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International Laboratory for Research on Animal Diseases (ILRAD), P.O. Box 30709, Nairobi,
Kenya

Cerebral trypanosomiasis in cattle with mixed Trypanosoma
congolense and T. brucei brucei infections

RACHEL A. MASAKE, V. M. NANTULYA, G. W. O. AKOL, A. J. MUSOKE

Summary

Six Boran steers were infected simultaneously with Trypanosoma congo-
lense and T. brucei brucei while another group of 3 was inoculated with 7. b.
brucei one year after infection with 7. congolense. Three further steers were
infected with 7. b. brucei alone. Whereas, the six animals which received simul-
taneous infections developed clinical signs of cerebral trypanosomiasis as evi-
denced by depression, ataxia and occasional circling, those infected with 7. b.
brucei alone did not. At necropsy, 4 out of the 6 simultaneously infected animals
had a mild to severe disseminated non-suppurative meningoencephalitis. 7ry-
panosoma b. brucei was 1solated from the cerebrospinal fluid (CSF) of three out
of the four animals with histological lesions. Two of the cattle superinfected
with T. b. brucei one year after infection with 7. congolense also developed both
clinical and histological evidence of cerebral trypanosomiasis. Trypanosoma
congolense was 1solated from the CSF of one of these 2 animals. Specific antibo-
dies to the variable surface glycoproteins (VSGs) of the infecting 7. b. brucei and
T. congolense clones were found in the CSF of the 8 animals that developed
cerebral trypanosomiasis. In these animals however, there was neither temporal
nor quantitative correlation between VSG-specific antibodies in serum and in
CSF, implying a de novo synthesis of antibodies to the infecting trypanosomes
in the CSF.

Key words: cattle; mixed infection; 7. b. brucei; T. congolense, cerebral trypano-
somiasis.
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Introduction

Clinical cerebral trypanosomiasis is a common occurrence in humans fol-
lowing infection with Trypanosoma brucei rhodesiense or T. b. gambiense (Mott,
1907; Manuelidis et al., 1965). This syndrome (sleeping sickness) is charac-
terized by progressive lethargy and paresis, unsteady gait, fine muscular tre-
mors affecting hands, face and tongue and slow mental reaction. In cattle, this
syndrome has been observed mostly in infections with 7. b. rhodesiense (Wellde
et al.. 1980), rather than 7. b. brucei, T. congolense or T. vivax (Losos and Ikede,
1972; Morrison et al., 1983).

In the studies reported here a high frequency of CNS involvement in cattle
with concurrent experimental infections with 7. congolense and T. b. brucei was
observed. This 1s in contrast to the situation in animals infected with either 7.
congolense or T. b. brucei alone, indicating an interdependence between the two
trypanosome species in the pathogenesis of cerebral trypanosomiasis.

Materials and Methods
Animals

Twelve Boran steers, aged 12-14 months and each weighing approximately 250 kg were
obtained from areas known to be free from African trypanosomiasis. They were screened, prior to
use, for antibodies to 7. congolense, T. b. brucei and T. vivax by immunofluorescence ( Wilson, 1969)
and enzyme-linked immunosorbent assay (Luckins. 1977) and found to be negative. The mice used
were male and female Balb/C, aged 2-3 months and weighing approximately 20 g each.

Parasites

Two trypanosome species were used: 7. congolense ILNat 3.1, and ILNat 2.1 and T. b. brucei
MITat 1.2. ILNat 3.11s a clone derived. in lethally irradiated (900 rads) Balb/C mice, from STIB 212
isolated in Serengeti. Tanzania (Geigy and Kauffmann. 1973). ILNat 2.1 is a clone (Nantulya et al..
1982) derived from an isolate originally collected in 1966 from Southern Kenya (Wellde et al., 1974).
MITat 1.2 (previously known as clone 221. Doyle et al., 1980). was derived from LUMP 427 isolated
in Uganda in 1960 from a sheep (Cunningham and Vickerman. 1962).

The trypanosomes were grown in lethally irradiated (900 rads) mice and separated from
infected mouse blood following the method described by Lanham (1968).

