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WHICH REQUIRED TREATMENT TO SURVIVE WEKE ALSO CHALLENGED AT INTERVALS AFTER
THERAPY. THREE ANIMALS INFECTED FOR 49 TO 75 DAYS BEFORE TREATMENT WERE RE-
CHALLENGED 198 TO 296 DAYS LATLR. EXTENSIONS IN PREPATENT PERIODS RANGED FROM
§ TO 13 DAYS WHEK COMPARED YO CONTIOLS AND THE RESULTING INFECTIONS WERE OF A
RELAPSING NATURE FOLLOWED BY SELF-CURF, EFFECTS OF THIS DISEASE ON CLINICAL
PARAMETERS OF PREVIOUSIY INFECTED ANIMALS WERE MINIMAL. ONE ANIMAL INFECTED FOR
196 DAYS AND RECHALLENGED 501 DAYS LATER WAD A PREPATENT PERIOD OF 14 DAYS AS
COMPARED TO 5 DAYS FOR CONTROLS. THIS ANIMAL DEVELOPED A BRIEF RELAPSING IN-
FECTION FOLLOWED BY SELF-CURE. ANIMALS WHICH WERE INFECTED FOR PERIODS 41 T0 77
DAYS, RECEIVED TREATMENT, AND WERE THEN RECHALLENGED FROM 600 TO 900 DAYS LATER,
| SHOWED SOME RESISTANCE TO INFECTION. PREPATENT PERIODS WERE EXTENDED FROM 1 T0
3 DAYS OVER THOSE OF CONTROL ANIMALS AND ALTHOUGH THE RESULTING DISEASE WAS
SEVERL, ONE OF FOUR ANTMALS SELF-CURED WITHOUT TREATMENT, WHEN ANIMALS WHICH
HAD SELF-CURED PRIMARY CHALLENGES WERE RECHALLENGED AT PERIODS UP TO 2 YEARS
LATER, THEY WERE COMPLETELY REFRACTORY. WHEN 12 ANIMALS WHICH WERE PRESUMED TO
BE IMMUNE TO SYRINGE-PASSAGED T. CONGOLENSE WERE CHALLENGED BY TSETSE FLY BITE
WITH THE SAVE STRAIN OF TRYPANOSOME, AN APPRECIABLE IMMUNITY WAS EVIDENT. FIVE
OF TWELVE JMMUNE ANIMALS DID NOT BECOME PATENT WHILE THE OTHER SEVEN DEVELOPED
MILD INFECFIONS WITHOUT SEVERE CLINICAL SIGNS. ALL NINE CONTROLS DEVELOPED
SEVERE INFECTIONS WITH ETGHT REQUIRING TREATMENT TO SURVIVE, WHEN ANIMALS
[MMUNE TO THE TRANS-MARA ] STRAIN OF T, CONGOLENSE WERE CHALLENGED EITHER BY
SYRINGE OR TSETSE FLY BITE WITH A HETEROLOGOUS STRAIN OF T, CONGOLENSE OBTAINED
FROM A DIFFERENT GEOGRAPHICAL AREA, NO EVIDENCE OF IMMUNITY WAS DETECTED.
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Trypanosoma congolense: Natural and Acquired Resistance in

the Bovine

BRUCE T, WELLDE,! WAYNE T, HocKMEYER, ROBERT M. KOVATCH,
MANMOHAN 8, BHoaAL, AND CARTER L. Dicas

Walter Reed Army Instituie of Research, Washingion, D.C, 20012 U.S A,
(Accepted for publication 22 August 1980)

