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Intrcductcery.
I was directed by the Government of India in

April 1903 tc prcceed to Uganda to investigate Sleep-
ing Sickness cn their behalf, inorder tc cbtain exact
informaticn regarding it, so that measuresmight be
taken to prevent it's gaining an entrance into India.
A Commissicn had Jjust been appcinted by the Royal
Society for this purpcse. The Government of India,
through the Secretary cf State, asked permissicn from
the Royal Society feor me to jein the Commission as
their Representative. This sancticn was given, and I
met the Commissicn in Uganda on 25th May 1903. The
Ceommission was ccmpesed of Cel David Bruce F.R.S5. Dr
Nabarro and Myself. We worked tcgether until Aug 1803
when Ccl Bruce left for England. Dr Nabarrc left short
ly after. I continued the work alcne elaborating and
extending the investigations in Uganda until Nov 1904,
I then ccnducted an expeditiqn to Lake Albert and from
there dewn the Nile thrcugh the Sudan and Egypt. The
object of this expeditiocn was to determine for the Ug+
anda Administration, whether Slecping Sickness was
present cn the shores cf Lake Albert and if so, to de-r
termine exactly the distributicn of the disease and
the fly on the Lake and down the Nile: and further,
for the infcrmaticn of the Government of Egypt, how

far, if at all, the fly extended into the territory cf
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the Sudan; a matter cf great nractical impcrtance in
view of the possible northward spread of the discase
intc Egynt.

I rropose, in this Thesis, to bring forward the
results cf the work of the Commission. The work dcne
by us up to the time c¢f Ccl Bruce's denarture for En-
gland has been published in the Reports of the Slcep-—
Sickness Commission of the Royal Society No 4, Nov

1903. The investigaticny carried on by me until my ar

I

rival in England,cn leave, in Feby 1905, has formed th

(0]

subject of a Report, which has been submitted to the
Reyal Scciety. The Royal Scciety having decided tc
publish this Repcrt, it is now being printed by the
Staticnery Department at the request c¢f the Royal

Socciety. 1 had the assistance of Lieut Gray R.A.M.C.

in the werk frem March tc Nov 19C4,but the investigat
icns were under my direction, and I was entirely res-
ponsible for them from the time of Cel Bruce's and Dr
Nabarro' departure. The Report presented by me to the
Royal Scciety was drawn up by myself. Having thus de-
tailed the work done in conjunction with my Cclleagues
on the Ccmmissicn and that dcne by myself, I shall
ncw, set forth the results of cur rescearches in their
entirety and proper sequence.

Since in this Repcrt a gcod deal of detail will

be given, the propositions, that this Thesis brings
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ferward evidence tc prcve, may be briefly stated:-

1. That sleeping sickness is caused by the en-
| trance into the tissues cf a species of trypancsoma.

2. That this species is, probably, that discov-
ered by Forde and described by Dutton frcm the West
Coast cf Africa and called by him the Trypanosoma gam:
biense.

3. That sc=called cases c¢f Trypanosona Fever
frcm the West Ccast are cases cf sleeping sickness in
the ecarliest stages.

4. That enlargement of lymphatic glands contain
ing trypancsomes in large numbers is the essential
feature of Trypancscoma Fever: sleeping sickness is
Trypanoscma Fever with in.addition, signs and sympton
due tc changes in the nervecus system, and the appear-
ance cf these symptoms synchronises wifh the appear-
ance in number of the trypanosomes in the cerebro-sp-
inal fluid.

5. That 707tc 0% cf the general population of
the sleeping sickness'arék cf Uganda are in the early
stage cf the disease.

6. That mcnkeys are susceptible tc sleeping sic
ness, and show the same symptems and run the sane

course, whether the trypancscomes arederived from case

cf trypancsoma fever, or from the cerebre-spinal flur

1d of cases of sleeping sickness. The pathological

i
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changes fcundlin man in cases of Sleeping sickness can
alsc be renrcduced in monkeys.
7. That degs, rats and guinea-pigs ére partially
susceptible, but donkeys, cxen, goats, and sheep have
proved absolutely refractory.
8. Thét the trypanoscomes are conveyed from the

sick to the healthy by a species of tsetse fly, Gloss-

ina palpalis,and pessibly certain other varieties of
tsetse flies ( Glossina pallidipes, morsitans, fusca
and longipennis ).

9. That the distribution of sleeping sickness
and Glcssina palpalis correspcnd.

10. That sleecping sickness has recently infected
the fly belt of the Albert Lake and it has spread down
the banks of the Nile toc Wadelai ( about 100 miles 0;
it will continue, under existing circumstances;to spread
until it reaches the limit of the fly belt on the Nile

11. That sleeping sickness is,in short,a human
tsetse fly disease, and the lymphatic system is mainly
invelved.

The stage at which our kncwledge ¢f .the etiology
cf this disease in Uganda had reached on the arrival
of the Commission was, that the cause of the disease

was a streptococcus ( CASTELLANI ). Whilst searching

for this organism in the cerebro-spinal fluid of sleeqp

ing sickness cases, Castellani saw, in 5 cases atrypan
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csoma, but, at that time, he was of opinicn, that thig

|was an accidental concomitant, like Filaria perstans.

Accordingly the Cmmission had to determine, 1) The exq
act cause of the malady2) How it was spread from the
sick to the healthy. In a Conference held on the 22nd
March 1905, between the Royal Scciety, Colonial and
Foreign Offices, the Royal Scciety, in a Memorandum,
held that these facts had been satisfactorily proved
by the rescarches of the Ccmmissicn in Uganda. This
llemcrandum was based on the Repcrts submnitted by their
Ccmmissicn on sle%ﬁng sickness in Uganda.

2.General description of the Ccuntry.

Before commencing toc give an acccunt of the in-

vestigations, it is desirable to give a brief descrip-
tion of this, comparatively little known, country, in
which the disecase is working such serious damage. The
sleeping sickness areas are, at present, limited to
the margins of the great inland Seas, the Victoria and
Albert Nyanzas and a part cf the Nile valley.

The area of Lake Victoria is, roughly, equal to
that of the whole of Scotland. The disease is, at preg
ent most severe on it's northern shores and islands,
but it also extends along it's Eastern and Western
shores into German territory. In the British Protect-

orate from esast to west the Lake is bcunded by, a por-
tion of British East Africa, Usoga and Uganda Province
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proper. There are numercus islands scattered about it$
nerthern end of which the Sesse group is cne of the
most impertant.

‘The Administrative Headquarters cf Uganda are at
Entebbe, situated cn a Peninsula on the northern shore

in Uganda Prcvince. The Station is situated above the

fly belt. It was here the Commissicn had it's Laborat-

cry and Hespiteal built, and this was, also, it's Head-

quarters, cases being brcught in from the sleeping
sickness areas as required. The native Capital of the
country is at Mengc cr Kampala, about 25 miles north
of Entebbe. The Equatoer passes through Entebbe, which
stands about 4,500 feet above the level cf the sea.
At Jinga in:the Uscga Province, the Nile takes it's
origin, and flows over the Ripon Falls at this pcint:
it continues it's ccurse northwards, and at a place
called Fajao it passes over the Murchison Falls and
becomes the Victoria Nile. It jecins the Nile from the

Albert Lake, and the united streams form the river,

which flows towards Egypt, as the White Nile. At Khar:
toum it is joined by the Nile frcm Abyssinia called

the Blue Nile. The united streams fleow past Omdourman
to Egypt. The Albert Lake forms part of a rift valley
which includes Lake Albert Edward, the two being con-
nected by the Semliki River. The Albert Lake is at a

lower level than the Victoria, being 2170 feet.
; 2
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The waters from this Lake, as alrcady menticned, jcin
thcse from the Victoria Lake and flow north.

The vegetation rcund these Equatcrial Lakes is
very dense. A common form is the ambatch( Herminiera
elaphroxylin ). In the sheltered waters large masses
of the well-knewn Sudd (or more correctly Sadd) accun-
ulate. . The Sadd is fermed by papyrus clumps becoming
detached, and then coming together, forming little
grcups. Their rcots become united below the water by
the accreticn of water weed and other vegetable subs—
tances, and in this way a pcaty mass is fermed Jjust
below the surface, frcem this the papyrus continues to
grow as from a soil. In any question of 'Clearing'—
this woculd be an extremely difficult problem= the re-
moval and keeping down of the Sadd, because it's roots
sometimes go 20 feet intc the water, and the fringe is
often 40 to 50 yards wide, and it accumulates again
with great rapidity. As we shall see it is in this
dense vegetation near the Lakes that the Glossina pal-
palis (the transmitter of the parasite of sleeping
%ickness) is abundantly present.

| The geology of this area has not been fully work
ed cut, but it wculd appear that the Victoria Lake is
a large, though shallow, depressicn, of which the largs

er of the numerous bays and inlets are , probably,
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and in scme cases certainly, due tc faults..The nerth
cf the Lake is fundamentally ccmposed cf gneissose
rocks, frequently covered with laterite, while depos-
its of sedimentary rocks occcur containing iron depcse-
its in places. Earthquakes are felt not infrequently,
and the way the drainage flows,northwards away from
the Lake,suggests probable faulting in the neighbour-
hcod.

The natives belong to the Bantu Negrces. John-

ston states "Tgat the present porulation of Uganda

is compocsed of three main elements. First, the Pygmy-

Prognathous type. Second, the West African Negro type
which constitutes the bulk of the pcpulation at the

present time, and whieh, no doubt, invaded Uganda in
succession to the original Pygmy-Prognathcus settlers

when the land was mostly covered with great forests.

The third element, in the conposition of this populat=

ion,is the Gala herdsman from the north and north eas

The stapls fcod of the natives is the banana.
They, also, eat sweet potatoes and in certain parts
a roct ealled Mahecgo. They drink a beer made by fer=-
menting the Jjuice of the banana.

Many of the tribes are entirely unclothed, thus
exposing them tec the bites of insects of all kinds.
Scme wear a clcth made froem the bark of a tree, but

this is frequently discarded when working.

v i
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The pcpulation of Uganda proper is said to be

|
|

about cne million, that c¢f the Prcvince cf Unyoro

about 110,000. The population is densest at the mar

gin of the Lake. The reascn for that is, that the
chief trade of the country is ccnducted on the Lake |

shores. The canoces (the chief means of communication

in the country) bring tobacco &c &c for sale here.

Unfortunately, this part of the country is in the ts

(]

tse fly belt, hence the very rapid spread of sleepin&
sickness. Since the disease commenced in Uganda in
1900, the deaths from sleeping sickness have reached
the appalling total of 100,000. At the present time
it is about 1,000 per mcnth. This, in a sparsely pop+
ulated country like Uganda, has had a most disastrous
effect. The Government are adopting the wise procedure
of being guided in their attenpts to combat it, by
the results obtained by scientific research. We will
procecd to discuss these investigations in detail.

3. The ceﬁbrc-Spinal fluid of every case of Sleeping

sickress taken by lumbar puncture during life contaiins

trypanoscomes.

The cerebro-spinal fluid was obtained by the’

fecllowing procedure. The patient was placed under

175 §

chlcroferm, he was turned on his right side, his legs

were well flexed cn his thighs and his thighs on hi;

i
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abdomen. His head was depressed towardé his chest. T%
fore finger of the left hand was then placed on the
highest point of the left iliac crest and the thumb.
cn the spinous prccess, which was cn a level with thig
point. The needle was inserted intc the interspace im
mediately below,and just tc the right of the middle
line. Itwas pushed straight home. In sleeping sicknessg
cases the fluid generally came out under considerable
nressure. About 20c.c. of the fluid was collected. This
was then centrifuged for 20 minutes. The whole of the
supernatant fluid was carefully pcured cff. The sedi-
ment was immediately examined under a low power,150 to
200; Zeiss 16 mm apochrcmatic objective and No 12 or

18 eyepiece do very well. The sediment contains, occa:

U

icnally, a few red cells and other cellular elements,

which will be referred to later in detail. Thes trypan-

csomes may be numercus in the ceﬁpro—Spinal fluid, and
in some cases can be seen in the uncentrifugalised
fluid, but, as a rule, they are scanty and reguire tc
be carefully scught for. Every case of slecping sick-
ness in Uganda, which we have examined (about 150),has
shown trypanosomes in the cerbro-spinal fluid.
Other specieslof these narasites have'.been caree
fully worked out, and a gcod deal is known regarding
their morphology. Amongst the best known are, the .

