
ama D strain of P. falciparum was origin-
ally recovered from a mestiza of El Limon,
Transisthmian Highway, Panama, in
1948 (Jeffery er al, 1950). Following
subcurative drug therapy in the laboratory,
this strain was found to be resistant to
pyrimethamine (Burgess and Young,
1959). In the linear passage as described
by Burgess and Young (1959), the inocu-
lation was from patient 1243 to 1300 and
1332 to the present patient, 1338. This
patient was infected by intravenous inoc-
ulation of parasitized blood which had
been preserved frozen in a dry ice chest
(—78° C) for g40 days.

The A. quadrimaculatus (Q-1 strain)
was originally from the Southeastern
United States and has been maintained
in our laboratory since 1941. The A.
albimanus (A-g strain) was originally
from El Salvador and was obtained
through the courtesy of Dr. H. G. Sim-
kover, Shell Development Company, Mo-
desto, California. The colony has been
maintained by us since 1960. The A.

t Section on Cytology, P.O. Box 195, Cham-
blee, Georgia.
2 Assistant Chief, Bethesda, Md.

freeborni (F-1 strain) was from Marys-
ville, California, and has been maintained
in our laboratory since 1944.

The patient was an adult Negro male
being treated for neurosyphilis. The asex-
ual parasites were first found 22 days after
inoculation and the gametocytes appeared
11 days later. The comparative teedings
were during the first gamerocyte wave,
on the eighth through the twelfth days of
gametocytemia.

Three- to five-day-old adult female mos-
quitoes were caged in lots of 50 to 125
in pint ice cream carton cages and al-
lowed to feed through the screened top
either on the patient’s arm or on a blood
pool through a membrane. For the mem-
brane feedings, 20 ml of blood were
drawn by venipuncture into a heparinized
syringe at the time of direct mosquito
feeding. Ten inl of heparinized blood
were placed in each of two feeding con-
tainers, constructed by replacing the bot-
toms of half-pint ice cream cartons with
Baudruche (untreated) membrane.!

The blood meal was offered to the mos-
quitoes by placing the membrane in con-
tact with the screen top of the mosquito
cages. The membrane was warmed for'
a period of 20 seconds every 5 ininutes
during the 15-minute feeding period by
resting the container on water heated o
37°C, after which the membrane was
blotted dry on a towel and the container
replaced on the mosquito cage. In order
to feed three species of inosquitoes on
only two blood pools, two easily differen-
tiated species, A. guadrimaculatus and A.

1 Obtained from Long & Long, Manufacturers
of Baudruche Capping, Pad Skins, Kindred Prod-
ucts, 20 Roosevelt Avenue, Belleville g, N. I
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aibimans were caged together during the
membrane feeding.

Engorged mosquitoss Wwere transferred
to pintcarton holding cages and incu-
bated at 78° F. to 80 F. The mosquitoes
were offered daily a 5 percent honey solu-
tion in a cellulose sponge. Seven or eight
days after the blood meal, the mosquitoes
were dissected and the guts microscopi-
cally examined for presence and number
of oocysts. Dissections of glands at 12 1O
15 days, as well as prior experience with
the strain of parasite and the mosquito
used, demonstrated the maturation of gut
infections to the sporozoite stage.

TResuLts. The results of the comparative
feedings using the membrane feeding
technique are shown in Table 1. Both
the A. guadrimaculatus and A. albimanus
were more heavily infected by membrane
feeding than by direct feeding on the
patient. The A. freeborni were infected to
a lesser degree when compared to the
patient feeding, but it was still the most
heavily infected species. Presumably, the
lesser infection in this species is due to
the characteristic slowness with which
they feed. The majority of the A. free-
borni mosquitocs were observed to feed
in the 1o—15-minute period whereas the
A. quadrimaculatus  and A. albimanus
ted tmore in the o—s5-minute period.
Our studies have previously shown that
infection is drastically reduced if the blood
is held for more than 30 minutes and is
rarely infective if held for more than one
hour prior to feeding.