Experimenial design

Twelve steers were subdivided into 3 groups and inoculated subcutaneously with trypano-
somes as follows: Group [: Six animals (B45. B46, B47. B409. B413 and B416) received simultaneous
inoculations with 1 x 108 T. b. brucei MITat 1.2 and 1 x 107 T. congolense 1LNat 3.1; Group 2: 3
steers (B48, B50 and B51) received 1 x 10% MITat 1.2 a year after infection with 1x 107 ILNat 2.1
Group 3 consisted of 3 steers (B417. B418 and B420) infected with 1 x 108 70 b. brucei MITat 1.2
alone. The cattle were maintained in insect-proof accommodation.

Daily samples of jugular blood were collected from the infected cattle using heparinized tubes
and examined for the presence of trypanosomes using the blood buffy-coat dark ground/phase
contrast technique (Murray et al.. 1977). Presence of bloodstream trypanosomes was further tested
by subinoculation of blood into irradiated mice.

Blood for preparation of serum was obtained from ecach animal every third day. Serum was
separated and stored at —20 °C until use. In addition, cerebrospinal fluid (CSF) was drawn from all
the cattle every month by lumbosacral puncture under tranquilization or by aspirating through the
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atlanto-occipital space at necropsy. The purity of CSF with regard to contamination by blood was
checked for by examining Cytospin preparations for red cells. The CSF collected was screened for
the presence of trypanosomes by direct examination of wet smear preparations and by subinocula-
tion into lethally-irradiated (900 rads) mice. The infecting trypanosomes as well as those recovered
from the CSF during the course of trypanosomiasis were tested for sensitivity to normal human
serum using the Blood Incubation Infectivity Test (BIIT) as described by Rickman and Robson
(1970). The white cell content of CSF was assessed using a haemocytometer. Following removal of
cells by centrifugation, the remaining CSF was stored at —20°C. The serum and CSF samples
stored were later tested for antibodies against the infecting trypanosomes by solid-phase radioim-
munoassay.

Antisera

Antisera against bovine immunoglobulins were prepared in goats (McGuire et al., 1979) and
labelled with '?5lodine (Tsu and Herzenberg, 1980).

Solid-phase radioimmunoassay (S-RIA)

Two variable antigen types (VATs), ILNat 3.1 and MITat 1.2, were used. Trypanosomes were
separated from infected mouse blood and washed three times in phosphate-buffered saline glucose
(PSG) pH 8.0 (Lanham. 1968) and 1x10° trypanosomes dispensed into each well of flexible
microtiter plates and fixed with 0.25% glutaraldehyde (Black et al., 1982). This concentration of
glutaraldehyde was found to preserve the surface coat of trypanosomes without affecting the
antigenicity.

Sera and CSF collected from infected cattle were assayed for antibody activity against glu-
taraldehyde-fixed trypanosomes as described by Masake et al. (1983). The microtiter plate wells
were cut apart with a hot wire, individual wells placed into tubes and bound radioactivity counted in
a Packard 5360 scintillation spectrometer.

The specific binding was determined graphically by comparing the dilution at which both the
pre- and post-infection CSFE or sera titrated down te background ('2°1 and carrier). The points at
which the pre- and post-infection CSF or serum line graphs intercepted the background line were
determined. The difference between the intercepts gave the actual antibody titre in the post-infec-
tion CSF or sera expressed in log,, dilutions.

Necropsy

Eight steers which manifested clinical cerebral trypanosomiasis were killed in extremis be-
tween 2.5 and 5 months following 7. b. brucei infection, while the remaining 4 were slaughtered at
the end of the experimental period (9.5 months after 7. b. brucei infection). At necropsy the brain
and spinal cord were carefully dissected out and fixed in large quantities of mercuric chloride-
formol solution for one week. Processed tissues were embedded in paraffin wax, sectioned at 6 um
thickness and stained with haematoxylin and ¢osin.

Results

Parasitaemia

Cattle developed a fluctuating parasitaemia of variable duration. Animals
which received 7. b. brucei alone (Group 3) developed relatively low parasi-
taemic peaks of up to 5 x 10° per ml, with short and frequent remissions for the
first 5 weeks, after which the parasites were rarely detected in peripheral blood
(Fig. 1). Cattle inoculated with 7. congolense 1LNat 2.1 (Group 2) showed
frequent variation in parasite counts up to 5x 10% per ml during the first 3
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Fig. 1. The levels of parasitaemia in cattle infected simultaneously with 7. b. brucei and T. congo-
lense (O——-Q) or T. b. brucei alone (lH——M).

months and thereafter parasites were rarely detectable until the time of superin-
fection with T. b. brucei. After superinfection with 7. b. brucei, one animal (B48)
of Group 2 showed detectable parasitaemia on one ocassion only. In contrast,
the remaining 2 cattle (B50 and B51) of Group 2 and the six animals exposed to
simultaneous mixed infections with 7. b. brucei and T. congolense (Group 1)
maintained a parasitaemic plateau with occasional drops throughout the infec-
tion (Fig. I). Cattle killed in extremis had a high parasitaemia of approximately
5% 10% parasites/ml.

