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Immunity to malarial infection may be transferred with immune lympho-
cytes. This study was designed to determine which lymphocyte type is responsi-
ble for the adoptive transfer of immunity to malarial infection. In one set of
experiments, the ability of immune T and B lymphocytes, separated by passage
through nylon-wool columns, to transfer immunity to infection was determined.
In another experiment, the effect of killing T lymphocytes with anti-theta serum
on the transfer ofimmunity was determined. The effect on the ability ofimmune
lymphocyte suspensions to transfer immunity after B lymphocytes were re-
moved from such suspensions by centrifugation on Ficoll-Hypaque gradients,
after they had formed rosettes with sensitized, complement-coated sheep eryth-
rocytes, was also determined. The ability of lymphocyte suspensions to adop-
tively transfer resistance to malarial infection was greatly impaired by the
removal from the suspensions of differentiated B-type lymphocytes. Our results
indicate that it is the differentiated B cell, most probably an antibody-producing
cell, which lacks both theta antigen and the complement receptor that is
responsible for conferring immunity to malaria.

Immunity to plasmodial infection has been
attributed, at least in part, to the development
of antiplasmodial globulin. The importance of
immune globulins in conferring immunity to
malaria infection has been established by the
passive transfer of immune gamma globulin in
humans (9) and in experimental animals (2, 6,
10). Protective antiplasmodial globulins act on
mature schizonts (8) and on free merozoites
(14).
Immunity to malarial infection may also be

transferred with lymphocytes from immune an-
imals (7, 17, 19). Stechschulte (19) found that
both immune spleen and lymph node cells were
effective in transferring immunity to Plasmo-
dium berghei. Thoracic duct lymphocytes were
not. The effective transfer of immunity with
cells caused investigators to propose that the
development of immunity to the plasmodia de-
pended on cell-mediated immune responses,
even though no attempt was made to identify
which lymphocyte type(s) was responsible for
conferring immunity. Further support for the
theory that cell-mediated immune responses
are important in the development of resistance
to malarial infection come from studies involv-
ing the in vivo depletion ofT cells. Antithymo-
cyte serum abolished the innate resistance
mechanisms of rats of different ages to primary
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infection with P. berghei but did not arrest
antibody production (18). Neonatal thymec-
tomy also reduced the protective immune re-
sponse to P. berghei in rats (3, 20).

It is now known that the humoral response to
most antigens requires the participation of T
cells as well as B cells (16). T cells act as helpers
in the humoral response to most antigens.
Brown (4) postulated that impairment of T cell
response by thymectomy or by antithymocyte
serum treatment may render rodents incapable
of making a rapid response to new antigenic
variants of the plasmodia. He also reported (5)
that lymphocyte suspensions from rats immune
to P. berghei and depleted of B lymphocytes
were capable of conferring immunity to P.
berghei challenge. Brown interpreted these re-
sults as meaning that the immune T cells were
acting as helpers in the humoral response. T
cells were presumably sensitized to variant-
specific antigens.
T cells may be killed in lymphocyte suspen-

sions with anti-theta serum and complement. B
cells may be removed from such suspensions by
centrifugation on Ficoll-Hypaque gradients
after they have formed rosettes with sensitized,
complement-coated sheep erythrocytes.
T and B cells may also be separated after

absorption onto nylon-wool columns. For un-
known reasons, B lymphocytes stick preferen-
tially to nylon wool (11). Epstein et al. (12)

