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358 Tabanide as Carriers of Trypanosoma pecorum.

Expt. 24125.

July 4, 1910.—White rat inoculated, intra-peritoneally, with the pooled citrated
contents of the hind-gut, rectum, and proctodmum of two wild Tubanus thoracinus.
These flies had never been in kraal and were heavily infected with Types 1 and 2 of the
parasite,

ltesult,—Negative, Rat examined for one month after injection,

CONCLUSIONS,

1. Tubanus secedens, Tobunus thoracinus, and Tabanus fuscomarginatus
appeared to be unable to transmit Trypencsoma peeoruwin from infected to
healthy cattle by the mechanical method of transmission.

2. Owing to the short life of these tabanids in captivity it is impossible,
from the above experiments, to state whether they can convey the disease
( Tryprnosoma peecorwan) after a period of development of the trypancsome in
the fly.

3. We believe the three types of flagellates found in Tabanus seecdens and
Tabanus thovacinus to be various stages in the development of a harmless
Crithidinm in these flies.

DESCRIPTION OF PLATE 16.

Smear preparation of hind-gut, rectum and proctodsenm of a Tabanus secedens, stained

Giemsa, x 2000,

Fias, 1—6, Type 1, oval, flagellated parasites. Fig. 4 is a dividing form of this type.
Fig. 1 shows the most common form of this type. Fig. 6 represents an irregular
mass of the parasites; these masses often contain very large numbers of the
parasites. The flagella are poorly stained in these preparations, and so do not
show up well (Expt. 2412),

Fias, 7—14, Type 2, circular, non-flagellated parasites. Made from smear preparations
of the rectum and proctodmenm of a Tabanus secedens (Expt. 2411).

Figs. 15—24, Type 3, elongated, flagellated parasites. Figs. 17 and 18 show the most
typical forms of this type. Fig. 19 is a stout atypical form, which was not
common. Fig. 15 represents a form which would appear to be reverting to
Type 1. Fig. 16 is a dividing form. The parasites figured in Figs. 15—24 were
obtained from a smear made of the mid-gut of a wild Tabanus secedens which
had been in the fly-compartment of the cattle kraal (Expt. 2405).

Hamrrigox axp Soxs, Printers in Ordinary to His Majesty, 8t. Martin's Lane.
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479  Trypanosome Diseases of Domestic Animals in Uganda.

several fields of the microscope. Whether this was due to the difference in
the composition of the blood medium, or to the higher temperature at
Mpumu, it is impossible at present to say.

By comparing the coloured plates of this trypanosome and the one from
Zanzibar, a certain resemblance will be seen, but how far this should be
taken as a factor in the diagnosis is difficult to say.

CoONCLUSIONS.

1. Trypanocsoma pecoruwm is an important trypanosome disease of domestic
animals in Uganda,

2. It is similar in morphology, action on animals, and cultural characters,
to the Trypancsome dimorphon described by Laveran and Mesnil, and to
Dr. Edington’s trypanosome from Zanzibar, described in the ¢ Proceedings,™
except that T'rypanosoine pecorwm is not pathogenic to guinea-pigs.

3. The carrier is unknown, but is probably a Tabanus, and not Stemezys.

DESCRIPTION OF PLATES.

PraTte 11.

This plate represents the general appearance of Trypanosoma pecorum in stained
preparations.  Note the rounded, blunt, or angular shape of the posterior extremity ;
the small, round micronuclens and vacuole placed near this end ; the oval nucleus ; and
the absence of a free flagellum, except in dividing forms. Stained Giemsa, x 2000.

PraTe 12,

Fig. 1.—An aggregation, or elump, of Trypancsoma pecorwm after 24 hours’ growth in
blood-agar. Stained Giemsa, x 2000,

Fig. 2.—The same after 48 hours. Stained Giemsa, x 2000.

Figs. 3, 4, and 5 —Trypanosoma pecorum after 3 days' growth. Stained Giemsa, x 2000.

Figs. 6 and 7.—Trypancsonia pecorunt after 4 days' growth. Stained Giemsa, x 2000,

Figs. 8 and 9.— Trypanosomse pecorum after 8 days’ growth. Stained Giemsa, x 2000,

Figs. 10, 11, and 12.— Trypancsoma pecorwm afler 10 days' growth. Stained Giemsa
= 2000,

¥ B, vol. 81, p. 14.
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[ Reprinted from the PROCEEDINGS OF THE Rovan Sociery, B. Vol. 83]

Trypanosome Diseases of Domestic Animals in Uganda.®
IL.—Trypanosome brucei (Plimmer and Bradford).