Parasites detected in mixed infection by phase contrast microscopy on
bufty coat consisted of both 7. congolense and T. b. brucei during the first 4
weeks of the disease. Later in the infection, however, only T. congolense was
consistently detected by this technique, while T b. brucei was only revealed by
subinoculation of blood into irradiated Balb/C mice.

Clinical course

Three animals in Group 2 developed a mild anaemia after infection with 7.
congolense ILNat 2.1. The PCV dropped from 35% to 28% but rose to pre-infec-
tion level by the second month of infection. At the time of superinfection with 7.
b. brucei (twelve months later), their PCV was approximately 35%. Following
infection with T. b. brucei the 12 animals (Groups 1. 2 and 3) showed a gradual
drop of packed cell volume (PCV) from approximately 35% to below 20%. The
animals infected with 7. b. brucei alone slowly regained their PCV levels to near
the original state (32%). Such a recovery in PCV was not, however, observed in
cattle which received mixed trypanosomal infections.
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The six animals in Group 1, which received mixed infections simultaneous-
ly, and two of the three (B50 and B51) that were superinfected with 7. b. brucei
one vear after infection with 7. congolense (Group 2) developed signs of cere-
bral trypanosomiasis. The animals in Group 2 had not shown any signs of CNS
involvement during the one year of chronic infection with 7. congolense. Clini-
cal signs of CNS involvement were detected 3 months after superinfection with
T. b. brucei. Neurological disturbances consisting of ataxia, depression and
occasional circling were observed in the 8 animals. These animals eventually
became recumbent. During this stage six of them developed opisthotonus while
one steer occasionally paddled the hind feet. The animals were ultimately killed
in extremis between 2.5 and 5.0 months post-infection with 7. b. brucei.

Cattle inoculated with 7. b. brucei MITat 1.2 alone (B417. B418 and B420)
did not show clinical signs of cerebral trypanosomiasis throughout the ex-
perimental period of 9.5 months.

Pathological findings

The average white cell count in the pre-infection CSF of the 12 experimen-
tal cattle was 1< 104 cells/ml. The number of cells in the CSF during infection
showed little deviation from pre-infection levels regardless of whether the ani-
mals had clinical central nervous system disorder.

Cerebrospinal fluid of the experimental cattle was screened on a monthly
basis for the presence of trypanosomes. Trypanosoma b. brucei was isolated at 3,
5 and 5.5 months from the CSF of 3 animals in Group | (B45, B46 and B413)
which received T. b. brucei and T. congolense simultaneously while 7. congo-
lense was isolated from 1 steer in Group 2 (B51) 2 months following 7. b. brucei
infection. The 7. b. brucei parasites isolated from the CSF as well as those used
for infecting the animals were found to be sensitive to human serum by the
BIIT. The presence of trypanosomes in CSF had no correlation with the intensi-
ty of clinical symptoms. There were no lesions in the ependyma lining the ven-
tricles of the brain and the central canal of the spinal cord.

At necropsy, gross observations of the brain from the 8 animals with clini-
cal cerebral trypanosomiasis revealed thickened, dull grey meninges and
congested meningeal vessels in 6 of them. In one case the sulci contained slight-
ly turbid milky fluid. Histological examination revealed a mild to moderate,
disseminated meningoencephalitis in the 6 animals. These lesions were distrib-
uted mainly in the frontal lobe, periventricular zone and the brainstem. There
were multiple sites of mononuclear cellular infiltrates within the leptomeninges.
The degree of the inflammatory response varied from area to area in the same
animal. The encephalitis was characterized by a mild to severe lymphocytic-
plasmocytic perivascular cuffing, occasionally involving the surrounding paren-
chyma. Nodular glial aggregates seeded with lymphocytes were disseminated in
both the grey and white matter of 2 animals. A very mild lymphocytic infiltra-
tion occurred in the choroid plexus of 2 of the animals. Histological study of the
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spinal cord revealed a morphologically normal parenchyma and disseminated,
mild lymphocytic aggregates within the dura matter.

