
The Pathogenesis of Experimentally Induced

Trypanosoma brucei Infection in the Dog
I. Tissue and Organ Damage

W. I. MORRISON, PhD, MAX MURRAY, MRCPath,
P. D. SAYER, BVMS, and J. M. PRESTON, PhD

Inoculation of dogs with Trypanosoma brucei produced an
acute fatal disease similar to that seen following natural
infection. The disease was characterised by high levels
of parasitaemia, moderately severe anemia, and marked
changes in the lymphoid system. Extravascular inva-
sion by large numbers oftrypanosomes was widespread
throughout the body and was accompanied by severe
tissue damage. Tissue invasion by trypanosomes was
associated with marked cellular infiltration involving
lymphoid cells and plasma cells followed by macro-
phages and polymorphonuclear leukocytes. Associated
with these reactions, severe cellular degeneration and
focal necrosis occurred. While these changes were

INFECTION with the African trypanosomes can re-
sult in severe disease in a wide range of domestic ani-
mal species.' Because of its economic importance,
most attention has, so far, been focused on the dis-
ease in livestock. However, other species such as the
dog may not only suffer from disease but also per-
haps constitute a reservoir of infection for other ani-
mals and man. It has been shown that dogs are sus-
ceptible to infection with a number of the species of
African trypanosomes, including the Trypanosoma
brucei group (T brucei, T rhodesiense, and T gam-
biense), Tevansi, and Tcongolense.' However, there
is little published information on the incidence either
of natural infection or disease in dogs in endemic
areas of trypanosomiasis. Recent studies in Kenya
have shown that severe disease associated with either
T brucei or T congolense infection frequently results
following the introduction of fully susceptible dogs
into areas infested by the tsetse fly.2 As part of an ex-
perimental study to define in detail the disease syn-
dromes produced by these trypanosome species, we
have examined the sequential pathologic changes in a
group of dogs experimentally infected with T brucei.

From the International Laboratory for Research on Animal Diseases
(ILRAD), Nairobi, Kenya

widespread and were found in the majority of tissues
examined, consistently severe lesions were found in the
heart, eyes and central nervous system. In many
organs, lymphatic vessels were distended with fluid,
trypanosomes, and a cell population similar to that in
the surrounding tissue; fibrin deposition and thrombus
formation was sometimes observed within the lymphat-
ic lumens. Thrombosis was also found in the blood ves-
sels of the pampiniform plexus, the venous plexus of
the ovary, and branches of the renal vein. A severe
necrotizing vasculitis affecting only the coronary ves-
sels was a prominent feature in some animals. (Am J
Pathol 1981, 102:168-181)

Challenge of dogs with bloodstream forms of T bru-
cei resulted in an acute fatal disease characterized by
high levels of parasitemia, extravascular invasion by
large numbers of trypanosomes in many tissues,
moderately severe anemia, and marked reactivity in
the lymphoid organs. The present paper describes the
tissue lesions that develop in association with extra-
vascular trypanosomes. The nature of the prolifera-
tive response in the lymphoid system has been de-
scribed in a separate paper.3

Material and Methods

Animals

Fifteen cross-bred dogs of mixed sexes, 1.5-3 years
of age and weighing 14-24 kg were used for the
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study. These animals had been reared from birth in
the University of Nairobi Small Animal Clinic. They
were screened clinically, hematologically, and parasi-
tologically on 4 occasions at weekly intervals immedi-
ately prior to the experiment to ensure that they were
in good health and free from intercurrent infections.

Experimental Design

Eleven dogs were infected by intravenous inocula-
tion with 103 motile organisms of T brucei (stock
TREU 667). The remaining 4 dogs were maintained
as uninfected controls. All animals were subjected to
daily clinical, parasitological and hematologic exami-
nation. Two infected dogs were killed for histopatho-
logic examination on Day 8 after inoculation, and a
further 3 animals were killed on Day 16; the remain-
ing 6 infected dogs were allowed to progress to the
terminal stages of the disease, ie, Days 21-25, at
which time histopathologic examination was carried
out following euthanasia.