Trypanoscma lewisi, described,in rats in India by .'
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Timothy Lewis F.R.S., Army Medical Department, the

Trypanoscma brucei, the cause of Nagana in Africa, dis
covered by Col David Bruce F.R.S. R.A.M.C., the Tryp-
ancsoma evi@ii discovered by Mr Evans of the Veterinany
Department of India, and which causes the disease cal-
led Surra, which gives rise to a large mortality among
st horses in India; and there are several others des-
cribed, which produce disease in animals. In additicon
tec those found in warm blcoded animals, therc are many
varieties found in the blced of fish, frogs &c &c. In
man, however, this parasite had not been observed untill
Forde and Dutton, recently, in the blood of a man in

the West Ccast cf Africa discovered it. They d?%: then
nsscciate the presence of the trypancsome with sleepinfg
sickness. The work of the sleeping sickness Commission
in Uganda has, however, been repeated in the West Coast

end Congo (where sleeping sickness is endemic), and ha

6]

been completely confirmed.
In Platej, which is a drawing of a number cf
trypancscomes seen in a film made from the blccd of a

menkey, injected with the cerebre-spinal fluid from a

ur
[}

¢ase of sleeping sickness. The film was stained by Lei
hman's method. The general characters of the trypanosomn-

a, as described below are depicted.

From the examination of a number of trypanosomesi

I
from differemnt cases of sleeping sickness, the following
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details of measurcment were cbtained:—

Length. Chromatin Dots Distaéce of micro=
| nucleus from pos=—
terior end.
A, per-cent A

21.5 10 0.5
1950 70 0.2
29.4 10 0.4
26.4 10 1,0
21.8 0 9.25
A¥.= 23X . 20 J 9.47

As astudy of the plates will show, the parasite poss+
es a micro- and macro-nucleus. The micro-nucleus stains
much mere deeply than the macro-nucleus by the Roman-
owsky methcd. It has been called a centroscma. From cr
close to the centrcsoma, a deeply stained lime will b?
seen to take it's origin, this is the thickened margin

of a membrane, which is attached tc the protcplasm cf

the parasite, by means cf this membrane it is propell-
ed through the fluid. The thickened margin cnds in a
whip-like prccss, the flagellum. The small parasite
moves with great rapidity in the cerebro-spinal fluig.
It has a somewhat eel-like motion. After the cerebreo-
spinal fluid has been kept outside the body for some
ten minutes (at room tempt, 70°to 80 Fah), it comes to
rest. Itgenerally moves with it's tail in front, but

the reverse is also, frequently, seen. It is customary
to call the flagellar end,anteriocr and the other pos-




PLATE 1., Film of blood from Monkey (Gercop_ithecus)
_inoculated w?.'th cerebro—sla_inal flufid from ‘Sleep_i.ng
8§ckness case. Shows characters cf Trypanoscma of

Sleep;ng S;lckness, d_iv_is?on forms are seen. Sta_ined

Leishman's method. % 1,000.
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terior. This parasite reprocduces itself by simple div-

ision, the centroscma divides and then the membrane

i

splits intc two, the nucleus and protoplasm also under

go division. The resulting new forms may remain attach
ed, and in this way rosetie formations are produced.
No definite sexual reprcduction has up to the present
been demonstrated in the parasite. Having thus seen
that trypancsomes are present in the cerbro=spinal
fluid of all cases cf sleeping sickness examined at

Entebbe, it became necessary to determine, whethér

cases cening frem cother districts alsc showed the pars
asite.

4. Trypancsomes cccur in the cerebrc-spinal fluid of

- A S e —— ——

Ugandasy 4311 be remembered, that the view held by Sir

Patrick Manscn, that Filaria perstans was etiological+

i

ly connected with this disease, was found to be incor
rect, because ir Kavirondc, where sleeping sickness

was very prevalent, Filaria perstans was not found in
any of the cases. This might well have been the case

with the trypanosoma alsc; accordingly, a careful in-
vestigaticn of the cases frem this area was made. The
result of this examiraticn shcwed, that trypanosomes
were present in the cerbro-spinal fluid of all cases
examined in EKavirondo. Thus an impcrtant question was

satisfactorily answered. A further cbjection might
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havé been raised, namely, that trypanosomes may, also
be present in the cerebro-spinal fluid cf patients suf-
fering from other diseases.
5. The cerebro-spinal fluid of cases of disease cther

than sleeping sicknes does not contain trypancscnes.

Inorder to contrcl the above observations, the
cerebro=-spinal flmuid of a number cof cases suffering
frocm cother diseases was examined with negative resulté
in every case. éy this observaticn, we obtained a sat-

isfactory answer to a questicn cf great importance.
The next guesticn tc be answered was

6. Are trypanoscmes present in the peripheral blccd of

=

cases of sleeping sickness.

If trypancsomes are present in the ceﬁbro-sPinal
fluid, it was considered highly probable that, they
were, alsc, present in the blood.‘The result of our
investigations showed, that they were present in everny
case examined.

They may be , cccasionally, fcund by the examin-
aticn of a stained film, made from a drep of blood fram
the finger, but,as a rule, in order to be certain of
their présence, it is necessary tc get rid of the red
blood corpuscles and to use a much larger quantity of

is taken
blood, 10c.c. of blood , from a vein at the bentd of the

elbow and citrate cf potash scluticn added tc prevent

clotting. It was thought, at firs},that the parasites
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would be driven down with the blcod corpuscles, but on
trial, it was found that the filariae and the trypano-+
somes resist the centrifugal acticn. The 10c¢.c. cf
blocd was centrifugalised for 10 minutes, the clear
fluid was pipetted off and again centrifugalised. Thig
prccedure was repeated 4 times. The sediment, after
each centrifugalising, was examined for the parasite.
By this method,the trypancsomes were found in every
case of sleeping sickness examined. This examination
cf the blcod is an extremely tedious process,as a sim=
pler and quicker method, the examination of the Jjuice
of the lymphatic glands (cervical) is much toc be pre-
ferred.This leads us to the next propositicn

7.Enlargement of lymphatic glands and especially the

cervical group is a constant feature of sleeping sick-
nes and trypencscmes are found in number in these glands.
— - -

The reascn why glandular enlargement occurred so
constantly in cases of sleeping sickness had never been
satisfactorily explained, although the conditiocn had
been recognised fer a very long time. Slave dealers in
Equatorial Africa were in the habit cf feeling the necks
pf slaves before purchasing them, and rejecting those
having marked glandular enlargement. The natives cof

Uganda,today,will tell ycu, that they are quite certaip

that when the glands of the neck enlarge, they will
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sooner or later d;e of sleep;ng s;ckness, they then
begin tc eat up any livestock they may have e.g. goats
chickens &c &c.

Some of these enlarged lymphatjc glands were
exc?sed, jnorder to study the;r structure and contents
whilst doing sc, I found trypancscmes in number in the
ju;ce, sc much so, that ;t was perfectly easy to demon
strate them in a small drop of ju;ce removed by a
hypodermic needle, thus greatly facil?tating the d?ag
nos;s of the d?sease. They are eas;ly seen ;n the
fresh preparat;on, because their act;ve mot;on renders

the detection easy. Stained preparaticns show a numben

ion of trypancsones ;s taking place there. Some struct
ures resembling the Leishman bodies are also seen.

In the per;vascular spaces jn the brain and other
crgans ;n sleep;ng sickness exactly the same cells are
seen, that occur ;n the enliarged glands ;n th;s d;seas
vide Plate 4.

This observation has been of cons;derable prac

tical importance, because,we are now in 2 pesiticn to

liest stége; the enlargement of the glands first arres;
attenticn and the puncture can be made and the diagnos
arrived at in a very short time. By detecting early

Cases, we may be able to prevent

of breaking down forms, demonstrating that a destructﬂ—

recognise a case off sleeping sickness, even in the cars

Ls

S
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the infection off 'Clean Fly Belts'.
In order to ccmpare the frequency cf the occur-
Ttence of the parasite in the peripheral blccd and thel
lymph juice, some 60 cases of sleeping sickness at all
stages of the disease were examined. A drop cf lymph
was taken from the gland by a hypodermic syringe and
blown out on a slide and examined fresh. Trypancscmes
coudd always be fcund after about 5 minutes search.
At the same time a drop of blood was taken from the
finger of the same case, and a film made on a slide
and stained by Romancwsky's method and the whole film
examined. The result of this investigation showed that
the trypancsomes cculd, only occasically, be found in
the slidejand then only after prolcnged searching. We
see from this,that the trypancscmes are constantly -
present in the lymphatic glands in number, whilst in
the peripheral blocd they are present in very small
numbers and only, coccasicnally,sufficiently numerous
to be detecfed in films.

8. Do trypancsomes cccur_in the blccd of_ ibe general

e e o s

Early in the research we were met with a curiouF
problem; cases were admitted suffering from slight
fever and enlargemenf of lymphatic glands, but with

ing
ncne of the nervous phencmena assogiated with sleep=-j

sickness: on examination of these cases the bloocd
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and, at alater date when the method was known, the

lymph juice from the enlarged glands were found to con-

tain trypancsomes. These cases could be explained in
cne of twoc ways, as being, either cases in an early
stage of the disease (and this proved the correcf ex-
planation) or they might have been cases of infection

by another variely of irypancsoma.

It will be seen, that at this stage , it was inms

1=
portant to make,large number of observations on the

pecpulation both within and without the sleeping sick-

da :
ness areg, inorder to determine the presenge or absen

of trypanosomes in the bloocd of thecpopulation of thesge

arzas. In June 1903, the Commission, accordingly, com:
menced and completed this observation. A body of men

that we fcound very suitable for this purpose, was the
Hut-Tax laboureps, i.e. men who come to Entebbe from
all parts of the Protectorate, both from sleeping sicl
ness and non-sléeping sickness areas, and work for on
month, inorder tec pay off their Hut-Tax, which amount
to R3/~ (about 4/-) per head. We were, therfore, able
to examine a large number of men, from both areas: I,
also,went to Naircbi in British East Africa, where

no slecping sickness has cccured. The final results o

the research are shecwn in the table.

Incidence of Trypanoscmes in the blocd of general

population.

W

L
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A.- Sleeping Sickness Area.

District. | Number of cases
examined. June 1903.| Irypanosomes Filaria

SEsse. 18 (& e
Bussi. il- € 10
Busiro. 29 7 (5]
Mugema. 12 1 4
Kome. 1 0 1
Bugaba. 1 1 4.
Sewaia. 1 0 0
Kagera. X 1 1
Nkumba. 6 1 2
Total 80 23 38

Incidence of Trypancscmes in the blood of the general

9

Pepulation.
B.— Non-Sleeping Sickness Area, Uganda.

District. | Number of cases

cxamined. June 1903. |Irypancsomes| Filaria
Kampala.. 4 0 2
Toro. 1 a 0
Makoto. 2 0 g 0
Jalamba. 2 0 E 1
Singc. Z 0 1 O
Buganga. 3 0 | O
Nakolia 2 0 1
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B.- Non-sleeping sickness Area, Uganda.

(dont)
District |Number of cases | ' {
examined. June 1903 frypanosomesiFilaria

Kalagalla | 1 0 0
Matuntotoera. 2 0] 0
Kibali. 1 o) 0
Kiwangoli. i 0 (0]8
kikanda. 35 § 0] =0
Bulamwexi 6 . 0 3
Mawokoto. 12 0 7
Buddu. 6 0 4
Bugibika. 6 0 | o2
Singo. 3 0 i
Unyoro. 10 0 i e

Total 67. 0 ‘ 23

C.— Non-sleeping sickness Area, East Afric:

District Number of cases
examined. July 1903 | Trypanosomes Filaria
. 2 | i

|

Nairobi 50 0 e

T aeo—sriaies s

Grand total 117 0 | 23

Incidence of lymphatic gland enlargement of the geners-
al Population.
D.- Sleeping sickness Area.

Two districts, the Sesse and Kome Islands were

examined in June 1904. The result of the examination




o
showed that the percentage of cases having enlargement
of lymphat;c glands, especially of cerv?cal glands was
very high, about 70% .