Weitnpe, B, T., Hockmeven, W, T,, Kovaten, R, M., BHoaat., M, 8., AND Diaas,
C. L. 1981, Trypanosoma congolense: Natural und acquired resistance in the bovine, K-
perimental Parasitology 82, 219-232, A (otal of 42 animals of various ages were infected
with Trypanosmma congolense (o investigate uge resistunce, Ten of eleven animuls between
4 months und | yeur of uge survived the infection without treatment. Two of eleven animauls
in the uge runge of | to 2 yeurs ulvo survived the infection wherens all 20 animals between 2
und § years of uge died or needed treutment 10 survive. Young animals which needed no
treutment (o survive were refructive to chullenge for ut leust 1 year afier thelr lust putent
purasitemia, Older unimals which required trentment to survive were uiso challenged ut
intervauls aufter therupy. Three unimuls infected for 49 to 75 duys before treutmeni were
rechullenged 198 to 296 duys futer. Extensions in prepatent periods ranged from 5 to 13 duys
when compared to controls und the resulting infections were of u relupsing nuture followed
by self-cure. Effects of this disease on clinical purumeters of previously infected unimals
were minimal, One animal infected for 196 days and rechallenged 501 days later had a
preputent period of 14 duys as compared to 5 duys for controls. This unimal developed u brief
retupsing infection followed by self-cure. Animals which were infected for periods of 41 to 77
days, received treutment, and were then rechallenged from 600 to 900 days later, showed
some resistance to infection, Preputent periods were extended from | to 3 duys over those of
control animals und although the resulting diseuse wus severe, one of four unimuls self-cured
without treatment, When animals which had seif-cured primary challenges were rechal-
lenged ut periods up to 2 years later, they were completely refractory. When 12 animals
which were presumed to be immune to syringe-passuged 7. congolense were challenged by
txetse fly bite with the same strain of trypanosome, an appreciuble immunity was evident,
Five of twelve immune unimals did not become putent while the other seven developed mild
infections without severe clinical signs. All nine controls developed severe infections with
eight requiring treatment to survive, When unimuls immune to the Trans-Mara ! struin of 7,
vongolense were chalienged elther by syrings or isetse fly bite with a heterologous sirain of
T, congolense obtuined from a different geographicul area, no evidence of immunity wus
detected,

INDEX Descriprors: Trypanosoma congolense; Hemoflagellute: Protozou, parasitic;
Bovine host: Culf, Hereford: Immunity, nutural and acquired.

Walter Reed Project, Veterinary Research Laboratory, Kuabete, Kenya, and Department of Immunalogy,

INTRODUCTION

In the field, there is some evidence of
natural and acquired immunity in cattle to
trypanosomiasis, It has been postulated
that young animals are more resistant to
trypanosomiasis than adults (Fiennes 1970),

' Reprint requests should be addressed to B, T,
Wellde, USAMRU-Kenyu, Box 401 APO New York
9678, U.S.A.

possibly through transmission of an im-

mune factor to calves born of immune or -

partially immune dams (Whiteside 1962).
Certain breeds of cattie also appear to be
naturally resistant to trypanosome infection
Murray et al. (1979). Attempts to induce
immunity to trypanosomiasis under field
conditions, however, have produced con-
tradictory results. Reports of severa! in-
vestigators have shown no evidence of im-
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munity in cattie maintained under therupy
in endemic nreun over long periods of time
(Hornby 1941 Wilson ¢ al. 1978), Other
workers, however, cluim that drug therupy
induced u degree of protective immunity in
treated animais (Bevun 1928; van Suceghem
1938: Fiennes 1953: Soltys 1955: Smith
1958; Wilson ¢r al, 1976). Many of these
fleld observations, however, are difficult to
interpret becuuse of the use of small num-
bers of animals of unknown age and condi-
tion, the question of persisting trypano-
cides, and the meager information concern-
ing the antigenic nature of the trypanosome
complex in given endemic areas,

In the laboratory a variety of immuniza-
tion procedures have been used which pro-
duce u strong resistance in animals to a
challenging trypanosome infection (Dodin
und Fromentin 1962; Johnson et al, 1963;
Sced and Weinman 1963; Duxbury and
Sudun 1969; Wellde ¢t al, 1973, 1979). None
of these procedures, however, has been
shown to be effective ugninst the disease in
nature. This has been due, in part, to the
variant specific nature of the protective
immune response and to the relatively
obscure antigenic structure of the naturally
transmitted metucyclic trypunosome. The
carly literature on the subject of immunity
to African trypunosomiasis has been amply
reviewed by Tallaferro (1929), and the more
recent literature by Clarkson (1976) and
Murray and Urquhart (1977).