Parasitologic Techniques

Jugular blood samples were examined for the pres-
ence of trypanosomes by the darkground buffy coat
technique.4 The degree of anemia was estimated by
packed red cell volume percent (PCV).

Histopathologic Techniques

Prior to postmortem examination, each animal
was exsanguinated under general anesthesia induced
by sodium pentabarbitone. Representative pieces of
tissue from all organs were fixed in neutral-buffered
10% formalin and postfixed in mercuric chloride-
formal.

Tissue blocks were embedded in paraffin wax and
sections cut at 6 p and stained with Mayer's hematox-
ylin and eosin. Selected sections were also stained
with Martius scarlet blue and Gordon and Sweets's ret-
iculin stain.

Results
Parasitologic and Clinical Findings

Trypanosomes were first detected in the blood on
Day 5 after inoculation. The parasitemia rose to high
levels on Days 6 and 7, followed by a drop to scarcely
detectable levels on Days 9 and 10. Thereafter, the
levels rose again and remained high until death oc-
curred. Associated with the development of parasit-
emia, there was a significant drop in PCV, which was

progressive until death, when levels were 500o of pre-
infection values (Figure 1). The anemia was normo-
chromic.
The detailed clinical findings in these infected dogs

are the subject of a separate communication and
herein are only summarized. Clinical signs of illness
were first detected on Day 6, at which time all in-
fected dogs were pyrexic. Thereafter, the degree of
pyrexia closely paralleled levels of detectable parasit-
emia; temperatures became as high as 41 C. From the
seventh day onwards, the spleen was palpably en-
larged. Enlargement of superficial lymph nodes was
detected on Day 8, and by Day 14 lymph nodes were
4-5 times the size of controls. Severe ocular changes
were found in all animals, starting as a mild ocular
discharge on Day 8, followed by limbal corneal opac-
ity and marked hypopyon and hyphema. Gross sub-
cutaneous edema was found in all animals from Day
14 onward. On palpation, evidence of skeletal muscle
pain was elicited, and the testicles were found to be
swollen and painful. An increase in pulse rate was de-
tected during the second week of infection and dur-
ing the third week reached values of 160/minute.
From Day 20 onward, the pulse became slow and of
poor volume; in addition, at this time cardiac ar-
rhythmias and occasional systolic murmurs were de-
tected. Neurologic changes, consisting of unexpected
aggression and unexplained barking, together with
ataxia and trembling, were observed sporadically
from Day 6 onward. Convulsions were occasionally
observed during the 3 days prior to death. Pallor of
the mucosae, reflecting the development of anemia,
was seen from Day 14 onward.

Gross Pathologic Findings
With the exception of enlargement of the spleen

and lymph nodes, no obvious abnormalities were
found in the dogs examined on Day 8 of infection.
However, in animals necropsied after this, marked
changes were found in a wide range of tissues, being
particularly severe in dogs examined in the terminal
stages of the disease. There was subcutaneous edema
of varying extent and severity; in some animals this
was confined to the face and limbs, while in others
extensive edema of the scrotum, prepuce, sternum,
and ventral abdomen was also found. The peritoneal,
pericardial, and thoracic cavities contained a marked
excess of straw-colored fluid, which in the pericar-
dium was commonly blood-stained and contained de-
posits of fibrin.
The organs that appeared to be most severely af-

fected were the heart and eyes. The heart was very
pale, globular in shape due to dilation of the ventri-
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cles, and there was marked edema of the pericardial
fat. In addition, there was extensive petechial and ec-
chymotic hemorrhage throughout the myocardium
of both the atria and ventricles, giving the heart a
rather mottled, pale hemorrhagic appearance. The
epicardial surface was often granular and sometimes
showed adhering tags of fibrin. Severe ocular
changes consisting of hypopyon, hyphema, and vary-
ing degrees of peripheral corneal opacity were found
in both eyes of all dogs examined on Days 21-25. The
opaque contents of the anterior chamber often ap-
peared to be coagulated into a large clump, which
sometimes totally occluded the pupil.
Edema and petechial hemorrhage were commonly

found in a number of other tissues, including skeletal

Table 1-Distribution and Severity of Lesions Found in
Dogs Infected With Trypanosoma brucei