Hav;ng thos seen that a trypanosoma ;s present
;n the blood of a large percentage of the general pop-

ulaticn of the sleeping sickness areas the questicn

to answer was

9. Is_the Trypancscma the_same_as _that found in Sleep-

#ng Sickness cases?

Th;s problem was attacked in the follow;ng

manner 1) By keeping under cobservation at Entebbe, a-
way from the fly belt and, therefore, from fresh in-
fection, 5 men (natives), in whose blood the parasite
was found, but, at the date of find;ng them, early in
1903, they presented ncne cf the usual s;gns of sleep-
s;ckness,and ;n the cerebrc-spinal fluid the trynano-
scmes were not found. 2) By following the after h;stor
cf the cases in whose blocd we found the trypanosoma
in June 1903, and the cases of enlarged glands examine
in June 1904. 3) By a study of the morphclegy of the
twp parasites and by not;ng the effects cof experiman—
tal inoculation ;n a ser;es of animals.

10. Do cases of Trypanoscma Fever pass into Sleeping

Sickness?.
We have Hall for 2 years under ccnstant obser-

vation 5 cases of natives at Entebbe and one European,

who contracted the disease in Uganda, is at

d
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present in London under medical supervision. The histJ
cry of these cases is as follows:- Two of the natives
died of Pneumonia in April 1904. In this connection, f
it is interesting to note that the Drs Cook of the C.M
S. Mission Hospital? Mengo,have observed a marked in-
crease in the admission rate to their Hospital for
Pneumonia within the last two years, suggesting that
Trypanoscmiasis lowers the resisting power of the tis-
sues tc invasion by the pneumococcus and cther bacterip.
0f the other cases under cbsarvaticn, twoc now show un-
doubted signs of sleeping sickness. With the commence-
ment of these signs, the trypanocsomes began to appear
in the cerebro-spinal fluid. They were under obscrvat-
Llon about a year before the signs of sleeping sickness
became definite. As these men have never returned to
the sleeping sickness areas, all chance of reinfection
has been avoided. The remaining case, up to Feby 1905
did not show any definite signs of sleeping sickness.
The European was seen by Col Bruce,in London,in Dec
1904. He was then sick and in the opinion of Ccl Bruce
showed signs characteristic of sleeping sickness.
This case is further of impcrtance, as showing that
the white man is not immune to sleeping sickness and
compares with the case of the La&y Missicnary from the
Congo. The results of these impertant cases are shown

in tabular form below:-—
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In addition to these € cases, the after history ofthe
men in whose bloed we found the trypancsomes in June
was investigated a year later. The result of the in-
yestigations was very interesting and suggestive, it
showed that many of these cases have since died of
sleceping sickness, and others were apparently well.
This observationsupports the view that the condition
galled Trypanosoma Fever
slecping sickness, and that sooner or later, accord-

ing to the lesser or greater resisting powers of the in

dividual, they will pass inte the last stage of the

| i
Name. Erypanosomes Time under |
i 1 observation | Result
Blood |C.S.F.
arala Barigi | 4 4- Marchl903 to Died Pneumonila
| April 1904, | April 1904.
Bara Risgallah == | - ditto. ditto.
Jordien Murjan| == + March 1903, ;i_gns of B, 5,
became marked Aug 1904.
Mabula | + | 4+ March 1903 sign.; cha.me—_
| marked about Dec 1904.
Kumsasaba. + | - ! March 1903. | Apparently
% well
J.M. (European) -|- :Apr'il 1903 Probably in

|
| | early stage

o)

ek

S.8.

is simply the early stage of
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disease. A common cause of lcwered resistance is fam-
ine, through failure of the banana crop, which at best
ferms a pcor dietary.

In addition tc those cases, which have passed
intoe the last stage of the disease, a certain number
apprear to be quite well. An interesting questicn arisges
Do any of these cases ultimately acquire sufficient
immunity to destroy the parasite and recover?. In fact
become 'Salted'. The disease, in the light of recent
researches, has been too short a time under observata
ion tc answer this questicn. It is not, however, absol-
utely impossible, that a certain prcpertion will be
found to acquire immunity to the parasite.

From a spudy cf these data, we learn that the
early stage is generally a prolonged cne. It will be
seen that some of the cases have gecne on for nearly 2
years from the time the parasite was first détected in
the blocd and nc dcubt the patients had harbcured the
parasites for scme considerable time before that exam—
ination. In man, it is a matter of difficuty,tc deter—
mine the exact duraticn of the disease fromhthe first
inoculation, but it may be safely said, that it is a
prolenged stage in the majority of cases, probably 2
years and in some cases more. Thé next question is

11. Can any difference be made out microscopically

beyween the Trypancsoma of sleeping sickness and that

_ff trypanosoma fever?
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It was thought at first by us, that the trypan%

osoma of sleeping sickness was shorter, had more chron

er the end than the other. It was found, however, that
cn injecting.the cerebro-spinal fluid into a monkey
the trypanosomes became quite as lcng as these found
in the blcod of man, the other differences also dis-
appear. Further very considerable variation in size
and shape of the same species of trypanosoma occurs
from day to day in the same animal, and even in the
game film of blood considerable differences in the
morphological features are observed. For these reasong
little or no stress can be laid cn the morphological
characters, as a means of distinguishing the differ-
ent species of trypanosomes. We, therefore, have to asg

12, Are these trypancsomes pathcgenic to animals and

can any specific difference be made out between them

by. animal experiment?

It is unnecessary to give allithe experinments
in full, but typical experiments will be given, in ex-
tenso,to illustrate the effect on Monkeys.

Experiment 1, Mcnkey, male, Macacus rhesu
To note the effect of sub-cutaneous injection of
cerebro-spinal fluid containing trypanosomes from a

case of sleeping sickness.

Maqch 23 1903. Injected 10c.c. of cerebro-spinal

atin dots and that the micro-nucleus was situated near

k
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fluid taken P.M. from Case 18 Kaperi, under the skin
of the left side of the monkey,

May 11. As the injection of cerebro-spinal fluid on
March 23 has not given positive results, this monkey
was again injected under the skin with 2c.¢. of cerebn
spinal fluid from Case 41 Warcsansa.

May 28. The trypancsomes were fcund in the blood for
the first time. This is evidently due to the second
injection 17 days ago.

June 3. This monkey has been ill for the past week
and has gradually been growing thinner and weaker.
This afterncen he had a coenvulsive seizure, affecting
the right side more than the left, he has clonic spasn
of the right arm and leg,with twitchings of the face

and eyes.

June 4 The trypanoscmes are numerous in the blood.
His condition has considerably imprcved. There is no
sign of paralysis. The right kneec jerk is dim@nished.
He is abbe to climb into his box.

June 11. The trypanosomes are still more numercus tc-
day.

June 18. The trypanoscmes afe scanty.

June 23. During the last 10 days the mcnkey has shcwn
symptoms of sleeping sic¢kness. He sits all day with hi

head sunk on his chest evidently asleep.

The following photograph shows his appearance at

this time:=

C-

S
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July 10. Since the last entry the appearance of sleep-
sickness has beccome more marked. The animal sits still
all day with eyes closed and head sunk on chest. He is
extremely emaciated, but has no marked signs of pares—
is. He can still climb into his box. As he sils in this
lethargic condition the muscles of the arm and trunk
frequently show marked twitching, a symptom often seen
in the last stages of sleeping sickness.

July 12 Died at 11.30 A.M.

The follewing chart represents the temperature curve

from June 4 to July 12. From March 24 to May 23 the
temperature remained absclutely normal. No observationpg




were made from May 24 to June 3.

DATE
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The following table shows the presence or absence

of trypanosomes in the blood:i-

Parasites in the blood.

Date
Filaria Malaria Trypancscmes.
1903 e
Apr‘il il i : s

| B 8 ——— —
L ] 9 R— rm—
ce e L = ==
)
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Table (cont)

Date i_ Parasites in the blocd
i Filaria Malaria‘ Trypanogomes E
1903, | ¢
Aprilla a1 >
RS T =3 i i
Lie=Rp Lo i .
May 7 - —
Srieng = =
ey = 2l
vhe 28 == 4
June 4 G +
T - +
e || 2 i
rzh = +
guly 1 |‘ — ~+
oy l‘ = e

Pcst-mortem. Immediately after death. The body is ex-
tremely cmaciated. There is an ulcer in the right groi
about the size of a shilling. The inguinal and axillan
glands are enlarged. The mucaus membranes are pale. Th
right pupil is dilated, the left is normal.

On cpening the body the omentum is seen to be
studded thickly with hard tubercular nudules, and the
surface of the liver and lungs are alsc seen to be
tubercular.

On removing the calvarium the dura mater is foun

N

to be healthy. On the surface of the left hemisphere
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is seen a caseous mass the size of a bean, which is'

adherent to the dura mater and evidenfly tuberculous

in crigin. The surface cf the brain is pale in colour
and the vessels only slightly injected.

Micrescopical examinaticn cof the blood from the
heart showed numercus trypanoscmes.

Reémarks.-During lifec this animal presented the
appearance of a typical sleeping sickness case. Even
in the act of eating, his eyes would close and his head
fall forward on his chest, and he would sit apparently
scund aslecf. Itwas disappointing tc find an post=mor-
tem examination that the animal was tubercubar.

This case when placed beside Ex 60 (vide below)
and the twec are ccmpared, it will be agreed that this
monkey owed it's symptoms to the trypanosomes and not
the tubercle. Compare also Exs 34, 95, 96, 54. This
monkey was brought from England, these monkeys (Macacus)
de nct harbecur the malaria parasites, as the local
ones do (Cerccpithecus).

Experiment 54,Monkey, male, Macacus rhesus.
To note the effect cf injecting the cerebro-spinal
fluid from a case of sleeping sickness into the verte-
bral canal of a monkey.
April 8 1903. Injected 1 c.c. of cerbro-spinal fluid
containing trypanoscmes from a case cf sleeping sick-

ness into the spinal canal of this menkey.
This experiment ran a very similar course to




31.

Ex 1. The animal died on Sept 1C 1903. The P.M. showed
no tubercle. |
Experiment 95. Monkey Cercopithecus sp.

To note the effect of injecting cerebro-spinal fluid
from a case of sieeping sickness intc the vertebral
canal of a monkey: This experiment was in all respects
similar to the above.

Experiment 54. Monkey; Cercopithecus-sp.

Tc note the effect of injecticn of cerebro-spinal
fluid frem a case of sleeping sickness into the brain
cavity of a mconkey. The trypancsomes appeared in the
blood of thig animal on the 29th day and the disease
ran a cocurse similar to Ex 1.

The above experiments have dealt with the
effects of the injecticn of cerebro-spinal fluid con=-
taining trypanosomes intc monkeys.

The following experaoments deal with the

effect of injection into monkeys of blced containing

trypanosomes from cases showing no symptoms of sleep-

ing sickness.

Experiment 6C.- Monkey, Macacus rhesus.
Tc note the effect of the subcutaneous injecticn of
bloocd from a case of trypenosoma fever.
April 15 Injected subcutaneously 2c.c. of blccd con-
taining trypanosomes from Case 66, Tabula, Marine.

May 7. Trypanoscmes appeared in the blocd for the fir

st
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time today, 22 days after injection.

May 14. The trypanosomes are noted as being véry numer
DUS .

July 2. Up to the present this mcnkey has shown no sig
of being ill. Today, however, he appears listless and
less energetic. Temperature observations resumed.

July 15. For the last fortnight, this mconkey has pres-
ented the same picture of sleeping sickness as noted
in Experiment 1, mcnkey. He sits about all day with hi
head sunk on his chest, evidently asleep. He has becom
emaciated and puffy about the face.

The fecllowing photograph shows his appearance

at this time:-

The following chart represents the temperature curve,

From April 15 tc May 6 the temperature remained nornal.

ns

[44]
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No observations were made from May 6 to July 2, when

observaticns were resumed:i:-

DATE|| 1516 17 /& 1520 21 22 252 25262725 219301 2 3 4L 5 &
1563 | APRIL. MAY

105°
104"
I 1032 ?

o o a5 A A A -1 A a A
At ARd Gavavv sy avve
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| §5°
54°
48 .

