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134 TRYPANOSOMES AND THE TRYPANOSOMIASES

zebra to these parasites. The same thing is probably true for the
original Zululand trypanosome of nagana. ‘

When the disease in equines is contracted as a result of the bite
of tsetse-flies, the incubation period is on an average ten days,
Kanthack, Durham, and Blandford record an incubation period of
seven days, while in the horse and donkey with which we experi-
mented the incubation period was four days. In these experimental
cases the amount of the virus injected was considerable compared
with that which even a large number of tsetse-flies can convey,
[Theiler gives three to twelve days as the incubation period.]

Fever occurs simultaneously with the appearance of trypano-
somes in the blood. It is always remittent or continued, and lasts

Fis. 20.—A HoRSE SUFFERING FROM MAGANA,

until death. In some cases there may be hyperpyrexia just before
death.

The first rise of temperature generally exceeds 41° C. [106° F.]|,
and may reach 42° C. [107'6° F.], but later rises rarely exceed 41°C.
We shall see later on that various ruminants show this great initial
rise of temperature. The accompanying charts (Fig. 1g9) from our
experiments with a donkey and a horse show the two types of fever,
remittent and continued.

Death occurs in from fifteen days to two or three months, and
depends in great measure upon the resisting power of the animal.
Our horse, which was an old one, lived twenty-seven days, while the
donkey, which was young and active, lived fifty-nine days. The
zebra-horse and zebra-donkey hybrids succumbed in eight weeks.
| Theiler, in the Transvaal, found the disease run a very acute course
in equines—one to two weeks. |
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138 TRYPANOSOMES AND THE TRYPANOSOMIASES

This did not infect the animal, nor was there any fever, mastitis,
or alteration of the milk.

SHEEP AND Goars.—According to Bruce, the native goats and
sheep of South Africa are less susceptible than other mammals, the
disease as a rule running a chronic course and lasting five months,
In Bradford and Plimmer’'s experiments a goat died in two months,
Nocard has given us a complete account of the disease in a sheep
which died in six and a half months (197 days). The animal had on
the sixth day after inoculation a rise of temperature to 41° C., after
which it fell to between 39° and 40° C. On the twenty-fourth day
it rose again to 41°5” C. [106°8° F.], and remained for a considerable
time at about 41° C. There was cedema of the face and eyes, then
of the testicles. It was only during this period that trypanosomes
could be found on microscopical examination, and for about a week
several could be found in each field of the microscope. The
swellings increased, and extended as far as the hind quarters and
shoulder by the end of the third month, after which they
rapidly disappeared. During the fourth, fifth, and first half of the
sixth months, the animal had apparently recovered ; its temperature
was about 39° or 40° C., but its blood was still infective. During
the last month it wasted rapidly, and after death there were found
signs of profound cachexia, and gelatinous exudation about the
throat, pericardium, and pleurze. .

Some of our sheep died after infection with nagana without
showing any local symptoms, but as they were all somewhat
cachectic, it is possible that nagana was not the sole cause of death.
On the other hand, two of our sheep recovered. One of them was
carefully watched from day to day ; its history was as follows :

The infection lasted six to seven months. The disease started
two days after inoculation with a rise of temperature, which on the third
day reached 41°5° C. [106°8° F.]}; on the same day trypancsomes were
seen on microscopic examination, but this was the only day on which the
microscopical exanination twas positive. g

For the next four months the temperature remained high, with several
rises to 41° C., and the animal wasted considerably. At first the blood
was almost always virulent for the mouse in doses of a few drops; the
incubation period for the mouse was four to eight days, so that the
trypanosomes inoculated must have been very few. During the fourth
month the blood was no longer infective in doses of 1 c.c., but it became
infective again later. The ﬁ%th month, although trypanosomes were still
present in the blood, and the temperature was considerably raised (about
40° C.), the sheep gained in weight. At the end of the sixth month its
condition improved, the temperature coming down to 39° C., and the
blood became gradually less infective, so that sometimes there was
not a single trypanosome in 1 c.c. At the end of the seventh month
5 c.c. of blood failed to infect two rats, so that the animal may be con-
sidered cured. It was immunized. During the six and a half months
that the disease lasted the animal did not show the least sign of
edema.

1 This great rise during the first week occurred with all our goats and sheep.
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several of the body fluids of experimental animals infective om
inoculation — the cerebro-spinal fluid, pleural, pericardial, and
peritoneal exudations, bile, and subcutaneous wedema fluid. The
urine was not infective.]

At the post-mortem on the young pig which died of nagana after
showing very marked paralytic symptoms we found the following
condition present. The bones of the spinal column were softened
so that the vertebrz could easily be cut with a knife. This
softening of the skeleton, a true osteomalacia, explains how, under
the influence of the paralysis and of the faulty position of the hind
limbs which followed it, a very marked arching of the back in the
dorsal region was produced. The lower part of the spinal cord was
surrounded by a gelatinous exudate, a partially coagulated serous
effusion analagous to that found in the pericardium and subcutaneous
tissue, but there was no spinal meningitis. The spinal cord removed
in its entirety and carefully examined did not show any macroscopic
changes —there were no patches of softening. The medulla
oblongata, cerebrum, and cerebellum appeared normal. The spleen
was not enlarged. There were 20 c.c. of straw-coloured fluid present
in the pericardium, and a little in the pleural and peritoneal cavities,

Finally, we may note that from the time an infected animal dies,
and sometimes even during the agony, the trypanosomes which it
contains diminish in vitality. Twenty-four hours after death,
especially in small animals, there are no longer any active parasites
in the blood or internal organs. They may, however, be present in
very small numbers, for the blood is sometimes still virulent.

[Since 1904, numerous investigations have been carried out on the
changes produced in the blood, and on the microscopical appearances
seen in the various organs of animals infected with nagana. Amongst
those dealing with the blood changes may be mentioned the
researches of Goebel and Demoor,! Markl,® Massaglia} Mayer,*
Nissle,” Sauerbeck,® and Jakimoff.” The papers dealing with the
pathological histology of, and the distribution of trypanosomes in, the
internal organs are those of Baldwin,® van Durme,’ Halberstaedter,™

= ! [@: Goebel and A, Demoor, Ann. Soc. de Méd. de Gand, 1906, pp- 137-148.
See also Mesnil, abstract in Bull. Tnst. Past., 1906, v. 4, p. 667.]

& 2 [Markl, Centrald. f. Bakter,, 1, Ong., v. 37, p- 530.] 4

=8 Massaglia, Boll. R. Accad. med. di Genova, 21st year, No. 1., 1904 ; see
absttact by Mesnil, Bull. Inst. Pasl., v. 4, 1906, pp. 667, 668.] /

L o EMfaver, Zeitschr. f. Path. w. Ther., v. 1, 1905, 5

o7 0 _[Nfssle, Arch. . Hyg., v. 53, 1605, PP- 181-20] ; and v. 54, 1905, pp- 343-353]

B theck, Zeftschy. f. Hyg. w. Infextions., V. 52, 1905, p{. 31-86 ; see also

abstract by Mesnil, Bull. fnst. Past, v. 4, 1906, pp- 317, 318. In the Ergebn. f.f
allgem. Path. w. pathol. Anal. des Menschen. w. der Tiere, v. 10, 1905, pp. 303-
379, Sauerbeck gives a long résum¢ of our knowledge of the trypanosomes, as well
as an extensive bibliography.]

= #TW. L. Jakimoff, Centralt. f- Bakter., 1, Ref, v. 38, 1906, pp 13-16.]

& [Baldwing fowrn. Infec. Dis., v- 1, 1904, PP. 544-5 50.] :
i “Durme, Ann. Soc. de Mid. de Gand, 1905, p. 2313 Arch. de Parasit.,
V1B, 1906, pe 160.] h

L-;}j'!_.EH"a‘.lber:‘.medter, Centralb, f. Bakter., 1, Ong., v. 38, 1905, pp. 525-532.]
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parasites are most numerous in the blood. Shortly after this they
are found in the testicles, which explains the orchitis and other
lesions of the genitalia so commonly seen in rabbits. The glands
are next infected, then the conjunctiva, the skin in the region of the
edematous swellings, and the nasal mucous membrane. In all
these organs and tissues the number of trypanosomes increases
progressively and then diminishes, pari passu with the well-known
clinical affections shown by them. The order given by van Durme
corresponds almost exactly with the order of the clinical symptoms.
1The secretions (semen, conjunctival pus) are free. The spleen,
salivary glands, liver, kidneys, suprarenal capsules, lungs, brain and
spinal cord, lachrymal and thyroid glands, thymus, bone-marrow,
and ovary were always negative (except once in the case of the first
two). In the rabbit, therefore, T. brucei may be more abundant in
certain organs than in the blood, and these organs are precisely those
which present fanctional derangements and macroscopic lesions.']

[Halberstaedter obtained somewhat similar results in his rabbits,
except that he never found trypanosomes in the testicle. In the edema-
tous swellings about the eyes and nose, trypanosomes were found in the
altered skin cells and between the cells under the epithelium, as well as
down in the subcutaneous tissues, but never in the bloodvessels. In
mice, on the other hand, he found trypanosomes in all the bloodvessels in
the internal organs, especially the liver, and in the skiné]

[In other animals Prowazek and Neporojny an Jakimoff found
;nasae& of parasites, causing capillary embolism in the brain, lungs, and
iver. |

[Nabarro and Greig, in Uganda, nearly always found subserous
petechial h@morrhages (pleural, pericardial, and endocardial) in their
experimental animals (monkeys, dogs, guinea-pigs) dying of various
animal trypanosomiases. Smears of these petechie usually contained
masses of trypanosomes (many more than iwere present in the blood of
the animal), which led these observers to conclude that the petechiz were
really embolic areas, the emboli being the masses of the parasites.®|

[Tue Prace axp THE MoDE OF DESTRUCTION OF TRYPANOSOMES.—
Most authorities are agreed that trypanosomes are destroyed by the
phagocytic action of various cells. |

Prowazek found all stages of destruction of the parasites in the poly-
morphonuclears (and exceptionally in the eosinophiles), as well as in the
moncnuclears. |

Sauerbeck, working with rats, guinea-pigs, rabbits, and dogs, could
not find any degenerating forms in the blood, but saw them easily in the
internal organs, especially in the spleen, lymphatic glands, bone-marrow,
liver, and, to a less extent, in the lungs. These involution forms,® Sauer-

1 [j'l"he aliove account is taken from Mesnil's abstract in Budl. Inst, Past., v. 4,
1506,

! [They made a somewhat analogous observation in the case of dogs dying of
piroplasmosis. These animals also showed petechial hemorrhages, especially
under the pleura, and smears of these areas showed many more infected red
corpuscles and more parasites in the corpuscles(§ to o were sometimes seen),
than did the peripheral blood-films.] ) ‘ :

* [Sauerbeck draws attention to the similarity of the commonest involution
forms to the Leishman body, but this morphelogical resemblance is not sufficient
to warrant our putting the trypanosomiases and tropical splenomegaly in the same
category, as Sauerbeck, Marchand, and others would do. ~ See Mesnil's abstract n
Bull. Inst. Past., v. 4, 1906, pp. 317, 318.]
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petechial heemorrhages, which microscopically were found to have their
seat in the glomeruli. The authors think that this lesion of the kidneys
explains the fact that Jakimoff constantly found albumin in the urine of
infected animals, and they make the suggestion that possibly the frequent
cedemas, fits, and drowsiness seen clinically are uriemic in origin.

[The liver is usually enlarged and finely granular on the surface. The
changes in it seem to occur as follows: Owing to masses of trypanosomes
in the capillaries, the blood-flow is sluggish, and in places completely
stopped. As a result, degenerative changes take place, with atrophy,
fatty degeneration, necrosis,; and karyolysis of the liver cells and of the
capillary endothelium. Around these degenerating areas are zones of
inflammatory reaction with karyckinetic figures in the liver cells and in the
endothelial cells, The latter are definitely phagocytic, engulfing and
digesting trypanosomes and leucc:cytes.i]

[Halberstaedter, on examining the characteristic testicular swellings in
rabbits, found a marked round-cell infiltration between the tubules; the
epithelium of the latter was degenerating, but no trypanosomes were seen. |

[Massaglia always found the kidneys most affected, and in a condition
of subacute hamorrhagic parenchymatous nephritis, with markeddegenera-
tion of the epithelium of the tubules. The liver showed subacute hepatitis
with fatty degeneration ; the spleen, lymphatic glands, and bone-marrow
showed lesions similar to those already described. | /

Section 3.—Résumé of Symptoms and Pathological Anatomy.

The wvariations in the symptoms and course of nagana in
different species of animals will be clearly seen from the following
accounts.

If we were not acquainted with the pathogenic agent it would
be difficult to believe that the very varied conditions produced by
T. brucei in the rat and mouse, in the horse, pig, ox, and goat,
were due to the same disease. We have seen that nagana may
sometimes occur as an acute or subacute disease which is always
fatal, sometimes as a chronic disease which may end in recovery.

Amongst the most constant symptoms should be mentioned
fever, anzmia, and cedema, but here again there are great variations
in the different species of animals.

In rats there is no fever or cedema, even when, by means of
appropriate treatment (vide infra), the life of these animals is
prolonged for two months or more. In the rabbit the febrile
paroxysms are very irregular. In the guinea-pig and dog the fever
is often of a continued type, with more or less marked morning
remissions. The horses and cattle of Zululand suffer from remittent
fever during the whole course of the disease. In European cattle,
after an initial rise, the temperature falls to normal and remains so.
In the dog the temperature is usually raised until death occurs.
Other animals, such as the pig and monkey, die with a subnermal
temperature. In the monkey, the account of which we have given
above, the temperature fell below normal several days before death,
and on the day the animal died the rectal temperature had fallen to
28-=° C. [83:4° E.].

The cedematons swellings, which are usually very marked in the
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":’iI'L]].ETIEﬂ. We shall return to this subject in the paragraph upon
immunization.

The trypanosome of nagana evidently finds the blood of certain
animal species a more favourable medium for its multiplication than
the blood of other species; but this explanation merely alters the
form of the question. Why is the blood of certain mammals a
better medium for T. brucei than that of other mammals ?

The temperature of the animal seems to play a part. The
trypanosome of nagana cannot withstand long exposures to a
temperature of 40° to 41° C. i1 vitro, and no doubt the same thing
15 true in vivo.

When the temperature of an infected animal is raised (40° to
41° C.), the trypanosomes are seen to diminish in number, and when
the temperature falls, the parasites begin to multiply again in the
blood. This explains the almost parallel oscillations, in the Equid,
of the number of trypanosomes and of the temperature ; after the
febrile paroxysms the curve of the trypanosomes falls.

In the young pig of which an account has already been given
the effect of temperature is evident. The pig had a normal rectal
temperature of 40° C., and during the whole of the disease the
trypanosomes were so scanty that they could not be seen on
microscopic examination, but some days before death the temperature
fell, and at the same time the trypanosomes multiplied in the blood.

The high temperature of birds appears to play an important
part in rendering them refractory to nagana; [but, as we have
seen, Schilling, Mesnil and Martin, and Goebel have succeeded in
infecting geese and fowls, so we can no longer consider birds
absolutely refractory to mammalian trypanosomes].

The effect of temperature upon T. brucei only partially explains
the facts; it is certain that other factors help to modify the course
of nagana.

Human serum injected into infected animals causes the trypano-
somes to disappear, at least for a time, and this property of human
serum no doubt depends upon the natural immunity of man against
nagana. One may ask whether the leucocytes of certain animals do
not contain a substance analogous to that which gives to human
serum its remarkable properties, but in too small a quantity to
give the serum of these animals an action upon T. brucer com-
parable with that of human serum.

How does the T. brucei act? An infection so intense as that
found at the moment of death in rats, mice, and certain other
animals, leads to the natural supposition that such an enormous
number of parasites must produce serious and even fatal effects upon
the general nutrition. Butwe must not forget that rats infecl{ed Wlt‘h
T. lewisi may also have a very large number of parasites in their
blood without apparently suffering any inconvenience. And, more-
over, in the experiments on treatment with arsenic, of which we
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of an attenuated culture into guinea-pigs produced no local effect, but only
a slight general effect. Later injections, however, produced both local
effects (ulceration) and general effects (rapid rise of temperature).]