The luck of substantial laboratory inves-
tigations regarding immunity in the bovine
to Trypanosoma congolense led us to ex-
amine questions concerning immunity in
reference to the following: age resistance,
seif-cure, chemotherapeutic cure, and the
relationship between blood- and tsetse
fly-induced infections.

MATERIALS AND METHODS

Hosts, Cattle of a predominantly Here-
ford breed were obtained from the veter-
inary department farm at Kabete or from
other trypanosomiasis-free areas in Kenya,

WELLDE BT AL,

Upon their arrival ut our laboratory, all
animals were routinely (reuted before ex-
perimentation with recommended levels of
Terramycin (Pfizor International, New York,
NY, USA), phenamidine (Muy und Bauker,
Dugenham, England), and Ranizole (Merck
Sharpe and Dohme, B,V., Haarlem, Nether-
lunds), Ranizole treatment was continued
on a perfodic basiy, All animals also recelved
foot and mouth vaccine (Wellcome, Kenya),
In general, the experimental animals were
kept outside and supplemental food was
provided during periods of poor pasture
conditions. All experimental animals were
dipped or sprayed in an acaricide weekly,
with the exception of animals undergoing
tsetse fly challenge. Randomly bred, al-
bino mice were used as recipients for sub-
inoculated blood and for maintenance of
trypanosomes.

Parasites. The Trans-Mara 1 striin of
Trypanosoma congolense which wes iso-
lated from an infected cow in the Trans-
Marg area near the Kenya-Tanzania bor-
der in 1966 was the primary parasite used in
these studies. A stabilate was made from a
pool of blood collected from three infected
steers in 1971, Other stabilates were pre-
pared in 1973 and 1975 and all animals in
this study were infected with trypanosomes
originating from one of these three stabi-
lates. Usually, infected mice were used as
donors after infection with stabifate try-
panosomes. Sometimes, however, animals
were infected or challenged with blood
obtained from infected cattle,

For blood-induced infection or challenge,
trypanosomes in heparinized blood were
enumerated in a hemocytometer and di-
luted with phosphate-buffered saline (pH
7.8) containing 5% glucose and 10% fetal
calf serum and injected into the jugular
vein. Cattle were ir‘~+ed nn challenged
with 10,000 T, con-./v1is- +2r 500 1b body
wt unicss otherwise now.

For tsetse fly-induced inlection or chal-
lenge, newly emerged flics (Glossina mor-
slrans) were fed on an infected bovine
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donor for 14 ronsecutive days. Thereafiar,
the Nies were fed for S-day Iintervals on
noninfected bovines until needod to induce
u challenging infection.

A second strain of 7. congolense was
used for testing heterologous immunity,
This parasite (designated Yoani I strain)
was isolated in 1977 from an infected dairy
cow at Yoani, Kenya, about 40 miles south
of Nairobl,

Detection of parasites, All animals were
tested for the presence of trypanosomes by
injecting their blood (0.5 ml) into mice in-
traperitoneally before the initiation of ex-
periments, Subinoculations of blood were
also done in some experimental animals in
an effort to detect subpatent infections,

Parasitemias in experimental animals
were estimated by counting the numbers of
trypanosomes per 100 leucocytes on thick
blood smears and relating these values to
the total leucocyte counts per cubic mil-
limeter.

Chemotherapy. Curative chemotherapy
was initiatcd with Berenil (Farbwerke
Hoechst, Frankfurt (M), W. Germany) at a
level of 1.05 g of active ingredient per 660 Ib
body wt. Generally, animals which were
treated were severely anemic, extremely
weak, and occasionally prostrate. These
animals appeared to be near death at the
time of treatment.

Assessment of immunity, Immunity was
assessed by comparing experimental and
control animals in terms of prepatent peri-
ods, levels and frequency of parasitemia,
hematologic parameters, general clinical
signs, and the ability to survive a challeng-
ing infection.