The results of the comparative infectiv-
ity studies wusing the patient feeding
method are shown in Table 2. The A.
freeborni had a higher percentage of in-
fection than the 4. quadrimeculatus mos-
quitoes, which in turn had a higher per-
centage of infection than the . albimaniss
mosquitoes. The gut infection index
{average number of oocysts per 100 guts)
followed the same pattern.

The relationships between the mem-
brane feedings and the paticnt feedings
are shown on Table 3. The results have
been converted so that the feedings by
A. quadrimaculatus on the patient equals
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100. The A. freeborni would appear to
have the greatest vector potential of the
three mosquitoes tested. Although the
gut infection index was higher in the A.
guadrimaculatus than in the A. dlbi-
manus, the ratio of oocysts per positive
gut (181:100 and 288:136) would pos-
sibly indicate a greater vector potential of
the latter species.

Discussion. The infection of mosqui-
toes by membrane feeding techniques
with Plasmodium spp. has been previ-
ously reported by Yoeli (1938) using
Anopheles elutus and P. falciparum and
by Bishop and Gilchrist (1946) using
Aedes aegypti and P. gallinaceum. The
comparison of the infectivity of a strain
of P. falciparum to three species of Ano-
pheles as measured by the membrane-
feeding technique and by patient-feeding
(Table 3) indicated some similarities but
also some variation in the results. In gen-
eral, the two species which fed rapidly
through the membrane had higher gut
infection indices than those feeding di-
rectly on patients, which suggests the
possible use of this technique to obtain
more heavily infected mosquitces. This
would be very useful when the feedings
are on patients with low gametocyte den-
sities.  Certainly, in those individuals
upon whom it is difficult to feed mosqui-
toes, the membrane-feeding technique of-
fers an alternative method for mosquito
infection.

The studies of Jeffery ez al. (1950) in-
dicate that two strains of A. albimanus,
one from Panama and one from the
Florida Keys, were both more susceptible
to infection by the Panama strain of P.
falciparum than was A. quadrimaculatus
(Q-r strain). The results reported here
on direct patient feeding indicate that the
strain of A. albimanus from San Salvador
{A-9) has a lesser gut infection index
than does the A. gquadrimaculatus but a
higher ratio of oocysts per positive gut.

These results extend those reported pre-
viously (Collins, ez al., 1963) that with
the four strains of P. falciparum thus far
examined, the A. freeborni are the most
susceptible to infection. In contrast with
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Tasre 3.-—Relationships between infectivity of fudetparan:  (Panama 1 stran) to three  species
of f by patient and membranc feeding using A. gquadrimaculatus
tandard { 00).
Gur infection index ratio Qocysts per positive gut ratio
Mosquito Patient Membrane Patient M_f‘mbranc
strain feeding teeding feeding feeding
(] Yoo e 100 126
A-y ]8& 171 181 288
F-1 P 8a R T183 738 517
the results of the three previous strains Henson, Biological Laboratory Techni-

studied, the A. albimanus was infected to
a greater degree with the Panama D
strain of P. falciparusm as compared with
the standard A. guadrimaculius. These
results agree with the findings of Jeffery
er al., (Tog0) that strains of P. falctparum
are more infective to coindigenous strains
of A. albimanus.

Sunmary. Comparative studies on the
infectivity of a strain of Plusmodium
falciperum from Panama to Anopheles
jreeborni, A. quadrimacedaras and AL
albimanis using membrane-feeding and
patient-feeding techniques indicated that
the first was the most heavily infected.
All species were infected with parasites
using ‘the membrane-feeding technique
with the latter two species having heavier

infections from -‘membrane-feeding than
from feeding directly on the patient. The

usefulness of membrane-feeding to infect

mosquitces with P. falciporun is indi-
cated.
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