[Mayer! was unable to prove the presence of a soluble toxin, but found that
precipitins occur in the blood of nagana dogs. T. brucei treated with trypsin
for three days at 37° C. furnishes on filtration a liquid which, when mixed
with the serum of a nagana dog (0'1 to o5 extract with o'5 serum), gives
a turbidity in less than an hour, and later a precipitate. Trypanosomes
not treated with trypsin do not furnish this * precipitinogen.' The same
¢ precipitinogen’ liquid remains clear when mixed with the serum of a
caderas dog, thus showing the specificity of the reaction. Mayer thinks
this reaction may be of use in comparing allied trypanosomiases. J*

Amongst the factors which may influence the course of the disease
and its severity must be mentioned the race of the animals, and,
probably, heredity in countries in which nagana is prevalent. The
wild animals of Central Africa—buffaloes, antelopes, ete.—although,
susceptible to nagana, can multiply in those districts in which the
tsetse-fly abounds.

Finally, it may be mentioned that animals which are old, badly
nourished, or in a feeble condition, live a shorter time. Horses and
cattle suffering from nagana live for a considerable time if not allowed
to work.

It would be a mistake to attribute the survival of animals, such
as cattle and goats, to the effects of treatment or to the use of an
attenuated virus, without bearing in mind the variable susceptibility
of animals for T. brucei, and the fact that cattle and goats may
recover spontaneously.

Animals which recover are immune. This fact alone is sufficient
to show the necessity for studying the evolution of nagana in
different species of animals. That study should serve as a basis for
researches having as their aim the treatment or the prevention of
the disease.

Section 4.— Morphology of Trypanosoma brucei. Effect of
External Agents (Heat, Cold). Cultures. Agglomeration of
V the Trypanosomes. Involution Forms.

T. brucei 1N THE BL0OOD OF INFECTED ANIMALS.—In fresh blood
T. brucei appears as a small, very motile worm-like body, with an
undulating membrane and flagellum. When its movements become
sluggish, as happens quickly in ordinary preparations, the wave-like
undulations of the undulating membrane are well seen. The
parasite usually moves with the flagellar end foremost, so that this
must be regarded as the anterior extremity. The posterior extremity
varies in shape: sometimes it is drawn out, sometimes rounded off
or truncated. The movements which are produced by the un-
di?&g,memhrane and the flagellum are not very extensive. The

& L{Mayer, Zeitschr. f- exp. Ther) i Pathol.] v. 1, 1905.]
? [Quoted from Mesnil's ah’s‘.fﬁf&t of Mayers paper, Bull. Inst. Past., v. 3
1905, p. 681.]
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Fig. 22 (2, 3, 4, and 5) represents different stages in the division
of T. brucer! A trypancsome about to divide increases in size and
enlarges in all dimensions. The centrosome, flagellum, nucleus,
and protoplasm successively divide, the centrosome always dividing
first.

I. Division of the Centrosome and Flagellum.2—The centrosome
becomes elongated, then divides into two small rounded bodies,
placed, as a rule, one above the other (Fig. 22, 2); at the same time
the adjacent part of the flagellum thickens and divides. Fig. 22
(2, 7, and 4) shows different stages in the duplication of the flagellum.
In Fig. 22, 4, the new flagella are separate up to the point where the
flagellum becomes free, but sometimes the flagellum divides through-
out its whole length.

2. Diwmsion of the Nucleus.—The nucleus increases in size,
and becomes elongated ; the chromatin collects at the extremities
(Fig. 22, 2), and finally the two daughter nuclei separate (direct
division). At first close together, the nuclei soon separate from one
another (Fig. 22, 7 and 4). They are usually oval in shape.

3. Division of the Protoplasm.—The protoplasm divides into two
almost equal parts around the nuclei. In well-stained preparations
this division is very obvious ; a clear space separates the two masses
of protoplasm, which are stained blue.

The two parasites remain close together for some time, and
this explains the large forms with two undulating membranes seen
in fresh blood.

The parasite remains active throughout the whole period of
division, motility being only slightly diminished.

The division of the cytoplasm may begin at the anterior part of
the body, as in Fig. 22, 35, or at the posterior. It sometimes happens
that the two parasites resulting from the division of a trypanosome
themselves subdivide before the division of the cytoplasm is complete,
but such cases are very rare.

We have carefully examined the peritoneal fluid, the lymphatic
glands, and the spleen of animals inoculated intraperitoneally, but
we have never seen either multiplication forms or the small forms
which Kanthack, Durham, and Blandford have described as young
T. brucei. Moreover, we have not met with the ameeboid or
plasmodial forms of Plimmer and Bradford. When studying the
agglutination of the trypanosome of nagana and its involution
forms later on, we shall have occasion to return to this question, and
shall show how Plimmer and Bradford were led to believe in the
existence of conjugation and plasmodial forms. _

The method of multiplication of 7. brucei is in reality very
simple; it always occurs by longitudinal division, and after the two

Magana, Sec. de Biol., March 23, 1901.

i«;é#aweﬁﬂnd Mesnil, “ On the Mode of Reproduction of the Trypanosome of
[For recent accounts of the details of division of 7% drucer see later.]
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centrosome, flagellum, periplast or ectoplasm, and the special
‘myoneme,’ or fibrillary layer surrounding the body, withstand the
digestion of phagocytosis the longest. From this observation he
concludes that all these structures are of nuclear nature and origin.]

[Although the sexual phases of this trypanosome would normally
only occur in the appropriate tsetse-fly, Prowazek occasionally,
though rarely, observed the maturation process of female parasites
in the blood. This, he states, consists of two divisions of both
nucleus and centrosome, only one of the four elements of each kind
persisting. In one case, in the blood of a guinea-pig just dead,
Prowazek saw the process of conjugation completed on the slide, and
he found several stages in a stained specimen of the blood.!]

[THE MORPHOLOGY OF THE TRYPANOSOMES IN THE TSETSE-FLY.
—Koch* has described two well-marked forms of the parasite in the
digestive-tube of infected tsetse-flies (Glossina morsitans and Gl fusca).
(1) Large forms, with abundant cytoplasm staining dark blue, and with
a large, round, reticulated nucleus; and (2) thin, elongated forms, with
feebly-staining protoplasm, and a long rod-shaped nucleus composed
of a homogeneous mass of chromatin. These Koch regards as female
and male forms respectively. Koch states, moreover, that the sexual
forms of T. brucei in GI. morsitans and GI. fusca are distinct from
those of T. gambiense in Gl palpalis, and that these differences in the
evolution forms will serve to differentiate the pathogenic mammalian
trypanosomes. | _

[Novy,® from his observations on the flagellates of mosquitoes
and of tsetse-flies, thinks that the forms described by Koch as
resulting from the development of 7. brucei and T. gambiense in
Glossina, have really nothing to do with these flagellates. As
Minchin had previously shown, they are probably ® wild’ or native
trypanosomes of the tsetse-flies. ]

Differential Diagnosis of T. brucer from Allied Trypanosomes.—
In Chapter IV. we drew attention to the differences between
T. brucei and T. lewisi. The reader is referred to subsequent
chapters for the differences between T. brucei and the other patho-
genic mammalian trypanosomes. o

TugE PRESERvATION oF T. brucei IN THE BrLooD i vilro.—
According to Bruce, the blood of animals infected with nagana 1s
still infective four days after it has been collected in mﬁfo, med_ed
it is not allowed to dry. Dried blood was sometimes still infective
at the end of twenty-four hours, but that was exceptional.

Kanthack, Durham, and Blandford found that T. brucei may
remain alive in vitro from one to three days, exceptionally from four
to six days. _ _ :

In preparations of blood ringed with vaseline Plimmer and

1 [From Mesnil's abstract in Sull. Tnst. Past, v. 3, 1905, Pp: 553, 5154-}
& 2{Koch, Sitsungster. d. K. pr. Akad. d. Wiss., v. 46, 1905, p. 958.
L * [Novy, fourn. Fhifec. Dis., v. 3, 1906, pp. 394-411.]

-
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of the trypanosomes, but on taking them out of the ice-chest their
activity becomes more marked.

Although the trypanosomes of nagana cannot resist the prolonged
action of moderate cold, they show great resistance to sudden falls of
temperature to —350° C., —55° C., and even —191° C,, as the
following experiments will show.

In all these experiments we used rats' blood containing many T. brweei,
diluted with citrated salt solution.

E;;b:ria:a::gn I(f_-HIGDd exposed for half an hour to a temperature of
- 15" to —1 ;

Experiment 2.—Blood exposed for twenty minutes to - 15° and after-
wards for eight minutes to —25° to —30° C. '

Experiment 3.—Blood exposed for half an hour to —15°% and afterwards
for five minutes to — 50° to —55° C.

Experiment 4.—Same as preceding, except that the blood was warmed
up quickly, and not slowly, as in Experiment 3. ;

In all these cases at the end of two hours many normal active trypano-
somes were found in the blood, when thawed and warmed up again to
the temperature of the laboratory.

Mice inoculated subcutaneously with these trypanosomes (two mice
for each experiment) died of nagana as quickly as control mice, except in
Experiment 4, in which the control mouse died first,

Experiment 5—Rat's blood containing many 7. brucei, diluted with
citrated salt solution, was exposed to the temperature of liquid air. At
the end of five minutes the tube was withdrawn and allowed to warm up
again. One-quarter c.c. was used to inoculate mouse 1; the remainder was
again exposed for ten minutes to — 191° C.; after being warmed up again
it was used to inoculate mice 2 and 3. Finally the blood kept for twenty-
five minutes at —1g91° C. was used to inoculate mouse 4. On cursory
examination, the trypancsomes in these experiments appeared motionless.
They were, however, still virulent.

Mouse 1 became infected in 5 days, and died in g§ days.
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Action of Hmt.ﬁm factors must here be considered: (r) the
temperature, and (2) the time during which the blood is exposed to
the raised temperature.

/Epecimens of blood heated for three hours to 40° C., and for one hour
and twenty minutes to 42° C., were still virulent; other specimens heated
for forty minutes to_between 41° and 44° C., and for twenty minutes to
44'5° C., did not produce an infection in animals on inoculation. Heat-
ing to 44° to 45° C., therefore, very rapidly kills the trypanosomes, whilst
with temperatures of 40° to 43° C. prolonged exposure 1S necessary.
When one examines the blood which has been exposed for an hour toa
temperature of 41° C., at first sight it appears as thmu?h all the trypano-
somes were destroyed ; the parasites are motionless, de ormed, and almost
unrecognisable by anyone who has not often seen them in this condition.
The majority are spherical and appear dead, but blood inoculated into a
rat or a mouse still produces an infection, only after a slightly longer

incubation period.

—— i
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f 5111'viw_11 of the fittest.” In order to give an idea of the difficulty, it
s sufficient to state that only four out of fifty attempts to cultivate
trypanosomes from the blood of animals suffering from nagana
(obtained from Zululand, Bruce) were successful. But once a
culture begins to grow the difficulty ceases, for subecultivations are
easily made.

[In their first paper (Joc. cif.) Novy and McNeal state that one of
their cultures had grown through eight generations of subcultures
in 100 days. In a later paper! they stated that one of the cultures,
started on August 27, 1go3, was then in its twenty-seventh generation,
but no mention is made of its virulence].

Cultures grow at the room temperature, at 25° C. and at 34° C.,
but the higher the temperature the sooner does the culture die. At
the room temperature cultures have been found still living after
forty-five days.

Trypanosomes which have been kept at 25° C., and have really multi-
plied, are rarely as virulent as parasites occurring in the blood. As an
exception it may be mentioned that trypanosomes of the third genera-
tion, which had been outside a host for sixty-two days, killed mice in
three to five days, like trypanosomes passed through animals. As a
rule, trypanosomes in cultures kill rats and mice in seven to ten days,
instead of three to five days. Cultures twenty-two days old may
still be virnlent.

1f cultures grown at 25° C. are heated to 34° C., they generally lose
their virulence in less than forty-eight hours, although the trypano-
somes may remain alive for several days.

In culture tubes, even without multiplication taking place, the
parasites inoculaied sometimes remain alive for ten and even eighteen
days. These inoculated trypanosomes, before losing their motility,
lose their virulence, generally after five days, but exceptionally only
after ten days. DBefore losing their virulence they become somewhat
attenuated, as is shown by the prolongation of the incubation period.
These are analogous to the results obtained with preserved trypano-
somes, but the disease, once declared, is always fatal. An inocula-
tion not followed by infection does not confer any immunity.

Attempts at immunization by non-virulent cultures did not give
any appreciable result (merely a delay of one or two days on subse-
quent inoculation of the virus), probably because “the material
injected in the first inoculation was too feeble’ (Novy and McNeal).

When grown at 25° C., T. brucet shows two large, highly refractile
granules in the anterior half of the body. At 34° C. these granules
increase in number and size, and may attain a diameter of 1 p. They
probably stand in some relation to an alteration in vitality of the
parasites, for they are not found in the blood of animals inoculated
with these cultures. This fact, together with all we have said about
the difficulty in obtaining cultures, of the loss of virulence in cultures,
[ IJLNﬁG';r?and Mc!\'cali Sourn, Amer. Med. Assoc., May 28, 1904.]
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rat. They often join together in pairs.,! Sometimes they form
primary agglomeration rosettes, but the large secondary agglomera-
tions, which are common in blood containing T. lewisi, are rarely
seen with this trypanosome. The trypanosomes are always joined by
their posterior ends, as can be readily made out in stained specimens,
Fig. 24, 72,-represents trypanosomes agglomerating in rosette form,
as seen in fresh blood; Fig. 24, 73, shows two trypanosomes in a
stained specimen joined by their flattened posterior extremities, so
that the line of separation between the parasites is hardly visible.

These trypanosomes united in pairs suggest conjugation, but such
an interpretation is inadmissible. Agglomeration is not seen in pure,
fresh blood, but is produced only under abnormal conditions, and,
moreover, the number of parasites which agglomerate varies very
much.

With 7. brucei, as with T. lewisi, one may observe the rosettes
break up after a variable interval. :

We have seen agglomerations of trypanosomes form in pure
blood a half to one hour after removal from the heart; in peritoneal
exudates after intraperitoneal injection into rats or mice of blood
containing many parasites; and in blood mixed with salt solution
kept for twenty-four hours on ice, or heated for half an hour to 41° C..

On mixing equal parts of horse serum and defibrinated blood
from a rat or mouse rich in trypancsomes, we have abtained very
beautiful persistent agglomeration masses. At the end of some
hours, however, the trypanosomes lose their characteristic shape.
On mixing I part of horse serum with 10 of blood, agglomeration
masses are not produced. Pig serum also agglomerates well.
Sheep serum mixed with an equal volume of the blood of a rat or
mouse rich in T. brucei gave in one case well-marked agglomeration
masses, but in another case the agglomeration was less marked and
not persistent. The serum of a goat gave, with an equal volume of
blood, small and non-persistent rosettes. Human serum was neither
agglutinating nor microbicidal.

The following serums, mixed with an equal volume of the blood of
a rat or mouse containing many T. brucer, did not exhibit any
agglutinating properties : the serum of a rat, either normal or
immunized against T. lewisi, and agglutinating those trypanosomes ;
the serum of a normal fowl, and that of a fowl inoculated on
several occasions with T. brucet ; the serum of a normal goose, and
that of a goose inoculated on several occasions with blood rich in
T. bruce.

On adding a drop of water slightly acidulated with acetic acid to

1 These combinations of two parasites are llmanicuiarly abundant in the peritoneal
fluid of rats or mice inoculated intraperitoneally. o ;

[McNeal ({oc. cit.) alsosaw numerous pairs of trypanosomes, joined by a consider-
able portion of their posterior ends, in the blood of mice shortly before death. The
contact was so intimate that there was no line of demarcation and the centrosomes

showed such various forms (fusion, dumb-bell shapes, and tetrads) that it would
seem to indicate an actual conjugation, as described by Bradford and Plimmer.]
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We may, therefore, conclude, with Bruce, ®that it is proved that
the tsetse-fly does commonly, in a state of nature, convey the disease
from animal to animal, and that, on the other hand, there is no
proof that the drinking-water or the eating of soiled herbage plays
any role in the process.’