Presence of Cellular
trypanosomes degener-

extra- Cellular ation and
vascularly infiltration necrosis

Heart + + + + + + + + + + +
Eyes + + + + + + + + + +
Choroid plexus + + + + ++++ +
Brain and meninges + + +
Pituitary gland + + + + + + + + +
Genital tract + + + + + + + +
Kidney and bladder + + + + + + + +
Skin and subcutis + + + + +
Skeletal muscle + + + + +
Nasal mucosa + + + + + + + +
Gastrointestinal tract + + + + +
Liver + ++ +

4

3

Figure 1-Mean daily parasite-
mia and packed red cell volume
(%) in a group of dogs experi-
mentally infected with T brucei.
Measurement of parasitemia
utilized a scoring system of 1 to
5 as described in Murray et a14;
with this method the lower limit
of detection is approximately
2.5 x 103/ml, while a score of 5
represents a parasitemia in ex-
cess of 5 x 105/ml. -O,
packed cell volume; O- - -O,
parasitemia.
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muscles, where lesions were most readily seen in the
diaphragm, kidneys, and testicles, involving particu-
larly the pampiniform plexus. In addition, the liver
was swollen, pale, and congested, and irregular pale
areas were often observed in the cortices of the kid-
neys. In terminal cases, small amounts of black, dis-
colored blood were found on the mucosa of the stom-
ach, small intestine, and anterior colon, although no
discrete bleeding foci were found.

Histologic Findings

General Features

On Day 8 of infection the only significant finding
was the presence of small focal accumulations of
lymphocytes and plasma cells in the heart, choroid
plexus, and anterior uveal tract of the eye. However,
from.,Day 16 onwards there was a progressive in-
crease in the number of trypanosomes and of the de-
gree of the accompanying cellular infiltrate in a wide
range of tissues. In addition, samples of fluid from
the peritoneal, thoracic, and pericardial cavities, sub-
cutaneous edema fluid, synovial fluid, cerebrospinal
fluid, and aqueous humor examined from dogs nec-
ropsied on Days 21-25 were all found to contain nu-
merous trypanosomes. Invasion of tissue by the try-
panosomes was associated with a varying degree of
cellular infiltration and tissue cell degeneration and
death.

In the early stages of development of the lesions
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Figure 2-Ventricle of dog examined on Day 24 of infection. There is diffuse cellular infiltration, resulting in separation and distortion of the
myocardial fibers. (H&E, x 80) Figure 3-Atrium of a dog examined on Day 23 of infection. There is marked interstitial edema and swelling
and degeneration of the myocardial fibers, accompanied by a cellular infiltrate containing numerous polymorphonuclear leukocytes and
macrophages. (H&E, x 290) Figure 4-Ventricle of a dog examined on Day 24 of infection. Numerous plasma cells, macrophages, and try-
panosomal nuclei (arrow) can be seen between the myocardial fibers. (H&E, x 350)

3
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the cellular infiltrate was composed mainly of lym-
phocytes and plasma cells with only a few macro-
phages; however, as lesions became more severe and
were associated with cell death, increased numbers of
macrophages and polymorphonuclear leukocytes
were found. In different sites within the same tissue
any one of these cell types predominated. In most tis-
sues the blood vessel walls were swollen, and there
was expansion of the perivascular spaces; however,
vasculitis associated with necrosis of the vessel walls
was found only in the heart. In many organs the lym-
phatics were distended and contained trypanosomes
and a cell population similar to that found in the sur-
rounding tissues. In some of these lymphatics the
cells were enmeshed in a network of fibrin that ap-
peared to occlude the lumen. Thrombus formation
was occasionally observed in the blood vessels of the
pampiniform plexus, in the venous plexus of the
ovary, and in branches of the renal vein.

In the terminal stages of the disease, lesions were
found in virtually every tissue examined, although
some organs were more severely affected than others
(Table 1). In view of this widespread involvement, it
is impossible in the present paper to catalogue in de-
tail all of the histologic changes found. Therefore,
the present description focuses on the changes found
in the heart, eyes, and central nervous system, includ-

ing the pituitary gland, in which severe lesions were
consistently observed.

