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When mice were immunized intravenously, subcutaneously, or by the footpad
route with formaldehyde-killed Trypanosoma rhodesiense, delayed-type hyper-
sensitivity was elicited by the use of frozen-thawed trypanosomal antigen. The
delayed footpad swelling technique was used to measure delayed hypersensitivity.
Hypersensitivity induction was dose dependent (-106 formaldehyde-treated T.
rhodesiense) and was affected by the route of immunization. The footpad route
induced higher levels of hypersensitivity than other routes of immunization. Mice
immunized with a single dose of formaldehyde-treated antigen and challenged
with live T. rhodesiense did not survive. Yet, mice immunized subcutaneously
with formaldehyde-treated antigen and then injected with frozen-thawed antigen
and challenged 28 days after immunization survived. The results suggest that T-
cell activation, manifested by delayed hypersensitivity responses, was a necessary
component in the protective response, perhaps functioning in a helper cell
capacity.

The study of the immune response to African
trypanosomiasis has focused primarily on hu-
moral responses (5). Characterization of the an-
tibody response to trypomastigote infections,
particularly to Trypanosoma brucei groups, has
suggested that the parasites alter cell membrane
antigenic determinants in response to antibody
synthesis (10, 16). This shift in cell membrane
antigens has led to the antigenic variation con-
cept, which was proposed as a mechanism for
parasite evasion and survival in the sensitized
host. Additional studies showed that immuni-
zation with a cloned strain of trypanosomes, e.g.,
T. brucei, induced protection only against the
immunizing clone, and not against other clones
(3, 16). Further, protection was reported to be
mediated primarily by B-cell and serum anti-
body (1, 12).

Cell-mediated immune responses in African
trypanosomiasis have not been extensively stud-
ied. Delayed hypersensitivity (DH) reactions
were observed in rabbits infected with either T.
brucei or T. rhodesiense (15); yet DH could not
be induced in rabbits immunized with trypano-
somal antigens. Another study reported that DH
could not be detected in rabbits infected with T.
congolense (11). These contrasting results may
reflect differences in host-parasite interactions.

Previously, it was reported that DH was de-
tectable in mice immunized or infected with
Plasmodium berghei (6, 7). The delayed footpad

swelling (a T-cell function [8]) technique is used
to assay DH reactions in mice (4). Thus, we
decided to use this assay to determine whether
DH could be induced in mice immunized with
T. rhodesiense antigens-without the use of ad-
juvants. Further, immunized mice were chal-
lenged with live trypanosomes to assess whether
DH could be correlated with protection. This
report presents the results of these studies.

MATERIALS AND METHODS
Animals. Female, 8-week-old CD-1 mice (Charles

River Breeding Laboratories, Wilmington, Mass.) and
Fisher rats were used in these studies. They were
given water and lab pellets ad lib.

Parasite. Trypanosoma brucei rhodesiense, Well-
come strain, was used throughout this study. The
parasite was maintained in the laboratory by blood
passage every 4 days.

Antigens. Mice and rats were inoculated intraper-
itoneally with 104 trypanosomes and exsanguinated
when the parasitemia reached 108 to 109 parasites per
ml of blood (4 to 5 days). The parasites were isolated
by a method previously described (9) and then washed
three times in phosphate-buffered glucose-saline (9)
by centrifugation at 1,020 x g for 10 min at 10°C. The
organisms were separated into two aliquots and
treated as described below.

(i) Formaldehyde-treated (FO) antigen was pre-
pared by suspending the washed trypanosomes in 10
volumes of cold, 0.1% formaldehyde-saline, pH 7.2, for
10 min, followed by centrifugation at 1,300 x g for 10
min at 5°C. The killed parasites were resuspended in
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fresh, cold 0.1% formaldehyde-saline, counted in a
hemocytometer, adjusted to 2 x 109/ml, and stored at
4°C until used.

(ii) Frozen-thawed (FT) antigen was prepared by
adjusting the parasite concentration to 2 x 109/ml in
phosphate-buffered glucose-saline. The trypanosomes
were then rapidly frozen (-70°C) and thawed (30°C)
four times. The FT antigen was stored at -70°C uhtil
used.
No live parasites from either antigen were detected

either in wet preparations or upon injection into nor-
mal mice.

Immunization. Mice were immunized with FO an-
tigen in a dose range of 103 to 108 killed organisms.
The volumes used were 0.1 ml for animals immunized
intravenously (i.v.) or subcutaneously (s.c.) and 0.05
ml for animals immunized in a hind footpad.
DH. DH was assayed by the delayed footpad swell-

ing response and was elicited as previously described
(6).

Challenge. Animals were challenged intraperito-
neally with 103 trypanosomes per 0.1 ml. This dose
caused death of normal mice in 5 days, with a fulmi-
nating parasitemia. Mice were observed for 30 days to
assess protection.