184



ADOPTIVE TRANSFER OF IMMUNITY TO MALARIA

found that passage of human peripheral blood
lymphocytes through long nylon-wool fiber col-
umns at 37 C resulted in a two- to threefold
depletion of immunoglobulin-bearing cells. Ju-
lius et al. (15) used 12-ml syringes packed with
nylon wool and found that after one absorption,
a murine spleen cell population containing 85 to
90% T cells with less than 5% immunoglobulin-
bearing cells and with 10% unidentifiable cells
could be obtained. B cells may be eluted from
the nylon-wool columns after the effluent T
cells have been removed; therefore, this method
allows for the selective removal of specific lym-
phocytes and for their recombination. Trizio
and Cudkowicz (21) evaluated the efficacy of
the nylon-wool column depletion method in
adoptive transfer experiments with irradiated
recipients. They found that neither the ef-
fluent, predominantly T cell population, nor
the adherent, predominantly B cell population,
could be induced to produce anti-sheep erythro-
cyte plaques. T effluent cells were, however,
able to synergize with bone marrow cells to
produce plaque-forming cells, and adherent B
cells were able to synergize with thymocytes to
produce plaque-forming cells.
T cell killing with anti-theta serum, removal

of rosette-forming B cells on Ficoll-Hypaque
gradients, and passage of immune lymphocyte
suspensions through nylon-wool columns were
used in this study to determine, in adoptive
transfer experiments, to what extent T and B
lymphocytes from immune animals, alone or in
combination, are able to adoptively transfer
immunity to P. berghei in rats.

MATERIALS AND METHODS
Animals. All rats used in this study were Fischer

344 (CD*F) females obtained from Charles River
Breeding Laboratories in Wilmington, Mass. All an-
imals were housed in the animal facility of the De-
partment of Microbiology, Ohio State University.
They were allowed food and water ad libitum.

Donors in adoptive transfer experiments were 8-
week-old female CD*F rats infected by intraperito-
neal injection of 2 x 107 P. berghei-infected rat
erythrocytes. These rats were challenged with 2 x

107 P. berghei-infected rat erythrocytes 1 week after
they had cleared the parasites (20 to 25 days of
clearance time). Forty-five to 50 days after chal-
lenge, the rats were killed and their spleens were

removed. Lymphocytes from the spleens of these
recovered donors were harvested as described in
reference 13.
Normal animals, the same age as recovered do-

nors, were maintained as described for recovered
donors, and lymphocytes were harvested from their
spleens as previously described (13).

Recipients in all experiments were 4-week-old
CD*F females.

Titration of effective lymphocyte numbers for

the transfer of protection against challenge with P.
berghei. The number of lymphocytes that had to be
transferred from an immune to a susceptible rat to
confer resistance to P. berghei infection was deter-
mined in a series of experiments in which 2 x 106, 2
x 107, or 2 x 106 viable immune or normal lympho-
cytes were transferred to susceptible rats 1 week
before challenge with P. berghei. Lymphocyte via-
bility was determined by trypan blue exclusion.
There were five rats in each experimental group.

Percentage ofparasitemia was determined by count-
ing the number of infected cells per 10,000 erythro-
cytes in Giemsa-stained thin blood films.
Each concentration of cells conferred protection

to P. berghei challenge, but the intraperitoneal in-
jection of 2 x 106 immune lymphocytes conferred the
most protection. A peak parasitemia of 2% was

reached by day 3 in rats that received 2 x 108 im-
mune lymphocytes. No parasites were observed in
animals of this group after day 7. Peak parasitemia
of2% occurred at day 9 in animals that received 2 x
107 immune lymphocytes. Animals in this group

took longer to clear parasites than did those that
received 2 x 106 immune lymphocytes. Parasites
were observed in animals in this group up to day 17.
Parasitemia peaked at 10% at day 13 in animals that
received 2 x 106 immune cells. Animals that re-

ceived normal cells or no cells at all were not pro-
tected. These results are summarized in Fig. 1. A
total of 2 x 106 viable splenic lymphocytes were
used in all subsequent studies.
T cell depletion of lymphocyte suspensions by

anti-theta serum killing. T cells were killed with
brain-associated anti-theta and complement. Brain-
associated anti-theta serum was prepared as de-
scribed previously (13).