DATE 23 4 567 & G lonizi3iyilsis
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'The follcwing table shows the presence or absence of

I
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NO pRSERVATIONS +AKEN,

trypanosomes in the blocd and cerebro-spinal fluid:-

Date | Parasites in blood. | Parasites in C.Si.F:

Filaria|Malaria TrypancFilaria|Trypanosoma

1903. i

Ap 15 == —

3 28 = — —

1 30 ! —— |

May 7 —

N
+ + ++
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Table (cont)

Parasites in blocd. | Parasites in C.S.F.
Date Filaria| Malaria| Tryp Filaria Trypanosmma'
1903
E;;e 4 ' o _F
11 = _|_
=20 = +
o —2h — -I..
Julyl. — -
= - +

July 16. Died at 10 A;M. Posf-mortem at once.
The body is much emaciated. The pupils are equal and
nermal. The axillary and inguinal glands are enlarged.
On opening the body there is no increase of the fluid
in the peritcneal, pericardial or pleural cavities.
There are no signs of tubercle in the mesentery, spleen
liver cr lungs.

On removing the calvarium, the dura mater is found tc
pe ncrmal. On reflecting this membrane the surface of '
the brain presents a striking resemblance to that foungd

in man in cases of sleeping sickness. The convolutions

are flattenedy there is some injection of the superfic
ial vessels; the sub-archnoid fluid is in excess, fil-
ling up the sulci and giving them the ground glass ap-
pearance so often described in cases of sleeping sicke
ness. Fluid taken from the lateral ventricles and ex-

Imined microscopically shcws trypenoscmes. The brain

as removed entire fer future minute examination.
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The heart is normal in appearance. Blood taken from
it and examined microscopically shows many living tryp.
anosomes, many of which present peculiar forms.

'he lungs,show no signs of tuberculosis. They are some:
vhat congested, otherwise normal.

'he liver,is congested and presents a nutmeg appearanc
l'he spleen, is ccngested, dark in colcur and firm in co
sistence.

The kidneys,are ncrmal. The intestines appear healthy
pnd present ncthing nbdteworthy macrcscopically.
Remarks.~ This is a noteworthy case and should be com
pared with monkey Experiment 1. As far as one could
jdudge this animal presented the typical appearance of
s5lecping sickness during life, and the brain after dea
locked like the usual sleeping sickness brain in mini-
ature. The crgans showed no signs of disease, 8o that
cne is bcund to look upon the injected trypanosomes as
the cause of death.'But the trypancscmes, which were in
jected into this monkey, were taken from the blocd of

a case of trypancscma fever, from Case 66, Tabula.

Che trypancsomes although injected subcutaneously,
have found their way into the cerebro-spinal fluid, an
given rise to symptoms which closely resemble those of
sleeping sickness in man.

This result is certainly suggestive and in our

opinion, goes far to prove that we are dealing with on
species c¢f trypanosoma, and that Tabula and others are
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are in the incipient stage of sleeping sickneés.

Thé following additioﬁal experiments were doneg
with the blcod from cases of trypancscma fever, and
the general features presented were in all respects
similar to the above described experiments.

" Ex 56 - Monkey, Cercopithecus sp.

Te note the éffect of injection intc the vertebral
canal of blcod ccntaining trypancscmes from Case, 66
Tabula. Trypanosomes appeared in the blood of this
monkey 10 days after the injection.

Ex 61~ Moﬁkey, Macacus, rhesus.
To note effect of injection inte the vertebral canal
of blocd containing tryparoscomes frem Case 66, Tabula.

The trypanosomes appeared im the blood of this animal
22 days after the injection. As shcwing the prolonged -
nature cf the disease, this was still alive at the
end of 1904, the trypancscmes being still present in
the blood. This experiment compares with some of the
human cases, which are still alive and may acquire
sufficient immunity toc destroy the parasite and so
recover.

Ex 121.- Monkey, Cercopithecus sp.

Tc ncte the effect of injecticn of bleccd containing
trypancscmes from Case €6, Tabula intc the brain of
a mcnkey through the foramen magnum.

Ex 123.- Mcnkey, Cercopithecus sp.

Tc note effect of injection of blcod containing tryp=-
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anosomes from Case 64, Jordien Murjan, intc the brain
of a monkey through the foramen ma'gnum'.

These experiments on monkeys show ihat'the try
anosomes derived from the cerbro-spinal fluid of slee
ing sickness cases and the trypanoscmes from the bled
of persons showing no signs of sléeping sickness, can
both give rise to a chronic and fatal disease inlthe
monkeys, whish bears a striking resemblance, in it's
last stages toc sleeping sickness in man

The minute examinaticn qf the brain of one of
cur experimental mcnkeys, injected subcutaneously wit
cerebro=-spinal fluid containing trypanoéomes from a
case of sleeping sickness, which was sent to Englamd
and which died, after an illness of 2 years there,
showed exactly the same lesions, which Mott originall
described as being found in cases of sleeping sicknes
in man.

These experiments, therfoee, afford streng evi
dence that the trypanosoma is the cause of sleeping
sickngss and that trypenosoma fever is an early stag
of this disease.

Although we found monkeys the most useful an-
imal for these experiments, we have also used in our
experimental work,dogs, jackals, cats, guinea-pigs,
rabbits, rats donkeys, oxen, sheep and goats.

Experiments on the effect of the injection of these

trypanoscmes into dogs.

p-

P-

-

D
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The nativedog of Uganda is not very suitable for
experimental purpceses, as they nearly all harbour an-
kylostomes and many die of this.

The conclusion arrived at, from a study of the
few cases under observation,waé that the trypanosomes
of sleeping sickness and trypanosoma fever can live
and multiply for some time in the blood of the dog, b$t
tend to disappear soonercor later, and that whether
derived fron ceﬁpro-spinal fluid of slceping sickness
cases or from the blood of cases of trypanoscma fever
show no difference in their actiocn in the dog. Also it
would secm that the pup is less susceptible than the
adult, as the calf is less susceptible to piroplasma,

|than the grown up cattle.

The disappearance of the trypancsomes from th
blood of dogs is interesting and makes the dog the coI—
nacting link between the susceptible monkey and the
refractory goat &c. This suggests that a percentage of
men may, also,be able to destroy the parasite.

Ten experiments were made on dogs and pups. It
is unnecessary to give the full details. The results
were as above sumnmarised.

Experiments on the effect of the injectiocn of these

trypanosomes into cats.

The cat was found to react in avery similar

manner to the dog. Both varieties prcduced the same

effect. The trypanosomes developed in the blood and




after a time disappeared. The animal showed nc deter—
ioration of heéph throughout the whole cbservation.
Kittens reacted in a similar way.

Experiments on the effect of the inflection of these

trypanosomes into guinea-pigs and rabbits.

Itwas found at first that the injection of
cerebro=-spinal fluid from sleeping sickness cases or

the blood from trypancosoma fever cases, did not produc

w

the disease in animals, but, later,it was discovered

that on injecting large quantities of the cerebro-spin
a1l fluid and blood into these animals, that a very slow
and chronic disease was induced with both strains.

Three guinea-pigs were injected with cerebro-
spinal fluid from sleeping sickness cases and three with
blood from trypanosoma fever eases. Three rabbits were
injected with the one strain and threc with the other
$train of trypanosomes, with the above mentioned result,
which was exactly the same in both cases.

On the effect of the injection of these trypanosomes

into donkeys, oxen, sheep and gocats.

All these animals remained completely refractory

to both varieties of trypanosomes. they were again inog-

—

1lated with 1large quantities of the fluids after long
intervals, many active trypancsomes being present in
the fluids at the time of injection. In all cases the

results were negatime, the animals remained quite re-
fractoryand they were kept under observation for
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nearly 2 years. This reaction in cattle was interestin
because we were able to demonstrate that

13, Other varieties of pathogenic trypanoscmes are fou

in animals in Uganda.

We were asked by the Administration in Aug 1903
to give an opinion on a herd of sick cattle, of which
a considerable number had already died. We found in
the blood of all the cattle , which were sick, a tryp-
anosoma. This strain was taken to Entebbe and carefull]
studied and the results of our observations showed,
that it was quite different in it's reactions in the
same series cof aninmals tec the trypanosoma found in
sleeping sickness e.g. dogs died in a fortnight with
trypanosomes swaﬁﬁng in the blood. It was, probably,
Irypanosoma bruceijor a closely related species. We cal
ed it the Jinga Trypanosoma (after the locality). THe
history of these cattle is interesting. They were brou
about April 1903 from the foot of the Elgon Mountain,
which is a very healthy district, to Jinga: on the
march they halted at several places. At one of these
near the mouth of the Nzoia river, we, subsequently,
discovered a belt of fly, Glossina pallidipes. It was
at this point that the cattle became infected and it
continued to spread at Jinga,because the Glossina pal-

nalis ( which we proved experimentally was able to

transmit this variety of trypanosoma) was very abundan

g
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PLATE 2,, Film of blcecd from dog suffering from the
Abyssinian Fly Disecase. Shows the characters of the

Trypancscma found by us in this disease. X 1,000.
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anosomes, which alsoc gave rise to disease in animals,

the mules on the Abyssiﬁian Bcundary Comnission. The
other was found in a sick mule in Uganda. These two
latter showed certain variations from the Jinga varief
in the reactions in animals, but both are quite dif-'
ferent from that of sleeping sickness. It will be
seen that we are dealing in Uganda, not only with the
human variety of trypanoscma, but also with 3 varietig

( 1 of which is, probably, Tryp brucei), which give

veyed by the Glossina palpalis, as we were able to shc
experimentally. Plate 2. ,shows the Abyssinian variety.

14. The trypanosomes of sleeping sickness and trypan-

osoma fever are identical.

No difference can be detected either, ingheir
morphology or their behaviour when inoculafed into
various animals. The evidence brought forward points
very strongly to the twe varieties of trypanosomes
being one and the same and that species is, probably,
the Trypanosoma gambiense.

15.Have Bacteria any relation to the eticlogy of sleep

ing sickness?

As already mentioned it was held by Castellani

that:streptococcus found by him was the cause of

were discovered by us. One which prcduced disease among

rise to disease in animals. All the varieties are con=

to :
here. In addition,this one two other varieties of tryp-

J
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sleeping sickness. This organism was found by him
only in the tissues after death or when the patient
was dying. |
Inorder to test this point, a series of obser-

vations were made during life and after death. During
1ife, cultureé were made from the lymphatic glands,
blood and cerebro-spinal fluid in broth and agar. The
result of these observations showed, that in a certai
proportion off cases in the last few days of life (the
longest was 10 days bafore death), when the patient
was moribund a bacterial invasion occurs, but thie is
purely terminal and is not met with in all cases.
Cultures made from the heart blood, cerebro-spinal
fluid and lymph glands after death in a considerable
number of cases)renain sterile. The organisms found
in these terminal invasions are generally cocci, be-
cause the great majority of these advanced cases have
foci of suppuration due to jiggers in the hands and
feet. Pure cultures in broth of the streptococcus,
obtained from the cerebro-spinal fluid were injected
into healthy monkeys, and monkeys having trypanosomes
in their blood without appreciable effeet, showing
that, these organisms have very low pathogenic powers
and can only gain a footing in the tissues when the

resistance is greatly lowered. It is certain they pla

no part in the etiology of sleeping sickness. The var

<zt
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icus signs and symptoms are produced by the trypanosoma
alone; of course a case may be cut short by an inters
current diseasee.g. Pneumconia, as in diabetes and other
diseases.Plate 4.shows diplocccci ;n the brain.

16. The History and distribution of sleeping sickness

in Uganda and the Nile basgin.

The firet cases of sleeping sickness were re-

ported by the Drs Cook in April 1901. These cases

game from Usoga. A year later the disease was found

to be epidemic in Usoga and had spread into the neigh
bouring parts of Kavirondo and Uganda.

Dr R.U.Moffat C.M.G. P.M.0. is of opinion that
'* the disease is not indigenocus to Uganda, but has

Ren imported, within recent years, from the Congo

basin. This he thinks is no matter for surprise when
we consider that the opening up of Equatorial Africa
has led to inter-communication between the countries
and districts, which in earlier days were absolutely
cut off from each other''. He is inclined tcrexplain
the first appearancc of the disease in Busoga, by the

fact that a large number of Emin Pasha' Sudanese, ac-

companied by a multitude cf slaves from the Ccngo Ter-
ritories west of Lake Albert, were brought in and
settled in Usoga.