RESULTS
Mice immunized i.v., s.c., or in a hind footpad

with T. rhodesiense FO antigen became hyper-
sensitive and developed DH when assayed with
FT antigen (Fig. 1). Animals immunized with
i105 FO antigen showed minimal DH responses,

whereas those immunized with 2106 antigen re-
vealed DH responses twofold or greater.
Another set of experiments involved the ki-

netics of the hypersensitivity response in mice
immunized as described above. Separate groups
of mice were assayed for footpad responses 4, 14,
21, or 42 days after immunization. A miniimum
of 10 mice per dose per day were used, and no
animal was tested twice. The results (Fig. 2)
revealed that mice immunized i.v. or s.c. showed
similar DH responses, and the peak occurred on
day 4. Mice immunized in the hind footpad with
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FIG. 1. Effects of the route of immunization and
dose ofantigen upon the DH responses in CD-I mice,
measured on day 4. FP, Hind footpad.
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FIG. 2. Effect of the route of immunization plus
dose ofantigen upon the kinetics ofthe DH responses
in CD-I mice.

FO antigen revealed DH patterns that differed
from mice immunized i.v. or s.c. (Fig. 2b). These
differences were in the duration and peaks of
hypersensitivity, which were directly related to
the dosages of antigen used for immunization. A
dose of 106 yielded hypersensitivity that peaked
on day 4; the 107 group peaked on day 14,
whereas hypersensitivity in animals immunized
with 108 antigen plateaued on days 14 and 21
and then decreased by day 42. However, regard-
less of the route or dose of antigen, none of the
mice survived when challenged intraperitoneally
with 103 live trypanosomes.
Another group of mice were immunized s.c.

with 105 to 108 FO antigen. They were then
assayed for DH on day 4, 14, 21, or 42 after
immunization. These mice were then challenged
14 days after they were assayed for DH (Table
1). The only protection observed was in mice
that were assayed for DH on day 14 and chal-
lenged on day 28. Survival was directly related
to both the immunizing dose of FO antigen and
the time of FT antigen injection used for the
DH assay (Table 1). A breakdown of the pro-
tected group (Table 2) revealed complete pro-
tection in those mice that were immunized, ini-
tially, with 2f06 FO antigen, whereas the group
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TABLE 1. CD-1 mice immunized subcutaneously
with T. rhodesiense antigen, assayed for their DH
response, and then challenged intraperitoneally

with 103 live T. rhodesiense
No.

Group" survived/no.
challenged

4/18 .................... 0/40
14/28 ............. 36/40
21/35 .. 0/40
42/56 ............ 0/40

a Day (after immunization) of primary DH reaction
(FT antigen injection)/day of challenge.

TABLE 2. Influence of the immunizing dose and
footpad injections of T. rhodesiense antigens, in
CD-I mice of the 14/28 group that survived an

intraperitoneal challenge of 103 live T. rhodesiense

Immunizing dose Footpad dose No. surviveda/no.
challenged

i08 10w 10/10
107 lo8 10/10
106 lo8 10/10
105 10l 4-6/10

a Numerator gives range of mice that survived in
two experiments.

immunized with 105 FO antigen were only par-
tially protected.

DISCUSSION
These studies demonstrated that a delayed

footpad response was elicited in mice immunized
with T. brucei rhodesiense antigens without the
use ofadjuvants. The induction ofa reproducible
level of hypersensitivity was accomplished by
the use of 210b FO antigen. The route of im-
munization also affected the degree of hypersen-
sitivity, and the footpad route was the most
efficacious. The hind footpad site contained the
antigen longer in situ (4) and provided a constant
antigenic stimulation. By contrast, antigen in-
jected i.v. or s.c. reached the tissues quickly and
gave a rapid antigenic stimulation that resulted
in a peak DH response on day 4.
The delayed responses we obtained were in

contrast to results previously reported (15). The
authors of that study were unable to induce
delayed cutaneous reactions in rabbits with var-
ious T. rhodesiense antigens. The different pro-
cedures and animals used make direct compari-
sons difficult; yet the contrast between our and
the previous studies point to the fact that the
types of antigens, routes of immunization, and
animals used affect the inducibility and/or de-
tectability of DH in African trypanosomiasis.
Another possibility is that DH may be detecta-
ble for only a short period of time in trypano-

some-infected animals, as was previously re-
ported in P. berghei infections in mice (6).

Regardless of the DH observed after a single
immunizing dose of FO antigen, mice were not
protected when challenged with live parasites.
The data suggest that the hypersensitivity in-
duced was to antigenic determinants on the FO
antigens that either will not induce protection or
will induce hypersensitivity but only an inade-
quate protective response. The latter concept is
suggested by the data where protection was
observed.
Mice that were protected received two doses