For transfer experiments, lymphocyte suspen-
sions were adjusted to contain 106 viable cells/2 ml.
Two milliliters of adsorbed anti-theta serum diluted
1:8 and 2 ml of adsorbed guinea pig complement
diluted 1:4 were mixed with 2 ml ofimmune lympho-
cytes in a 15-ml tube. The tubes were incubated at 37
C for 45 min in a humid CO2 incubator. After incu-
bation, the cells were washed three times in Hanks
balanced salt solution (HBSS). To inject five ani-
mals, 10 tubes were prepared. The packed lympho-
cytes were suspended to a final volume of 5 ml in

50

,S A/ Normal Spleen
.- /)\\/C~~~~~~~~~~~ells2x K6
30

L
ImmuneCallsNormal Spleen

20

0I 3579 11 1517 19 212325 272931

Days Post Chalenge

FIG. 1. Titration of the number of lymphocytes
required to transfer immunity to P. berghei injection
to 4-week-old recipient rats.
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HBSS. Twenty-seven percent of the cells were killed
with this method. Cell killing was measured by
trypan blue exclusion.

Suspensions of 108 viable imnmune lymphocytes
were treated with normal rabbit serum and guinea
pig complement under the same conditions de-
scribed for lymphocytes treated with anti-theta se-
rum. Only 3.5% of the cells were killed by incuba-
tion of immune lymphocytes with normal rabbit
serum and complement.

Five 4-week-old CD*F rats were each given 1.46 x
108 viable immune lymphocytes (the number of via-
ble lymphocytes remaining after treatment of 2 x
108 lymphocytes with anti-theta serum and comple-
ment). Another group of five rats were each injected
intraperitoneally with 1.98 viable immune lympho-
cytes, the number of viable lymphocytes left after 2
x 108 lymphocytes were treated with normal rabbit
serum and complement. Control rats received 2 x
108 viable normal spleen cells or no cells at all. All
animals were challenged 1 week later with 2 x 107
P. berghei-infected rat erythrocytes. Percentage of
parasitemia was determined from Giemsa-stained
blood films as described above.
B cell depletion after rosette formation with sen-

sitized, complement-coated sheep erythrocytes. B
cells will form rosettes with sensitized, complement-
coated sheep erythrocytes (1). One hundred to 150
ml of a 5% suspension of washed sheep erythrocytes
was prepared in HBSS. An equal volume of anti-
sheep hemolysin, diluted 1:1,000, was added to the
sheep cell suspension. This mixture was incubated
with frequent mixing lt 37 C for 30 min. The sensi-
tized cells were washed twice in HBSS and resus-
pended to a 5% concentration in HBSS. Fresh mouse
complement was diluted 1:10 in HBSS. An equal
volume of diluted complement was added to the
sensitized sheep erythrocytes. This mixture was in-
cubated .t 37 C for 30 min. The cells were washed
three times in HBSS, and the sensitized, comple-
ment-coated sheep erythrocytes (EAC) were resus-
pended to a 5% concentration in HBSS. Three and
one-half milliliters of immune lymphocyte suspen-
sion containing 108 viable immune lymphocytes was
added to 3.5 ml ofEAC in a 15-ml tube. The contents
of the tubes were mixed and incubated at 37 C for 30
min. After incubation, the mixture contained 35%
rosettes. The mixture (7 ml total) was layered onto 3
ml of Ficoll-Hypaque suspension. The mixtures
were centrifuged at 2,000 rpm in an International
centrifuge, model CM, for 20 min. Lymphocytes
were harvested from the interface of the buffer and
Ficoll-Hypaque layer. The cells were washed three
times in HBSS. Sheep erythrocyte contamination
was minimal. The harvested lymphocytes were
tested for the presence of complement receptor lym-
phocytes (CRL). A 0.2-ml amount of a splenic lym-
phocyte suspension containing 5 x 10'i viable lym-
phocytes/ml was incubated with 0.2 ml of EAC. The
contents of the tubes were mixed and incubated at 37
C for 30 min. Rosettes were counted in a hemocy-
tometer. The CRL-depleted population contained 2%
rosettes. Since recovered rat spleens contain approx-
imately 50%c CRL, and since during treatment we
accounted for the removal of 35% CRL, it is likely

that some cells capable of forming rosettes were lost
during centrifugation and washing.
The harvested cells were tested for the presence of