The Heart

By Day 16 of infection, trypanosomes were ob-
served extravascularly in the myocardium, and in
association there was a focal cellular infiltrate involv-
ing mainly lymphocytes and plasma cells with occa-
sional foci of macrophages and polymorphonuclear
leukocytes. These changes affected the atria to a
greater extent than the ventricles and were most
marked in subepicardial and perivascular locations.
A severe myocarditis was found in all dogs exam-

ined in the terminal stages of the disease and involved
the entire myocardium, including the atrioventricular
valves. There was focal hemorrhage, edema, and sep-
aration of the myocardial muscle fibers. Large num-
bers of trypanosomes were scattered diffusely through-
out the myocardium, and numerous foci of myocar-
dial cell degeneration and necrosis were found. These
changes were associated with a marked cellular infil-
trate composed of lymphocytes, plasma cells, and
many macrophages and polymorphonuclear leuko-
cytes (Figures 2-4). Myocardial necrosis was particu-
larly severe beneath the epicardium, and in most
cases there were areas of epicarditis characterized by

Figure 5-Coronary artery of a dog examined on Day 25 of infection. There is diffuse necrosis of the vessel wall, with infiltration of polymor-
phonuclear leukocytes. Clusters of trypanosomes (arrow) can also be seen. (H&E, x 310)
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Figure 6-Eye of a dog examined on Day 21 of infection. There is diffuse cellular infiltration into the choroid (ch) and ciliary body (c), resulting
in marked swelling of the latter. There is also cellular infiltration into the posterior chamber. (H&E, x 40) Figure 7-Eye of a dog examined
on Day 21 of infection, showing part of the choroid layer. There is interstitial edema and a copious cellular infiltrate containing numerous poly-
morphonuclear leukocytes. (H&E, x 250)

exudation of fibrin and polymorphonuclear leuko-
cytes on the surface of the heart. Distended lymphat-
ics were commonly encountered beneath the epicar-
dium; these contained numerous macrophages, poly-
morphonuclear leukocytes, necrotic cell debris, and
trypanosomes, all of which sometimes appeared to be

trapped within a thrombus in the lumen of the lym-
phatic. An additional finding in 3 animals was a se-
vere necrotizing vasculitis affecting arteries and veins
lying beneath the epicardium. In these vessels, there
was diffuse necrosis of the muscular layer, which was
invaded by large numbers of trypanosomes accompa-
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nied by a cell infiltrate composed almost entirely of
polymorphonuclear leukocytes (Figure 5).

The Eyes

In animals examined on Day 16 of infection, try-
panosomes were found extravascularly in the iris, cil-
iary body, and adjacent choroid of the eye. This was
associated with a cellular infiltrate containing numer-
ous lymphocytes and plasma cells and in some areas
macrophages and polymorphonuclear leukocytes.
There was also a fibrinous exudate into the anterior
chamber of the eye; this contained erythrocytes, try-
panosomes, and a mixed cellular infiltrate similar to
that found in the iris.

In the terminal stages of the disease, there was an
intense uveitis affecting the entire uveal tract with
edema, hemorrhage, large numbers of trypano-
somes, and a mixed cellular infiltrate containing
many macrophages and polymorphonuclear leuko-
cytes (Figures 6-8). This resulted in marked swelling
of the ciliary body processes and the iris and, in the
most severely affected cases, foci of necrosis within
the ciliary body and adjacent choroid. In addition,