of antigen: (i) FO immunizing antigen s.c. and
(ii) FT antigen used for DH elicitation. These
data indicate that the FO antigen primed the
animals towards a protective response, and the
injection of FT antigen completed this response.
This effect was dose dependent (Table 2) be-
cause animals immunized with >106 FO antigen
and boosted with FT antigen were completely
protected; the 105 animals were not. Complete
protection was demonstrable only in mice that
revealed a DH response of >2 units (>0.2 mm).
Although the DH response was low at 14 days
(Fig. 2c), when the mice were boosted, this does
not obviate the possibility that T-cell activation
was important, initially, in this system. We re-
ported previously (6) that such a phenomenon
was revealed in mice protected against lethal P.
berghei; yet other studies have reported that B-
cells and serum antibody were the factors re-
sponsible for protection in African trypanoso-
miasis (1, 12). The different antigens and im-
munization procedures make direct comparisons
with our data difficult. Our data do not deny the
role of B-cells and antibody in protection, but
we argue that T-cells were necessary in our
system to initiate the protective response.
Our data indicate that the FO antigen acti-

vated T-cells that functioned in DH and "mem-
ory" cells (2, 14) that were apparently short-
lived. These cells were caused to further differ-
entiate when the mice were assayed at the
proper time (14 days) for DH. This may have
resulted in the production of helper T-cells. Ad-
ditional support for this concept is shown in
Table 1, where mice that received FT antigen
other than 14 days after immunization were not
protected. Another possibility is that the FT
antigen was a more efficient inducer, per se, of
a protective response than was FO antigen; this
is currently being studied.
The results reported here were found with

CD-1 mice, which were outbred animals. It is
known that mice that vary at the H-2 locus
respond differently to the same antigens (13).
Whether other strains of mice will reveal similar
hypersensitivity and/or protection needs further
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study. This is particularly needed with inbred
strains, so that adoptive cell transfer can be
accomplished. This will aid in defining the roles
of B- and T-cells in the protective immune re-

sponse to T. brucei rhodesiense.

LITERATURE CIMD

1. Campbell, G. H., and S. M. Phillips. 1976. Adoptive
transfer of variant-specific resistance to Trypanosoma
rhodesiense with B lymphocyte and serum. Infect. Im-
mun. 14:1144-1150.

2. Cunningham, A. J., and E. E. Sercaz. 1972. The asyn-

chronous development of immunological memory in
helper (T) and precursor (B) cell lines. Eur. J. Immunol.
1:413-421.

3. Cross, G. A. 1975. Identification, purification, and prop-
erties of clone-specific glycoprotein antigens constitut-
ing the surface coat of Trypanosoma brucei. Parasitol-
ogy 71:393-417.

4. Crowle, A. J. 1975. Delayed hypersensitivity in the
mouse, p. 197-264. In F. J. Dixon and H. G. Kunkel
(ed.), Advances in immunology. Academic Press Inc.,
New York.

5. Desowitz, RK S. 1970. African trypanosomes, p. 551-596.
In G. T. Jackson, R. Herman, and L. Singer (ed.),
Immunity to parasitic animals, vol. 2. Appleton-Cen-
tury-Crofts, New York.

6. Finerty, J. F., and E. P. Krehl. 1976. Cyclophosphamide
pretreatment and protection against malaria. Infect.
Immun. 14:1103-1105.

7. Finerty, J. F., and E. P. Krehl. 1977. Delayed immune

reactions in mice immunized with malarial antigens.
Am. J. Trop. Med. Hyg. 26:377-381.

8. Lagrange, P. H., G. B. Mackaness, and T. E. Miller.
1974. Potentiation of T-cell mediated immunity by se-
lective suppression of antibody formation with cyclo-
phosphamide. J. Exp. Med. 139:1529-1539.

9. Lanham, S. M., and D. G. Godfirey. 1970. Isolation of
salivarian trypanosomes from man and other mammals
using DEAE-cellulose. Exp. Parasitol. 28:521-534.

10. Lumsden, W. H. R. 1970. Biological aspects of trypano-
somiasis research; 1965; a retrospect 1969, p. 227-249.
In B. Dawes (ed.), Advances in parasitology. Academic
Press Inc., New York.

11. Mansfield, J. M., and J. P. Kreier. 1972. Tests for
antibody- and cell-mediated hypersensitivity to trypan-
osome antigens in rabbits infected with Trypanosoma
congolense. Infect. Immun. 6:62-67.

12. Seed, J. R. 1977. The role of immunoglobulins in immu-
nity to Trypanosoma brucei gambiense. Int. J. Parasi-
tol. 7:55-60.

13. Shreffler, D. C., and C. S. David. 1975. The H-2 major
histocompatibility complex and the I immune response
region: genetic variation, function and organization.
Adv. Immunol. 20:125-190.

14. Tamura, S. I., and Y. Egashira. 1976. Cellular and
humoral responses in mice. III. Acceleration of delayed
hypersensitivity response by presensitization with sub-
optimal dose of antigen. Immunology 30:705-713.

15. Tizard, I. R., and M. A. Soltys. 1971. Cell-mediated
hypersensitivity in rabbits infected with Trypanosoma
brucei and Trypanosoma rhodesiense. Infect. Immun.
4:674-677.

16. Vickerman, K. 1974. Antigenic variation in African try-
panosomes. Ciba Found. Symp. 25(new series):53-80.

VOL. 20, 1978