Since the Autumn of ygpz: the disease has broke

en out on the north east shores of Lake Albert, and is

slowly spreading, . down the Nile valley, and the lat-
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est infecrmation shows that the disease has alsoc ex-
Edward

tended south-to the Albert,Lake. So we see that the
shores of the Victoria, Albert and Albert Edward Lak
as well as the Nile basin are affected by the disease
A pcint of great impeortance is, that the diasease sin
it's commencement in 1901, has never involved the
country inland frcm the great waterways. In the opin-
ion cf the Uganda Prime Minister, Apclo, a strip 10
to 15 miles wide wculd ccver the affected area and
any casces found futther inland are imported. This
peculiar distribution of the disease suggested that
there must be a special reason. Since we have secen
that the cause of the discase is a trypanoscma, the
disease cannot be conveyed in clothes of foocd or
directly frcm man to man, but must, probably, be car-
ried by some blood sucking insect. This led the Com=

mission to ask themselves the following question

17 D?Qs the distribution of sleeping sickness coin-
giég_ﬂlih_ing_i1&&;;b;Lign_gf_anx_hiting,inﬁeat?

On the analogy of Nagana a tsetse fly was sug-
gested. But the Tsetse fly was not supposed to occur
at altitudes of 3000 feet, Mr F.J.Jackson in a des-
patch to the Foreign Office dated Sept 27, 1901, writ
'' I may add that there is species of tsetse fly foun
alcng the wooded portion of the Lake shore here at

Entebbe. It is plentiful in the Botanic Gardens''.
The Commisgssion had also observed this fact. Specimens

L
@
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were sent tc Mr E.E.Austen of the British Museum (Nat
History). They were identified as Glossina palpalis
(Rob Desv). Mr Austen writes "' this is the West Afri-
can species and it's cccurrence in Uganda is very in-
teresting and was quite unexpected by me, though it is
true that ancther species, Glossina fusca, occurs both
in West and East Africa''

Without entering into details it is desirable
to mention a few facts about these flies. The name
Isetse fly was and ig,probably, associated with the
Glcssina mcrsitans, which transmits the fly disease
in cattle in Zululand and in other parts of Africa. 1t
was with this variety or a closely allied one, the
Glossina pallidipes, that Bruce made hié classical
experiments on the Trypancsoma brucei in Zululand,
which has been the starting pecint of the work which
has since been done on insect transmitted disease, in
cluding malaria. In addition to these species, we have
in Equatorial Africa the larger varieties, Glossina
fusca and longipennis. These are the varieties, which
are found in British East Africa and Uganda. If is a
curious fact that the Tsetse fly seens to be confined
to Africe. It has not been found in India or elsewherd
Bcth male and female suck blocod, and in captivity it
is impossible to keep them alive without feeding them

on blood. In this way they differ from mosquitos. Our
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pxperience in Uganda showed, that they were most activ
in the day time about 12 0'Clock. They seldom bite in
the night time. They have a very direct flight and mak
véry little noise. They at once insert their long pro-
boscis and fill themselves with blocd in a remarkably
short time, about 30 seconds. The bite prcduces less
local reacticn than that of the mosquito. The natives
pay little or no attention to it, and as they are most
unclothed, they are very frequently bitten. The fly
when at rest crosses it's wings in very characteristic
fashicn, they are folded on it's back like a pair of
scissors. These flies, unlike the mosquitec, produce
enly one larva at atime, they ars, theﬁfore, called
pupifera. This fact may turn out to be off scme practic
help in any attempt to exterminate it. When the pupa
1s laid,it is quite whate, contracts,and is seen to be
Legmented. After a time it increcases in size and be=
¢omes black in colour. It seeks a sheltered place and
¢omes to rest. When kept ir a dry place in the course
of about 4 weeks it hatches out intd a fully formed f1
The darkening is no doubt protective, as it is much 1le
readily seen and, therefore, less liable to be destroy
A curicus feature was noticed in the larvae hatched
¢ut in the Laboratory, namely, that the fly in captivi
tended to abort. It produced eztremely small pupae,

which were not viable. Plate 5 shows the various
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Plate B.Fig A.Glossina palpalis, the wings folded in
characteristic manner, the well marked proboscis is
scen.Fig B. Glossina palpalis, the wings separate to
show body and markings. Fig C.Glossiha palpalis side
view. Fig D. Pupa of Glossina palpalis.Fig E.shows
Glossina pallidipes. Fig F. Glossina fusca (large van




47,

7

féatures of the fly and pupa, as described above. The
drawing is made from actual specimens, and shows
Glossina palpalis in two positions, one with the wings
feclded in characteristic scissor like fashionand the
cther with the wings separate to show the markings on
the bedy. The lcng prcboscis is alsc shown. Te ccmpared
with this, drawings of two other varieties of Tsetse
fly, a large Vaeriety, Glossina fusca, and a small var-+
iety Gloséina pallidipes are placed alomg side of it.
It will be seen that they differ, apart frcm size, in
the cclcuring. A drawing of the pupa of Glossina pal-
palis is alsc given.

The character of the country, in which the fly
is found, is very typical. It is cool, shadyand the
undergrowth, which is situated close tc the margin of
the Lake, is very +thick and doezizllow the sun's rays
to penetrate. This was strikingly seen in following
the distribution of the fly down the Nile Valley. It
was found to stop, as will be seen in the map, at a
point where the 4° cuts the Nile, and was not found on
the banks of the Nile in the Sudan. At the above point

the character cf the country alters entirely. It be-
comes open and the sun's rays are not screened by
vegetation.

Scme idea of the dense character of the under-

growth and it's proximity to the water is given in the

accompanying photograph of the Ripon falls, where the
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fly is very abundant:-

In the Bahr-el=-Ghazel Province of the Sudan,
which is well to the west of the Nile, the vegetation
resembles that of the great bakessand here the Glossin
morsitans is found. The fact that the fly does not ex-
: : matter
tend along the banks of the Nile into the Sudan, is a,
of very great importance and satisfaction to this rap-
idly advancing country. The fly belt of the Bahep—-el-

Chazel. is,on the recommendation of the Commission,

7
being marked out, as a precauticnary measure by the
Sudan Government.

The fly was shown to the natives, they at once

recognised it, as the KIVU. The Prime Ministers and

Regents were asked to meet the Commission and have the
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matfer explained tO".them. They were supplied with seve
eraludozen néts, killing bottles and boxes and they
promised tc have the distributicn of the fly worked out.
A letter was alsc addressed toc the Bishops of
Uganda, whc kindlf promised to obtain informaticn from
their Missionaries. Every Official and MisSicary in the
countfy was then sent a specimen of the tsetse fly and
the following information was asked for by letter:-

1) Is the tsetse fly found in your district?

2) IR what kind of place islthe fly found -
marsh, banana plantation, bank of rjver,shore of lake
. bush or ppen place?
3) When does it bite, during the dorning, mid-
lay or at night time?
4) Is it numercus?
5) What animals does it bite?
6) Does sleeping sickness occur in the same plage
distinguishing of course between imported cases and
those which have been infected on the spot?
Wa-also stated that the flies themselves nust
be caught and sent in for identificeation to the Laboe-
atory, as it was no use trusting te report. If no tsetse:-
flies occurred in the district, to send in specimens
¢f the varicus biting flies or insects known to the
natives. During the months of June, Jply and August

gome 500 collecticns of biting flies were sent in fron

all parts of Uganda and this was continued after, so
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that a large number of facts were accumulated on these
points. AS each packet came in it was sorted into tsgtse
and other biting flies. If the parcel contained one
or more tset£di®Sa red disc was stuck in the map over
the locality from which the fly was sent. If , on the
other hand?iﬁsetse fly was found a black disc was fix-
ed over the spot. A second map was prepared at the.
same time, to show the distribution of the sleeping
sickness. If the letter accompanying the parcel stated
that sleeping sickness is prevalent a red disc was
fixed over the locality, if, cn the cecntrary,no cases

cf sleeping sickness were reported a black dot was
affixed; when cases were reported to have been intrp-
duced from some other locality and tc have died out
without any spread of the disease in the neighbourhcod,
then a crecss was made on the map.

On account of the disease having broken out on

Lake Albeft, it bacame necessary to have the fly belt
there and on the Nile accurately marked out, and at the
same time to determine, exactly, the distribution, no¢t
only of advanced sleeping sickness there,but also,
that of human trypanosomiaéis (the early stage).
Accordingly in November 1904, I left Entebbe for Lake
Albert. I continued the same method of recording on
maps. Iexamined a number of people from Bugungu on th#

north east shores of Lake Albert, who were sick, and
the result of the examinaticn showed that, they were
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suffering from typical sleceping sickness at all stages
of fhe disease, and all those e%amined, showed the
trypancscma in their glands and cerebro-spinal fluid.,
The results of nmy investigation showed that the disead
RBad extended al%k the Victoria Nile and further down,
as far as,Waﬂelai; but at this point there were only
a few early cases as yetZ the fly was found on the
banks of the Nile as far north as a point 30 miles
south ¢f Gondokoro. In a Memcrandum to the Royal
Sockety, I expressed the view that the disease would
extend both north and socuth to the limit of the fly
belts. The latest information shows that the disease
has extended south and is found on the shores cf Lake
Albert Edward. The investigation of the banks of the
Nile in the Sudan showed that , neither the fly nor

the disease cccurredl .there.. On 21st January 1905 1I

reached Khartoum, and a short time was spent there ar+

ranging with the Governor-=General for the marking out
of the fly belt in the Bahr-el=-Ghazel Province, and

specimens of the Glossina palpalis were, also, sent

to every Official in the Sudan. A letter,with questiocss

similar toc those mentioned above,was also sent.

The accompanying map&jsﬁhich are tracings fronm
criginals,show the exact distributiocd in Uganda of thé
fly and sleeping sickness. It also shows , the results

cf the recent investigations on Lake Albert and the
Nile basin. A StUdy of these two_maps will bring home

se
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the fact théﬁ.;-fhe distributicn cf gleeping sickness
and Glossina palpalis is the same. The rivers in Ug-
anda, with the excepticn cof the NILE, are mere papyr-
us swamps. The fly has been frequently saught for up
these rivers, but although many other varieties of
biting fl;es e.g. Stomoxys, Tabanidae. Haematopota &c
are met with in large numbers, yet the tsetse fly has
never been found and no sleeping sickness occurs. The
next question to answer is

18 Can the Glossina palpalis carry the trypancsoma

found in sleeping sickness cases to healthy animals?

The animal used by us for these experdments
was the mcnkey. They are easily prccured, easily:fed
and keep their health perfectly in captivity. The flie¢
werc caught con the Lake shores,placed in woocden boxes
with wire gauze sides and brought to the Laboratoryj
in this way we got as many as 100 aday. From these
wooden bpxes they were transferred tc the feeding boxe
these were made of a wooden frame surrounded on 4 side¢
with ordinary mosquito curtain, so that frece access of
air to the insects was obtained, and further it was
only necessary tc place cne cof the musgin sides in
contact with the skin, when the flies bit readily

theough the gauze. The two ends of the cage were clos¢

by glass panes, sc that the operation of feeding could

be watched. Itwas found that the flies fed more readil

]
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in the dark,accerdingly, we ccvered the box with a

cleth during the act of feeding. When the fly is fully
fed the abdomen becomes encrmously distended with blogd
resembling a small cherry. In the experiments the

cage was placed on a case of sleeping sickness and thg

time,was placed on mcnkegs: there was practically no
reacticn and the patients did not complain of any in-
convenience. About 3@ flies were,as a rule,in each
cage. As the experiments are important they are given
in full:-
Experiment 114.~ Monkey, Cercopithecus.
(Glessina palpalis)
Feeding tsetse flies,on a healthy monkey 8

hours after they had been fed on a Sleeping Sickness

flies allowed tc feed, then,after varying intervals of

patient.
Number of flies fed on-
Date= Trypanosomes.
Patient Monkey
May-
20 . evseelee 22. ¢} Absent.
22 4 5
23 | 1% 2
23 9 ¢
24 :a 6
25 15 1
26 10 4
27 6 5
28 8 7 Absent
29 5 4
30 9 3
31 5 1
June-
1 i 9
2 © 2
3 8 1
4 4 2 Absent.
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Ex114 (cont).