Can all the species of the genus Glossina play such a part?
Bruce speaks only of Gl morsitans, but Austen states that he has
confused two species, the true Gl morsifans and a closely allied
species, Gl. pallidipes (the photographs in Plate II. in Bruce's paper
represent the latter species). :

The question is far from being settled. By analogy with what
is found in malaria and Texas fever, certain authors, such as Stuhl-
mann and Schmidt, think that GIl. morsitans is the only species
which is able to convey nagana. One might immediately raise the
objection that the trypanosomiasis of camels in Somaliland is most
probably spread by GL longipennis ; but as the identity of this disease
with nagana is doubtful, the objection has no weight in the present
state of our knowledge.

There is, however, in this connection another point of consider-
able importance. It is hardly questionable that the species of
Glossina have a special action upon the African trypanosomes
which other flies do not possess. We cannot do better than repro-
duce the following passage from Bruce's paper:

“ That all blood-sucking flies are not capable of transferring the
fly disease from affected to healthy animals is, T think, shown by the
fact that up here at Ubombo, where we have several species of these
pests, no single instance of the disease arising spontaneously has
occurred, although healthy horses, cattle, and dogs, have been con-
stantly and closely associated with those suffering from the disease.
Why this should be so is at present a mystery, and it is to be hoped
that some point may be discovered which will throw light on the
subject. There may be some anatomical peculiarity in the tsetse
which enables it to act as carrier, or thers may be some undiscovered
fact in the life-history of the parasite associating it with this particular
species of fly) :

These questions remain unanswered at present. Considerations
based upon the comparative geographical distribution of the tsetse-
fly and of the trypanosomiases of the type of nagana do not allow
any definite conclusion to be drawn. However, if we note, on Fhe
one hand, the very close agreement existing between the distribution
of nagana and of Gl. morsitans (we have already disposed f:\f tl}e
objection in the case of the trypanosomiasis of dromedaries in
Somaliland),' and, on the other hand, the fact that nagana does not

1 ¢ At the present moment.’ says Austen, “there is no definite [nfmma_tipn of the
presence of nagana in a locality where G/. morsifans does not occur. I'he unex-
pected discovery of Gf. morsifans in Togo, where the existence of a trypano-

somiasis resembling nagana has been recognised, is an important fact in this
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and with only a few trypanosomes in their blood. Koch suggests that prob-
ably the blood trypanosomes must be in a certain phase of development
which 1s found in slightly susceptible animals, such as the buffalo and
antelope, in order to be carried over. (Novy's criticism of Koch's con-
clusions will be considered in the section dealing with the trypanosomes
of tsetse-flies, Chapter XVIIL}]

The proof that the trypancsome of nagana is conveyed by the
tsetse-fly is not sufficient by itself to solve the problem of the @tiology
of the disease. For example, the disease may be contracted in a
district where not a single sick domestic animal exists. Whence
does the fly obtain the virus which it inoculates? Bruce again has
answered this question for us.

When he arrived in Zululand the Europeans were of opinion
that it was the fly which caused the disease, and we have seen that
they were not wrong. The natives, on the other hand, thought that
the disease was caused by the presence of big game, the wild animals
contaminating the herbage or water by their saliva or their excretions.
A priori, the two hypotheses are not mutually exclusive, and the fact
that the association of the tsetse and wild game is confirmed by all
explorers tends to reconcile them.

Bruce was successful in combining the two hypotheses by proving
that the blood of the wild animals in Zululand may contain the
trypanosome of nagana. It is true the parasite 15 always very
scanty, for Bruce says in his report that he never saw it on micro-
scopical examination,! but this blood in doses of 5 to Io c.c. was
infective for dogs. Thus, the blood of one out of eight buffaloes,
of three out of thirteen wildebeest (Catoblepas gnu), and of three out
of four koodoo (Strepsiceros capensis) examined, was found infective
on injecting into dogs.  Finally, the blood of a bush-buck (Tragelaphus
scriptus sylvaticus) and of a hyena was found similarly infective.

These animals, therefore, constitute a reservoir of the virus from
which the fly may obtain its supply. As we have already stated in
a previous paragraph, the infection appears to be chronic in these
animals and hardly to affect their health. Nevertheless, it makes
them a source of great danger to these susceptible domestic animals
which are introduced into their neighbourhood.

Is the spread of nagana by means of the fly the only way in
which this disease may be propagated ?* That appears to be cer-
tainly the case with herbivorous animals. Carnivorous animals,
such as the dog, may often contract the disease through eating
animals which have recently died of nagana, and whose blood

1 Later, however, he found them in the blood, according to a verbal communica-
tion made to Theiler, and published by the latter author. _ : :
t_[Markl (Centralb. f. Bakter., 1, Orig., v. 37, p- 530) states that in guinea-pigs
“tlie trypanosomes do not scem able to pass through the-placenta. This is in
agreement with the observations of Chaussat, Laveran and Mesnil, and others, on
the rat trypanosome, but we have seen that Pricolo observed the passage of
trypanosomes (7. dutloni¥) through the placenta of infected mice and their
development in the feetus (see p. 102) |
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tachiol, and caseinate or argonine), and formalin, all of which have
a considerable effect upon trypanosomes in wviiro.

Amongst the drugs which we have tried without success in
nagana may be added : carbolic acid, salicylic acid, chinosol, essence
of garlic, solution of calcium chloride, chloral, and, more recently,
colloidal silver (collargol).! The glycerinated bile of dogs which
have died of nagana is also useless for treatment.

2, ATTEMPTS AT SERUM-THERAPY.

Our researches in this direction include the action of normal
serums and of the serum of animals immunized against nagana,
Amongst the normal serums, human serum is the only one which
has any microbicidal effect upon 7. brucei.?

Human SERUM.—Human serum, injected in sufficient doses into
infected animals, has a marked effect upon the course of the disease.?
The trypanosomes disappear from the blood, at least for a time,
the progress of the disease is delayed, and sometimes even complete
cure may result. :

The serum of adults i1s much more active than that of the
newly-born.*

Human serum retains its power for some time when it has been
collected aseptically, but serum in which moulds or bacteria have
developed loses its activity rapidly.

Dried human serum retains the properties of the liquid serum for
at least six months; o1 gramme of dried serum corresponds to
about I c.c. of liquid serum, and when used should be dissolved in
1 c.c. of distilled water.

* Pleural fluid i1s less active than blood-serum, and ascitic fluid is
still less active than pleural fluid. -

Qur experiments vupon the treatment of nagana with human
serum have been carried out almost exclusively upon rats and mice.
In these days, when bleeding is rarely resorted to, it is difficult to
obtain human serum, and we have had to make the most of the small
quantities of serum we have succeeded in obtaining. We have
made, however, certain experiments upon dogs.

In mice of 10 to 20 grammes the dose of human serum used was,
as a rule, from } to I c.c.; in rats of 50 to 100 grammes it was
I to 2 c.c. If into a mouse of 20 grammes with T. bruces in its
blood  to T c.c. of human serum is injected, one finds, at the end of
twenty-four to thirty-six hours, that the trypanosomes have dis-

I Blanchard_has also tried without success the effect of this drug upon the
trypanosome of nagana in the marmot.

L~ _*{Laveran has since shown (L. R. Acad. Sciences, v. 139, 1904, pp- 177-179)
— that the serum of the baboon (Cyneceffials) has a similar efiect upon 7. Srwcer (as

well as on 7% evansi, T. eqguinten, and T, gambiense), but that it is distinctly less
_potent than human serum. | .
, 4 Laveran, Acad. des Sciences, April 1, 1902/ and July 6, 1903 ; Laveran :2?
Mesnil, Awnr. Inst. Past,, November 25, 1902 ) G
i Compare this fact with others recorded by Halban and Landsteiner (Miinch.
mediz. Wochenschr., 1902, No, 12), who have shown that the maternal serum 15 more
hamolytic, more bactericidal, etc., than the foztal.
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have obtained still more favourable results. A rat lived 127 days
and a mouse 103 days; but we have obtained no cures by usi;'ug
these two substances, either alternately or simultaneously.

Mode of Action of Human Sertm.—It is difficult to study in vitro
the action of human serum upon the trypanosome of nagana, because
the movements of this trypanosome very rapidly become sluggish.

~"On mixing equal parts of trypanosome-containing blood and human

serum the trypanosomes become less active at the end of half to one
hour, and as a rule they are motionless at the end of two to three
hours ; but practically the same thing happens in blood which has

upon these trypanosomes is not sufficiently rapid to be studied

lnut been mixed with human serum. The action of human serum

in vitro, as is that of arsenions acid.

Human serum does not agglutinate 7. brucet, whereas the serums
of the guinea-pig, goat, sheep, and pig, which do not possess any
curative property, give rise to well-marked agglutination rosettes.
We see once again, therefore, that the agglutinating power may
exist without any microbicidal power.

On carefully examining the blood of animals treated with human
serum, the mode of action of the serum can be studied in detail.
The examination should be made at short intervals during the
twenty-four hours immediately following the injection of the serum
into a severely infected animal.

During the first few hours after the injection the trypanosomes
remain normal, but at the end of four to five hours it is seen that in
fresh blood, and, better still, in stained preparations, many of the
trypanosomes are changed in shape, and have assumed a tadpole or
spherical form. Later on the protoplasm and the nucleus dis-

yappear in those parasites undergoing involntion. These changes
which the trypanosomes undergo are, therefore, similar to those seen
lin animals treated with arsenious acid.

There is no marked leucocytosis. Leucocytes containing recog-
nisable remnants of trypanosomes (such as nucleus and centrosome)
are seen, but phagocytosis appears only to oceur with trypanosomes
which are dead or markedly involuted. We see, therefore, that
human serum has a microbicidal effect upon the trypanosome of
nagana analogous to that of arsenious acid.

Human serum heated to 56° C. for one hour loses about one half
its power, but good results may, nevertheless, be obtained with it by
increasing the dose a little. A mouse treated only with serum which
had been heated to 56° C. lived for forty-three days. On heating
to 62° C., human serum becomes almost entirely inactive.

No doubt there is a close relation between man's immunity from
nagana and the microbicidal action of human serum upon T. brucei.
Probably the active principle of the serum is produced by the
leucocytes, which would account for the fact that the serum is more

potent than pleural fluid, and that ascitic fluid, which is very poor
in leucocytes, is almost inactive. In one experiment citrated human
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on injection into infected animals they never arrested the march of
the infection. Similarly, they produced no effect whatever when
injected simultancously with the infective blood, but into some other
part of the body.

We endeavoured to increase the immunity of the goat and sheep
by injecting very large doses of infective blood into them ; thus, the
goat received sixteen injections of dog’s blood containing trypano-
somes (vide supra). Its serum, tested for curative power upon mice,
in doses of T and even 2 c.c., always gave a negative result.

[Martini, Schilling, and Kleine and Méllers succeeded in im-
munizing animals against the Togo virus, and Diesing immunized
asses against the Cameroon virus. The serums of these immunized
animals had preventive and agglutinating properties, but were
rarely, if ever, curative. As the identity of these diseases with the
nagana of Zululand is questionable, the details of these observations
will be considered later (see second part of this chapter)].

In conclusion, we can say that arsenious acid, trypanred, and
human serum, are the only therapeutic agents which have any
appreciable effect in the treatment of nagana.’

Arsenious acid may be of use in prolonging the life of draught
animals, but, except in these special cases, its use cannot be
recommended. Animals thus treated are hardly ever cured, and,

‘moreover, may spread the infection amongst healthy animals, and
finally, it would be dangerous to give the large doses of arsenious
acid which are necessary to combat nagana to animals destined for
the food of man.

Human serum, which in our hands has quite cured several mice,
in most cases cannot do more than prolong the animal’s life for a
time. Moreover, the treatment of large animals with human serum
is impracticable on account of the enormous doses of serum it would
be necessary to use.

\/ Section 7.—Prophylaxis.

In order to protect animals against a microbic disease,
immunizing serums may be used, or the animals may be inoculated
with microbes of diminished virulence—that is, an attenuated virus—
so as to produce mild attacks of the disease, which lead to immunity.
In these two ways we have tried to immunize animals against nagana.

1. ATTEMPTS TO PREPARE AN IMMUNIZING SerumM.—Human
serum has slight preventive power against nagana. If one inoculates
into a mouse 1y c.c. of infective blood mixed with ¢ c.c. or more
of human serum, the animal does not become infected. Sometimes
infection is prevented when the virus and the serum are injected
simultaneously in different parts of the body, but in that case the

L [This statement requires modification, for certain dyes, notably o-dichloro-
henziE!ine +acid H, as well as one or two arsenic derivatives, notably atoxyl, have

given better results as regards prevention and cure than trypanred and arsenious
acid respectively (see Chapter XIIL)]
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in the ice-chest for twenty-four hours, we found that the majority of
the trypanosomes were still living, but less motile. This serum,
therefore, behaved like a normal serum, and was no more aggluti-
nating than the serum of a normal goat.

This serum was only found active when mixed with the virus, and
even then only in the big dose of 1 c.c. for a mouse. In smaller
doses it merely prolonged the incubation period cne or two days.
Serum injected twenty-four hours before the virus, or even at the
same time, but in some other part of the body, had no effect or
merely prolonged the incubation period one or two days.

We obtained similar results with the serum of the two sheep
which had recovered from nagana, and which had received, the one
six and the other three, inoculations of nagana blood. The serum
of the latter sheep protected a mouse in doses of 4 c.c. mixed with
the virus, and in doses of 2 c.c. inoculated in some other part of
the body.

According to Schilling,! cattle which have acquired immunity as
a result of repeated injections of infective blood furnish a serum
possessing microbicidal properties for 7. brucei. He quotes the
following experiment: A bull which had apparently recovered from
an attack of nagana was injected subcutaneously with 19 c.c. of
defibrinated horse blood containing numerous trypanosomes. On
the ninth day after injection a few trypanosomes were found in the
blood of the bull, and they had disappeared by the twelfth day. A
fresh injection of trypanosomes was given intraperitoneally, and it
was then found that the serum of the bull had a specific action
in vitro upon the trypanosomes of nagana, which became motionless
thirty and even twenty-one minutes after being mixed with this serum.®

Nocard was not able to confirm this observation. He inoculated
into a cow in one week 852 c.c. of blood from a cat or dog very
rich in trypanosomes. The serum was found to have a marked
agglutinating effect upon the trypanosomes, but was not microbicidal.
In vive this serum, mixed with trypanosome-containing blood, very
appreciably delayed the appearance of the parasites in inoculated
mice, but unless used in mixture it had no effect.

The serum of this cow? actively immunized against nagana was
therefore only slightly prophylactic, although attempts were made
to increase the immunity by means of intraperitoneal injections of
blood rich in trypanosomes. None of the mice used in this series.
of experiments had acquired any resistance whatever to the virus.

The serum of a fowl and goose which had been injected with

“"1 Sehilling, Centralb. f. Bakter., 1, v. 31, 1902, p- 452 e
~—7 [We shall see later that Martini, Kleine and Mollers, and Diesing have
succeeded in obtaining similar results. e

# This cow, like the one mentioned on p. 137, showed a rise of temperature to
4087 C. [105°4° F.] three days afier inoculation, and several trypanosomes Were
seen on microscopical examination. The next day the temperature was normal
again. From that day the cow received enormous doses of virulent blood. It
remained, however, in excellent condition, and its blood was not virulent for more
than two months.
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virulent trypanosomes were almost as susceptible to virulent para-
sites (even although slightly attenuated by culture) as control mice.

The virulence of T. brucei may be diminished by mixing a 1 per
cent. solution of toluidin blue with the blood of an infected animal.
Animals inoculated with this mixture show a longer incubation
period than animals inoculated with the blood alone.