Hematology. Packed cell volumes (PCV)
were determined by the microherhatocrit
method and leucocytes were counted using
an electronic cell counter (Coulter Elec-
tronics, Harpenden, England), Methods
used in collecting samples and zounting
thrombocytes have been published previ-
ously (Wellde es al. 1978). Reference in the
text to experimental values are given plus

or minus one standard deviation (£8D)
unless otherwise noted,

ResuLts

Effect of Dose of Farasites and Sex
of Host

Within the range of numbers of trypano-
somes injected into cattle, no relationship
between dose and survival time of the
animals was observed. The dose of try-
panosomes was, however, related inverse-
ly to the prepatent period (Fig. 1), Both
male and female animals developed similar
infections and there was no apparent differ-
ence in survival times between animals of
different sexes.

Age Resistance

Table 1 depicts the results of infections in
animals of different age groups. It can read-
ily be seen that most animals under 1 ycar
of age survived the infection without treat-
ment. Some animals between | and 2 years
of age also were able to survive the infec-
tion, whereas all animals over 2 years of age
either died or required treatment to survive.

Infections in Young Host Animals

Even though young animals were able to
survive the infection without treatment,
they underwent severe disease. Clinical pa-
rameters were compared over a 3l-week
period in 11 young animals who survived
and 6 uninfected controls. Figure 2 shows

10° e
'|,°0 .’. l’l
lw' - .L_
1]
l!lo‘ e
B0 ——
'Y ] -
10 e ot o0 o0 200mt Lo e
11 0t 0 210 Sy +
'!'Ql "

'°' s ri g 1 1 g 4 2 ]
t ] ] 4 [ ] [ ] 7 [ ] [}
PPATINT PORD 10T
Fia, 1. The effect of numbers of Trypanoroma con-
golense injected on the prepatent period in bovines.
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TABLE |
The KfMect of Age on Trypanosomma congolense Infections In Catile
Medinn Runge of
Ape runge Number sirvival time" survival times

{yeurs) of unimuln (weeks, duys) (weeks, duys) Number self-curen*
0.3-1 I >7K,0 7.0 10 >78,0 1091)
»2-) 1 1,3 581 3.6 0

»y~d4 § 6,) 6,110 13,6 0(0)

>4-8 2 71 4210 9,0 00

>85-6 2 #. 8010 83 0(0)

* Based on time to treutment or duy of death,
* Percentuge shown in purentheses,

the average level of trypanosomes in the
peripheral blood of the survivors over a
Jl-week period. Average levels of parasit-
emin were gradually reduced as the disease

AVERAGE DALY
PARASITEMIA X 10} /mm? 2

progressed. Animals had patent infections
throughout the first 8 weeks: thereafier un
increasing number of unimals became apa-
tent for periods which increased with time.

r100

- 75
P50 %
2%

o]

7
PACKED CELL VOLUME(Y) >
20

104
8

LEUCOCYTES X 10Y/mm? 10
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o et
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THROMBOCYTES X 10%/mm? 6
4

2

0

AVERAGE WEIGHT 4100
CHANGE (ibs.)

0
=504

0 5 10

" 20 2% 10

WEEKS OF INFECTION
F1a. 2, Clinical parameters of young animals surviving Trypanosoma congolense infections, Data
points where = 1 8D overlap have not bean plotted. @, Infected: O, control; O, thick blood smears

positive (%),
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An uveruge preinfection pucked cell volume
of 34.0(+4.0) wus reduced to u level of
17.%£3.2) ut 8 weeks after infection (Fig.
2), Pucked cell volumes gradually increased
ufter this time und by 31 weeks ufter infec-
tion had risen to 24.1(+4.8), Packed cell
volumes did not uppear to reach preinfec-
tion levels in individual animals for long pe-
riods even though trypunosomes were
found infrequently in the blood. Throm-
bocytopenia and leucopenia also were
prominent manifestations of the disease
(Fig. 2). Intermittent fever was accom-
panied by an carly weight loss after which o
minimal weight gain wus apparent, Controls
of the sume age, however, had gained an
average of 116 Ib while the infected animals
gained only an average of 9 Ib during the
31-week period (Fig. 2). Many of these
young infected unimals remained small in
stature throughout their adult life (Fig. 3).