T cells in a cytotoxicity assay described in reference
13. Forty percent of the remaining cells were identi-
fied as T cells. Four 4-week-old rats were each given
intraperitoneal injections of 1.3 x 108 viable lym-
phocytes depleted of CRL. (This number represents
the number of cells that would be left of the standard
inoculum of 2 x 108 cells after 35% of the CRLs had
been removed.) The rats were challenged 1 week
later with 2 x 107 P. berghei-infected rat erythro-
cytes. Percentage of parasitemia was calculated
from the number of cells infected per 10,000 cells
examined in Giemsa-stained blood films.

Separation of T and B lymphocytes on nylon-
wool columns. Prior to use, glass and nylon wool
were soaked in normal saline for 1 h at 37 C. The
wools were rinsed three times in doubly distilled,
demineralized water and wrung dry. The wools were
placed in separate beakers and covered with double-
distilled, demineralized water. The beakers of wool
were incubated at 37 C for 1 week with daily changes
of water. This amount of washing caused extensive
loss of glass-wool fiber. After these washings, glass
and nylon wool were wrung out and placed on a
sheet ofaluminum foil and dried in a 37 C incubator.
A 0.6-g portion of nylon wool or 0.8 g of glass wool

was packed into the barrels of 10-ml syringes. The
plungers were replaced, and the syringes were
wrapped and sterilized.

Lymphocytes and macrophages were harvested
from recovered rat spleens as described previously
(13). The washed cells were resuspended in HBSS. A
suspensioh containing 5 x 106 viable lymphocytes
was made to determine the percentage of cells killed
by anti-theta serum and of cells forming rosettes
with EAC present before glass- and nylon-wool
treatment. The cells were pelleted in a Sorvall RC-
2B centrifuge at 1,000 rpm for 10 min. They were
resuspended to a final concentration of 1.5 x 108
viable lymphocytes/2 ml in HBSS supplemented
with 5% fetal calf serum (FCS medium).
To remove macrophages from the splenocyte sus-

pensions containing 1.5 x 108 cells/2 ml, the cells
were passed through glass-wool columns. Glass-
wool columns were washed before use with 50 ml of
FCS medium at room temperature. Harvested cells
were pelleted by centrifugation at 1,000 rpm in a
Sorvall RC-2B centrifuge. The cells were washed
two times in HBSS and resuspended in HBSS. A
viability count was made, and percent yields was
calculated. From this count, a suspension contain-
ing 5 x 10" viable lymphocytes was made for use in
evaluating the numbers of cells killed by anti-theta
serum killing (T) and cells forming rosettes with
EAC (B) in the glass-wool column effluents. The
remaining suspension was adjusted in FCS medium
to contain 1.5 x 108 viable cells/2 ml.

Prior to loading the cells onto the nylon-wool
columns, each column was washed with 20 ml of
warm (37 C) FCS medium, sealed with Parafilm,
and incubated in an upright position in a 37 C humid
incubator for 1 h. After incubation, pH gradients in
the columns were corrected by rinsing 5 ml of FCS
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medium through each column. Two milliliters of
lymphocyte suspension was layered dropwise onto
each column. The cells were washed into the column
with 1 ml of FCS medium, added dropwise. Each
syringe barrel was sealed with Parafilm and incu-
bated at 37 C for 45 min. After incubation, effluent T
cells were collected from the columns by passage
through them of 25 ml of FCS medium. The columns
were then washed by rapid passage of 100 ml ofFCS
medium. Adherent cells were then eluted by squeez-
ing the nylon wool with stainless-steel forceps and
rinsing with 8 ml of FCS medium. The nylon wool
was squeezed and washed once more. Effluent and
eluted cells were pelleted in the cold by centrifuga-
tion at 1,000 rpm for 10 min in a Sorvall RC-2B
centrifuge. The cells were washed two times in
HBSS, and each population was tested for the pres-
ence of T and B lymphocytes by anti-theta serum
killing and rosette formation as previously de-
scribed.