Number of flies fed on-=
Bate Trypanosones.
Patient | = Monkey
June- e o
8 4 3
6 5 5
7 5] 0
8 13 9
9 8 4
10 9 5
L 10 6 Absent.
12 8 5
13 9 6
14 0 0"
15 4 12
16 8 10
17 2 1
e 2 5 Absent
19 1 -4
20 5 4
21 0 o
22 16 b3
23 24 14
24 31 190
28 =5 17 Absent
26 28 8
27 37 X5
28 0 o
29 26 26
30 24 22
July-
X 38 15 Absent
2 29 16
3 28 11
4 27 14
5 19 13
6 31 16
7 32 11
8 2D S
9 12 15
10 14 0
11 14 28
12 28 8
13 22 18
14 19 12
15 18 8
16 17 13
17 24 9 Absent
18 22 2]
19 1e2 11
20 23 17
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Ex 114 (cont)

Number of flies fed on-—
Date i
Patient | Monkey Eypalioseod
July-
21 16 13
22 ¥ 11
23 Ezgsent

Experiment 97. Monkey, Cercopithecus,
Feeding tsetse flies (Glossina palpalis) on a health
monkey 24 hours after they had been fed on ajsleeping

gickness patient.

Number of flies fed on-
Date Trypanosomes.
Patient Monkey
May=-
1b 1Edk Absent.
16 o0 ik
17 5
18 e 8
19 10
20 e 5
21 8 Absent.
22 = 9
23 13
24 . 8
25 6
26 i 9
27 5 Absent.
28 . 4
29 b
30 oo 7
31 ' 4
June~-
Ak 1
= 4
3 55 5
4 5
5] .o 10
6 14
7 5 0
8 28
9 = 16
10 17
an .o . 24 | Absent.
}8_ 26 ' |
=
|
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Ex 97 (cont)

Number of flies fed on-—
Date Trypancsomes.
Patient | Monkey
June-—

I3 20
14 0

i5 11.
16 o 19
17 14 Absent
18 194
39° 7
20 x5

2 o 0

22 ol 16

23 17

24 50 12

25 8 Absent
26 o 9

27 23
28 o a

29 26 oY

30 .o 56

July-
1 Present

Each of these experimenta was repeatewith the follow-

ing results:- A -
Experinent 115. Monkey Cercopithecus.

Feeding tsetse flies on a healthy monkey 8 hours after
they had been fed on a sleeping'sickness patient.

The experiment was begun on May 20th and kept up to
July 23 on which date trypanosomes were found in the
blocd.

Experiment 99 Mcnkey Cercopithecus

Feeding tsetse flies on a healthy monkey 24 hours
after they had becn fed on asleeping sickness patient.
The experiment was begun on May 15 and trypanosomes

were found in the blood of the monkey 6n July 23
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Experiment 116.- Monkey (Cercopithecus)
Feeding tsetse flies on a healthy monkey 48 hours

after they had been fed on a sleeping sickness patient

Date Number of flies fed on-

Trypancsomes.
Patient Monkey

May-
20 10 Absent.
21
22 10
23
24 9
25
26 5
27
28 9
29
30 6 Absent.
31

June=

qk

2

&

Z Absent
{590 11

5

7

8

9

11 74 Absent

13- 16

17 17
18 11 Absent.

22 19
24 15
25 Absent.
26 26

28 18
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. Ex 116 (cont)
Number of flies fed on-

Date

Patient Monkey Trypanoscmes

J#ne-—
28 16

July-—
{ 49

=2

51 Absent.
29

40

OO~ U b

20
11 25
13 26
15 25
17 16 Absent
19 64
21 46

23 Present

From these 5 experiments it may be considered proved
that Glossina palpalis can carry trypanosomes from
sSleeping sickness cases to healthy mcnkeys, and the
after history of the monkeys so infected is exactly
similar to that of monkeys jnjected with cerebro-
spinal fluid from a case of sleeping sickness.
Another point of great importance to settle was

19. Can Breshly-caught Glossina palpalis convey

Trypanosomes to healthy animals?
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Experiment 94- Monkey (Cercopithecus)
To ascertain if tsetse flies, freshly caught in the
vicinity of Entebbe, are carrying trypanosomes.

May 13 1903, ﬁlood examined, No trypanosomes.

13 Fed 31 flies freshly caught near
15 s e, Entebbe.
18 LI | 10 I )
19 L] 20 LI ]
20 b I ] 13 LIS ]
21 LIS | 16 L
Blood examined. Trypancsomes absent.

May 22 Fed 20 Flies
23 ) e
24 1117 i
25 1 31 11
26 e i s
27

Experiment 130- Monkey (C8rcopithecus)

To ncte the effesct of feeding freshly caught tsetse

flies on a héalthy monkey.

June 10 1903 PedcB0 flies.

11 | 2 ] 23 2
Blcod examined. Trypanosomes abhsent.
June 12 A

13 o S

44 oEZ0

17 ¥y 25 5

18 10k,
Blood examined. Trypanosomes absent.
June 19 Fed 9 flies

20 T {olTiRTs

21 R0 S

22 T e

25 e o4 A

24 ] s

25 28
Blocd examined. Trypancsomes absent.
June 26 Fed 83 flies.

27 sie . O& v

28 ST TR

29 S el e

30 oo Gy
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Ex 130 (cont)

July 1 Fed 62 flies
Blocd examined. Trypancscmes absent
July2 Pedl140 flies.

3 s LAD i

4 +e 34 ..

5 sis 2Ot

6 .. 44 ..

7 o 4w

8 e oA NG

9

Blood eaamined. Trypancsomes. present

e v 172 v o e e

Experiment 131 . Monkey. Cerconithecus

Feeding freshly caught tsetse flies on ahealthy

menkey.
Juhg 17 Fed b5 flies
18 e 15
19 Fof
20 er 17
Blood exanined. Trypanosomes absent.
June 21 LT
22 eme o
23 sler 28 .
24 SR
25 s 25 s
Blcocd examined. Tpypanoscomes abscnt.
dune 26 ot e
27 ..47 ..
28 ce O. .
29 o S B
30 .+108..
July 1 ee 36"
Blocd examined. Trypanoscmes absent.
July 2 I8 e
3 v 4D
4 oo 28 ..
6 ev 88 .
£ e of B
8 ee 36 4.
9 vie- DT s
10 e 30 ..

The monkeys infected in this way have been kept unde
observation and they have presented exactly the same

signs as monkeys injected with cerebro-spinal fluid,
and further experiments show that this trypanosona is

'3
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the trypanoscma of slecping sickness. The flies were
caught near the Hut-Tax labourers camp, and as,we have
already seen,about one in throe.of these men had the
trypancsoma in his_blood.

20. Can other biting flies ccnvey the trypanocsoma of

From a study of the maps shcwing the distribut-

icn of the fly and sleeping 8ickness, it will be seen
numheraus and althcugh cases of slecping sickness have

occurred.

A series of experiments were, also, undertaken
to see if a common variety of biting fly, Stomoxys,
woudd convey the parasite. The experiments were con-
ducted in exactly the same manner as the above mentior
ed, except that a sick mcnkey was used instead 6f the
patient. The experiments were maintained for several
months, thus giving the fly every chance of infecting
the monkey, but we were unable to convey the parasite
by this species of biting fly. These experiments
strongly suggest, that the universal carrier in nature
of the trypanosoma of sleeping sickness in Uganda is
the tsetse fly.

21. Can Glossina palpalis convey other varieties of

trypancsomes from the sick to the healthy?

sleeping sickness from the sick to the healthy animals.

that, althcugh biting flies in certain places are very

been impcrted among them, no spread of the disease has

| -
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As we have seen other varieties of trypanosomes
occur amongst the animals in Uganda, it became a mate:
ter of importance toc determine, whether the commen
species of tsetse fly (Glossina palpalis) is able to
convey these trypanosomes or not.

The experiments were conducted in the same way
as detailed above. The result of the experiments show-
ed that the Glossina palpalis was able to transmit
from the sick tc the haaithy animal, the Jinga, Abyss=
jnian and Uganda mule strains of trypanosomes. These
were important experiments,because they showed that
the animal strains of trypanosomes with their result-
ing disease in animals, might be spread cver a very
extensive tract c¢f country, and raticnal measures baseg
on these experiments could be taken tc prevent this.
They were,also,important from another pcint of view,
viz,in that they strongly suggested that, if this fly
can convey other varieties of trypanosomes. other . .Z:
varieties of tsetse fly could convey the sleeping sich
ness trypancsoma. As this latter pcint was an extreme=
ly important one,(because, if other varieties of tse-|
tse flies convey the trypanosoma of sleeping sickness
then the area of pcssible extension cf the disease in’
Africa is greatly wideneq),experiments were, therefore
begun in Brit;sh East Africa at Nairobi tc determine

whether the tsetse flies found in East Africa, viz,
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Glossina pallidipes, 1ongipennis and fusca can convey
the trypanocsoma of Sleeping sickness from the sick to
the healthy. The mest recent informaticn is that the
Glossina palpalis has been found @n the Zambes;.

The result of our observations showed,that when all
three varteties of fly were used for the experiment,

that it was possible to ceonvey the tyrpanosoma from a

varieties cf the fly found in the belt are able toc con
vey the parasite. The results, however, so far got
%ake it evident that every endeavour should be made to
prevent the population from sleeping sickness areas
coming into the fly belt of East Africa.

Having thus ccmpleted the acccunt of the resear:
ches on the etioclogy of the disease, we are now in a
posjtion toc give a short account ocf the main features
¢f the disease, based on these investigations, as ob=-
served by us in the cases in Uganda

22. A_general account of the signs and symptoms met

with in cases of slecping sickness in.  Uganda.

All ages are attacked by it. Women are on
the whole less affected than men, because their work ig
more indoors and they are less in the fly belt, but

those who work in the belt suffer equally with the men.
There is no evidence that the disease can

serigs of experiments are being tried with each variety

separately, to ascertain whether 6 all or anly one or twp

sick to a healthy animal. At the present time, a further

T
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|
be transmitted from parent to offspring, but it is
possible.that, if the population become "salted", they
may be able to transmit this protegtive power, Jjust
as the wild game do in Nagana.

As we have already seen environment has a great
deal to do with this disease, as it is entirely con-
fined to theﬁnhabitants of the fly belts.

The white man is nct immune to this.diaease,
but , as a rule, he expcses himself much less to the
bites of the fly than the native, because,he goes less
inte the fly belts and he is alsoc clothed.

In studying the disease, it is advisable to
consider it as having two distinct phases, the: '‘Early
stage, in whiech there are no nervous symptcms, and
the Late stage or Sleeping Sickness proper, in which
all the classical signs are developed.

A.-What are the fcatures of the Early Stage of Sleep=

ing Sickness?
From 70 to80% of the population of the sleeping
sickness areas of Uganda, at the present time, are in
the early stage of this disease. A general enlargement
cf the lymphatic glands, both superficial and deep is
the chief,and in fact,the only constant sign cf the
disease at this time. The posterior cervical glands
seem to enlarge early and are readily detected, hence

attention has been more particularly directed towards
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them as afeature of slecping sickness. Alcng with this
gland enlargement, they méy have occasional attacks of
fever, but théﬁﬁ)temperatﬁra is for lcng intervals
normal. The examinatien cf the bloed, at this stage,
generally shows, a high lympheccytic count, boph absol-
ute and relative. but otherwise no alteration. The
Spleen may show some degree of enlargement, but there
is usually concemitant malaria with the ﬁjsease. Other
sjgns and SymptCms which are met with, not, infrequentl
At this stagq?re,_rapid oulse apart from pyrexia, itch
nessof the skin is alsc complained of, but these signs
and symptoms appear when the patient is passing into
the late stage of the disease, and are, prchably, as-
sociated with early changes in the nervous systen.

In crder to give some idea of the healthy native of
Uganda to compare_with those suffering frem Sleeping
Sickness a photograph of scme of the Laboratory atten-

dants is given:i-—
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To compare with this a phctograph is given of 5

prisonera in the Early Stage of Sleeping Sickness:-

On comparing the two photeographs it will be seen
that the early cases do not show any definite signs
of illness.