Immunity in Self-Cured Calves

Anhaals which had apparently self-cured
the primary infection and whose blood wus
negative when subinoculated into mice
were chaflenged with the sume strain of
Trypanosoma congolense up o o year after
their lust patent purasitemin, No detectable
infections developed in the self-cured
animals whercas the controls developed
typical infections and required treatment to
survive (Table 2),

Infectlons in Adult Hoxt Animals

Animals over 2 yeurs of age developed an
ucute or chronic course of diseune thut re-
quired treatment or was fatul, Clinical pu-
rameters were compared in 11 adults and 11
uninfected controls (Fig. 4), The averuge
parasitemia in adult animals was twice that
of the surviving young unimals und the
unemin which developed was usvally
somewhat more severe than thut of young
animals. A leucopenia, which was compa-
rable to that found in young animals, was
ulso prevent (Fig. 4). Averuage thrombocyte
levels were lower in infected adult animals
thun In young animals. Welght loss was se-
vere in adult animals with up to a 34% de-
crease in preinfection values. Ten of the
eleven infected unimals died or required
treatment to survive by Week 15 of infec-
tion. The remaining infected animal devel-
oped u protracted chronic course of discane
and died during Week 32 of infection, Thiys
chronic discase state was churacterized by
u low-level relupsing purasitemin accom-
panying 4 continued low PCV,

Immunity in Treated Adult Hosts

Adult animals which required therupy to
survive were challenged along with controls
at u later time. Table 3 shows that an ap-
preciable immunity had developed in these
animals and many self-cured the challenge

o5 A N

71 " W
AN X P

M1, 3, An example of the stunting effect of Trypanosoma congelense infection on young animals
chn be neen in the onimnal in the foreground. ‘The control is in the background, Al the time of infection,
13 months previously, hoth animuls were of similar age, weight, and stature,
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Resalts of Primary Chalienge of Previowsly lafected. Selif-Cured Boviee Host

24

Primery challesge

Tuitial imfection with Trxpusasoma congolense

(1 x WYSe0 I

. of

(days) tweeks., days)

Resulty”

Age

20

Imerval
(weeks, days)

Last patest
e

(weeks, days)
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(days)
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per
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2 MC. castrated male: M., male.
& PP. prepatemt petiod.

“F.

wal:':”“ uT Alcl

* Time between last patent parasiiemia and challenge.

* P°. prepatent period; NP, mot patest.
* NDI, a0 detectable infection.

7 Average of three cowtrol amismals for primary chalicnge.
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WEIOHT CHANGE (18)

=100
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04 y y .
o 14 0
WEEKS OF INFECTION
fics, 4, Clinicul purameters of udult animals which
sither required treuiment 10 survive or died from Try-
panaxoma congolense infection, Duts points where £
I 8D overiap have not been ploticd. @, Infected:
Q, control; O, thick blood smears positive (%).

infection. Even when the challenging infec-
tion was given about 2 years after treatment
there was evidence of persisting immunity,
Although most of these animals challenged
at this time needed treatment 1o survive,
their infections were of a chronic nature
and less severe than those of control
animals, Treatment was required in these
animals at a later time than in their primary
infections or in the controls. Figure § illus-
trates the pattern of parasitemia and level of
packed cell volume in an animal undergoing
infection, treatment, and challenge. The
challenging infection was much less severe
than the primary infection; the animal had
limited periods of parasitemia which were

s IR AT 5 AP ©
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50 60 70

20 30 4
DAYS OF INFECTION
F10. 5. Parasitemias and packed cell volumes of an
animal treated 82 days after primary Trypanosoma
congolense infection and challenge 296 days later,

similar to that of a chronically infected
animal and a minimal decrease in packed
cell volume -and other hematologic param-
eters,

When animals described in Table 3 were
challenged a second time, no detectable
infections or clinical signs of disease were
observed while all controls developed para-

i sitemia and required trecatment to survive
! (Table 4). Animals also were strongly
resistant to challenge with relapse parasites
obtained from chronically infected bovines.
Figure 6 illustrates the pattern of parasit-
emia and level of packed cell volume in an

WELLDE ET AL,
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F1G. 6. Purasitemias and packed cell volumes of an
immune and control animal challenged with | x 107
Trypanosoma congolense {rom a relapse parasitemia
obtained from a chronically infected bovine.

animal immunized by infection and cure
with those of a control. Both animals were
challenged with parasites isolated from a
bovine undergoing a relapsing infection of
250 days duration. When compared to the
control animal, the infection in the im-
munized animal was brief and much less
severe. The control required treatment
while the immunized animal seif-cured.