For adoptive transfer studies, a group of five 4-
week-old female CD*F rats were each given 7 x 107
immune effluent T lymphocytes intraperitoneally.
An inoculum of 7 x 107 cells was chosen because
studies with adult recovered rats indicated that ap-
proximately 35% of the cells in the spleen could be
killed with anti-theta serum and complement. The 7
X 107 amount is 35% of 2 x 108, the standard adop-
tive transfer inoculum.

Three 4-week-old rats received 108 (50% of 2 x 108)
eluted B cells intraperitoneally. An inoculum of 10W
eluted B cells was chosen because studies with adult
recovered rats indicated that approximately 50% of
the cells of the spleen were B cells by their ability to
form complement receptor rosettes with sensitized
erythrocytes. Another group of three rats each re-
ceived 1.7 x 108 recombined T and B lymphocytes.
All rats were challenged 1 week later by the intra-
peritoneal injection of 2 x 107 P. berghei-infected rat
erythrocytes. Percentage of parasitemia for each rat
was determined daily from Giemsa-stained blood
films.
The nylon-wool experiments were repeated, but

in the second run Dulbecco phosphate-buffered sa-
line was used instead of HBSS. The same injection
schedule was followed, but each group contained
five animals.

RESULTS
The killing of T cells in immune lymphocyte

suspensions with anti-theta serum and comple-
ment did not abolish the ability of the remain-
ing cells to transfer immunity to P. berghei
challenge. However, animals that received T-
depleted immune lymphocyte suspensions
cleared the parasites more slowly than did
those animals that received lymphocytes that
had been treated with normal rabbit serum and
complement. Although infection levels were
very low in the rats that received the T-de-
pleted lymphocyte population, the animals did
not clear the parasites until day 15. Animals
that received normal serum-treated immune

lymphocytes cleared the parasites by day 7.
Transfer of T-depleted immune lymphocytes
conferred more immunity than did the transfer
of normal lymphocytes. Percentages of parasit-
emia in animals in the control groups were
much higher than in animals that received T-
depleted lymphocyte suspensions. Parasites
were not completely cleared by animals in the
control groups until day 23. These results are
presented in Fig. 2.
Lymphocyte populations depleted of CRL

were also effective in transferring immunity to
P. berghei challenge. Peak parasitemia oc-
curred at day 3 in animals that received CRL-
depleted populations; however, the animals
that received CRL-depleted populations main-
tained a low-level parasitemia until day 19,
whereas the animals that received the unde-
pleted population cleared all parasites by day 7.
Animals that received no lymphocytes had
much higher parasitemias than did animals
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FIG. 2. Effect of killing cells with anti-theta se-
rum on the adoptive transfer of immunity by splenic
lymphocytes.
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FIG. 3. Effect of the removal ofCRLs on the adop-
tive transfer of immunity to P. berghei infection by
splenic lymphocytes.
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that received either CRL-depleted or unde-
pleted immune lymphocyte populations. Para-
sites were not completely cleared until day 22 in
these controls. These results are summarized in
Fig. 3.
T cell depletion impaired the transfer of im-

munity to a lesser extent than did CRL deple-
tion. Parasites were cleared in animals that
received T-depleted populations at day 14,
whereas those animals that received CRL-de-
pleted populations took 19 days to clear para-
sites.