WWt~~~~~~

L

Figure 8- Eye of a dog examined on Day 22 of infection, showing
part of the iris and anterior chamber. The iris (/r) is distended with
large numbers of trypanosomes; and there is a fibrinous exudate
containing a mixture of nucleated cells, erythrocytes, and tyrpano-
somes in the anterior chamber. (H&E, x 300)

the fibrinous exudation into the eye was much more
severe than on Day 16 and involved both the anterior
and posterior chambers (Figure 8). The exudate,
which was composed of a mixture of fibrin, erythro-
cytes, trypanosomes, and a mixed cell infiltrate, con-
taining predominantly polymophonuclear leuko-
cytes, was observed as large fibrinous clumps, which
were sometimes adherent to the ciliary body proces-
ses or lens in the posterior chamber or the anterior
surface of the iris in the anterior chamber.
From Day 16 onwards in all animals, small num-

bers of trypanosomes and a mixed cellular infiltrate
containing numerous macrophages were found be-
neath the conjunctival membrane at the level of the
cornea-scleral junction. In addition, foci of lympho-
cytes, plasma cells, and polymorphonuclear leuko-
cytes, with occasional trypanosomes, were present in
the peripheral cornea and were associated with vascu-
larization at these sites. In 2 dogs the cellular infiltra-
tion was diffuse throughout the cornea. Similar cellu-
lar foci were also found around blood vessels in the
sclera.

Outside the eyeball, the surrounding connective
tissue contained trypanosomes and a mixed cellular
infiltrate; in addition, there was often a severe myosi-
tes of the ocular muscles.

The Central Nervous System

Although lesions were scattered throughout the
central nervous system, the choroid plexus and pitui-
tary gland were particularly severely affected. At Day
16, trypanosomes, accompanied by foci of lympho-
cytes and plasma cells and occasional potymorpho-
nuclear leukocytes, were found in the choroid plexus.
In all of the animals examined on Days 21-25 the
choroid plexus was markedly swollen due to edema
and the presence of massive numbers of trypano-
somes and a mixed cellular infiltrate (Figures 9 and
10). In some areas, the plasma cell was the common
cell type, whereas, at other sites either polymorpho-
nuclear leukocytes or macrophages predominated.
Occasional foci of hemorrhage and necrosis were
present in areas where the polymorphonuclear cell in-
filtrate was particularly intense. Elsewhere in the
brain, varying numbers of lymphocytes and plasma
cells were found in the lumen of blood vessels both in
the meninges and within the neuropil. In the latter
site, small foci of lymphocytes and plasma cells were
located perivascularly. The same cell types were
found in greater numbers around the vessels in the
meninges. Foci of macraphages and polymorphonu-
clear leukocytes were also present extravascularly in
the meninges, and in some animals trypanosomes

AJP * February 1981



TRYPANOSOMA BRUCEI 175

9 10

Figure 9-Choroid plexus of a dog examined on Day 24 of infection. The interstitium is markedly distended with edema, trypanosomes, and a
cellular infiltrate containing numerous macrophages. This has resulted in flattening of the ependymal lining (arrow) and separation of the lat-
ter from the plexus vessels. (H&E, x 180) Figure 10-Choroid plexus of a dog examined on Day 23 of infection. Numerous plasma cells,
macrophages, and trypanosomes are present in the interstitium of the plexus. (H&E, x 350)

were found. Occasional discrete foci of perivascular
hemorrhage were found within the brain tissue.

There were severe lesions in the pituitary gland of
all dogs examined from Day 16 onward (Figures 11-
13). Both the anterior and posterior pituitary were in-
vaded by large numbers of trypanosomes. This was
associated with a cellular infiltrate of lymphocytes
and plasma cells in both parts of the pituitary gland;
these cells were concentrated mainly around blood
vessels but were also found more diffusely elsewhere.
In all cases, varying numbers of polymorphonuclear
leukocytes and macrophages were also present, the
former cell type being particularly abundant in some
animals. In some cases, there was hemorrhage into
the anterior pituitary and focal necrosis involving the
anterior and/or posterior part of the gland (Figure
13). The intense perivascular cell infiltrate along with
edema appeared to result in swelling of the pituitary
and cause separation of the endocrine cells and nerve
fibers from blood vessels in the anterior and poste-
rior pituitary, respectively. In one animal, the cleft
(or remnant of Rathke's pouch) between the anterior
and posterior pituitary was distended with edema
fluid containing a mixed-cell infiltrate composed pre-

dominantly of polymorphonuclear leukocytes and
macrophages and a few trypanosomes.