In two rats inoculated with a mixture of 8 parts of trypanosome-
containing blood and 1 part of toluidin blue, which was allowed to
stand twenty minutes after mixing, trypanosomes appeared in the
blood only on the seventh or eighth day. In a guinea-pig inocu-
lated with a mixture of infective blood and 1 per cent. toluidin blue
(injected two minutes after mixing) the parasites did not appear in
the blood until the twelfth day.

As a general rule, the diminished virulence of the trypanosomes
is shown only by this increase in the incubation period, for the
disease, once it has declared itself, runs a normal course. There are,
however, exceptions.

In a mouse inoculated with a mixture of trypanosomes and
toluidin blue the parasites appeared only on the eighth day after
inoculation, and the disease ran quite an unusual course. In a rat
similarly inoculated trypanosomes appeared in the blood on the
fifth day after inoculation, and permanently disappeared at the end of
three to four days. This experiment is quite unique for nagana m
rats. The rat which thus suffered from a mild form of the disease
was not immunized by it.

This last experiment resembles those cases of reinfection in mice
cured of nagana by means of human serum (p. Ifa}.-""ﬂ seems
proved.-that an attack of nagana induced by an attenuated virus or
modified by treatment is not sufficient to confer immunity. We
have observed immunity against nagana only in those animals
(goat, sheep, cow) which, after a prolonged infection, have been
cured spontaneously. From this it may be concluded that it is
difficult. to immunize animals against nagana by injecting into them
trypanosomes of diminished virulence, and so producing in them a
mild attack of the diﬁeaﬁ?}’ '

Preliminary inoculations with infective blood kept for several
days on ice or for several hours above 40° C., or kept for a time in
contact with a dye by which the virulence is destroyed, do not
prevent an infection resulting from the injection of a fresh or of an
attenuated virus under the conditions we have just mentioned, and
do not in any way modify the course of the disease.

1 A female rat, inoculated September 23, 1902, and treated alternately “with
human serum and arsenic starting from September 25, gave birth on October 14 to
seven well-developed young ones, which she reared. On November 10 the young
rats were able to eat. Two of them were inoculated subcutaneously with infective
blood at the same time as two young ones of about the same weight born of a
healthy rat. The four young rats showed the same susceptibility to nagana, which
was a little greater than that of adult rats. B
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Trypanosomes which had been passed through the sheep and
then through the dog thus gave rise in a rat and in mice to infections
just as acute as those produced by parasites inoculated direct from
rat to rat or from mouse to mouse.

It is possible, however, that attenuation of the virus for a
particular species of animal may be produced as a result of numerous
passages through another species. That is, perhaps, the case with
the virus we have used in our experiments. Although cattle suffer
severely from nagana in Africa, our virus, inoculated by Nocard into
three cows, produced in them only a mild infection. It may be due
to the difference in race of the cattle, but it may also be due to
attenuation, resulting from the innumerable passages through
different mammals other than ruminants, which the virus has
undergone since 1896, when it was imported from Zululand into
Europe. It would be very important to test the virulence of
these trypanosomes, which we have at the present moment under
observation, upon South African cattle. It is just possible, if our
second hypothesis is correct, that this virus has become a vaccine
which might be used in Africa to protect cattle against the natural
infection. :

In conclusion, we must admit that hitherto we have succeeded
no better in preventing nagana than we have in our attempts to cure
it, but we must not regard the conclusions at which we have arrived
as final. We hope to continue our investigations, and no doubt
other observers will do the same. Perhaps experiments made with
other animal species than those which we have had at our disposal
might yield better results. It would be interesting, for example, to
experiment upon African antelopes or buffalces, which, although
often infected with nagana, are very resistant to the disease. Such
experiments could only be carried out in Africa.

In the actual state of our knowledge we may say that we are
not acquainted with a certain and practical remedy for nagana,
nor with any reliable process of immunizing animals against the
disease.

[The experiments of Thomas with atoxyl, and those of Mesnil
and Nicolle with atoxyl and various benzidine derivatives, are a step
in the right direction. Mesnil and Nicolle were able to prevent, as
well as cure, an infection of nagana in mice with atoxyl and a
particular derivative of benzidine. Possibly these drugs will be
found useful in the prevention and treatment of nagana in cattle and
horses. Full reference to these experiments is given in Chapter XIII.,
on Treatment.] : :

Prophylactic measures intended to limit the areas in “’thh
nagana is endemic, and to prevent its introduction into countries
still immune, are therefore of considerable importance. The dan-
gerous areas should be mapped out accurately. This is relatively easy,
because we know that it is only certain species of tsetse-fly which
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Stomoxys. In the first group would come the trypanosomiases of cattle
and pigs in German East Africa (described by Koch, Ochmann, and
others) ; of dromedaries in Ogaden, Somaliland (Brumpt, Theiler); of
donkeys, mules, and cattle in the Anglo-Egyptian Sudan (Balfour,
Head); of cattle, mules, and dogs in British East Africa, Uganda, and
adjacent territory (Stordy, Bruce, Nabarro, Greig, and Gray); of cattle
in the Congo Free State (Broden); of Equide and cattle in Cameroon
(Ziemann, Diesing); of cattle and horses in Nigeria (Christy, Hewby,
Moore); of cattle and horses in Togo (Koch, Schilling, Ziemann,
Martini); of oxen in Sierra Leone (Smith); and perbaps a trypano-
somiasis of horses in French Sudan (Cazalbou). The second group
would include the Zusfana disease of horses in Algeria (Szewzyck, Rennes,
Roger and Greffuhle); Debab, a disease of dromedaries in Algeria
(Sergent); Mbori, a disease of dromedaries in French Sudan and
Timbuctoo (Cazalbou); Sewma, of cattle and horses in French Sudan
(Cazalbou) and in Guinea (Martin); the trypanosomiases of cattle and
Equida in Erythrea (Memmo, Martoglio, and Adani) ; of cattle and horses
in Abyssinia (Savouré and others); ﬂ% cattle, sheep, and goats in Cameroon
(Ziemann) ; and of oxen and Equidz in Haut and Moyen-Niger (Pécaud).]

[In the present state of our knowledge it is impossible to speak
with certainty about the nature of many of these diseases. Some of
them have been called nagana, others surra, and others again, such
as Souma, are thought to be distinct diseases. The fact that certain
of these diseases occur in tsetse-infested districts, while others are
found in the absence of the tsetse, suggests the classification adopted
above into the ‘tsetse group® of trypanosomiases and those not
dependent on the tsetse for their transmission. * Many of the latter
may eventually prove to be varieties of surra. This has been shown
by Laveran to be the case with mbori. It is extremely probable
that further investigation may show that nagana and surra are not
two individual diseases, but rather two distinct groups of diseases,
the one group (nagana) being dependent on the tsetse-fly for its
transmission, the other (surra) on Tabanidz, Stomoxys, or other
biting flies.]

[The subject is rendered all the more difficult by the fact Fhat
the trypanosomes of these various diseases present only very slight
morphological differences. These differences between the various
trypanosomes are not greater than those seen in the same trypano-
some in the blood of different animal species. Sometimes, indeed,

'| one finds greater morphological differences in the same trypanosome

in the various species of animals than are found between the
trypanosomes of nagana and of surra. This has led Koch and many
other German authorities to regard nagana and surra as identical.
This view of Koch, Musgrave, and others, is almost certainly
erroneous, as various recent methods of differentiating trypanosomes
prove (‘cross-immunization’ experiments, cultivation of the nf:spectwe
trypanosomes, etc., see later). Moreover, as a result of his recent
researches in German East Africa on the development of trypano-
somes in Glossina—results which can, however, be interpreted qtl_ler-
wise than Koch has done—Koch appears to be modifying his original
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differentiating several of these trypanosomiases. In this way they
showed the individuality of surra, of nagana, of caderas, and of
Gambian horse disease; also the identity of Indian and Mauritius
surra and mbori. Nocard and Ligniéres found that dogs immunized
against dourine were as susceptible to nagana and caderas as normal
animals, |

[This method is rather long and tedious. Resistant animals,
such as sheep, goats, and calves, must be used as a rule, and it takes
a long time for these animals to recover from their chronic infection,
and to become immunized. When their blood, on inoculation into
small animals, 1s found to be no longer infective, the original
trypanosome, on reinoculation, does not give rise to a fresh infection
(or sometimes there may be a slight transient blood infection),
whereas a different species of trypanosome produces the same effect
as it does 1n a normal animal. |

[Koch (loc. cit.) has criticised this method of differentiating trypano-
somes, and has stated that the experiments upon which Laveran and

,Fesnil base their opinions are inconclusive, for the following reasons:
I

} The experiments were made upon goats, which are only slightly
susceptible to surra, and therefore ill adapted to the study of the disease.

| (2) Animals which appear to have acquired immunity against a trypano-
somiasis retain the parasites for long periods in their blood, and if the
blood of a goat immunized against nagana, and subsequently inoculated
with surra, becomes again virulent, it is perhaps because the animal is
still infected with nagana. (3) The fact that animals immunized against
one trypanosome are susceptible to a trypanosome from another source
does not show conclusively that these parasites are different species,
animals which resist a variety of trypanosomes of feeble virulence being

1

capable of infection by.a more virulent variety of the same trypannsﬂm?

[Laveran and Mesnil! have answered these criticisms of Koch 4s
follows: (1) In order to obtain animals immunized against surra or
nagana it is, of course, impossible to employ species in which these infec-
tions are always fatal. One is, therefore, obliged to use an:m_als, such as
goats, in which these trypanosomiases may end spontaneously in recovery.
Moreover, surra and nagana do not produce in goats such mild infections
as Koch seems to think, and several goats died during the course of the
experiments. Further, these goat experiments have been cn!:ﬁrrner_! by
others with bovines. Vallée and Carré? have shown that a cow immunized
against nagana was susceptible to surra. Vallée and Panisset® immunized
bovines against surra, and found that they were then not susceptible to
mbori. )

[Tl!e same method has given good results with other trypanosomiases,
and goats were not the only animals used. A goat and sheep lmmximzed
against nagana were as susceptible to caderas as normal animals.* An
ox, sheep, and pig immunized against caderas were nu_rmalltiy susceptible
to nagana (Ligniéres).® Lastly, dogs immunized against dourine were
as susceptible to nagana and caderas as normal dogs (Nocard and
Lignigres).t]

L 1_{¥averan and Mesnil, C. R. Acad. Sciences, v. 140, March 27, 1905, p. 831.]
—7 {Valiée and Carré, 78id; October 19, 1903.]
LT [Vallée and Panisset, /6., November 21, 1504.
| Laveran and Mesnil, /4i7,, November 17, 1902.
L5 _fEignitres, Bol. Agricolt. y Ganad., Buenos Aires, February I go3.]
. acard, Sec, Biol., May 4, 1901 ; Lignidres, Riv. Soc. L Argent., v. 10,
9oz, pp. 112-114.] —
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mind these fallacies, Laveran and Mesnil think it follows from their
experiments that (1) the Annamese trypanosomiasis 1§ different from
the Indian; (2) Schilling’s Togo virus is not nagana, but a species
of trypanosome very virulent for goats, killing them in one to two
months; and (3) Martini’s virus is neither nagana nor surra. |

4. Cuitural Charvacteristics,—We have seen that 7. lewisi and
T. brucer, when grown artificially on Novy and McNeal's medium,
show considerable differences (T, lewisi 1s much more motile, forfns
large colonies of rosettes, flagella are directed towards the centre, etc. ;
T. brucei is less active, has an undulating membrane, colonies are
small, etc.), by which these two. trypancsomes can be easily dis-
tinguished (see pp. 79, 161). Novy, McNeal, and Hare have
cultivated the Philippine surra trypanosome, and find that the
cultures differ from those of T. brucei in several important respects. |

[5. The ©Precipitin’ Reaction.—Mayer has found (see p. 150)
that a specific precipitin is present in the serum of nagana animals,
and he thinks that this reaction may be a means of diagnosing allied
trypanosomes. |

[6. Fly Experiments.—Koch suggests that the different evolution
forms of trypanosomes seen in the appropriate species of Glossina
may be a help in diagnosis. It must be remembered, however, that
a certain percentage of ‘fresh’ flies may harbour ‘wild’ trypanosomes,
and Novy and Minchin are of opinion that some of Koch's ‘evolution’
forms of T. brucei and T'. gambiense have no relation to these parasites,
but are trypanosomes peculiar to the tsetse. |

[ Nabarro and Greig, by dissecting flies—Glossina and Stomoxys—
at varying intervals after feeding on infected animals, found that
trypanosomes from various sources (human trypanosomiasis, Uganda
cattle disease, Abyssinian dog disease, and Uganda mule disease}
remain actively motile in the stomach-contents of flies for very
different lengths of time (see Section 8). This may prove to be a
means of differentiating species of trypanosomes, where live tsetse-flies
are to be obtained. |

[7. “Chromo-Therapeutic’ Reactions.—Mesnil and Nicolle, Wenyon,
and Aubert have made numerous cbservations upon the action of
various dyes in animals inoculated with different pathogenic trypano-
somes (see Chapter XIII.). From the results obtained it seems
probable that the ‘ chromo-therapeutic’ reaction will be a means of
differentiating the pathogenic trypanosomes. |

Section 2.—Trypanosomiasis of German East Africa.

It is to Koch! that we are indebted for the earliest accounts of
the trypanosomiasis of German East Africa. He observed it there
in 1897, and found that it affected chiefly cattle. The incubation

! Kucﬁ',""‘-l{ciseberichte,' etc.,, Berlin, 1898, pp. 65-72, 87, 85, and Deutsches

‘ofonialbiatt, No. 24, 19o1. Stuhlmann has published a map giving (1) the exact

areas in which the disease has been found ; (2) the routes along which herds of
cattle have become infected. The disease exists in the region of the heights of
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very rapidly, not only animals of the same species as that which bad
furnished the virus, but even those of other species. The virus-fixe of the
rat and mouse was very virulent for the dog, and that of the dog was also
as virulent for rats and mice as their own wirus-five, On the other hand,
the viruses of passage through Equide, rabbit, and pig were very slightly
virulent for rats, mice, and dogs (see Table, p. 197). 2

[ Martini's aim in creating these various strains of the parasite was to
perfect a method of immunizing cattle against the fly disease in the
manner outlined by Koch and Schilling, The results were variable. The
viruses of passage through the dog, cat, pig, and rat were as virulent for
the ass as the original virus, or the virus of passage through Equida.
The viruses of passage through the rabbit and guinea-pig were even more
virulent. On the other hand, the virus of passage through grey mice
took 275 days to kill a donkey, while two donkeys inoculated with a virus
of passage through white mice were alive and well 13 and 16 months
after inoculation. They had a definite but slight trypanosome infection,
from which they recovered, apparently immunized, as we shall see later.]

[Tue TryranosoMe oF THE ¢ Ponv.—This animal was scarcely ill at
all.  There were occasional rises of temperature to 38:5° or 39° C. (101°
to 102° F.). Some of the dogs injected with 2 to 10 c.c. of its blood
contracted a mild infection ; only one dog died (in 102 days). A donkey,
pony, and gelding contracted moderately severe infections, from which
they recovered.]

[Passages through dogs, starting direct from the Togo mare, gave
very discordant results—some dogs died in 15 to 20 days, others later,
and some had only a slight infection. On the other hand, a well-marked
series was obtained starting from the gelding, which was infected from
the mare direct. The earliest dogs of this series died in 13 to 28 days,
the later ones in 3 to 12 days, This virus of passage through dogs was
also raised in virulence for rats and mice, for the initial virus did not kill
these animals. It also killed a donkey in 85 days. A virus was thus
obtained identical with the original virus of the d pony.]

[MorpHOLOGY oF THE TrYPaNosoMEs.—The strain obtained from the
g pony was like the typical T. brucei, but we have already seen that
Laveran and Mesnil think that this virus of Martini was neither true
nagana nor surra, Mention has also been made of the changes in length
produced by passage through different animals, and of the accompanying
alterations in virulence noted in certain cases.| :

[AtTEMPTS AT VacciNaTioN.—Equide and dogs cured of a mild
infection, caused by the strain from the § pony, did not acquire any
immunity against the 4 pony strain. These animals, including the
original Togo § pony, succumbed to the second infection.