The twe fcllcwing vhetegranhs of Case, Zururu bin Mzag
show the marked enlargement cf the superfical lymphat;c
glands of the neck, which is a characteristic feature

of this stage cof the disease:i=
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Case Zururu bin Mza.
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The diagnosis of the disease at this gstage is by no
means easy, as will be readily understocd. The only
practical methed,is that described by us, viz, the ex-
- Jjuice '

amination of the, from the enlarged glands in the neck.
This is easily carrjed out; a hypodermic needle is in-—
serted into the gland and little of the Jjuice sucked
intc the needle by the syringe, this is blown ocut cn t
a slide and the drop covered with a cover slip. In
this way pure lymph juice without the admixturc of
blocd is got.. The diagnosis, by the finding of trypan
osomes,can usually be made in about five minutes.
In blood fiims, especially, wheh the temperature is el
evated, trypancsomes may be found, but, as a rule, thg
examination of a simple film cf blocd gives negative
results.

A questiocn of great importance arises, Do any
of these sases at this stage recover? The only way to
give a definite answer to this questicn is to keep a
nunber of these early cases under observation for a
prclonged period. This is now being done in Uganda by

the Medical Department on the suggesticn of the Com=—

ion will Dbe given.
A further question arises, Can we destroy the
parasite in the tissues of the host? Towards this end

the Commissidon mades some investigations. It was found

e}

-

migsion, and in time an answer to this important quest-
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that injections of Arsenic Had a distinct action on
the parasjte, ;t first causes the trypanosomes in the
peripheral blocd to disappear and then those in the
1ymphatis glands. When the Arsenic was left off, the
trypancscnes, after a prclonged jnteeval appear in the
the peripheral blcocod. bul noct in the glands.

In this ﬁart of the investjgation we have had
the great advantage of the co-operation of Prcfessor
Ehrlich of Fra&furt. He sent out to Uganda a number of
an;line dyes which he had prepared in Frankfurt and
which he had tested on animals. The results, so far
obtained with these substances, especially, in combin-
at;cn with Arsenic were encourag;ng and warranted a
more extended investigaticn on these lines.

B.- What are the features of the late stage or Sleep-

———— o
-—

ing Sickness proper?

The later stages of the diseaae?ﬁresent a moere
complex cljnical picture. In studying a case from the
parliest stages, it is seen that there is no very aba
rupt change in the clinical signs, but a gradual and
insid;ous one. The sign which attracts attenticn soon-
st is a peculiar alteraticn of the facial expressicn
it becomes heavy and dull. It is well seen in some of
the photographs g;ven belcw. Along with this certain

gigns and symptoms ccnnected with the nervous system

th
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appear. The most obvicus being, tremors c¢f the hands
tongue and lips. As time goes on the gait and speech
become wanting in coordination. He gradually passes
;nto a tremulous and lethargjc condjtion and becomes
very thin and unable toc move abcut much. If he does,
his gait is weak and uncertain and he requires support.
Finally he becomes quite unable to walk and for a few
weeks before his decath he is absoclutely bedrjdden. He
;s then in a semi—comatose cond;tion, scrdes collect
on the teeth and gums,'his mctions are passed invel-
untarily, bedsores develcpe and h;s temperature falls
below normal. For a few days before death,to a casual
cbserver he locks already dead.

During the disease the patient dces not ccm=-
pla?n of pa;n. The appetite is generally well maintained
to the end.

When he reaches the moribund condition, it is

W

the custom of the natives to throw him into the jungl
where the disease is scmetimes shortened by the wild
animals, which are always in readiness. The natives

regard the disease as one which is spread by contact

and the last s8age is, immheir opinicn, the most in-
fectious. It is extremely difficult to make, even in-
telligent natives,understand that disease e.g. malari$
or sleeping sickness can be conveyed by biting flies.

The above is a clinical picture of a well

marked case, but there are,.of course,modifications
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in individual—cases. The duraticn'is, on an average

about 6 moﬁths.' |
The following photograph of dné of our-cases

No 152 Sabiri, gives a very good idea of the ﬁatignt

in the very last stage:=-

The diagnosis at this stage is, &}ortunately, only tod
easy. The disease is invariably” fatal at this stage.
No treatment has been found of the slightest effect.
Such is the general course of an uncomplicated case
of slecping s;ckness,we will congider a few of the

features more in detail

C.= Principaé/symptoms in detail.




St

G_enerai Ccnditicn.- The importance of the facial' ex-

pressicn has already been alluded to; as it is some-
what djfficult to describé, a better idea will be go
from the study of a few photeographs of cases of slee
;ng sickness:- o

Case, Persian.

p-—
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Case, Dreya.

- _giﬂ‘.]ml ¥
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In the beginning the patient may be quite well
nourished, but sconer or later they begin to emaciate
@nd in chronic cases they may be reduced to mere skin
and bone.

Oedema of the lower limbs is scmet;mes met with
and mpuff;ness about the eyes is not uncommon. inone
case a swelling of the abdominal wall was observed, as
was shown cn post-mortem examination,?i: was due to an
infiltration of the sub-cutanecus tissues w;th a jell
like substance, wh?ch is so commonly seen in animals
dying from Surra or Nagana.i

TrOphic changes mayﬁéeen in the form of bed=
sores in the late stages.

Enlargement of lymphatic glands is the feature
most commonly met with.All the groeps of suPerfic;al
plands are found to be enlarged. They may form large
masses. In the neck they are frquently about the size
cf a bean and fjrm ;n consistence. Towards the end the
may suppurate and break down.

Nervous System.= As regards Subjective symptoms; pain

is soaetimes complained cof in the head and over the
chest, but as a rule this is not a marked feature.
Another symptom is itchiness of the skin and scratch
marks are often seen on the bodies of cases coming up
to the HOSpital. As regards the disturbance of the ;n-
tellectual functions, the most striking is sleep?hgig_
must not be taken toc mean that the patient is constant
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ly asleep. Thecondition is not one of true sleep|, but

rather of lethargy, towards the end this condition be;
ccmes meore continuous and the patient may lie both day
and night in thjs conditicn, but he can always be roug-
ed. He may lie in a semi~-comatose condition for 1C days
cr a fortnight before death. In this condition the

temperature is . sub-=ncrmal throughout. In some cases

the patient may, on the contrary, show marked exaltats
ion of the mental function j shouting,vrehtles&?gﬁd
other s;gns of increased cerebration are seen at all
stages of the disease. The speech becomes affected at
an’ early stage of the disesase. It becomes slow, mon=-
ctonocus and indistinct. The words are cften slurred

cver. Whilst he is speaking,tremors abcut the lips may

ki)

be Abserved. Sometimes speech may be reduced to a mer
whisper, at other times it may be h;gh pitched and

piping. The speech is,in practically all cases,more or
less affected. The intelligence is as a rule affected
in these cases, but in natives it is somewhat difficult
to arrive at a def;ngte conclusicn on this peint, the
relations, however, generally state that they have not-
iced that the patient's mental condition is altered.

His memcry, also, becomes impaired, more especially

wr

in the late stages. There is no constant and definit

change in the functiom of any of the cranial nerves.

In different cases special nerves may be picked out
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wjth resulting impairment of function. In very chronic
cases marked bulbar symptoms may be seen. Examination
of the eye w;th the ophthalmescope shows no dev;ation
from normal of any part of the organ in uncomplicateed
cases of sleeping sickness. Nystagmus is sometimes ob~!
served. In exaﬁ&ing the moter functicns a distinct
change is noticed. Tremors of thehands, tengue andlips
pccur at some stage ;n every case of slecping sickness
They are well brought out on voluntary effort. The
tremors are,as a rule,fine, but coarse tremocrs are ,
plso, noted. In the last stage general trcmors of the
becdy are noticed. Choreic movement has also been noted
in cases in children. Actual paralys;s is not often
cbserved until the very last stage, when practically
11l the bodily functgons arc in abeyance, but paresjs
and weakness of the muscles are frequently seen, espec
ially jn the lower extrem;ties. Inco-ordination of the
muscles ¢f beth upper and lower extremities ;s commen .
[he muscular nutr;t;on becomes seriouly impaired and
bxtreme emaciat;cn is not@infrequentlw seen. Apart
from the subjectjve phencmena of pa;n and itch;ng the
sensory funct;cns show no noteworthy alteratinn. The
superficial reflexes are, generally, normal. The knee
jork may be increased or diminished, there is no con=-

stancy in it's behaviour in sleeping sickness. Ankle
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clonus is present in scme, but not in all cases of

sleeping sickness. Towards the end the patient loses
centrcl over the rectum and bladder and he passes hig
urine and faeces under him.

Cerebre-spinal fluid.- The examination of the Cerebrod

-spinal flu;d taken by lumbar puncture during 1ife
shecwed, as already menticned, trypancscmes in every
case, another intcresting fact was cbtained by the
estimation of the number of cells per cmm of fluid.

It was fcund that they rose from nil in the early sta

[H]

to 300 cor 400 per cmm in the last stage. The cells
were all mononuclear.

Locomotcry System.- With the excepticn of the gait

this system was normal. In the late stages the patient
was unable tc walk entirely, but bhefore that was reach-
ed he presented alteraticns from ncrmal. There was nc
fized mr constant type. It was, probably, most common-
1y of the "reeling" or "drunken" type'of gait. He is
not able tc walk along a straight line, and there 1is
staggering crn turning sharply.

Alimentary System.— The appetite is gocd and often

| markedly increased. In the last stages,sordes accum—
ulate on the gunms, in some cases a purulent d;scharge
is noticed. vcmiting is, scmetimes, present and blood
iﬁ some casas is brought up, th;s ;s assoc;ated wﬁth

a lesion which will be described later. The liver is

A

not enlarged in uncomplicated cases. The spleen is
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usually slightly enlarged, but not markedly sc, 'if
it is the ccndition is due to concomitant malaria.

Circulatory System.- There are, as a rule, no subject-

ive symptcms referable to c;rculatory system. On pal-
paticn the apex beat may be scmewhat weak. Alsc on
auscultation the heart scunds are wecak, but,in uncon-
plicated cases,no briit is heard. The pulse in the ear
ly stages shows an increased rate, apart from pyrexia,
this sign taken alcng with enlargement of lymphatic
glands strongly suggests slecping sickness.

The Blccd.—- The estimaticn pf the red and white cor-
pusgles in a large number of cases at all stages cf
the i?ggaggfe5§gkgghnts were made by the Thoma-Zeiss

haemoccytcmeter. The haemcglobin was alsc estimated by

nmeans of a Gowers apparatus. Films of blocd were mad¢

w

and stained by the Romanowsky method. The resulf of
these observations,made on many occasﬂhs, on about €60
cases cf sleeping sickness at all stages of the disease,
showed, that in uncomplicated cases there was practi-
cally no diminution in the number of red cells or in
the percentage of haemoglcbir, just before death a

r;se in the number of red cells and the percentage cf
haemoglobin above normal was noted. This was] prcbably,
due to a concehtration of the body fluids, Owing to
the fact,that whilst in the semi-ccmatese condition

they get ¥ittle or nothing to eat cr drink from their

relatives.
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The estimation ¢f the white cerpuscles showed, that

' in the number
there was a marked increasenpf the lymphocytes, both
absolute and rclative, apparently at the expense of th

polynuclears. The presence or absence of parasites

dnc= the blood has, already, been fally discussed.

Respiratory System.- Pneumcnia not infrequently com-
plicates this disease, but, as a rule, this system is

normal.

Urirary System.- This system, generally, shows no note

Torthy change. The trypancsoma has never beer fourd in
he urine, althcugh a nunber of samples weore centrifug:

lised.

s

Tegumentary System.- Not infrequently a papulc-vesicul:

eruption is ohserved in cases of sleeping sickness, it
1s uncertain how far this is specifie to this disease,

=

s such lesions of the skin are nop unccmmon in natives

o

ipart from this disease.

Temperature.- The folleowing chart represents the

course of the disease in a typical case cof Sleeping

Sickness, Case 44, Nakaiba, Age 10 vears.
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It will be seen from the chart;, that there is constant

pyrexia, the pericd of mcre marked elevation of tem—
perature is, generally inaugurated by an increase in
the blccd of the number of trypancscmes, so that they
may be seen in fair numbers in an ordinary film. In
the intervals the parasites cannot be found in films.
Shortly before death a very marked Brop in the temper:
ature cccurs. Hyperpyrexia is uncommon, but may some=-
times occur.

D.- Morbid Anatomy.

External Appearances. The body is markedly emaciated.