Tsetse Fly Challenge

Animals immune to challenge with
syringe-passaged trypanosomes were ¢x-
posed to tsetse fly challenge with the ho-

TABLE tv
Results of the Second Challenge of Bovines Requiring Treatment or Self-Cured after
Primary Challenge with Trypanosoma congolense

Prepatent®
Number Interval” period Result”
Group of animals (months) (days) (weeks, days)
Self-cure 3 5-3 NP NDI
Trcated 3 6-10 NP NDI
Control 6 —_ 5.5 T (8,0)
{Average)

" From last patent purasitemia or treatment.
¥ NP, not patent.

* NDI1, no detectable infection: T, treated (time since challenge).
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Lowest
29.1(25—34)

6.4(0-32)

patent
infection*®

Days of

TABLE V
Results of Tsetse Fly Challenge of Animals Immunized against Blood Forms of Trypanosoma congolense
Frepatent
period*
(days)

20.1(6-56)

Number patent/
number challenged
712
3

Age*
{years)
4.6(1.9~-8.0)
5.44.2—-6.3)

Group

Immune”
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mologous strain of 7, congolense. Each of
12 immune, 3 partially immune, and 9 con-
trol animals received an average of 428 fly
bites from a pool of flies having a 32% in-
fection rate of metacyclic trypanosomes. Of
- the 12 immune bovines challenged by fly
bite, S did not develop parasitemia or clini-
cal evidence of disease (Table S). The other

© e 7 had limited periods of patent parasitemia
(Fig. 7), and only 1 animal developed signs
. of clinical disease. All 12 immune animals
o o g survived without treatment while all 9 con-
T o trol animals developed severe infections
La] vy .
% v g and 8 required treatment.
"o Average parasitemias were greatly re-
& = duced in immune animals and followed a
relapsing pattern similar to that of chronic
- - infections or that of immune animals chal-
g B lenged with blood forms. Prepatent periods
s 0..'3 were not always increased in immune
° . N .
< ¥ animals, however, and 3 immune animals
G had prepatent periods similar or shorter

than controls. Although parasites appeared
in the blood of these animals early after
challenge, they were suppressed quickly
(Fig. 8). Clinical parameters such as PCV

15.3(13-19)
10.8(10-13)

Partially’

2
e
2
&
£
§
]
2
3
5
€
£
'é ‘E (Fig. 9), thrombocyte levels (Fig. 10), and
3 € leucocyte levels (Fig. 11) remained within
Ex normal limits in immunized animals while
‘ég the values in controls were severely af-
g. s fected. These results were confirmed in two
2 g g separate experiments performed 1 and 2
F.& 8  years later, respectively.
53 § One animal, which had undergone pri-
< E"‘ mary infection and challenge in 1970 was
:‘.'&g rechallenged periodically during the sub-
., dzxg
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OAYS AFTER CHALLENGE

Fia. 7. Patterns of parasitemia in five immunized
bovines after tsetse fly challenge with Trypanosoma
congolense.
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FiG. 8. Average purasitemia levels of immunized animals injected at each challenge either

and control bovines after tsetse fly challenge with Try- required treatment to survive or died.
panosomii ('0”].’0’(’".\'(‘.