By Colonel Sir Davip Brucg, C.B,, F.R.5.,, AM.S5. ; Captains A. E. HAMERTON,
11.5.0.,and H. B. Bateman, R.AM.C.; and Captain F. P. Mackig, LM.S,
(Sleeping Sickness Commission of the Royal Society, Uganda, 1908-10.)

(Received July 15, 1910.)
[PraTes 1 axp 2.]

Synonym 1 “ Jinja trypanosome,” Sleeping Sickness Commission, Royal Society, 1903,

IXTRODUCTION.

This species was only met with on one occasion during the work of the
Commission in 1909. This was in the blood of an ox from the Mabira
Rubber Estate (latitude 0° 30" N, longitude 32° 55° E.). The manager
wrote that the animal came from the Bukedi Distriet, about 100 miles to
the north (latitude 1° 50° N., longitude 32° 40" E.). Not much is known of
this distriet, as it has only recently come under administration, and
therefore it is impossible to say whether the ox was infected in Bukedi or on
the journey south.

This is the species of trypanosome which was first discovered by Bruce,
in 1894, in Zululand, to be the cause of Nagana, or tsetse-fly disease.
During the work of the Sleeping Sickness Commission of the Royal Society
in 1903, it was also met with in a herd of cattle from the same district of
Bukedi, and then deseribed as the “Jinja trypanosome.”t It is impossible
to name with any certainty the trypanosome seen in 1903, which affected
the horses, camels, and dogs of the Abyssinian Boundary Commission. This
was described as the “ Abyssinian trypanosome.” Its morphology, as given

* Continued from * Roy. Soe. Proc.,’ B, 1910, vol. 82, p. 479.

t * Reports of the Sleeping Sickness Commission of the Royal Society,’ No VI, p. 112,
b
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2 Col. Sir D. Bruce and others. Trypanosome [July 15,

in the coloured plate,* shows it to be similar to Trypanosoma brucei, so that
in all likelihood it was either this species or the closely related T'rypanosoma
evansi, As camels were infected, it was more probably the latter.

In regard to the third kind of trypancsome found in 1903, and referred
to as the “ Mule trypancsome,” no opinion can, at present, be given.

As to the remaining trypanosome seen in 1903, and known as “Pordage's
ox trypanosome,”f an examination of the old specimens at once disclosed
its identity. It is Trypanosome vivar (Ziemann); and this accounts for the
fact that the blood of the ox injected into a monkey and a dog had no effect,
these animals being refractory to Trypancsomae vivas,

Morrnoroay or TrypANosoMA pRUCEI, Ucanpa, 1909,

This species is interesting on account of its well-marked dimorphism, in
which Trypanosoma gambiense resembles it. There are two varieties—the
long and slender with free flagellum, and the short and stumpy without free
flagelluom, The shortest are only 13, and the longest 35 microns in length.

In this paper the long and slender are considered to be those which
measure from 25 to 35 microns; the short and stumpy from 13 to
21 microns. Those trypanosomes which measure 22, 23 or 24 microns are
called intermediate. The general character of these forms may be given,
shortly, as follows :—The long and slender have a narrow extended posterior
extremity, an elongated oval nucleus, a well-developed undulating membrane
thrown into many waves, folds or plications, and a long free flagellum (see
Plate 2, fige. 1 to 5). The short and stumpy, on the other hand, have a
rounded posterior extremity, somewhat like the head of a turtle, a round or
oval nucleus lying transversely to the long axis of the trypanosome, a well-
developed undulating membrane thrown into bold folds, and no free
flagellum (see Plate 2, figs. 11 to 16). The intermediate have a short free
flagellum, a posterior extremity resembling that of the short and stumpy
form but narrower, an oval nuclens, and a- well-developed undulating
membrane (see Plate 2, figs. 6 to 10).

A. Living, Unstained.
No observations were made in Uganda on this species of trypancsome in
the living, unstained condition.

B. Fived and Stained,
The blood films were fixed, stained, and measured as described in the

‘ Proceedings.’
* Ibid., No. V1, plate 2, p. 113.
t Ibid., No. IV, p. 48.
1 B, 1909, vol. 81, pp. 16 and 17,
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Length—The following table gives the length of this species as found in
Uganda, in the ox, monkey, dog, guinea-pig, and rat. Only one trypanocsome

It measured 24 microns.
In the monkey only 11 trypancsomes could be found.

was found in the blood of the original Mabira ox.