There is general enlargement of the superficial lymph
glands. Bedsores and other sores are frequently pres-—
ent , many cf these being the result of Jiggers.

Lymphatic @lands. Both superficial and deep glands
are enlarged. On sect;on, they may be red and cdnges-
ted, sometimes points of suppurat;on are seen, due to

coccal infecticn skortly before death. The enlarged

cervical glands beccme continucus belcw with the thon-

acic, which in turn join the abdominal, and these run
down along the iliac vessels towards the femoral and
inguinal glands.

Heart.- This organ may show minute petechial haemorr-

hages under the endo- and epicardium. The muscle wall

is, frequently, flabby looking. The chambers of the

heart frequently shcow dilatation. Occasicnally a
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yellew jelly like substance is seen under the epicar-
dium towards the base of the crgan. This is very com-
mcnly seen in animals dying of Nagana and Surra. Othen

wise there is no specific lesicn in the heart in this

vascular lymph spaces ( this we shall see later is the

the nutrition of the cells of the crgan.

Lungs,-These show no specific lesion in this disease,

but Pneumcnia is not uncommon.

Liver.~ There is cften a condition of chroric venous
congesticn of this organ, and associated with this is
some fatty change.

Ppleen.-This may be slightly enlarged and show a con-

Iition of venous congesticn. pigmentation and considers:
ble enlargement is,frequently,seen post-mortem, but
this is due to concomitant malaria.

Kidneys.- They not, infrequently, show advanced chron-

mal.

Stomach and Intestines.-The stomach,in all cases ex-

gmined latterly by us,6 showed a remarkable conditicn. Or
opening the organ, it was found to contain altered

bloocd and on remcving this the mucus membrane presentd

a curious appearance. 1t was studded over with dark

disease. The flabby condition of the muscle is, probab-

1y, due to the accumulation of round cells in the peri-

essential lesion of this disease), which interferes with

¥

ic venous congesticn, at other times they are quite nor-

!

d
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o

areas varying in size from a pin point up to the size

of a pea, they were surrounded by a line of red'énd

drawing made from the stomach of a case Gerude, shows

the general appearancc of the conditicn:-

On micreoscopic section these areas are seen to be

small haemorhages under the muags membrane. In the

death. These haemcrrhages are similar to those which
take place under the endo- and epi-cardium of the

heart, but under the action of the gastric Juice of
|the stomach, they break down and give risc to the aboy

appearance. This conditicn has been observed by us in

werc more numercus tcwards the pylorus. The following|

above case they, probably,occcurred about 10 days before

e
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the stomach of a monkey which djed,and which had been
inoculated with the trypanosoma of sleeping sickness.
It has , also,been noticed in animals suffering from
Nagana. The find;ng cf this condition in the stomach
cf cases of sleeping sickness is, therefore, very in-
teresting, as being a pathologigal 1esion in common
with other trypanoscma infections.

Brain.- On remeving the calvarium, the dura mater

shows nc abnormality, but,on reflecting this membrane
the convoluticns are secn tc be flattened, the sub-

archnoid fluid is in excess, giving a "ground glass"
apprearance. The vessels, generally, are injected. 0B

sectiocn the ventricles are dilated and contain an ex-

cess of cerebro-spinal fluid, which may be more or lesgs

turbid.In a certain proportion of cases purulent men-
ingitis may complicate the disease. The naked eye

appearances in the nervous system are nct very marked

E.- Microsccpic Anatemy.- The werking out of the minu

anatcemy was dcne by Dr F.W.MOTT F.R.S. Londcn, to

whom material was sent from Uganda. Mott was the firs
to shew, some f;ve years age,that cases of sleeping
sjckness examined by him showed the same histclogical
changes, viz, a chrongc meningo-encephalo—myel?t;s,
the leading characteqﬁ?stics of which ;s the filling
cf the perivascular canalicular system with large

and small mononuclear leucocytes. There is alsc,some

Le

o
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glia cell proliferaticn, with chrtain amount of neur-—
on;c degenerat@on, by no méans prcportional to the
vascular changes. Plate 3. shows this condit;cn. It
is aﬁrawing from the secticn of the brain of a very
chronic case cf sleeping sickness, Dreya, (a photo-
graph of this case has been given to illustrate the
facial expressicn in sleeping siegkness). The drawing

: : : ' ‘ space
is of a small vessel in the brain. The perivascular ,
is filled with the character;stic cell infiltraticn
of lymphccyted and plasma cells cf chrenic sleeping
sickness. An interesting fact indicating prolonged

chronic irritaticn is the existence cf a large number

of plasma cells of Marschalke, also apunmber cf granule:

the result of their disintegration. Besides these,
thereare a number of granule cells, which Mott states
hce has seldem seen in other diseases of the nérvcus
system. Plate4 is a draw;ng of the cells as seen
in the exudat;on cf a case of sleeping sickness 1)
$mall lymphocyte 2) 1arg§r lymphocyte 3)Plasma cell
'4) Granule cell 5) Granule cell disintegrating.

This is not 1imited to , althcugh most markéd
in, the central nervous system. It affects the spinal
herve rocts, the nerves, the organic v@scera and the
Serous membranes (heaft, liver, pericardium) having
been exam;ned. A further ;mportant and interestjng

fatt is that the enlarged lymphatic glands, in which




PLATE 3., Secticn of brain of chronic case of sleep-

ing_Sickness, Dre&a,. Shows the characteristic peri-

vascular infiltraticn of lymphceytes and plasma cell

¥

Stained Carbol~-Thicnin and Erythrosin + X 300
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%
the tr"yp-lan'osd.mes are found j.n number during life,
shovf.exaC'tly the same cells, as havebeen depicted a-
bolvca."- mhéSe ¢ells are the result of chr‘on_ic irritat-
;on producgd'by the trypanoscnmes.It is @articularly
interesting to find the Plasmé cells in fhe gland,
and MottThas been éblehto prove bj an'examﬁnétion of
glands éent'h;m'frdm Uganda, that they afe'der;ved
ffbm‘lym§hpc?tés,-ﬁe has been able ta trace 511 stages
" from a cell donéisting almost entirely of nucleus to
. with - :

the develeopment of one,abundant granoplasm and the
nucleus pushed up toc cne end of the celly the develop=
ment of the plasma cell from the lymphocyte, under
chronic irritation off trypancscmal ;nfection, is eas-
_ily cbserved _in the lymphatic glands of sleeping s_ick-
ness.

F. The Pathology.- It will be of interest to considen

briefly, how the merbid changes are brought about.

In the fjrst place let us cons;der a few facts
abcut the normal cerebro-spinal fluid. = .. P is
clear like water. The Specific gravity is 1,006, the
reaction is slightly alkaline, and is deveid of all
corpuscular elements; it contains only a trace of
albumin; it beccomes slightly cloudy cn heating, and
contains noc ferments. It is a fluid sui generis. It
;s a true secretion. 1t is continually being secreted

and, most authcrities consider that the chcroid plex=




= PﬁATE'4.;8@Cf§cn”offﬁrain'bf'case-of Sleeping Sicknéss
ness, Abimerika,. Shows 1) Small lymphocyte 2) Large

lymphocyte 3)Plasma cell, 4)Granule cell5) Granules

Stained Carbol-Thichiin and Erythrosin. x 800

of disintegrated granule cells, 6) Diplo-streptococeci.

f
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us secretes it. This fluid,whish is being cont;nually
.secreted,muSt escape in some way. According to one
view it escapes alcng the lymphatiecs of the cranial
and sp;nai nerves, through the paravertebral lymphatic
glands into the receptaculum chyli and thoracic duct
and eventually returniﬂg to the venous c;rculation.
Otherslbelieve that it escapes  through the longituﬁin?-
al sinus, accord;ng to Cﬁshing a free communication
'ex;sts between the sub-archnoid space and the 1ongi-
sinus

tudinalx For such a complex organ;sation as the cere-
bro-sp;nal ax;s, it is essential that ;t should be
protected by a self—adjusting mechan;sm for uniform
equaljsat;on of blood pressure under rhythm;cal var—
;atjons of circulat@on and respiraticn, and from the
chemical products of if’s own activity, by a fluid
which can cont;nually c;rculate nost read;ly, and yet
be the medium-of gaseous exchange between the blood
and the‘tissues. Does the cerebro-sPinal fluid perfornm
this function, or ;s there, as S;card ma;ntains, a
perivascular'sheath enclesed by the cerebro-spinal
flu_id? Mott from an examinaticn of sleeping sj.ckness
cases ?ncl;nes to the view that there is "What lcoks
1ike a delicate sheath_contain;ng lymphecytes surroun=
ding the vessel and outs;de this: the canalicular spacgd
contain;ng the cerebrec-spinal flu?d, across wh;ch de-

licate fibrils stretch, very probably fibres of neur-




oglia cells".

Let us now endeavour teo expla;n the phenomena
met w;th in sleeping s;ckness by the facts which have
been brought cut in th;s research.

In the early stages of the disease, we have
enlargemant of lymphatic glands,.and exam?nation of
these glands shows a constant lesion, and this is
brecught about by chron_ic irritation, and is exactly
similar te the 1esion which igs flound in the brain at
a later stage. Asscciated with this change in the
glands ;s the presence,in nunber, cf trypanosomes. The
glands by a rap_id mult.iplica'tli.cn of the_ir‘ cells are
able to kesp the disease localised. That they are des-
trcying the parasite is seen ;n the many degenerate
ferms of trypancsomes met with ;n the gland Juice
,during life, and further that the glands are active is
seen _in the increased numbers of lymphocytes found in
the peripheral blecd. Sc lcng as the d;sease is con-
fined to the glands there are noc nervcus symptoms ..;
that is,that the characteristic lesion of the nervous
system has not yet been prcduced. Trypanosomes are
never found in the cerebro-spinal fluid at this stage.
When the trypancsomes begin tc be found in the cerebrq
Spinal system the nervous symptcms develope and w;th
this the cells appear ;n the fluid and these mono-

nuclear cells increase in number until as many as 300
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400 per cmm of fluid may be counted. Moti states
the character;stic symptoms cf the disease are undoubt
edly due and proporticnal tc the exient and degree of
the men;ngo-cephalo-myelitis, and it is my 0pinjon
that the lethargy is due to cerebn&éﬁﬁaemia caused by
the comyressicn of the small vessels, by the accumul-
at;on of small lymphocytes ;n the perivascular spaces,
and the mechan?cal ;nterference thus produced in the
circulation, and the obstruction to the bio—chemical
changes incidental to the activity of the neurons.
The trenmors, paresis, fjts, attacks of mania, and
hyperpyrexaa are, probably, the results of jrr;tat;on
phenomena assoc;ated with stasis ;n the vessels,
degenerat;an changes.in the neurcns, and neuroglia
proliferation. The earliy affecticn of the cerebellun,
the mesencephalon, and the medulla oblongata by the
lymphocytic infiltration is,very: prebably, connected
w;th the ncx;cus agent ;n the large collection of 1
fluid at the base of the brain. In chronic cases,
which l;nger to the last stage,marked bulbar symptoms
may ar;se due to anaem;a cf the medulla and degener-
ative changes of the neurcns.
It is difficult to find trynanoscmes in sect-

;ons of the brain. Th;s is due to scoveral reasons,

1) The technique is difficult, 2) We have to remember
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that the patients are practically dzad for some-days
beforz they actually do d§e. At this stage terminal
bacterial invasions occur, and toc these the trypanot
somes are very sensitive, and which bring. about some
alteration in their appearance. Mott states " 1 have
seen crowds of rcund bodies, measur?ng from 1u to 2«
in diameter, 1y$ng about the c¢élls cof the perivasculax
space and sub-aﬁ%hno;d space, but I am unable to dif—
ferent;ate any structure. I am of oyin@on that they
are mostly djsintegrating cell protcplasm, but a few
might be a mcd;fjed form: of trypancsoma or altered
nucle; or m;cro—nuclei of these parasites".

We see fron a consjderation of these facts,
that the discase is essentially ontof the lymphatic
system. The causal agent,the trypancsoma,produces
chronic jrritation, this results ;n ovaractivity of
the cells of this t;ssue, which block important focd
channels and in this way the cells cf the various cr-
gans are starved to death, and ;n this way all the
character;stic signs and symptoms of the d;seaso are

explained.
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