Heterologous Challenge
sequent 6 years with syringe-induced infec-

tions. This animal was challenged by tsetse
fly bite in 1977. Table 6 summarizes the re-
sults over the 7-year period. Control

To determine whether or not cross-strain
immunity was present in animals immune to
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F1a. 9. Average packed cell volumes of immunized Fia. 11, Average leucocyte levels of immunized

and control bovines after tsetse fly challenge with 7ry-  and control bovines after tsetse fly challenge with Try-
panosoma congolense. panosoma congolense.
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TABLE VI
History of Host Animal 151
Prepatent Lowest
Infection Dose/ period” PCV”
Progedure Date Source® method” 500 1b (days) Result” (%)
Primary 14-9.70 B S 1.0 x 10? 5(9 T (196) 1.0
infection’
Challenge
| 11-8-72 M S 1.0 x 10 14 (5) SC (32) 38
2 5-3.78 M S 1.0 x 10¢ NP (5) NDI 31.0
3 10-7-75 B S 1.0 x 107 S SC (34) 27.0
(Relapse)
4 17-3-76 M S 1.0 x 10¢ NP (5) NDI 30.0
5 15-12-76 M S 1.0 x 10¢ NP (5) NDI 29.0
6 26-9-77 B T ? 19 (11) SC (21) 33.0

* B, Bovine; M, mouse.
b S, Syringe: T, tsetse fly.

" NP, not patent; values for controls shown in parentheses.
¢ T, treated; SC, self-cure (last patent parasitemia); NDI, no detectable infection. Days since challenge shown

in parentheses.
" PCV, packed cell volume.
! With Trypanosoma congolense.

the Trans Mara-I strain of T. congolense,
three immune and three control animals
were challenged with the Yoani strain of T
congolense by blood-induced or tsetse
fly-induced infections (Table 7). No im-
munity was observed in any of the animals
challenged by either method. All animals
were treated during Week 5 of infection
when packed cell volumes had decreased to
below 20%.
DiscussioN

Our studies demonstrated that under

certain conditions an appreciable immunity

to Trypanosoma congolense can develop in
bovines. We found a substantial age resis-
tance to T. congolense and although young
animals underwent a relatively severe dis-
ease process, almost all survived while
animals over 2 years of age invariably suc-
cumbed to infection. Although the mecha-
nism(s) for such resistance is not clear, in
our experiments it did not involve specific
maternal antibody since the dams of our
calves had never been infected and the
calves had been weaned at least 1 month
before infection. These studies confirm and

TABLE VII
Results of Blood- and Tsetse Fly-induced Challenge of Host Animals Immune to the Trans-Mara I Strain
of Trypanosoma congolense with a Heterologous Strain (Yoani-I)

Prepatent »
Type Number patent/ period” Result

Group challenge number challenged (days) NDI SC T
Immune Blood 33 7.3(6-9) 0 0 3
Contro} Blood 33 7.0(6~8) 0 0 3
Immune Tsetse 33 13.6(12-15) 0 0 k]

fly
Control Tsetse 3 13.6(13-14) 0 0 ]l

fly

7 Range given in parentheses,

5 NDI, no detectable infection; SC, self-cure; T, required treatment.
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extend the observations of others (reviewed
by Fiennes 1970).

Although Weitz (1970) suggested there
was no evidence for an acquired protection
in animals after recovery from the disease,
we have shown that young surviving
animals are resistant for extended periods
of time to a challenge infection of the same
strain by either syringe inoculation of blood
forms or by tsetse fly bite (metacyclic
forms). Many of these immune animals,
however, are stunted and are relatively
nonproductive. As well as being a poor
source of meat, the small stature of females
infected early in life may lead to problems
in calving. We have observed the death of
one of our self-cured experimental animals
due to the inability to complete parturition
because of her small pelvic diameter.

Animals undergoing infection and berenil
treatment also showed resistance upon
syringe- or tsetse-challenge with the same
strain. Most of these animals self-cured the
first or second challenge infections. Pre-
munity, (resistance associated with concur-
rent infection) did not play a role in this
protection since the animals had been given
curative therapy to terminate the primary
infection. The resistance appeared to be as-
sociated with the duration of infection, the
time elapsing between treatment and chal-
lenge (Table 3), and the number of times the
animal has been infected (Table 4). The
short period that effective levels of berenil
persist in the blood of the bovine precludes
any complicating drug effect in these
studies. Trials in our laboratory showed
that berenil (7 mg/kg) had an effect on in-
fectivity for 12 days and on the prepatent
period for up to 18 days but not at 25 days
or longer after injection (unpublished data).
This is in agreement with previously pub-
lished work (Cunningham et al. 1964).