Other Tissues

The urogenital tract was consistently involved.
There was marked trypanosomal and cellular infiltra-
tion into the bladder wall and renal interstitium
(Figure 15), the latter being associated with focal
tubular necrosis; no obvious changes were found in
the glomeruli. In male dogs, there was an orchitis
(Figure 14) in which the connective tissue around the
vessels of the pampiniform plexus was usually most
severely infiltrated. There was also involvement of
the ovaries and uterine wall in female dogs.

In terminal cases, the gastrointestinal tract was se-
verely affected. Trypanosomes were found in the
lamina propria both of the stomach and the intes-
tines, although they were particularly numerous just
beneath the superficial gastric epithelium (Figure 16).
Their presence was associated with an increase in
content of lymphocytes and plasma cells in the lam-
ina propria, which in the small intestine sometimes
resulted in thickening of the villi; necrosis of the tips
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Figure 11-Anterior pituitary gland of a dog examined on Day 25 of
infection. Large numbers of trypanosomes are present within the
endocrine tissue. (H&E, x 160)

of the intestinal villi was seen occasionally (Figure
17). There was also trypanosomal invasion and cellu-
lar infiltration into the submucosal connective tissue
(Figure 18); this was always more pronounced in the
stomach than in the intestine and in the former often
involved the muscular layers.

In all dogs examined in the terminal stages of the
disease there was pronounced venous congestion of
the liver. The hepatic sinusoids were markedly dis-
tended so that the cords of hepatocytes took on an
accentuated linear arrangement. Foci of lymphocytes
and plasma cells were found around the portal vessels
and scattered through the hepatic sinusoids; variable
numbers of polymorphonuclear leukocytes and try-
panosomes were also present in the sinusoids. There
was a marked increase in the number of Kupffer cells
in the sinusoids; these cells had abundant cytoplasm,
which was often vacuolated and sometimes contained
phagocytosed erythrocytes. In some dogs, foci of
fatty degeneration were found in close proximity to
the hepatic veins; in these areas there was swelling
and disorganization of the hepatocytes with occa-

sional cell death and mitosis of hepatocytes.
In addition to those tissues listed in Table 1, lesions

of lesser severity were also observed in a number of
other tissues. These included the lungs, esophagus,
joint capsule, bone marrow, interlobular connective
tissue of the thymus, interacinar septa of the pan-
creas, and the adrenal glands. It is of interest that the
only endocrine organ, apart from the pituitary, in
which lesions were found was the adrenal gland, and
these were much less severe than in the pituitary, con-
sisting only of small focal infiltrates of lymphocytes
and plasma cells.

Discussion

In the present study, inoculation of dogs with a
small number of bloodstream forms of T brucei con-
sistently resulted in an acute disease syndrome invari-
ably leading to death in the fourth week after infec-
tion. A similar time course for the disease in the dog
has been reported by other workers.5.6 We have
also produced a similar disease syndrome using an-
other isolate of T brucei.7 Infected dogs showed high
levels of parasitemia and widespread invasion of
many tissues by large numbers of trypanosomes. De-
spite this widespread distribution, the organisms ap-
peared to have some predilection for certain tissues.
The reasons for this are unclear, although the organ-
isms were commonly observed in large numbers in
connective tissue within highly vascularized areas
such as choroid plexus, pampiniform plexus, nasal
mucosa, and the anterior uveal tract of the eye. The
presence of extravascular trypanosomes was accom-
panied by marked cellular infiltration and edema, re-
sulting in swelling and disruption of tissues and vary-
ing degrees of cell death and degeneration. The sever-
ity of these changes was in general related to the
number of organisms found within the tissues. Some
of the tissues involved, in particular the heart, central
nervous system, skeletal muscle, and pituitary gland,
have also been shown to be severely damaged in other
species infected with T brucei (rat8; rabbit9; man' 0;
cattlel 2.1 3; sheep'4"15; horse' 6; donkey' 7).
Most of the clinical observations made during the