Specific antibodies to infecting Variable Antigen Types (VATS)

IgM and IgG, antibodies to the infecting 7. b. brucei VAT were not detect-
ed in the CSF of cattle infected with 7. b. brucei alone. However, the CSF from 7

Table 1. Variant-specific [gM antibody activity against 7. b. brucei MITat 1.2 in cerebrospinal fluid
(C) and serum (S) of cattle with mixed MITat 1.2 and T. congolense infections

Log,, antibody Months post infection
titres - — - -
0 1 2 B +
C S C 8§ C S c 5 C &
Group |
B4s ... 0.0 0.0 20 15 20 20 3.0 2.0 20 1.0
12 R ———— 0.0 0.0 00 2.0 00 2.0 0.0 20 X X
B47 ... 0.0 0.0 0.0 0.0 20 1.0 X X - -
B409 ... ... . ... 0.0 0.0 1.0 1.0 20 20 20 20 1.0 1.5
B413 .. ... ... 0.0 0.0 1.0 0.0 20 00 20 1.0 1.0 2.0
Bale ... ... . 0.0 0.0 0.0 0.0 20 1.0 1.0 1.0 20 0.0
Group 2
B48 ... L. 0.0 0.0 0.0 20 0.0 1.0 00 1.0 0.0 1.0
BB o cvneind b mommes 0.0 0.0 20 1.0 20 1.0 X X = —
Bl L viesetiitoeems 0.0 0.0 0.0 0.0 20 1.0 20 10 X X

% = animal died

Table 2. Variant-specific IgG, antibodies against 7. b. brucei MITat 1.2 in cerebrospinal fluid (C)
and serum (S) of cattle with mixed MITat 1.2 and 7. congolense infections

Log,, antibody Months post infection
titres - -
0 1 2 3 4
C S C S C S C S C S
Group 1
B45 ... 0.0 00 20 20 20 20 20 20 20 20
B46 ... 0.0 00 00 20 0.0 20 0.0 20 X X
B47 ... 0.0 00 0.0 20 .0 2.0 X X - -
B409 ... .. ... .. 0.0 0.0 1.0 1.0 1.0 2.0 20 20 1.0 2.0
B413 ... ... 0.0 0.0 0.0 20 1.0 2.0 1.0 2.0 0 2.0
B4l ... ... .. 0.0 0.0 0.0 0.0 1.0 0.0 1.0 0.0 0.0 1.0
Group 2
BB cccusnnvnsnnnns 0.0 0.0 (. 0.0 20 00 2.0 0.0 2.0
B0 .vivovssnananns 0.0 0.0 20 1.0 1.8 LD X X - -

Bl svssuvonnansons 0.0 0.0 00 1.0 1.0 2.0 2.0, 210 X X

% = animal died
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Table 3. Variant-specific [gM antibody activity against 7. congolense ILNat 3.1 in cerebrospinal
fluid (C) and serum (S) of cattle infected simultaneously with ILNat 3.1 and 7. b. brucei MITat 1.2

Log,, antibody Months post infection
titres

0 1 2 3 4

cC B C B c S c B8 c &
B45 ...l 0.0 0.0 00 1.5 00 25 1.0 3.0 0.0 3.0
Bd6 ... ..., 0.0 0.0 1.0 3.0 20 35 20 4.0 X X
B47 ... 0.0 0.0 0.0 1.0 1.0 2.0 x X =
B409 ... ... ... 0.0 00 1.0 1.5 1.0 2.0 1.0 1.0 0.0 20
B413 ... ... .. o 0.0 0.0 0.0 1.0 1.5 1.0 1.0 1.0 1.0 1.0
Balo ......... ... ... 0.0 0.0 0.0 0.0 1.0 1.0 1.0 1.0 1.0 1.0

x = animal died

Table 4. Variant specific IgG, antibody activity against 7. congolense ILNat 3.1 in cerebrospinal
fluid (C) and serum (S) of cattle infected simultaneously with ILNat 3.1 and T. b. brucei MITat 1.2