While we have shown that a substantial
immunity can be induced experimentally by
infection and cure, the reasons are not well
understood why it has not been more ap-
parent in nature. Since most of the failures

to produce an immunity in animals in the
field by this method have been in arcus of
high tsctse challenge, we believe that the
interval between treatment and reinfection
is important. It is known that the lymphoid
system in 7. congolense-infected bovines
undergoes atrophy and depletion of lym-
phocytes (Kaliner 1974; Murray 1974).
Morrison and Murray (1978) have shown a
marked depletion of immuaoglobulin-
containing cells in the spleens of 7.
congolense-infected mice and these find-
ings are consistent with the reports of defi-
cient immunologic responses to a variety of
antigens in T. congolense-infected hosts
(Mansfield and Wallace 1974; Holmes ¢/ al.
1974). Thus the response to the trypano-
some by the infected host may also be de-
fective and could account, in part, for the
parasites’ survival (Murray and Urquhart
1977). Little is known ahout the repopula-
tion and recovery of the lymphoid system
of the infected bovine after treatment, but
reinfection soon after therapy may find the
animal with reduced immunological com-
petence. In our experiments, animals were
given relatively long periods to recover
after treatment and under these cir-
cumstances the secondary immunological
response was surprisingly efficient in con-
trolling and eradicating the parasitemia
(Table 3 and Fig. 5).

It also appears that the antigenic compo-
sition of populations of 7. congolense in
nature is complex (Dar ¢f al. 1973; Wilson
et al. 1973) and the presence of different
serodemes of 7. congolense as well as those
of other species of trypanosomes in a given
area would likely complicate the acquisition
of immunity, Barbet and McGuire (1978)
have identified similar cross-reacting
groups in surface antigens from clones of 7.
brucei and T. congolense. It seems un-
likely, however, that these groups elicit a
broad spectrum protective response given
the extremely specific nature of immunity
to trypanosome infections. We detected no
cross-immunity either against blood or
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inetse fly induced infections with an ixolute
of T, congolense from u different area in
Kenyu.,

Our studies indicate that there is probu.
bly u limitation imposed by the purasite
genome on the occurrence of different
untigenic types which urise in Infected
unimals. The progressively decreasing
levels of purasitemin und increasing periods
of apatency associated with self-cure
suggest that either the host response is in-
creasingly efficient or that the parasites’
capability to produce different antigenic
variants eventually becomes exhausted,
The fact that animals become immune is
also not consistent with a process which re-
quires the generation of antigenic variants
through mutation.

Blood-induced infections immunized
animals against subsequent tsetse fly chal-
lenge with the homologous trypanosome.
Since § of 12 immunized animals did not
develop patent parasitemias it appeared
that immunity had an early influence on the
infection. Whether this was directed at
metacyclic trypanosomes soon after in-
oculation by the fly or later against the re-
sulting tryptomastigotes remains to be de-
termined. It is possible that similar surface
antigens exist among metacyclic and tryp-
tomastigote forms of the same trypanosome
serodeme although it seems more likely that
immunity was directed against the earliest
tryptomastigotes. While infections became
established in the other immunized animals,
the relatively brief periods of low-level par-
asitemia which occurred in the absence of
clinical signs indicate that a substantial im-
munity was directed against the surviving
tryptomastigotes. From these findings, it
seems that similar antigenic types occurred
early after syringe or tsetse fly passage of
Trypanosoma congolense of the same
serodeme. This supports Gray's (1965)
contention that a relatively predictable
series of antigenic types appears early dur-
ing the course of blood- or tsetse fly-
induced infections.

At the present time it is difficult to recon-
cile this appurently regulated system with
recent evidence indicating u complex
untigenic heterogeneity in metucyclic
trypanosome populuations (LeRay ¢/ al.
1977,
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