20 trypanosomes have been drawn and measured,

they came, except that dividing forms were passed by.

In all the others,

These were taken as

Table I.—Measurements of Trypanosoma brucei, Uganda strain, 1909,

In microns,
No. D Method
Dhate. of Animal. | . disgﬂap of fixing and
expt. petiell] stuining. Average | Mazimum | Minimum
| length, length, | length.
| I '
1609, |
Aung. 12| 1461 Ox Not known ;ﬂﬂm{a‘ncid and | 240 240 240
1 RE TTLS
Sept. 80| 1627 | Monkey 28th | ., " 248 | 300 190
Aug. 26| 1479 Dog 41st: . = i 266 | 320 | 227
. B0| 1479 3 T (e - 23 1) 2800 | 160
Sept. 30| 1479 % TMh |, i 235 340 200
Oet. 11| 1644 | Guinea-pig 33ed | : s 207 240 15 0
. 18| 1644 B 40th | 3 e 27 -1 340 17 0
Sept. 9| 1482 Rat T i 247 300 210
. 13| 1482 i Oth 3 e 235 315 19 -0
w 16| 1643 " Sth i i 196 210 180 I
et =l T AT
234 340 160 |

It will be seen from the above table that T'rypancsoma brucei, Uganda
strain, 1909, varies in length between 15 and 34 microns. Doubtless,
individuals could be found slightly longer or shorter than this if they were
hunted for. In Table I, as already mentioned, the 20 trypanosomes drawn
are the first met with, exeept that dividing forms are left out, and this rule
is adhered to throughout.

The average length of the 172 trypanosomes dealt with in Table T is
23'6 microns; but, as this does not give much information, the following
table has been prepared. This represents by means of dots the length of
each of 160 trypanosomes, in eight preparations of 20 each. Although
Trypanosoma brucei is described as a dimorphic species, it must not be
supposed that there is any strict line of demarcation between the long and
slender and short and stumpy forms. There are the intermediate forms.
This table is also useful in showing at a glance the distribution of the
various lengths,

b 2
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6 Col. Sir D. Bruce and others. 2rypanosome [July 15,

This division of Trypancsoma brwcei into long, intermediate, and short
forms is, of eourse, quite artificial, as the one form passes into the other by
insensible gradations. It may, however, prove of some use in the identifica-
tion of this species. In the same way a series of measurements of the
various parts of the trypanosome body may also prove useful. The following
table gives the distance between the posterior extremity and the miero-
nucleus, the mieronuclens and the nucleus, the size of the nucleus, the
distance between the nucleus and the anterior extremity, and the length of
the free flagellum.

Breadth.—The long and slender forms average 1'5 micron; the short and
stumpy 25 microns.

Shape.—~As already mentioned, this is a markedly dimorphic species,
composed of long, slender forms with free flagella, and short, stout forms
without free flagella. It is curions that the long forms may preponderate in
the blood one day and the short forms another. For example, as will be seen
from Table I, the trypancsomes in the guinea-pig's blood on October 11 were
mostly short forms, giving an average of 20°7 microns, while a week later
they were mostly long forms, giving an average of 271 microns. Note also
Rat 1643, with an average of 19'6 microns, and Rat 1482, with an average of
24°7 microns.

This species may be compared with Dutton and Todds Trypanosoma
dimerphon, and in truth the coloured drawings given by them in their original
plate® (figs. VII, IX, and X) are very similar, if not identical, in shape
and size with Trypancsome brucer. Fig. X, the long, slender form with free
flagellum, is 30-5 microns in length. Fig. VII, the short, stumpy form without
free flagellum, is 16 microns in length. As to fiz. VI, on the same plate,
stated to represent the “ tadpole form,” one would suspect from its general
shape and appearance that it had no connection with the others. Bub in
regard to figs. VII and X, anyone comparing Dutton and Todd’s plate with
the coloured plate accompanying this paper must be struck with the close
resemblance between these two forms of Prypancsoma dimorphon and
Trypanosoma brueei,  Is it possible that Dutton and Todd were dealing with
Trypanosoma brucet when they described T'rypanosome dimorphon