[On the other hand, asses which had contracted a mild infection after
inoculation with the & strain passed through mice (see above) survived a
virulent inoculation, which killed controls in g6 and 54 days, This is an
interesting observation, and it remains to be seen whether animals thus
vaccinated will prove equally resistant to infection by the bites of tsetse-
flies. Martini thinks, with Koch, that this method of vaccination has a
grave drawback, the animals thus immunized retaining the frypanosomes
indefinitely in their systems. It could, therefore, only be used under
certain definite conditions. ]

[The serums of vaccinated calves and asses had preventive and
agglutinating properties. Mixed with the virus in doses of 0°5 c.c.
for the mouse, it prevented an infection. Similar results were
obtained with dogs. These results are analogous to those previously
obtained by Laveran and Mesnil, and Martini was equally unable to
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days after intraperitoneal inoculation, fifteen to twenty days after
subcutaneous inoculation. In the latter case the actual dura-
tion of the disease (complete paralysis of the posterior part of the
body, generalized contractures, and intense dyspncea) is very short,
but the incubation period is prolonged. The parasites swarm in the
blood when the earliest symptoms appear. At the autopsy there 15
considerable enlargement of the spleen.

In the jerboa the disease takes the same course as in the mouse.

The dog is more resistant; for example, a dog inoculated on
April 12, 1903, was still alive on May 10. During that time it
showed first some congestion at the point of inoculation, and later
wasting, pallor of the mucous membranes, and eye lesions (conjunc-
tivitis and milkiness of the cornea, and later on turbidity of the
aqueous humour). Trypanosomes were seen in the bloed from the
sixth day after inoculation.

In other dogs, whose after-history was followed for a longer time,
Rennes noted, apart from cedema at the site of inoculation, febrile
paroxysms, an@mia, and wasting (which are constant symptoms of
the trypanosomiases), general hyperasthesia, particularly in the
Jumbar region, and, above all, very marked signs of drewsiness and
hebetude. Rennes looks upon these latter symptoms as the most
characteristic in the course of the disease. At the end of three
months the animals were still alive. Rennes believes that some of
these dogs are becoming cured. He draws particular attention to
the absence of the characteristic lesions of dourine, and to the
analogy between the symptoms of this disease in the dog and
sleeping sickness in man.

[The further observations of Rennes! upon the pathogenicity of
the Zusfana trypanosome for various animals are summarized by
Mesnil? as follows : The experimental disease in dogs lasts from forty
days to more than seven months. When the duration is very
prolonged, the animals show the ordinary symptoms of chronic
trypanosomiasis—numerous and transitory cedemas, ocular lesions,
loss of hair, and extreme cachexia. The infection runs a very
similar course in the jackal. Cats die in fifteen to sixty days with
the same signs and symptoms as the dog; there is hypothermic
lethargy before death. |

[Ruminants are also susceptible. A bull died in fifteen days
after intravenous injection. There was an initial rise of temperature,
and the blood was infective on inoculation, but no trypanosomes
were seen in films. A goat died in six months. At the outset there
was fever, and later wasting and slight corneal opacity. Trypano-
somes were seen in the blood only once—on the fifth day. A sheep
had cedema of the throat and became wasted, but subsequently

L I,L-ER’E;;mas, Bull. ef Mém. Soc. centr. méd. wétdr., February, 1505, Pp. 95-
=100.]
2 [Mesnil, in Bull, Hist. Past., v. 3, 1905, pp- 349, 341.]
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Probably mal de la 2 usfana is prevalent in many other parts of Algeria, but
its distribution, the mode of transmission, and the animal cgng[itutiné the
reservoir of the virus, all require further investigation, Tsetse-flies do not
occur in Algeria, so that this is not true nagana or one of the nagana-like
diseases propagated by Glossina; but until more is known of the disease
and its trypanosome, it is better not to use the name North African surva.]

TRYPANOSOMIASIS OF DROMEDARIES OR EL DEBAB.M—In October,
1903, the Sergents detected the presence of trypanosomes in the
blood of several dromedaries at Oued-Athménia, department of
Constantine. Ina herd of twenty animals three were found infected,
of which two were thought to be ill by the camel-drivers. One of
them, an old female, had aborted each time she had become
pregnant. She had been ill for two years, but, except for marked
wasting, there was no obvious sign of disease—no ulceration of the
vulva or anus, nothing in the belly, eyes, or lips. The mouth
temperature was 38.9° C. [102° F.]. As many as three parasites
were seen in a field with the immersion lens. The third animal was
a camel six months old, which showed no sign of disease. There
were two or three parasites in each preparation of its blood. It
seems, then, that the only symptom is progressive wasting, which
ends in death.

The morphology of this trypanosome resembles that of the
parasites of nagana and surra, and, moreover, presents no charac-
teristic differences. [The Sergents state, however, in a later paper®
that the average size of their trypanosome is 1g p long by 1°5 p broad,
the average length of the nagana and surra parasites being 25 g.]
The centrosome stains well, and division forms are seen in the
peripheral blood. The Sergents inoculated the trypanosome from
the blood of the old camel into different laboratory animals. They
also made series of passages through rats and mice, by which the
virus became altered in virulence.

From the outset white rats were consistently susceptible to the
trypanosome. The disease lasted on an average sixteen days after
subcutaneous inoculation, and nine and a half days after intra-
peritoneal inoculation. The incubation period was respectively
three days and one day. Three or four days after their appearance
in the blood of the rats the parasites diminished in number or
disappeared completely for some days, then reappeared and were
constantly present. When death occurred, the trypanosomes had
either become very numerous or they diminished in number during
the last few days of the animal’s life.

I That is the name which the Sergents suggest. In publications of the period
1850-1860, particularly in Vallon’s paper upon the dromedary, this disease of
dromedaries, which at that time formed the subject of several works, was thus
designated. K/ debab means the fly, or horse-fly. According to information
obtained from the Arabs by the Sergents, the disease is contracted in the Tell,
where the horse-flies occur, during the short period of summer (forty days only).
See in this connection Railliet, Zool. mddic. et agricole, p. 793
Ve j,LEAI:’ﬁ'nd Et. Sergent, Ann. fnst. Past., v. 19, 1905, pp. 17-48].

R












L : 1 I LAl E i ! [ 4 il 3 1
BPSE 1l TN { A1 - 5 | B
et 1 1 ' i ] 1
[ (4 J NnNes S i (] £S5 T I FE r ] ]
4 | L] | 5 =¥ L i [N} L E | ] = ' [ [} g
alC bl [ E ] ¢ [ i rt - ¥ i 1E
nl ] Jsill 1L y I | { 3 -
+ T - - - o
i - . -1 8 E 3 ] i 1 e -l [} } - . 3 2
= tu | 3 LI Eel = = - L rt i o is 1
L - r i : 1 L LLLE I I ] " | ] V il L1 | g ] F @
! J 1= ! = A = A 5 L ¥ & ] =
r - -4 | | ]l St J & S LI ] i il A, | =] 0] al - !
SEASeS f 1lentics
. : \ L T . o | dl= Y 5 [
[ i 1 ] 1 dS 5 E ] 1 L
1 5 2 S eacl’y : T CAE SEE i [ W el L L 3
| | ne I ALE 1L 5 r 1 . L 2 b '
LE [ = - - L il (BB L L Vv A 2 3 A - &
31 I T







- | J J .
- [ it 3 - i o o -
i - - - J i L
= ] d g i b 1 -
- - d . ¥ = — - J
o i = 1 iy = ry - I rr * - z
- = w < I - v 1 o BT
= ; a ' ! = 3
- z - < = 3 ~ i = ' =
- L= . - [ \ ? " v =
. : e ] 1
~- - 1 3 = . r ] s
- - - L 3 - . 3 = = =
< - - L - 5 . g i - _
i - — T — w - d = d .
B - e - - m - 3 r g et
- 4 3 el 2 - — TR B 3 - i T . T
* o ‘) e
. T r - > = L =



















= Balew

226 TRYPANOSOMES AND THE TRYPANOSOMIASES

[Cross-inoculation experiments show that souma is distinct from
surra and mbori. |

[The Macina appears to be the principal focus of souma in the
French Sudan, but Pécaud has also observed it at Bamako and
Kati. in the district of Moyen-Niger. The same disease has been
described by G. Martin in French Guinea (see next section), and
possibly the trypanosomiasis of cattle in Erythrea (Memmo) and
that of cattle in Uganda (see p. 205), are due to this trypanosome. |

[In addition to mbori and souma, there appears to be a third
trypanosomiasis in the Haut-Niger district (French Sudan), for in
ofie of the inoculated sheep brought to Paris by Cazalbou, Laveran
found a trypancsome closely resembling that of the Gambian horse
disease, T. dimorphon.!]

[In a recent paper® Laveran states that it is probably a new species
of trypanosome, for which he proposes the name 7. pecaudi. A sheep
which recovered from the infection and proved refractory on reinocu-
lation subsequently developed a typical infection with T. dimorphon.
From this Laveran concludes that T. pecaudi and T. dimorphon are
distinct species. |

[As in the case of T. dimorphon, two forms of the parasite occur in the
blood of infected animals : (1) Long, slender parasites, 25 p to 35 long,
by about 1°5 p wide. FPosterior end more or less pointed; undulating
membrane very narrow ; free flagellum fairly long; nucleus elongated.
(2) Short, broad forms, 14 p to 20 p long, by 3 p or even 4 p wide.

Posterior end very blunt ; undulating membrane very wide and with few
folds : no free flagellum ; nucleus rounded. All the inoculated animals

-

chowed both forms, and intermediate stages were rarely seerl, |

[Human trypanosomiasis is rare in the Haut-Niger district, but
is endemic in several other parts of the French Sudan.]

Section 11.—'fha Trypanosomiases of French Guinea.

[In 1904 Laveran® found trypanosomes in blood-films taken
from two sick horses at Conakry, in French Guinea, by Dr. Tautain.
One horse belonged to the station of Télémélé, in Fouta-Djalon, the
other to that of Toumanéa, on the boundary between Fouta-Djalon
and the Sudan. The latter horse was taken from Toumanéa to
Sanguiana (in Balaya), where it remained a month, and where it
was bitten by flies called sigui tégué. On its return to Toumanca it
began to waste. The wasting increased ; there was extensive cedema
of the abdominal walls, and later of the hind-limbs ; fever was almost
continuous at this time, but for a fortnight before death, which
occurred about three months after the horse was brought back to

1 [In his article in the Rec. de méd, vétér. Cazalbou states that true nagana
occurs along the banks of the River Bani, and another trypanosomiasis—baldri—in

l_“,the: Haute-Volta district.]

2 [Faveran, C. K. Acad. Sciences, v. T§4, 1907, P. 243- ?’
o 2 L C,]R‘. cad, Sctences, V. 139,

s 5 [Layeran, C. K. Soc. Biol, February 27, 1994 ;

:gg,_q_,fp."{:gﬁ, and v. 140, 1905, P. 751
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pronounced as in the acute form in the kitten. In both forms
there was at times a discharge from the eyes or nose.]

[Two cats aborted during the infection, but the blood of the
feetuses was not infective on injection.]

[Post-mortem the spleen was enlarged in all cases, but more in
the acute than in the chronic cases. The lymphatic glands were not
much enlarged.]

CarrLE.—Dutton and Todd inoculated a calf (&) six months
old and an ox. Nine days later in the former and twelve days later
in the latter animal some trypanosomes were found on centrifuging
the blood. Trypanosomes were always scanty in the blood, that of
the ox, for example, showing usually only three parasites in } c.c.

In the calf the temperature rose to 40°6° C. [105° F.] two days
after inoculation, but fell again the next day; it was raised again on
the seventh to the ninth days, and also on the eleventh day; on the
eighteenth day there was another small rise. The animal died
twenty days after inoculation. In the ox the temperature was below
30° C. [102:2° F.] for the first twenty days, but towards the end of
the first month it rose to 40'5° C. [105° F.] for fwo days. The
animal died forty days after inoculation. Cattle, therefore, appear
to be very susceptible to the Gambian trypanosomiasis, yet Dutton
and Todd never met with a case of natural infection in these
animals.

Post-mortem there was nothing characteristic except, perhaps,
enlargement- of the lymphatic glands, which were congested or
cedematous.

GoaTs.—Two goats were inoculated by Dutton and Todd, who
found the incubation period to be three or four days. During the
following two or three weeks a few parasites were occasionally seen
in blood-films. At the first appearance of the trypanosomes the
temperature rose to 40%° C. [1052° F.], and this was followed by
irregular fever. The two animals were still alive nine months and
ten and a half months after being inoculated, and the blood of one
of them was found to be still infective five months after inoculation.

[These two goats were brought to England in 1903, and sub-
sequently appeared to have recovered. The blood of goat 1 was not
infective for animals in doses of 2 to 3 c.c.nine months after inocula-
tion, but this goat had not become immunized, for it was successfully
re-inoculated by Thomas and Breinl, and succumbed to the infection.
Goat 2z had apparently recovered a year after inoculation, but five
months later, when accidentally killed, oo cic. of heart blood
infected a guinea-pig after a prolonged incubation period. The
serum of these goats did not cause any permanent agglutination. ]

We have also infected two goats by injecting under the skin
of the ear blood of a rat containing T. dimorplion. Goat 1 died in
twelve and a half days with an acute infection. Six days after
inoculation the temperature rose to 39'5° C. [103'2° F.]; on the next
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may add that in all these mice (six in number) the dimorphon
infection was always acute. (3) Human serum, which has no action
upon T. gambiense (see later), has a marked effect upon T'. dimorphon,
though less than it has upon the parasites of nagana, surra, and
caderas.

It was equally advisable to compare T, dimorphon with the
parasites of the other animal trypanosomiases. The morphological
differences between T. dimorphon and the other trypanosomes, and
the details of its effect upon various susceptible mammals, already
left little doubt about its individuality. After our two experiments
on the goats quoted above, there can remain no doubt at all about it.
~ Goat 71, which died so rapidly, had, as a matter of fact, become
immunized against the nagana of Zululand, against caderas, and against
the surra of Mauritius (see its history in Chapters V L, VIIL, and IX.).
It was infected with nagana from October 25, 1go1, till March, 1goz ; with
caderas from November 8, 1902, till April, 1go3; and with surra from
June 5, 1903, till the end of October, 1go3. After recovery from sach
infection it was tested with the virus from which it had just recovered.
In addition, it was tested with nagana on May 20, 1903, and December 15,
1903, but did not become infected (on the latter occasion, however, the

T brucei remained in the blood at least a week), On December 28, 1903,
it was inoculated with T". dimorphon.

Goat 2 was immunized against caderas and surra, We have already
seen that these two goats were very susceptible to inoculation with
ﬁ". dimorphon, especially’Goat 1, which succumbed in twelve and a half

ays.

Section 6.—Mode of Propagation.

Glossina palpalis is prevalent in Gambia along the banks of the
rivers and in the brushwood as much as two miles from any water.
This fly is particularly abundant in the mangrove swamps. On the
other hand, under similar conditions it would appear to be absent
from the Senegal.

Dutton and Todd made a certain number of experiments to show
the possible part played by this fly in the transmission of the
Gambian trypanosomiases. Flies caught in a locality where five
horses out of six suffered from trypanosomiasis did not infect three
white rats (44, 69, and 62 flies respectively were allowed to bite
these rats). Other flies were placed upon a rat after having previously
fed on an infected horse and rat. All these experiments gave negative
results. :

Dutton and Todd had similar failures with the two species of
Stomoxys, which are very plentiful on the Upper Gambia. They
think that possibly their failures were due to the fact that the

1 [Mr. Austen informs me that the Gambia tsetse-fly is a local race of GI.
palpaliz, with femora and abdominal markings pale. He thought formerly that
this fly was the G/ papalis, var. fachinoides, but since examining a long series of
specimens from Northern Nigeria he has come to the conclusion that G/
tackinoides, Westwood, is a specres perfectly distinct from GI. palpalis.—ED.]