Glass- and nylon-wool columns were found to
be effective for separating T and B lympho-
cytes, although separations were not perfect
and many cells were lost during passage
through the columns. An average of 65% of the
total cell population was recovered after pas-
sage through glass wool. Passage of immune
splenocyte populations through glass wool re-
moved all traces of malarial pigment. The har-
vested population consisted exclusively of large
and small lymphocytes. Some CRLs were also
retained on the glass-wool columns. CRL per-
centages dropped from between 41 to 50% to
between 21 and 31% after passage through
glass-wool columns. Macrophages will form ro-
settes with sensitized, complement-coated
sheep erythrocytes. Macrophages do not form
rosettes in the absence of Ca'2+ and Mg-+ ions
(1). In experiments in which the percentage of
CRLs was determined in recovered rat spleens
in HBSS or with Ca'2+- and Mg2+-free phos-
phate-buffered saline, 46% of the cells of the
recovered rat spleen formed rosettes in HBSS;
40% were formed in Ca'2- and Mg2+-free phos-
phate-buffered saline. This 6% difference can-
not account for an average loss of 44% CRLs
after passage through glass wool.
Of the starting population of cells, 45% were

recovered after passage through nylon wool.
Seventy percent of the glass wool yield was
recovered after one passage though nylon wool.
The effluent population from the nylon-wool

columns contained an average of 2.8% CRLs.
This represents a 96% decrease over starting
values. This population was 83 to 92% T lym-
phocytes, as determined in cytotoxicity assays
with anti-theta serum and complement. Five to
14% of the effluent cells had neither comple-
ment receptors nor the theta antigen.
The population eluted from nylon wool had

twice as many CRLs as the population eluted
from glass wool. The population eluted from
nylon wool consisted of an average of 54% CRLs
and 6% T cells, and approximately 40% of the
cells could not be identified as T cells or as B
cells. These results are summarized in Table 1.
Figure 4 shows that the capacity to transfer

TABLE 1. Evaluation of the efficacy ofglass- and
nylon-wool columns for separating T and B

lymphocytese

Treatment % T cells % CRL (B)

Glass wool
Before 35 41

48 47
51 44
28 47

After 33 31
44 25
49 27
44 21

Nylon wool
T effluent 83 2.4

89 1.0
92 2.9
89 5.0

B eluted 5.58 60
6.00 42
6.00 60
6.00 54

aThe data presented are from four separate ex-
periments.
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FIG. 4. Average percentages ofparasitemia ofani-
mals that received 7 x 107 effluent T cells (0), 101
eluted B and null cells (A), or 1.7 x 108 effluent and
eluted cells combined (O).

immunity to P. berghei challenge resided pri-
marily in the eluted (B cell) population and in
the combined effluent (T) and eluted (B) popu-
lations. Eluted cells (B) transferred immunity
as effectively as did both populations combined.
Animals that received either the eluted (B)
population or the combined effluent and eluted
populations had only one small peak of parasit-
emia, which occurred at day 3. These animals
cleared all parasites by day 7, and no parasit-
emia was observed in these animals after that
day. Parasitemia peaked at days 4, 7, 9, and 12
in animals that received the effluent T popula-
tion. Parasitemias were higher in these ani-
mals than they were in animals that received
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eluted (B) or the combined eluted and effluent
cells. These animals did not have the ability to
completely clear parasitemia, and, even though
parasitemia was less than 1% at day 17, para-
sitemia persisted at this low level in some of
these animals up to day 23. Some protection
was transferred with effluent T cells, since par-
asitemias in these animals were milder than
parasitemias in untreated controls.

DISCUSSION
Rats that received suspensions of immune

splenic lymphocytes from which theta-bearing
(T) and complement-receptor-bearing (B) cells
had been removed had less ability to clear para-
sites than those rats that received the unde-
pleted populations. Even those T and B cell-
depleted suspensions, however, transferred a
very substantial proportion of the ability to
control the infection. One cell type was present
in both depleted suspensions. This population
lacked both theta antigen and the complement
receptor. On transformation into antibody-se-
creting cells, B cells were no longer detectable
as CRLs (1). As cells lacking theta and comple-
ment receptors were common to both depleted
populations and as both depleted populations
carried the ability to transfer immunity, it is
reasonable to propose that the bulk of the im-
munity was transferred with the null cell popu-
lation. This null cell population probably in-
cluded antibody-secreting, transformed B cells
that lacked both theta and complement recep-
tors.
Brown (5) has suggested that T cells might be