Log,, antibody Months post infection
titres

0 1 2 3 4

¢ 8 C 8 C S C S Cc S
B45 ... 0.0 00 0.0 1.0 1.0 1.0 1.0 10 13 1.0
Bd6 ... 0.0 00 1.0 0.0 0.0 0.0 0.0 00 XX
B47 ... 0.0 0.0 0.0 1.0 1.0 1.0 X X - -
B409 ... ... ... 0.0 00 0.0 00 0.0 1.0 0.0 10 00 10
B413 ... 0.0 00 0.0 1.0 0.0 1.0 1.0 2.0 1.0 2.0
B416 ...... . ... .. ... 0.0 00 0.0 2.0 1.0 2.0 1.0 2.0 1.0 2.0

x = animal died

out of 9 steers with mixed infections contained antibodies to the infecting 7. b.
brucei VAT. The antibody titres varied from 10 to 1,000 fold and appeared 1-2
months post-infection (Tables 1 and 2). Antibodies to 7. congolense ILNat 3.1
were also detected in the CSF of animals infected simultaneously with ILNat
3.1 and 7. b. brucei MITat 1.2 (Tables 3 and 4).

The VAT-specific antibody titres in the CSF did not correlate with those in
the serum at all corresponding time points except in the case of IgG-1 antibo-
dies in one animal, B45 (Table 2) and IgM in B416 (Table 3).

Discussion

The studies reported here have demonstrated a higher incidence of cere-
bral trypanosomiasis in mixed infection with 7. congolense and 7. b. brucei as
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compared to the animals infected with either 7. congolense or T. b. brucei alone.
Variable antigen type-specific antibodies to the original clones were detected in
the CSF and serum of the animals manifesting CNS disorder. In most of the
animals, however, there was neither temporal nor quantitative correlation be-
tween CSF and serum VAT-specific antibodies.

Absence of both clinical and histological evidence of cerebral trypanoso-
miasis in cattle infected with 7. b. brucei alone was not surprising since CNS
involvement has rarely been observed in cattle infected with 7. b. brucei alone.
Indeed in the literature, only eight cases of bovine cerebral trypanosomiasis
have been attributed to 7. b. brucei (Morrison et al., 1983). In that study, howev-
er, 4 of the animals did not show signs of CNS involvement until after treatment
with Berenil. Berenil treatment would therefore, seem to predispose 7. b. brucei
infected cattle to CNS involvement. This also appears to be the case in infec-
tions with 7 vivax (Masake, unpublished observations) as well as 7. b. brucei in
mice (Jennings and Gray, 1983). Jennings and Gray (1983) reported that Bere-
nil treatment induced acute meningoencephalitis in mice. The mechanisms by
which such treatment would lead to the development of CNS disorder, howev-
er, are unclear.

In the present study, the high frequency of CNS involvement in cattle with
mixed infections would suggest an interdependence between 7. congolense and
1. b. brucei in the pathogenesis of cerebral trypanosomiasis. Trypanosoma con-
golense has a predilection for the walls of the microvasculature (Banks, 1978).
Damage to the brain microvasculature by 7. congolense, either mechanically
(Losos and Ikede, 1972) or through elaboration of toxic principles (Tizard and
Ringleberg, 1973: Tizard and Homes, 1976) could facilitate entry of 7. b. brucei
into the extravascular space in the brain parenchyma, thereby giving rise to
cerebral trypanosomiasis. Although 7. congolense was isolated from the CSF of
one animal, and antibodies to the infecting 7. congolense VAT were demon-
strated in the CSF of animals with mixed infection. it is not certain that 7. con-
golense contributed directly to the CNS pathology in these animals.

The lack of direct correlation between CSF and serum antibody titres in
most animals would suggest that there was a de novo synthesis of antibodies in
the CSF indicating either an active infection or presence of circulating surface
antigens in the brain parenchyma. This phenomenon of de novo synthesis of
antibodies found in CSF has been implicated in human trypanosomiasis
(Greenwood and Whittle, 1973).

Trypanosoma b. brucei was isolated from the CSF of 3 animals with cere-
bral trypanosomiasis while T. congolense was isolated from the fourth animal.
The infecting 7. b. brucei VAT and the T. b. brucei populations from CSF were
both human serum sensitive, indicating that they had 7. b. brucei characteris-
tics. The high frequency of invasion of the central nervous system by trypano-
somes in mixed infections may pose serious problems to chemotherapy. This
may be so because, firstly, mixed infections are common under field conditions
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and secondly, the commonly used anti-trypanosomal compounds do not readily
cross the blood-brain barrier (Gutteridge and Coombs, 1977).
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