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Summary

In Microtus montanus infected with 7. b, gambiense, electron microscopic
examination of lymph nodes. spleen. liver, heart, choroid plexus and brain
demonstrated extravascular populations of trypanosomes distributed through-
out interstitial spaces. accompanied by a moderate cellular infiltration of plas-
ma cells. The trypanosomes exhibited numerous profiles; some were dividing,.
others were in different stages of lysis. or phagocytosed. Penetration of trypano-
somes into hepatocytes was observed. The present investigation indicated that
trypanosomes migrated to the brain parenchyma from the Virchow-Robin
spaces but could not confirm whether the parasites reached the Virchow-Robin
spaces by traversing the ependymal cells lining the choroid plexus or by migrat-
ing through the endothelial cells of the cerebral blood vessels.
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Introduction

When considering the efficacy of chemotherapy and the question of drug
resistance, the presence of trypanosomes in extravascular niches in mammalian
hosts 1s of great importance. In addition to a number of light microscopical
investigations, several authors (Stevens and Moulton, 1977; Poltera et al., 1980;
Tanner et al.. 1980: van Marck et al.. 1981; Abolarin et al., 1982; Jenni et al.,
1983; Rudin et al.. 1983) have described the ultrastructure of extravascular
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trypanosomes ( Trypanozoon) and their distribution in different animal models
and organs. From their results it 1s evident that the number of trypanosomes in
the tissues is fairly constant during the course of infection. in contrast to the
number in the blood which fluctuates widely. Where and how the parasites
enter and leave the circulatory system is unknown. In addition. ultrastructural
studies have revealed the presence of structurally intact trypanosomes within
host cells. e.g. hepatocytes (Jenni et al.. 1983). plasma cells (Rudin et al., 1983;
van Marck. pers. comm.). and ependymal cells (Abolarin et al.. 1982).

The aim of this investigation was to extend preliminary investigations
(Jennietal.. 1983: Rudin et al.. 1983) about extravascular distribution of Trypa-
nosoma b. gambiense \n Microtus montanus infected by tsetse transmission. Two
main questions concerning the distribution of trypanosomes were addressed:
which trypanosomes are likely to be responsible for relapses after chemothera-
py and how do trypanosomes pass the blood-brain-barrier.

Material and Methods

Trypanosoma b, gambicnse TH DAL 069/78E was isolated by Dr. D. Mehlitz. Hamburg. from
a patient in the Ivory Coastin 1978, Pupac of Glossina morsitans centralis were received from Dr. S.
K. Moloo. ILRAD. Nairobi. Kenya. They were kept at 28°C and 80% r.h. until eclosion.

Inbred Microtus montanus, originating from the outbred colony of Prof. I. R. Seed. Texas A,
& M. University. USA. and weighing 30 g were used. At the age of about six weeks. four animals
were cyclically infected by asingle infective tsetse bite. Two animals were used for the EM study and
dissected 30 days after infection when parasitaemia was low. The other two were used for the
isolation of trypanosomes in a late stage. The gross pathology was evaluated and samples of lymph
nodes. spleen. heart. liver, brain stem, and the choroid plexus of the fourth ventricle were prepared
for electron microscopy (Rudin et al., 1983).

Results

1. gambiense DAL 069 caused a chronic infection in M. montanus similar
to that already observed for the strain TH 3/78 (031) (Jenni et al.. 1983: Rudin
ct al., 1983). The parasitaemia remained low for the duration of the infection
with a heavy increase before death. M. monranus infected with DAL 069
showed abnormal contraction of the hind legs to the body when lifted by the tail
(Poltera et al., 1982) already within two to three weeks.

Gross pathological findings: the most conspicuous finding was pronounced
enlargement of the spleen in combination with a marked congestion. Similar
changes were found in the lvmph nodes. but to a lesser degree. Also the liver

Fig. 1. T b. gambiense in liver sinusoid of M. montanus (h = hepatocyte. T = trypanosome. m =
endothelium). =< 19000.

Fig. 2. Extravascular parasites (T) in the lymph node (ne = nucleus of endothelial cell). x 5400.
Fig. 3. Trypanosome (1) in the spleen phagoeytosed by a neutrophile granulocyte (n). x 23000.

Fig. 4. Trypanosome (T) in the spleen phagocytosed by a macrophage (m). x 14000.
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appeared slightly congested. In the heart and the brain no macroscopically
detectable lesions were found.

Electron microscopy: the frequency of trypanosome profiles in capillaries
was similar in all organs investigated. In accordance with the relatively low
parasitaemia, parasites were found only occasionally. A slightly higher density
was observed in the sinusoids of the liver (Fig. 1). spleen. and lymph nodes. A
structural interaction between trypanosomes and endothelial cells was not
detected.