CHAFTER VIII
SURRA
PAaTHOGENIC AGENT: Trypanosoma evansi, Steel, 1885,

THIs name has been used from time immemorial by the natives of
certain parts of India for a disease of horses characterized by
profound cachexia, without any lesion post-mortem to account for
this cachexia. As a result of the researches of the last twenty-five
years, we now know that surra occurs naturally, not only in horses,
but also in other Equid, in camels, and in cattle. Epizootics have
also been recorded among sporting dogs in certain parts of India.
According to G. H. Evans (quoted by Lingard), elephants in Burmah
are also affected by the disease.

The disease closely resembles nagana, in being a kind of per-
nicious anzmia, with remittent or intermittent fever, wasting (in
spite of a healthy appetite), cedema of the limbs and belly, frequent
lesions of the eyes and eyelids, great muscular weakness, and
terminal paresis. In horses the disease lasts from one to two
months, sometimes less; in the camel it may run a similarly rapid
course, but usually it lasts three years, whence the name Tibarsa,
which means three years, given to the disease in camels in some

_parts of the Punjab.

Cattle in India are resistant as a rule, and for a long time this
was looked upon as the most important difference between surra
and nagana. In Mauritius, where the disease has recently been
introduced from India, the mortality amongst cattle has been
considerable,

Section 1.—Historical. Geographical Distribution of the Disease.

In 1880 Griffith Evans,? working in Dera Ismail Khan (Punjab),
near the Indus, discovered in the blood of horses, mules, and camels
affected with surra a filiform, very motile organism, which at first he
took to be a spirillum. He soon recognised, however, as did Lewis,
who had just discovered the flagellate of the blood of rats, the
animal nature of the parasite. He concluded that the characteristic

L~ [See Pease, * Tibarsa Surra,’ in fowrsn. Trop. Vel Sc, v. 1, 1906.]

" * G. Evans, ‘Report on Surra, published by the Punjab Government, Military
Department, December 3, 1880. T~y
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Trypancsome of the Philippines,’ even go so far as to suggest, on
morphological grounds alone, that the Mauritian and Philippine
trypanosomes are probably distinct species. ]

In 1886 Blanchard,! in Tonkin, recorded an epizootic among
mules, due, in all probability, to 7. evansi.

In recent years surra has been observed in nearly all parts of
French Indo-China (1go1-1go3), in the Dutch East Indies:(since
1899), in the Philippines (19or), in Mauritius (1goz), [in Hong Kong?
(1go3), and in Perak,” Federated Malay States (1gos)]. The in-
vestigations and experiments made in these different countries have
materially increased our exact knowledge of this deadly epizootic.

As regards India and the countries bordering upon it, Lingard's
last Report (189g) contains detailed information concerning the
geographical distribution of surra, which we shall summarize briefly.
The disease occurs in twenty-two out of thirty-one districts of the
Punjab, in the North-West Provinces, in Kumaon (in the Himalayas),
in the north-east part of the district of Jalpaiguri (Bengal), in Raj-
putana, and in the Bombay Presidency. In other words, nearly the
whole of Northern India is affected, and through Rajputana the
disease reaches as far west as Bombay. The Dekkan is almost
immune. Lingard records an outbreak in 1893 at Secunderabad
(Hyderabad). According to information supplied to us by Drs.
Donovan and Gouzien, the disease is unknown in the neighbourhood
of Madras and of the French possessions in the south-east of India*
(Pondicherry).

Qutside India the disease is found in Persia, according to Haig
(quoted by Lingard). It certainly occurs along the shores of the
Persian Gulf, because trypanosomes have been found in horses
imported into Bombay from those parts.

Nearly the whole of British Burmah, Manipur, and Assam are
infected, Steel's original observations having been made at Rangoon
and Taunghu. The same is true of the countries bordering on
China—the Shan Provinces (Lingard) and Yunnan (Blin). We
have no idea of the extent of this epizootic in China, but there are
reasons for thinking that the disease of ponies and cattle recorded by
W. G. Campbell in Korea (quoted by Lingard) is really surra,
although microscopical confirmation is still lacking. [Gibson has
recorded a case of unsuspected trypanosomiasis in a Chinese buffalo,
which was brought to the abattoir in Hong Kong from the neigh-
bourhood of Kowloon (see p. 258).] :

In French Indo-China surra is not unknown. Blanchard observed
it amongst the mules imported into Tonkin, af'jd now the disease is
endemic in that region.

1 gee Meollereau, Bull. Soc. centrale méd. vétdr., December 30, 1885, p. 694.
2 [Gibson, fowrn. Comp. Path, and Therap., v. 18, 1905, pp. 79, 80,
L= | Leicester, in Report of British Resident-General for the Federated Malay ,
States, 1905.] . p

- Dnnﬂi'an has, however, seen trypanosomes resembling I evanss in a calf
from the neighbourhood of Madras (private communication).
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surra in Asia, is borrowed, so far as India is concerned, from the
R.A.M.C. Journal for January, 1904.

In the Dutch East Indies surra was first observed among the
Equid@ and buffaloes (var. Karbouw') of the districts Samarang and
II{cmh:Lng, in Java. It appears to be spreading, for Schat® records it
in the interior of Java (in Kediri and Soerabaya), where in rgor an
epizootic attacked cattle and buffaloes. Owing to the energetic
measures taken—the slaughter or isolation of infected animals and
protection against the bites of flies—the outbreak has been checked,

FiG. 29.—Map SHOWING THE DISTRIBUTION OF SURRA IN Ixpia AND Iwpo-CHINA.

The areas in which the disease is endemic are marked with a + ; those in which it has
been observed only sporadically or as a temporary epizootic are marked with an O.

and it will doubtless be possible to prevent it from establishing itself
in that region. In Sumatra a spontaneous infection of horses appears
to have been seen by Vrijburg, veterinary officer at Deli.?

[Probably the epizootic of surra in Perak, investigated by
Leicester in 1905, was imported from Sumatra.]
v Penning, Veeartsenijk. Bladen v, Ned. Indié, v. 12 and 13, 1899 and 1900.

l-"""FFEFFS_::]HM., paper published in 1902 in the Arohrves de I Industrie sucridre &
Java. We are indebted to M. Van Reuth and Dr. L. Vincent for the translation

~ of this paper, which is in Dutch.

L~ 3 Vrijburg, Veeartsenijk. Bladen v. Ned. Indié, v. 13, quoted by de Does,
Geneesk, Tijdschr. v. Ned. [ndié, v. 41, 1901.
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Dr. A, Lesur wrote to one of us on June 27, 1goz, as follows:
*Surra has been prevalent in Mauritius since the end of last year.
The markets of Madagascar, which have always furnished the colony
with its oxen for transport and for food, having been practically
closed to us on account of the competition of the English military
authorities during the Transvaal War, our traders thought it would
pay them better to import cattle from India. A cargo of them
arrived in September, 1go1, but a number of the animals having died
during the voyage, the vessel was put in quarantine. The mortality
continuing, the sanitary authority ordered post-mortems, which,
however, did not reveal the cause of death. Vague and general
explanations were deemed sufficient, and the animals were allowed
to land. WNevertheless, the animals went on dying in the stalls
where they were kept under observation, and the cause of death
remained as obscure as ever. Finally, the animals which survived
were sent to their consignees, who placed them in a district in the
north of the island, where they became a centre of infection, which
gradually spread. At the present time practically the whole of the
island is infected.

¢ The epizootic at first appeared to be almost exclusively confined
to oxen ;-ithen it attacked mules, donkeys, and horses, without, how-
ever, in any way diminishing its ravages upon cattle. The destruc-
tion of draught animals has gone on to such an extent that farmers
are anxiously asking themselves whether they will be able to gather
in the harvest. It is true we have already begun to import fresh
animals—healthy ones this time—but as there is no law compelling
the owners of sick animals to slaughter them, we are providing
fresh material which will serve to perpetuate the epizootic.

¢ The nature of the disease was quite misunderstood at the
outset, which is due to the fact that the veterinary officers in
Mauritius had never seen cases of surra. The diagnosis usually
made was gastro-enteritis, due to bad feeding.

‘ Last March my brother, Dr. Aimé Lesur, at the request of a
friend whose stable was ravaged by the disease, examined the blood
of sick mules microscopically, and found numerous trypanocsomes
present. Afterwards he also found them in the blood of cattle.
Some weeks later, when the disease reached the district in which
I live, I had the opportunity of making similar observations. . . .

Since then the ruin has become complete. On January 29, ¥g03,
M. Deixonne wrote to us that the horses and mules had practically
all disappeared. At Port Louis it had become necessary to hand
over the work of scavenging to prisoners, who, under the supervision
of policemen, were used to pull the carts. :

From July to October, 1902, the death of 1,882 solipedes and
1,681 cattle was recorded in Mauritius (Vassal).

" The introduction of the epizootic into Mauritius by cattle from
India has been questioned by Edington, but it is proved that sick
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Section 2.—Animals Susceptible to Surra. Symptoms and
Course of the Disease in Horses, Cattle, Dogs, ete.

Like nagana, surra is inoculable into most mammals,' but the
disease occurs naturally only in the Equidz, Bovidz, Camelidz, and,
more rarely, in dogs. We shall first study the symptoms and course
of the disease in these animals, and afterwards consider the animal
species in which surra is known only as an experimental disease.

Eopuinz.—The horse, mule, and donkey are very susceptible to
surra. In certain parts of India surra frequently gives rise to serious
epizootics amongst horses. In 18go forty ponies died of the disease
at Katgodam, while fifty more died from 1891 to 18g3. In 1893
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FiG, 30.—TEMPERATURE CHART oF A FORSE WHICH DIED OF SURRA DURING THE
ErizooTic N MAURITIDS.

[The normal temperature of the horse varies from 984 to 102° F (37° to 39" C.).]

there was an outbreak in the stables between Saharanpore and
Mussoorie. There have been several outbreaks of surra among the
horses in Sind.

The first symptom of the natural disease is a rise of temperature.
After experimental inoculation, either subcutaneous or intravenous,
Lingard found that the incubation period varies from four to
thirteen days. In a certain number of cases the rise of temperature
is soon followed by an urticarial eruption. Petechial hazmorrhages
on the mucous surfaces—particularly of the nictitating membrane—
running from the eyes, and cedema also occur. The animal is
dejected and shows marked loss of strength, but, as a rule, the
appetite is good. The mucous membranes become very pale, and
later on yellowish in colour. Anwmia is constant and progressive ;

there is an increase in the number of the leucocytes except of the

1 The disease does not appear to be transmissible to man. Schat pricked him-
self several times, with impunity, with needles which had been used to draw blood
from animals infected with surra. Birds are refractory (Lingard, Penning).

P
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observed in the numbers of the red and white corpuscles. A
temporary improvement followed on injections of atoxyl, the para-
sitfzs diminishing in number, the hzmoglobin increasing, and the
animal gaining in weight for a time. The horse died in spite of
treatment, and post-mortem all the organs were anzmic, but no
other characteristic lesions were found.]

The average duration of the disease in the mule appears to be
only nineteen days (Steel).

Lingard infected a donkey by subcutaneous inoculation. The
incubation period was three and a half days, and the disease lasted
nine days.

During the Mauritius outbreak the mortality from surra amongst
the horses and mules was 100 per cent. In some of the agricultural
?stricts all the horses, mules, and donkeys were carried off by the

isease,
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F16, 31.—TEMPERATURE CHART oF A HoRSE WHICH DIED OF SURRA DURING THE
MavriTiAN EPIZOoTIC,

In a letter dated June 27, rgoz, Dr. Alfred Lesur describes the
symptoms observed in Equidz during the epizootic in Mauritius in
the following words:

‘The onset of the disease is insidious. The first noticeable
symptom is a change in the gait. The animal no longer exhibits
its customary vigour, but is slow at its work and appears to be lazy.
This is often accompanied by a loss of appetite, but this is not a
constant symptom.

‘ Fever soon makes its appearance, the temperature often rising
to 41° C. [106° F.], or even higher. A certain number of animals
die at this stage, but they are the minority. In the others the
temperature, after oscillating at this high level for two or three days,
falls spontaneously, or as the result of treatment. Fresh rises of
temperature occur at intervals of four, five, nine, or ten days.

¢ Shortly after the onset of fever large cedematous swellings
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of extreme emaciation. The blood is rich in trypanosomes during
the febrile paroxysms. :

Lingard has demonstrated the relatively great susceptibility of
the buffalo. In two buffaloes the incubation period was five days.
One animal died in 125 days, after twelve febrile paroxysms, with
marked emaciation, in spite of a voracious appetite right to the end ;
the second buffalo died in 51 days.

[Two buffaloes inoculated by Pease with the camel trypanosome
died, very wasted, in 120 and 46 days; a third was alive more than
two years after infection, but its blood was still infective on inocu-
lation into dogs. Pease found that the camel trypanosome, which at
first killed dogs in from 63 to 288 days, became more virulent for
dogs (killing them in 52 to g9 days) after passage through the
buffalo. He is of opinion that in India the buffalo plays an important
part in the transmission of surra. |

Penning (loc. cit., second paper) has described in detail the out-
breaks of surra among the buffaloes at Samarang and Rembang
(Java). The disease usually runs a chronic course, but in some
cases death occurs suddenly. The usual symptoms are gradual
wasting, small oscillations of temperature, and muco-purulent in-
flammation of the cornea, eyelids, and nose. Some animals also
have cedematous swellings, especially of the abdomen.

[In Hong Kong, Gibson! found numerous trypanosomes in a
blood-film of a Chinese buffalo, which died suddenly in the abattoir
into which it had been brought the previous day apparently in good
health. These small buffaloes, which are slanghtered for food, are
brought to Hong Kong from the mainland of China, twenty or thirty
miles from Kowloon.?]

[Shortly afterwards trypanosomes were found in a sick dog
belonging to the inspector of the abattoir. These trypanosomes
were pathogenic for dogs and guinea-pigs, but none of the latter
died. According to Gibson, the trypanosome is morphologically
indistinguishable from T. cvanst. |

During the epizootic in Mauritius the mortality amongst cattle
was rarely more than 25 to 30 per cent., whilst in equines it was
100 per cent. (Deixonne). Animals which are well nourished and
which are not made to do hard work live much longer than those
which are badly nourished and overworked. [In Mauritius the
animals kept solely for breeding purposes enjoyed almost comPl'_?-tE
immunity from the disease, whereas in certain districts the mortality
amongst cattle made to do hard work was from 75 to 8o per cent. Over-
worked oxen when they become infected die of anemia rather than of
surra, for the injection of their blood in the last stage of the disease
into susceptible animals often gives negative results (Deixonne).

b:"’ C.ibﬁon Journ, Comp. Path. and Therap., v. 18, 1905, P 79.]
~ 2. [Personal mmmunifgﬁun from Dr: Beaﬁ ‘of the Government Civil Hospital,
Hong Kong.]
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prevalent among several packs of hounds in Bombay., In 18¢3
Lingard® saw an outbreak of surra among English foxhounds.

The following are the principal symptoms noted: Elevations of
temperature, anorexia, cedema of the head and throat, injection of
the conjunctive, and, in some cases, effusion into the joints, and
corneal opacity leading to partial or total blindness. During the
febrile paroxysms trypanosomes are found in the blood on micro-
scopical examination.

We have already mentioned that spontaneous cases of surra in dogs
have been reported in Indo-China [and Hong Kong?]. During the
epidemic in Mauritius a certain number of dogs died of surra. We
shall refer to this again later. It seems that the mode of infection in
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Fie. 33.—TEMPERATURE CHART ofF Doc No. 4, INOCULATED INTRAVENOUSLY WITH
SURRA,

O means absence of trypanosomes on microscopical examination™ <+, trypanosomes
present, but scanty ; + -+, fairly numerous;
+1=, means death.

+++. numerous or very numerous ;

dogs is not the same as in horses and cattle, which would account
for the relative rarity of the disease in dogs.