Contents of Cell.—The protoplasm which is stained a pale blue is often
dotted over with chromatin granules, especially in the anterior half
(Plate 2). In well-stained preparations the distribution and number of
these granules is sufficient, according to McFadyean, to differentiate this
species from Trypanosoma evansi. This was also pointed out by Laveran

* ¢ First Report of the Trypanosomiasis Expedition to Senegambia (1902), University
Press of Liverpool, 1903,
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Table ITI.—Measurements of the various Parts of T'rypancsoma brucei, Uganda
strain, 1909,

1
Posterior . | Nuclens to -
: : | Micronuelous| : Fraa Taotal
Ex ent.| extremity to | Nuclous. anterior
perim ioronucleus,| @ BuCleus. extremity. flagellum. length.
Long and Slender Forms.
1614 4 71 | H 116 | 10 34
1644 3 7 + 10 10 HE
1644 3 65 a5 13 T 83
1644 25 76 a 10 8 a1
1644 2 7 385 125 ' i 30
1644 2 7 | 3 11 7 30
1644 2 7 |5 i 8 10 80
1482 1 T { 3 11 8 30
1627 2 [ [ 25 105 H H
1627 3 7b 25 13 4 a0
1644 2 [ 3 12 fi &0
1644 35 bh H 9-5 [ i 29
1644 2 G+h f a8 136 i b 20
1644 26 T { 3 G5 [ 10 20
1442 3 fi | 3°h 8 b 8 20
1644 3 i . 8 g 8 28
1644 2 T a 16 — 28
1482 16 65 25 185 4 28
1482 15 B 25 8 [ . 25
1627 1 T:5 &5 11 [ i 25
1627 1 il 25 b [ ] 25
T Y 3 T 3 10 b a7
1644 2 G 35 85 T a7
1627 1 i 3 9 Vi a7
1482 2 T8 2 115 4 27
1644 2 fi 3-b 10 -5 | a5 26
1482 2 T 3 H T 45 206
1644 2. G 3 ';r 7 a5
1644 2 ' 86 86 4 : 25
1644 15 55 3 10 ' 5 | 25
1482 2 b5 26 | 10 5 25
1482 1 i 3 11 4 25
1482 2 6 3 85 b J 20
1627 g (i} oK 55 [ 25
Average... 21 66 g0 | 102 | 64 | —
. Intermediate Forms.
1644 1 6 | 2% 145 fr = | =
1482 a 65 ! 35 8 & 24
14582 1 i 3 10 4 24
1482 15 [ g L 4 | 24
16404 1 & | 25 145 | - 23
1644 1 g | 25 12 — 23
1482 1 6 ! ] 8°5 45 | 28
1482 3 5 MRy SRR (Y S | 28
1482 2 51 | 4 9 & | 23
1482 1 e 1] | 8 ] 45 23
1482 2 5 | 3 10 3 | 23
1627 15 7 35 4 : 7 23
1644 2 G-b H 855 & 22
1644 1 7 35 65 & a3
1482 2 b5 2 126 e ag
1482 15 i 25 7 5 23
1627 1 i 2 T G 22
Aversge..| 14 8o | 29 | 9% TR T




8 Col. Sir D. Bruce and others.  Trypanosome [July 15,

Table IIII'—cmm'mmE.

| |
. |
Posterior ; : Nuclens to
Experiment. | extremity to .‘-{Lcmmll:leusi Nucleus. anterior fla Fif:m laTl.*;gt-tal:i
micronueleus. T extremity, | CoBo-wi- .
| |
Short and Stumpy Forms,
1644 1 [ 6 3 11 — 21
1644 1 55 2 5 12 — 21
1644 1 &b 256 12 —_ 21
1482 2 | & [ % 11 — 21
1643 1 46 l 2% 13 — 51
1627 15 65 ' 3 76 26 21
1644 2 3 ; 3 12 — 20
1644 1 5 { 3 12 — 20
1643 1 40 ' 2 125 — 20
1643 1 4 25 126 - 20
1643 1 G 25 105 - 20
1643 1 B 25 1156 - 20
1643 1 55 3 11°5 —- . 20
1643 1 5 3 11 — i
1643 1 . 65 25 11 — | 20
1643 1 : 45 25 12 — 20
1643 1 . 4 26 125 - 20
1643 15 ' 55 2 11 — 20
1643 1 ! 4 ! 25 12 G — 20
1643 1 | 5 I 2 12 — 20
1643 1 44 | 2 1256 - 20
1627 1 6 . 2 11 - | 30
1544 1 G i 2 11 -- | e
1644 1 85 | 2 125 — | 19
1643 1 7 | 25 105 - 19
1643 1 | 5 . 2 11 — 19
1643 1 | 45 | 2 105 — 19
1643 1 ; 55 3 105 — 19
| 1827 i 7 = 2 8 — 19
1644 1 4 ! 25 105 —_ 18
1644 1 4 | 27 105 — 18
1644 1 45 I a 10 5 —_— 18
1644 1 6 . 25 8B -_— 18
1643 1 45 | 26 10 — 18
1643 2 4 25 95 | — 18
1644 1 5 3 8 | - 17
1644 1 45 26 9 T 17
1644 1 6 25 T8 A — 17
1644 1 55 o 2 6 | - 16
1644 1 5 | 2 T i —_— 15
Average ... 171 49 | 34 107 | = o
Average of| | I |
threg forms| Tal" s 3 68 | 28 100 | 28 — |
| | o l