It was much easier to find trypanosomes within the interstitial spaces
around capillaries, especially near the sinusoids of liver, spleen, and lymph
nodes (Fig. 2). In all extravascular sites, parasites were found in division or
undergoing degeneration and destruction. Phagocytosis of trypanosomes
(Figs. 3-5) was observed in all extravascular locations; the cell types responsible
included neutrophile granulocytes (Fig. 3), macrophages (Fig. 4), and in the
liver sinusoids, Kupffer cells (Fig. 5). Extracellular fragments of trypanosomes
were frequently found in the spleen. In one animal, trypanosomes were ob-
served within hepatocytes (Fig. 6). Occasionally, the structure of the liver cells
and the parasites appeared to be altered. The rough endoplasmic reticulum of
the infected hepatocytes appeared vesiculated in a cytoplasm only loosely
packed with organelles. In some cases, the trypanosomes were surrounded by a
membrane and contained numerous, polymorphic, light vacuoles. In others
they lay free in the cytoplasm.

The distribution of the parasites in the choroid plexus corresponded to that
in other organs. A larger number of trypanosome profiles was found within the
interstitial spaces between the capillaries and the ependyma (Fig. 7) than within
the blood vessels. Extravascularly, they were concentrated in irregularly distrib-
uted focl.

The only part of the brain screened for the presence of trypanosomes was
the brain stem. Parasites were found in the following locations: 1) capillaries and
interstitial spaces of the meninges, 1i) capillaries entering the brain tissue and
the Virchow-Robin spaces, and iii) brain tissue, between cells and axons (Figs.
8-10).

In the CNS-parts and all other tissues examined, lysed as well as phagocy-
tosed trypanosomes were found. Parasites ingested by macrophages tended to
indent the nuclear envelope of the macrophages (Fig. 12). In addition, several
flagellar profiles containing more than one axoneme, representing either divid-
ing or degenerating trypanosomes, could be observed (Fig. 11).

Fig. 5. T. b. gambiense (T) in liver sinusoid phagocytosed by a Kupffer cell (K). x 14000.

Fig. 6. Trypanosomal profile (T) in a hepatocyte (h) surrounded by a host cell membrane ().
% 22000.

Fig. 7. Trypanosomes (T) in the interstitial space of the choroid plexus (¢ = ependyma). x 14 000.

Fig. 8. Trypanosome (T) in a capillary in the brain stem tissue (e = endothelium). x20000.
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The host reaction was expressed by an increased number of detected plas-
ma cells in all organs. In addition, in the brain and choroid plexus lymphocytes
and macrophages were also present. In the lymphoid organs the frequency of
granulocytes was also enhanced as compared to these organs of uninfected
animals. Many areas of the tissues studied showed mild haemorrhages.

Discussion

With respect to the main question. which trypanosomes are likely to be
responsible for relapses after chemotherapy. the choroid plexus and the brain
tissue were of special interest. In the present investigation cell division of trypa-
nosomes within the interstitial spaces of the choroid plexus was observed. Ul-
trastructurally no trypanosome profiles different from trypomastigote forms
could be distinguished. This does not correspond to the assumption of Ormerod
and Venkatesan (1971) that the choroid plexus 1s the most important organ for
multiplication of amastigote forms.

In the present as well as in earlier studies (Poltera et al., 1980; Jenni et al.,
1983; Rudin et al., 1983), trypanosomes were never found within the ependy-
ma. Therefore neither the penetration of the ependyma as a possible route for
passing the blood-CSF-barrier proposed by Stevens and Moulton (1977) nor
the multiplication of trypanosomes in the ependymal cells as a site for cryptic
stages, demonstrated by Abolarin et al. (1982), could be confirmed.

Earlier investigations by Poltera et al. (1983) and Rudin et al. (1983)
showed that the choroid plexus was cleared of parasites by chemotherapy. This
is in accordance with the postulate of Jennings et al. (1979) that the trypomasti-
gote forms in the choroid plexus are susceptible to chemotherapy. All together
makes the role of the choroid plexus as a possible source for relapses question-
able.

Meningoencephalitis was found in M. montanus cyclically infected with
1. gambiense. Similar findings were described by several authors (e.g. Peruzzi.
1927; Stevens and Moulton, 1977; Schmidt, 1983). In contrast to the ex-
periments with 7. gambiense TH 3/78 (031) which could not be found 1n the
brain tissue up to 56 days after infection, trypanosomes of the stock DAL 069
were already detected in the brain parenchyma 30 days after infection. The
choroid plexus. the interstitial spaces of the meninges and the Virchow-Robin

Fig. 9. T. b. gambiense (T) in the Virchow-Robin space (VR) around a capillary in the brain stem
(s~ = basal laminae). x 7200.