Dogs are easily infected with surra by subcutaneous inoculation.
Lingard experimentally infected eight dogs, which died in 143, 2T,
27}, 29, 34, 30, 47, and g7 days after inoculation with blood obtained
from different animals. The dog which lived g7 days—the incubation
period lasting only 5 days—had been inoculated with the blood of
a bovine suffering from the natural disease. In all cases the experi-
mentally produced disease showed the same symptoms as the natural

disease.

i Lingard, Report of 1894. According to Lingard, surra had been prevalent in
. dogs ever since 1869 in the kennels at Ootacamund, and in 1884 fourteen couples
of dogs died in the packs in Madras of the same disease, the true nature of which
was misunderstood until 1593. B

2 [Dr. Bell, of the Government Civil Hospital in Hong Kong, has sent home
blood-films from a guinea-pig inoculated with the blood of a sick dog, in which I
have found many trypanosomes closely resembling the parasite of surra. Professor
Laveran, to whom 1 sent one of the slides, writes that he is also of opinion that
‘these trypanosomes are very much like those of surra."—ED.]
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Dog No. 5.—Weight, 124 kilogrammes, This dog was also injected on
October 20, 1903, with 1 c.c. of diluted blood from a mouse, but subcuta-
neously. On that day the temperature was 39:8° C. [103-6° F.], and although
it rose to 40'1° C. [104'2° F.] on the 23rd, the blood examination was nega-
tive. Trypanosomes were very scanty on the 24th, and gradually increased
in number. From the 28th onwards there was intermittent or remittent
fever. On November 18, the day preceding death, the temperature was
403° C, [1046° F.]. Trypanosomes were present in the blood every day,
their relative abundance being indicated on the chart (Fig. 34). The animal
showed no eye symptoms or swellings in any part of the body. It died
on November 19, the weight being 122 kilogrammes. The spleen weighed
170 grammes—about five times the normal weight. There was nothing

.else abnormal at the post-mortem examination.

[Eight dogs were inoculated by Edington and Coutts! with the
Mauritian trypanosome. The disease lasted on an average 236
days (minimum 13 days, maximum 39 days)].

[Thomas and Breinl, also with the Mauritian trypanosome, found
the incubation period, after subcutaneous inoculation, to be seven to
nine days, and the total duration of the disease sixteen to thirty days.
At first the trypanosomes were scanty in the blood; they remained
scanty till four or six days before death, or there were marked
exacerbations persisting for a few days. In the early stages the
animals presented very few symptoms, but with the rapid multiplica-
tion of the parasite decided anzmia and emaciation occurred.
Death was usually preceded by a subnormal temperature. Post-
mortem the usual lesions met with in dogs dying of acute trypano-
somiasis were found. ]|

[Laveran and Mesnil,” during a series of experiments carried
out with the Indian surra trypanosome?® in order to compare its
effects upon animals with those of the Mauritian trypanosome,
inoculated two dogs. They died in twelve and thirteen days, the
incubation period lasting three days. There was continued fever,
the temperature remaining at 3g° or 40° C. [102°2° to 104° F.], and
even exceeding 40° C., until death. Trypanosomes were abundant
in the blood, with a period of diminution about the middle of the
disease. There were no external lesions, but wasting was extreme,
the weight of the second dog falling from 7 to 48 kilogrammes.
The spleen was enlarged, weighing 6o grammes in a dog of
7 kilogrammes.]

[ Pease* inoculated three pariah dogs with Indian surra—an equine
virus passed through a rabbit—after having unsuccessfully inoculated
them with dourine. The dogs died in 35, 22, and 20 days respectively,
after inoculation with the T. evansi.]

Surra not only occurs naturally in several animal species, but its

"‘f’ f i'{l:lingmn and Coutts, ag. cif., p. 59.]

2 [Laveran and Mesnil, . B. Acad. Sciences, v. 140, 1905, p. 831.]

. =% |This strain of trypanosome was obtained from a camel by Lingard, who gave
it to Dr. C. J. Martin, Director of the Lister Institute. The authers express their

_ indebtedness to Dr. Martin for sending them an infected mouse, ]
/4 [Peate, Veterinary Journal, v. 9, 1904, p. 187.]
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[A jerboa (Jaculus orientalis) inoculated by Laveran® with the
Mauritian virus died in five days with an acute infection. It was,
therefore, more susceptible than the rat to this virus.]

[BaT.—It has already been mentioned (p. rog) that Laveran
inoculated a bat with the Mauritian trypanosome, and that the bat
died, severely infected, nine days after inoculation.]

Rats.—The trypanosomes of surra appear in the blood of white
rats on the fifth or sixth day after subcutaneous inoculation.
They rapidly increase in number, and are always very numerous at
the time of death. The disease is invariably fatal, the average
duration being eleven days., In the last stages the animals are
obviously ill; they lie huddled up, and the coat is rough. We have

never seen rats die suddenly with convulsive seizures, as with

nagana.

[Edington and Coutts inoculated, with the Mauritian trypano-
some, three white rats, which died in 4, g, and 15 days. Thomas
and Breinl found the incubation peried to be 3 to 4} days after
subcutaneous, 2§ to 3} days after intraperitoneal injection. The
average duration of the disease was 5 to 7 days after the appearance
of the trypanosomes in the peripheral blood. The course of the
disease in their rats (white, black, and grey) was similar to that seen
in mice.]

[Laveran and Mesnil inoculated four rats with the Indian
trypanosome, two subcutaneously and two intraperitoneally. In the
former the incubation period was 3 and 3} days, and death occurred
in 5% and 64 days; in the latter the incubation period was less than
24 hours, and death occurred in 3} and 4 days.]

MonNkEys.—Steel showed that the monkey is susceptible to
surra. He inoculated a monkey of the ‘ordinary Burmese variety,’
probably a Macacus, subcutaneously with a syringeful of blood. The
monkey showed trypancsomes in its blood on the third day after
inoculation—not on the fifth to the ninth day, but after that the
parasites were again present. On the evening of the second day
there was a rise of temperature, and later there were many such
febrile attacks. The temperature chart given by Steel is very
interesting, but refers only to the first month. One of the earliest
symptoms was a reddish discharge from the vulva. The monkey
became very weak and looked dejected. After two months there
was great weakness of the limbs, also swelling of the feet going on
to ulceration, which extended down to the bones. Finally the upper
eyelids became cedematous, and the animal died after some hours
of coma and slight delirium.

Carougeau, Musgrave, Willlamson and Clegg (loc. cit.) have also
shown the susceptibility of the monkey to surra.

RapBits.—The susceptibility of the rabbit to surra has been
shown by Lingard, Carougeau, and Penning, the last-named observer

e [Laveran, C. R. Soc, Biol., v. 59, 1905, p. 250.]
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early part of the disease, but in the later stages they waste. For
example, a guinea-pig weighing 700 grammes was inoculated with
surra on May 22, 1903. On June 14 its weight was 830 grammes,
and the animal appeared well, although trypanosomes were fairly
numerous in its blood. The animal died on June 30, its weight
being only 670 grammes.

The increase in the number of trypanosomes in the blood is not
steadily progressive, as in the case of mice and rats, but takes place
irregularly. During the exacerbations the trypanosomes are
numerous, whereas in the intervals between them the parasites are
scanty, and may even be absent on microscopical examination. At
death they are often scanty in the blood.

The disease is always fatal, and in our experiments lasted on an
average 8o days (maximum 104, minimum 3g).

As guinea-pigs are easily obtainable, and live a long time with
the disease, they are used to keep this trypanosome alive in labora-
tories. By inoculating a guinea-pig every month, the virus can be
kept going indefinitely.,

[Edington and Coutts inoculated seven guinea-pigs with the
Mauritian trypancsome. The first four died in 66, 49, 59, and
51 days; the last three died in 10, 30, and 10 days; the average
duration was 39 days. |

[Thomas and Breinl found the incubation period to be six to
eight days, and the total duration forty days to four months.
Trypanosomes were scanty in the blood at first, but increased later.
At times they almost disappeared, then became more numerous
again. There was usually a rise of temperature when the trypano-
somes first appeared in the blood, but subsequently the temperature
was never very high. Anzmia was not marked, but there was loss
of weight, especially when many trypanosomes were present for
some time. (Edema was observed in a few cases. No animal
recovered without treatment. |

[Laveran and Mesnil's first four guinea-pigs, inoculated with the
Indian virus, died in 76 to 88 days (average 8o days). The later
ones, after passage of the virus through guinea-pigs, died sooner—
in 20 to 77 days. The average duration in the case of all thirteen
guinea-pigs was 57 days. After an incubation period of several
days, trypanosomes appeared in the blood, and remained present in
variable, but often considerable, numbers until death. There were
no external lesions. |

[Cars.—Thomas and Breinl infected cats with the Mauritian

virus. After intraperitoneal injection the incubation period was

eight to twelve days. The infection was usually chronic, lasting
for six and a half to eight months, but in kittens the disease was
more acute, often lasting only four to six weeks. In adult cats the
symptoms were not very pronounced: slight anzmia and less of
weight, which increased towards the end of life; a discharge from
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Indian virus. Trypanosomes were found in the blood of the goat on the
fourth, fifth, sixth, and ninth days after injection, but they were not seen
afterwards, although the blood was examined daily for nearly a month, The
blood was, nevertheless, highly infective on inoculation into mice. There
was a marked febrile reaction from the fifth day onwards, and for a month
the temperature rarely fell below 40° C. [104° F.]; on several occasions it
rose to 41° C, [105'8° F.], and once even to 41°5° C. [106:8° F.]. FEive
weeks after injection the temperature fell to 3¢°,C. [102'2° F.], and the
animal was in good condition. |

SHEEP.—A ram was inoculated by Lingard on two occasions, with
an interval of fourteen days between them. On the sixth day after
the second inoculation the temperature rose to 41:9° C, [107°4° F.]
Trypanosomes were never found in the blood on microscopical
examination, but eighteen days after the second inoculation the
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Fic, 35 —First PART OF THE TEMPERATURE CHART OF A SHEEP INOCULATED WITH
SurRra 0N OCTOBER 13, Ige3.

Trypanosomes were present in the blood on October 26 and November 2, 1go3. At the
end of three months the sheep's blood was still infective.

blood was infective for a guinea-pig. On the twenty-eighth day
after inoculation there was fluid in the tunica vaginalis testis, and
on the forty-fifth day trypancsomes were found in this flmid. On
the 104th day the animal had paresis of the left side of the body,
and it died on the 127th day.

In European sheep surra runs practically the same course as it
does in goats. The only symptom is a rise of temperature to 40° or
41° C. [104° or 1058° F.], which may occur on several occasions.
(See chart, Fig. 35). The animals take their food well, and often
put on weight during the course of the disease. As a rule trypano-
somes are very scanty in the blood, but they are occasionally seen
on microscopical examination.,

As with goats, the.disease may end in recovery after a dura-
tion of five to six months, and animals which have recovered are
immune.

™
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[Thomas and Breinl found organic lesions similar to those seen by

them in animals infected with nagana, but the amount of pigment found
in the spleen was always very small.]

[In the brain of a rabbit which died three months after inoculation with
surra, Mott! found masses of trypanosomes in nearly all the vessels,
‘ Single trypanosomes could be seen in the capillaries; in the larger
vessels solitary trypanosomes and whorls of trypanosomes and plasmodial
masses, which are either degenerated trypanosomes, consisting of a
zooglazal mass, in whi_-:h many deeply-stained nuclei and centrosomes can
he‘ seen, or of ameeboid forms, described by Bradford and Plimmer." In
spite of this severe blood infection, the vessels showed little or no inflam-
matory reaction. There was no perivascular cell infiltration, nor did the

nervous system show any lesions beyond chromolytic changes in the
ganglion cells.]

Section 4.—Pathogenic Agent (T»rypanosoma evansi),

The trypanosome of surra closely resembles that of nagana.in
its morphology, as well as in the symptoms to which it gives rise.
Most of our experiments were made with trypanocsomes obtained
from Mauritius; but we were able to compare these parasites with
others of Asiatic origin, which were sent to us by Carougeau,
veterinary officer in the Pasteur Institute at Nha-trang, Annam.
The parasites coming from these two sources were found to be
identical.?

Trypanosoma cvansi measures, on an average, 25 p in total length,
by 1°5 p in width, the free flagellum measuring about 6 ». Larger
forms (30 plong, by 2 to 2°5 p wide) are not uncommon, but these are
always multiplication forms. Smaller forms, measuring less than
2z p in length, are not found. The largest parasites (as much as
35 # long) have been found in the blood of equines.

[Laveran and Mesnil,® from their comparative study of the
trypanosomes of Indian and Mauritian surra, have come to the
conclusion that these parasites are practically identical in the blood
of infected dogs and mice. They are of the same size, and the
chromatic granules, when present, are neither very numerous nor
very large, and are situated in the anterior half of the body. The
posterior extremity varies in shape, but is usually pointed, the
centrosome being generally very near the end of the body. The
undulating membrane has well-marked folds, varying from three to
five or even six in number.]

T. evanst is so much like T. brucer that it is unnecessary to give
a detailed description of it. We shall merely indicate the various

LA [Mott, ‘ Histological Observations on Sleeping Sickness and other Trypano-
some Infections,’ nge?}fﬂg Sickness Commission's Repord, No. vii.,, 1906 (see
p. 22). 1 am greatly indebted to Dr. Mott for allowing me to see a proof of his
aper before publication ; also for his permission to reproduce some of the plates
illustrating his paper.] 3
2 [For the recent observations of Laveran and Vassal on the trypanosomiasis of
Annamy; see Appendix at the end of this chapter. ] :
[E;_:vemn and Mesnil, C. R. Acad. Sciences, v. 140, 1905, p. 831.]






I— -

274 TRYPANOSOMES AND THE TRYPANOSOMIASES

length was 33 p, free flagellum 13 p, and the width (not including the
undulating membrane) 1°5 u to 1*7 . In the Philippine trypanosome the
dimensions were 22 p to 25 &, 8 p to 10 p, and 1°3 g to-1'7 u respectively.
These observers describe an enlargement at the free end of the flagellum
in the Mauritian parasite, but not in the Philippine. In the former
parasite the centrosome is 3°3 g to 4 p from the posterior end, whereas in
the latter it is only 1 p to 1'6 p. The Mauritian trypanosome has a well-
developed undulating membrane with four distinct folds ; in the Philippine
trypanosome there are two or three less marked folds. Lastly, the
Mauritian trypanosome has a number of deeply-stained granules in the
anterior half of the body, the posterior half being quite free ; the Philippine
trypanosome, on the other hand, stains deeply in the posterior two-thirds.]

[As has been stated above, it is not possible to differentiate closely
allied trypanosomes by relying upon morphological differences, unless a
large number of individuals be examined. Although it is possible that
the Philippine and Mauritian trypanosomes are distinct organisms,
further experimental evidence is required before a definite conclusion can
be arrived at. This evidence may be obtained by means of cultivations
of the respective trypanosomes, and by immunization and cross-inoculation
experiments, such as Laveran and Mesnil have used successfully in the
case of nagana, surra, caderas, etc.]

Reproduction occurs by simple division, as in the case of
T, brucei;* the centrosome, nucleus, and flagellum divide into two
parts (Fig. 36, 2), and finally the protoplasm also divides. Some-
times further division takes place before the original protoplasm
divides, and in such cases, which are rare exceptions to the rule of
equal binary fission, one may find a large trypanosome containing
four nuclei and four centrosomes.

[Holmes® has studied the evolution of 7. evansi, and distinguishes
three varieties of the parasite which are recognisable especially by their
posterior ends. Thus the end may be (1) very elongated—probably
males ; or (2) short and truncated—females; or (3) oval, like a snake's
head—young females. He describes paired forms joined by their posterior
ends ; these he regards as conjugation forms. Of these paired forms, one
is always a male parasite, with a very elongated end ; the other is always
a fﬂma{e parasite (2 or 3, above). It is only the adult female (form 2)
which is seen to undergo division. Division is by ordinary binary longi-
tudinal fission or by transverse segmentation, In this way four amceboid
forms may be produced, in which a flagellum develops, or which divide
into smaller forms. Holmes agrees with Bradford and Plimmer that
after conjugation the female form divides. He states that in the blood
the amaboid bodies are few at any time, but that they are numerous in the
spleen, liver, and bone-marrow post-mortem. Holmes thinks they result
from the transverse division, and that they are carried to the liver, spleen,
and bone-marrow, where they develop into adult forms. He thinks also
that free nuclei of trypanosomes may give rise to new parasites. (Compare
Pricolo’s observations on the mouse trypanosome, p. 102.]