course of the disease may be directly attributed to the
extravascular invasion by the trypanosomes and re-
sultant tissue lesions. Such lesions in the skin gave
rise to severe edema; in the skeletal muscles and in
the testicles there was obvious pain on palpation. In
the eyes there was partial or complete blindness due
to hypopyon and hyphema. Similarly, the various
nervous signs might easily be attributable to the le-
sions observed in the choroid plexus and meninges.
During the last few days prior to death, there was
clinical evidence of congestive heart failure; at nec-
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Figure 12-Posterior pituitary gland of a dog examined on Day 24 of infection. There is a diffuse perivascular cell infiltrate (H&E, x 50)
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Figure 13-Posterior pituitary gland of a dog examined on Day 24 of infection, showing an area of necrosis (arrow). (H&E, x 200) Figure 14-
Epididymus of a dog examined on Day 22 of infection showing an interstitial cellular infiltrate consisting mainly of lymphocytes and plasma
cells. (H&E, x 150).
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Figure 15-Kidney of a dog examined on Day 23 of infection. Numerous trypanosomes accompanied by a cellular infiltrate of lymphocytes and
plasma cells are present in the renal interstitium. A normal glomerulus can be seen. (H&E, x 150)

ropsy the findings of a heart which was globular in
shape due to dilation of the ventricles along with
marked venous congestion of the liver were also in-
dicative of congestive heart failure. Although there
was no clinical evidence of endocrine dysfunction,
the severe lesions found in both the anterior and
posterior pituitary are likely to have given rise to hor-
monal abnormalities. Similarly, the changes found in
the testicles and ovaries almost certainly had a dele-
terious effect on gametogenesis. Such changes, how-
ever, are likely to be of greater clinical significance in
more longstanding infections. Severe pituitary le-
sions have been described in sheep experimentally in-
fected with T brucei,'8 while in human sleeping
sickness various reproductive disorders and myx-
omatous changes have been attributed to endocrine
dysfunction. 1 9
A number of mechanisms are likely to be involved

in the generation of the tissue lesions in animals in-
fected with T brucei. Firstly, the degree of interstitial
edema and cellular infiltration in many tissues caused
marked physical disruption, which must have af-
fected the normal physiologic functioning of the tis-
sues involved. For example, swelling of the choroid
plexus resulting in separation of the vessels of the
plexus from the ependymal lining must have affected
its specialized secretory function. Similarly, in the
eye, severe lesions in the choroid, iris, and ciliary
body almost certainly affected the fluid balance with-

in the eye, and indeed some animals suffered from a
transient glaucoma. In the heart, separation of myo-
cardial fibers from Purkinje fibers may have inter-
fered with the conducting system, resulting in the ar-
rhythmias recorded.

There was evidence of an increase in vascular per-
meability as judged by swelling of blood vessel walls,
expansion of the perivascular spaces, and edema of
the tissues. These changes were probably due in part
to a local inflammatory response initiated by extra-
vascular trypanosomes. Increased vascular perme-
ability may also be related to elevated levels of kinins
or other vasoactive amines in the circulation; in-
creased levels of kinins have been reported to occur
in laboratory animals and cattle infected with T brucei,
and there is evidence to suggest that this results from
an interaction of circulating immune complexes with
the Hageman factor.20
The role of the trypanosome per se or its products

in initiating vascular permeability and tissue cell
damage must also be considered. There are now sev-
eral reports which describe the generation of biologi-
cally active substances by dead or dying trypano-
somes (reviewed in Tizard et al2'). These substances
include permeability and inflammatory factors dem-
onstrated in T gambiense22 and in T congolense.23
In addition, it has been shown that purified variant
surface antigen can activate complement and induce
increased vascular permeability,24 while activation of
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complement has also been demonstrated with ex-
tracts of Tcongolense.25 There is evidence that var-
ious trypanosomal factors may contribute directly to
cell damage and death. Several groups of workers
have demonstrated that the main pathogenic African
trypanosomes generate hemolysin(s)26-28 and that
these factors are also cytotoxic for nucleated cells.29
However, the relevance of these substances in vivo
remains to be determined. Studies in neonatal and
sublethally irradiated mice have shown that when
these animals are infected with T brucei large num-
bers of organisms are present in the tissues, but there
is only a scanty cellular infiltrate and virtually no
tissue cell degeneration or death.30 These findings
suggest that live trypanosomes by themselves are not
responsible for severe tissue injury. However, it is
possible that large numbers of dead or dying organ-
isms may release substances capable of initiating
tissue damage.