Fig. 10. Trypanosomes between cells of the brain stem tissue (m = myelin sheet). x21000.
Fig. 11. Dividing or degenerating trypanosome (T) in the brain stem tissue. x 19000.

Fig. 12. Phagocytosed trypanosome (T) in a macrophage (m) enclosed by the host cell nucleus (nu).
x 20000.
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spaces were parasitized. While trypanosomes were also found in small brain
capillaries. penetration of the endothelium by a parasite was not observed.

In the present investigation. most of the trypanosomes were located near
brain capillaries as reported by Fink and Schmidt (1979) and Schmidt (1983).
The parasitization of the brain parenchyma was demonstrated in different
animal models for sleeping sickness (Poltera et al., 1981, 1982; Wéry and
Kayembe, 1971; van Marck et al.. 1981a. b: Schmidt, 1983; Rudin et al., 1983).
These authors demonstrated that the time of penetration of the blood-brain-
barrier after infection seems to depend on the stock and subspecies of the para-
site. For penetration of trypanosomes into the brain parenchyma there are
several possible routes. The findings of the present work support the hypothesis
that brain invasion occurs via the Virchow-Robin spaces after penetration of the
capillaries. Stevens and Moulton (1977) and Poltera et al. (1980) proposed that
trypanosomes may enter from the choroid plexus via the CSF passing across the
ependyma. Schmidt (1983) suggested that invasion occurs from capillaries into
the CSF of the subarachnoidal space and from there via the Virchow-Robin
space into the brain tissue. From a histological point of view, the easiest way of
passing the blood-brain-barrier by the trypanosomes would be the penetration
of the leaky blood vessels near the subarachnoidal space and to follow then the
route proposed by Schmidt (1983). However. the passage of the densely fitted
endothelium of the non-fenestrated brain capillaries or the penetration of the
ependyma may still not be excluded as a possible way from the circulatory
system into the brain parenchyma.

Distribution and location of trypanosomes in the other organs examined:
after a phase of establishment in the skin at the site of infection, the lymph
nodes are parasitized via the draining lymph vessels (Barry and Emery. 1984).
They remain infected throughout the infection (Jenni et al.. 1983). The stage
investigated showed slightly increased. focally haemorrhagic lymph nodes con-
taining trypanosomes mainly outside the sinusoids between lymphocytes.
monocytes, macrophages. a few granulocytes, plasma cells, and red blood cells.
Similar findings were described for 7. brucei in dogs (Morrison et al.. 1981). By
means of qualitative electron microscopy it was not possible to decide whether
the trypanosomes were mainly slender forms as was described by Tanner et al.
(1980) using stereological methods. for 7. brucei in rats. or if there was a pleo-
morphic population. Forms obviously different from those of a normal blood
population were not detected.

The markedly enlarged spleen, engorged with red blood cells, was. as in
earlier investigations (Jenni et al., 1983), the only organ showing many lysed
parasites in extravascular spaces. On the other hand structurally intact trypano-
somes were also present. A remarkably high density of parasites was found
within and outside the liver sinusoids. Extravascularly, many red blood cells,
residual bodies, Kupffer cells (frequently containing remains of trypanosomes),
and plasma cells were present. These observations corresponded to those of van
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Marck et al. (1981) for rats and mice and also to those of Lumsden et al. (1972)
who also found parasites in Kupffer cells. Pathologic alterations of the hepato-
cytes could not be distinguished by Beckers et al. (1981) and van Marck et al.
(1981). Lumsden et al. (1972), however, described cytopathological effects in
hepatocytes of 7. gambiense infected guinea pigs. In the present investigation,
similar structural changes such as vacuolisation, swelling of the mitochondria,
vesiculation of the rough endoplasmic reticulum were observed but not to the
same extent as in Lumsden’s (1972) study. In addition, hepatocytes contained
trypanosome profiles, as already described by Jenni et al. (1983). Some of them
were surrounded by a host cell membrane which was lacking in others. This
membrane probably becomes invaginated when the parasite penetrates into the
cell and disintegrates later.

Trypanosomes were localized in the connective tissue of epicardium, myo-
cardium, and endocardium of the heart. This confirmed the electron micro-
scopic findings of several authors (van Marck et al.. 1981; Jenni et al., 1983).
Despite the presence of lysed and proliferating trypanosomes in the heart as
well as in all other organs examined, the inflammatory reaction was not pro-
nounced.
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