The trypanosomes of surra agglutinate under almost the same con-
ditions as do those of nagana. We have obtained very good results

i" 1[It will be remembered, however, that Prowazek has recently described the
division of 7' druced as being very complicated.]

¥ & [Holmes, fourn. Comp. Path. and Therap., v. 17, 1904, p- 210 ; abstract by

Mesnil in Bull. Inst. Past., V. 2, 1904, P- 954:]
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[The blood of leeches which had fed on infected animals was
infective, on injection into rats, immediafely after the meal of blood,
but not four hours later. The trypanosomes are killed off very
rapidly in the stomach of the leech.]

[Biting flies are very rare at Nha-trang and in its immediate
neighbourhood. Vassal experimented with species of various genera
— Hippobosca, Hamatopota, and Chrysops—but none of these flies
conveyed the infection from diseased to healthy animals by biting
the latter at different times (immediately, some hours, one, two, or
three days) after feeding on infected animals. WVassal suggests that
the role of Stomoxys, and also of other horse-flies in Indo-China,
should be studied.]

[Whatever the carrier of the infection may prove to be, Vassal
thinks it is not very abundant, although fairly widely distributed
throughout Indo-China. Its existence is ephemeral, and at Nha-
trang coincides with the early part of the rainy season.]

[Dracxosis AND PREVENTION.—The recognition of the disease is
often very difficult because the trypanosomes may disappear from the
blood for some days before death, and the inoculation of susceptible
animals may even fail to infect. This is particularly the case with
cattle and buffaloes, which, as we have seen, may be only very
slightly affected, and show trypanosomes in the blood on one or two
occasions. It is probable, says Vassal, that the blood of oxen or of
buffaloes is the reservoir of the virus, and that the epizootic spreads
to the more susceptible horse, when the virus is taken in by the
appropriate fly. As a precautionary measure he suggests that cattle
should not be penned up near stables in which horses are kept, and
that as soon as a horse is known to be infected it should be killed. ]

[COMPARISON WITH SURRA.—Laveran and Mesnil! conclude, from
the morphology of the trypanosome, as well as from the evolution of
the natural disease in Equide and of the experimental disease in
various mammals, that the trypanosomiasis of Nha-trang does not
differ from surra in any essential characteristic. Like surra, it is
probably conveyed by Tabanidz. Further, the Annam epizootic _is
geographically connected with the Indian, by means of the endemic
areas of Laos, Tonkin, Yunnan, and Burmah.] .

The immunization and cross-inoculation experiments with goats,
already mentioned, gave somewhat discordant rfrsults. Goat 1., im-
munized against surra, succumbed to the Annam virus, v:rhereas goat II.,
also immunized against surra, contracted only a mild infection. The normal
(control) goat died of the infection in three months, so that this virus 1s very
pathogenic for goats, which may explain the fact that goat I. succumbed
to the infection, although immunized against surra. | iy

[Laveran and Mesnil are of opinion that this trypanosome is allied to
that of surra—either a variety or a special race—and that this trypano-
somiasis is not a distinct disease, like nagana, for example. They adduce
further evidence in favour of this view. The serum of goat II. (immunized

L~1 [Laveran and Mesnil, Ans. Jnst, Past., v. 20, April, 1906, p. 302.]
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may add that in many cases of sleeping sickness the filaria cannot be
found. This hypothesis of Manson’s must, therefore, be given up!

The researches of Dutton and Todd, of Castellani, and of Bruce,
Nabarro, and Greig upon human trypanosomiasis mark the latest
phase in the elucidation of the wtiology of sleeping sickness, It
would seem that the careful investigations of these observers have at
last discovered the true cause of this disease.

On May 10, 1901, Forde received under his care at the hospital
in Bathurst (Gambia) a European, aged forty-two, the captain of a
steamer on the River Gambia. This man, who had navigated the
river for six years, had suffered from several attacks of fever which
were looked upon as malarial. The examination of his blood
revealed the presence not of the malarial parasite, but of small worm-
like bodies, concerning the nature of which Forde was undecided.

On December 18, 1gor, Dutton, in conjunction with Forde,
examined this patient, whose condition had become more serious,
and recognised that these worm-like bodies seen by Forde were
trypanosomes. Dutton has given an excellent description of this
parasite, which he has called Trypanosoma gambiense.*

In 1go2 Dutton and Todd came across further cases of human
trypanosomiasis. Of 1,000 persons examined in Gambia,? six natives
and one quadroon showed trypanosomes in their blood. The cases
observed amongst the natives were as follows: A woman of thirty-
five, a boy of nine, a girl of sixteen, a boy of twelve, a man of thirty-
five, and another of twenty-two. The first three belonged to the
same village—Lamin. ¢

Manson has recorded two cases of trypanosomiasis in Europeans
contracted on the Congo.* In one of these cases the trypanosomes

1 [For a full account of the earlier hypotheses as to the mtiology of sleeping

sickness; see Centralb, f. Bakter,, 1, Orig., V. 35, 1903, P\ 435, « Ueber die Atiologie
_ der Schlafkrankheit,’ by Bettencourt, Kopke, de Rezende, and Mendes ; alsp p. 62
for a «E‘Em” by Castellani.] 43
[~ *-Forde, fourn. Trop. Med., September 1, 1902 ; Dutton, i6id., December I,
ﬁ;‘ozx; Dutton, Thompson Yates Lab. Report, 1902, V. 4, part i, p. 455 The
«—patient who formed the subject of these observations by Dutton and Forde died in
England on January I, 1903. ﬁg anote by Annett, Srif. Med. Journ., February 7,
1903 T
i"rm-icusl}r, Nepveu had recorded the existence of trypanosomes in the blood of
several patients coming from Algeria, but his descriptions and fgures are so
lacking in precision that there is considerable doubt about the correctness of this
diagnosis. Although m recent years the blood of a very large number of patients
t/'jn Algeria has been examined, trypanosomes have never been seen again in them
(Nepveu, Soc. Biol., 1891, Memoirs, p. 49 ; and Sec. Biol., December 24, 1898).—
In 1894 Barron recorded the case of a woman of thirty-nine with a uterine fibroid,
i1 whose blood a large number of flagellated Protozoa were found. The retro-
spective diagnosis of trypanosomes may be made in this case. The patient had
not lived in Africa, so fagas can be judged from the short note by Barron (Trans.

I of the Liverpool Med, Institution, December 6, 1804). In 1898 Brault brought

“forward the hypothesis that possibly the trypanosome wis the causal agent in
sleeping sickness (Janus, July to August, 1858, p- 41).

i? 3 Dutton and Todd, First Report of the Trypanosomiasis Expedition to Sene-

7

ambia, 1002, Liverpool, 1603.
& ."-iansun', Journ. Trop. Med., November I, 1902, and March 16, 1903. Manson
and_Daniels, Srif. Med. fourn., May 30, 1903
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Upper Niger, [but Laveran® has recently stated that human trypano-
somiasis 1s rare in this district].

[ Renner® has described sporadic or imported cases of the disease
in Sierra Leone; but later investigations by Grattan and Cochrane?
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show that trypanosomiasis is much commoner in Sierra Leone than
is usually supposed.]

Between July and December, 1go5, Grattan* saw eighteen cases—all
confirmed by the microscope—and states that probably several more were
“1 [Taveran, C. R. Acad. Sciences, v. 143, July 9, 1906, p. 94.]1

""F"_ Renner, fourn. Trop. Med., v. 7, November 15, 1904.]
% [Grattan and Cochrane, R.A.M.C. Journ., v. 6, 1906, p. 524.]
-} [Grattan, £.4.M.C. fourn., v. 7, 1906, p. 485.]
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there is general weakness or asthenia, which gradually becomes more
pronounced, and is accompanied by progressive emaciation.
In the last stages there is incontinence of urine and feces.

: Beyond the pains already referred to there is little or no sensory
dlsmrh:mclc. There is no anzsthesia, but zones of hyperasthesia
are sometimes found. The superficial reflexes are usually normal;
the pupils are equal and generally dilated, and there are no ocular
paralyses or changes in the fundus oculi.

Fi6. 50.—PHOTOGRAPH OF AN ADVANCED CASE OF SLEEPING SICKNESS IN A NATIVE
oF UGANDA,

An exposure of ¢}y second with a * focal-plane ' shutter wis used, and even then it was
found necessary to hold the head on account of the fine tremor presen’. Photo-
graphed by Mr. R. J. Stordy, Principal Veterinary Officer, Uganda and East Africa
Frotectorates,

The intellectual faculties gradually become impaired, the patient
has a certain amount of difficulty in understanding what is said to
him, and becomes emotional, often crying for no reason whatever.
Delirium is usually absent.

The drowsiness increases, and the patient's attitude becomes
characteristic. The head falls forward on the chest and the eyelids
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are closed. At first the patient is easily E‘LI"CIHEE-EII from this drowsy
condition, but soon he reaches that stage 1n whml:n ‘he falls Sﬁu?ldr
asleep, almost in any attitude and undgr any C{}njﬂltiﬂ:‘lﬂ, especially
after meals. These periods of sleep, which become gra.::lu?llly !o;ger
and more profound, lead eventually to a comatose (:DI'IdllH?iI%, ri::rf't
which the patient can be aroused only with the greatest difhiculty.

Fi5. 51.—PHOTOGRAPH OF A PERSIAN SUFFERING FROM SLEEPING SICKNESS.

This photograph was alsa.taken by Mr, Stordy, with the same exposure as Fig. 50.
This and the preceding photographs show well the characteristic lethargic appear-
ance, which may be correlated with the advanced chronic interstitial meningeal and

perivascular inflammation of the lymphatic system of the brain found in these two
cases by Dr, Mott,

It is at this stage that the temperature becomes subnormal and
death occurs.

[This condition of drowsiness and sleep, leading eventually to coma, 15
by no means invariably present. In the early part of the ‘sleeping
sickness ' stage patients often sleep more than usual, but later on they do
not sleep excessively. They become lethargic or apathetic (see Figs. 50
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usually in proportion to the acceleration of the pulse. It may be
from 20 to 30 per minute. Cheyne-Stokes breathing is not un-
common during the last days of the illness. Physical examination
towards the end of the disease shows signs of hypostatic congestion
and cedema of the lungs. :

The pulse rate is rarely normal, but is increased to 90 to 130 beats
per minute, great variations taking place during the course of the day.
The relation of the pulse rate to the temperature is not constant, and
great frequency of the pulse may be found together with a low tem-
perature. During the later stages, however, the pulse rate becomes
diminished coincidently with the fall of temperature (see Fig. 49).

The pulse is regular and of very low tension. When the tem-
perature is much raised the pulse may be dicrotic. For twenty-
four to forty-eight hours before death it may become thready or
imperceptible.

There are no symptoms in connection with the heart, neither
palpitation nor signs of endocarditis, but occasionally a hamic
murmur may be present.t

The appetite is normal, or even increased, at the onset of the
disease. There is no vomiting, and constipation is usually present.
The fmces, which are hard, usually contain a variable number of the
ova of worms: Ankylostomum duodenale, Ascaris lumbricoides, and
Trichocephalus. The liver is often enlarged, but less so than the
spleen.

The quantity of urine passed in the twenty-four hours is at first
normal, but is often increased in the later stages of the disease.
The urine is clear, pale, of low specific gravity, and its reaction is
nearly always alkaline, on account of the vegetarian diet of the
patients. On analysis an excess of carbonates and of earthy phos-
phates is found. Albumin is absent as a rule, but there may be a
trace when the temperature is high. Sugar and bile pigments are
absent. In the last stages there is incontinence of urine. Low
and Castellani never met with a case of retention.

[When studying the disease in Uganda, we found it convenient to
recognise three stages in sleeping sickness proper. Although these are
not sharply defined, but pass gradually the one into the other, we
nevertheless found them useful in the clinical description of the malady.]

[1. Stage of Fever.—In this stage it is often impossible for a European
to recognise that the patient is ill at all, but his friends have already
recognised the subtle change in intelligence or demeanour which they
have learnt to associate with the onset of sleeping sickness. On examina-
tion, the temperature is usually found raised and of the *hectic’ type (see
Fig. 49); the pulse is accelerated, small, and of low tension. Trypano-
somes are nearly always found by lumbar puncture.]

[2. Stage of Tremors.—After a variable time—usually one to two
months—the dull, heavy expression which appears during the first

! [In a case of the disease in a European recorded by Martin. the patient
suffered from dyspncea and palpitation at an early stage of the disease, and
clinically resembled a patient with cardiac disease (Awn. fast. Past, v. 21, 1907,

1_‘_,.—' pp. 161-193) ]






382 TRYPANOSOMES AND THE TRYPANOSOMIASES

Section 5.—The Pathogenicity of Trypanosoma gambiense
for Different Species of Animals.

T. gambiense is pathogenic for a very large number of mammals :
monkeys (at least certain species), lemurs, the dog, [jackal], cat,
rabbit, guinea-pig, rat, mouse, [jerboa], hedgehog, marmot, horse,
donkey, [cow ], goat, and sheep. .

MonkEYs aND LeEMUrs.—The disease produced in monkeys by
inoculation with blood or cerebro-spinal fluid of sleeping sickness
patients is very interesting, inasmuch as it.is closely analogous to
human trypanosomiasis. [Different species of monkeys show great
variations in their susceptibility to infection with T. gambiense, and
until recently baboons were thought to be refractory.] Dutton and
Todd inoculated without success several baboons (Cynocephalus
sphinx), and we also failed to infect a baboon which was injected
on several occasions with infective blood from a rat or dog
[Thomas and Linton also found the Cynocephalus sphinx refractory ;
but in later experiments Thomas and Breinl' successfully inoculated
four baboons—one Cynocephalus sphinx and three C. babuin.] On the
other hand, the Macacus is easily infected. Bruce, Nabarro, and
Greig experimented upon M. rhesus and Cercopithecus (black-
faced wvariety). All the macaques we inoculated (M. #»hesus,
M. cynomolgus) became infected. In addition to the two species of
Macacus already mentioned, Brumpt and Wurtz have infected the
following : Cercopathecus ruber and C. callifrichus, the marmoset
(Hapale penicillatus), Cebus capucinus, Lemur rubriventer, and
L. mongoz. A Cercopithicus fuliginosus was refractory. Thomas
and Linton (op. eif.) obtained the following results by the inoculation
of T. gambiense derived from various sources into different species of
monkeys. All the Macacus rhesus and Cercopithecus callitrichus inocu-
lated became infected, but the Cynocephalus sphinx was absolutely
refractory. A chimpanzee inoculated with a trypanosome from the
Gambia had a mild infection, and died of broncho-pneumonia seven
months after inoculation.

[A chimpanzee injected subcutaneously by Gray and Tulloch in
Uganda showed trypanosomes in blood-films on the seventeenth day.
Four months after injection enlarged glands were felt in the axilla, and
actively motile trypanosomes were found in the gland juice. The animal
died about a month later, probably from the effects of captivity. Trypano-
somes were not found in the blood during the last two months of life, but
they were present in the gland juice until one week before death. There
were no characteristic lesions found in the brain or other organs post-
mortemn. | e

As already mentioned, Thomas and Breinl succeeded in infecting
baboons, but they state that the baboon is certainly the most resistant

L

v~ 1 [Thomas and Breinl, Thompson Vates and fohnston Lab. Reports, v. 6,

art ii., 1905, pp- 13-15.] ) ] .
i Brumpst frfd Wurtz, ¢ Experimental Sleeping Sickness, three notes, Soc. Biol.,

—March-26, 1904.
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