In view of the presence of numerous lymphocytes
and plasma cells along with large numbers of try-
panosomes in the tissues, it is likely that hypersensi-
tivity reactions involving trypanosomal antigens con-
tribute to the tissue damage. Evidence to support this
contention has come from recent work carried out in
mice infected with T brucei. 30 Galvao-Castro et al30
showed that myocardial lesions, similar to those
found in the dogs in the present study, were associ-

ated with deposition of immunoglobulin and try-
panosomal antigen between the muscle fibers, as de-
tected by immunofluorescence. On the basis of a
comparison of these lesions in immunologically com-
petent and incompetent mice and on transfer of cells
or serum, these authors proposed that the mecha-
nisms of tissue damage probably involved the local
formation of trypanosomal antigen-antibody com-
plexes within the tissues. The antibodies involved
may enter the tissues from the circulation or be pro-
duced locally by plasma cells which are present in the
cellular infiltrates.
Numerous macrophages and polymorphonuclear

leukocytes were found in the tissues of infected dogs.
Accumulation of macrophages within such a cellular
reaction possibly results from release of lymphokines
from lymphocytes within the reaction. With regard
to the polymorphonuclear leukocytes, it is known
that products of activation of complement by im-
mune complexes may attract large numbers of these
cells into sites of inflammation. In this respect, it is
of note that there was a severe necrotizing vasculitis
of the coronary vessels in which polymorphonuclear
leukocytes were the predominant cell type. The simi-
larity of these lesions to an Arthus reaction and the
observation of trypanosomes within the vessel walls
suggest that the lesion may have arisen due to local
formation of immune complexes within the vessel

Figure 16-Pyloric region of stomach of a dog examined on Day 25 of infection. Numerous trypanosomes are present in the lamina propria im-
mediately beneath the superficial gastric epithelium. (H&E, x 250)
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Figure 17-Small intestine of dog examined on Day 23 of infection, showing necrosis of the tip of a villus. There is also an increase in the con-
tent of lymphocytes in the lamina propria. (H&E, x 280) Figure 18-Stomach of dog examined on Day 21 of infection, showing a lymphatic
in the submucosa. The lumen of the lymphatic is distended and contains a mixture of fibrin and both viable and dying cells. (H&E, x 200)

walls. Both macrophages and polymorphonuclear
leukocytes are capable of phagocytosing immune
complexes. Release of lysosomal enzymes from poly-
morphonuclear leukocytes can occur during phago-
cytosis or in response to other inflammatory
stimuli.3'-33 Since much of the tissue cell damage was
found in areas where polymorphonuclear leukocytes
were abundant, it is likely that the release of cytolytic
enzymes contributed to the development of the le-
sions. Numerous macrophages and polymorphonu-
clear leukocytes were also present within afferent
lymphatics and in the sinuses of the lymph nodes;
furthermore, by immunofluorescence, immunoglob-
ulin, presumably in the form of immune complexes,
was detected within the cytoplasm of macrophages in
the lymph nodes.3 In addition, there was extensive
deposition of fibrin within the efferent lymphatics
and the subcapsular sinuses of the nodes. These find-
ings again point to the possibility that there is trigger-
ing of a series of reactions involving immune com-
plexes, polymorphonuclear leukocytes, complement,
Hageman factor, and the coagulation system.

In our experience, the tissue lesions in dogs are the
most severe that we have observed during infection
with T brucei in any of the species of domestic or lab-
oratory animals, with tissues such as the heart, the

central nervous system, including the pituitary gland,
eyes, and reproductive organs being consistently af-
fected. Thus, the dog offers an excellent opportunity
to study the mechanisms of tissue damage induced by
Trypanozoon parasites and might prove to be a valu-
able model system in the evaluation of current and
new chemotherapeutic compounds.
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