important as helpers in establishing variant-
transcending immunity. He suggested that,
during malarial infection, T cells become
primed to a determinant common to all plasmo-
dial variants but characteristic of the strain
producing the infection. Each antigenic variant
stimulates a separate B cell population. The
sensitization of T cells with one variant type
would produce an expanded T cell population
capable of acting as helpers to all B cell clones
responding to variants developed later in the
infection. Since the young rats that received
the T-depleted lymphocyte population in our
studies were not immunologically mature,
these animals would have only the immunity
conferred by the differentiated B cells that they
received. Because T cells were not present in
this transferred population, these animals
could not respond rapidly to antigenic variants
and thus developed persistent parasitemias.

Rats that received immune lymphocytes from
which CRLs had been removed also had longer
persistent parasitemias than did animals that
received the unselected immune lymphocyte

suspensions. By the same type of reasoning as
was applied to the situation in animals that
received T-depleted lymphocyte populations, it
may be proposed that these animals had only a
static immunity due to the absence of the ma-
ture B cell which would be capable of respond-
ing to the new parasite variants that might
have arisen during the infection.
Experiments with glass-wool- and nylon-

wool-purified immune lymphocyte suspensions
support the conclusions reached for populations
of cells depleted of CRLs and T cells. The pro-
tective capacity of the immune spleen cell sus-
pensions resided in the population eluted from
nylon wool. This population of cells consisted
primarily of null cells and CRLs. The effluent
population (T cells) did not transfer as much
protection as did the eluted population or both
populations combined. There was some protec-
tion transferred by effluent T cells, as para-
sitemias were milder in young rats that received
effluent T cells than they were in untreated
control animals. The three peaks of parasit-
emia observed in these animals indicate that
these animals lacked the cell type ultimately
responsible for the clearance ofparasites. These
animals probably received T memory cells but
were lacking B memory and antibody-secreting
cells. The primed T cells were probably capable
of acting as helpers in initiating a humoral
response-. Since the transferred preparations
contained little P. berghei antigen, these
transferred T cells probably populated the T-
dependent areas of the spleen and the lymph
nodes and were quiescent until antigen was
introduced 1 week later. These T cells may
have then become activated in a helper capac-
ity. Some of the B cells of the recipients, then 5
weeks old, may have been capable of being
turned on to produce antiplasmodial globulin.
The process of establishing an antibody-secret-
ing population in the recipients of the T effluent
cells led to delayed clearance times. It is also
possible that some of the null cells of the T
effluent population were B memory cells or an-
tibody-secreting cells, but, because such a
small number of these cells was transferred,
perhaps an effective antibody response could
not be mounted and parasitemias were not rap-
idly cleared.
The animals that received the eluted popula-

tion (CRLs and null cells) responded immedi-
ately to the introduced antigen. It is possible
that this response could have been the produc-
tion of antibody, which enabled the animals to
clear all of the parasites by day 7. Since nylon
wool retains B precursor and B memory cells as
well as antibody-producing cells (15), the im-
munity that was transferred with the eluted B
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population was most likely due to antibody-
producing differentiated B cells and B memory
cells. The fact that the methods that depleted
lymphocyte suspensions of B cells impaired the
transfer of immunity to P. berghei challenge
more than did methods that depleted T cells
indicates that the bulk of the protection resides
in the differentiated B cell population. The ny-

lon-wool experiments also indicate that T cells
are not the ultimate effectors of immunity to
malarial infection but are, rather, involved as

helpers in the establishment of a humoral re-

sponse. These results argue strongly for immu-
nity transferrable by antibody-producing cells
and not by T cells acting in classical cell-me-
diated immune responses.
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