and Mesnil some years ago, when they wrote: “ Avee un peu d’habitude on
arrive au contraive i distinguer les deux Trypanosomes, quand on dispose de
préparations bien colorées et riches en parasites.”*

Nuelews.—Is oval or elongated in shape in the long forms, a short oval in the
intermediate, round or oval in the short, stumpy forms, and situated about the

middle of the body.
¥ {Trypancsomes et Trypanosomiases,’ 1004,
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Mieronueleus—Small and round, situated, on an average, 21 microns from
the posterior extremity in the long and slender forms, 14 microns in the
intermediate, and 1-1 microns in the short and stumpy.

Undulating Membrane—This is well developed in this species and thrown
into many folds and undulations. In this it differs markedly from
Trypanosoma vivaz,

Flagellwm.—The flagellum in the long and slender forms is free and, on an
average, 6°4 microns in length. In the short and stumpy forms there is no
free flagellum.

CoMrARrIsON of TryraxosoMA Bruckl, Ucaxpa, 1909, witHh TRYPANOSOMA
BRUCEL, ZULULAND, 1894 (see Plate 1).

When Trypanosoma brucei was discovered in Zululand, in 1894, it was
naturally thought to be the one and only trypanosome in Africa, and
a detailed description seemed unnecessary. Now, however, since the
number of species in Africa has increased to such an alarming extent, it is
necessary to add to the old deseription by more detailed measurements.
Luckily, many of the old Zululand preparations are still extant, so that it
has been possible to do this. It must, however, be borne in mind that the
Zululand preparations are some 15 years old, and were stained with carbol-
fuchsin and not by Giemsa as in the case of the Uganda strain. They may,
therefore, have shrunk to a greater extent than the more recently stained
specimens.

Table 1V.—Measurements of the Original Strain of Trypanosema
brucet, diseovered in Zululand in 1894,
Trypanosoma brueei, Zululand, 1894,

| In microns.
| No. | Method el
Date. of | Animal. of fizing and y | .
expt. | gtaining. Avernge | Maximum Minimum
: length. | length. i length.
! | i
1/11/96 312 Horse | Osmie acid ; carbol- 22 4 | 820 145
| Tuchsin
1/11/96 312 T - r 2 206 825 140
7/11/96 | 219 Donkey ,, = 230 350 145
23/11/05 | 214 | Ox 2 e 180 256 '5 130
4/7/97 — | Monkey 4 - 20 5 320 15 0
6/1/95 190 | Dog 5 % 250 350 17 0
10/12/95 - | = i = 240 42 0 17 0
14/1/06 | 238 | i = i 27 8 840 180
25/1/06 | 244 . - i 206 330 150
T/2/f08 | 289 g = o 28 7 350 190
ofr/o7 433 | 3 ! i 197 290 170
228 | 30 | 180
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12 Col. Sir D. Bruce and others. Trypanosome [July 15,

The average length of the Trypanosoma brucei, Uganda, 1909, was
256 microns, the maximum 34 microns, and the minimum 15 microns. The
measurements of the two strains therefore correspond very closely.

Tables IT and V can be compared in the following chart, which gives the
curves of the distribution in respect to length of Trypanosoma brucei, Uganda,
1909, and Pryponosoma brucei, Zululand, 1894,

Chart giving Curves of the Distribution, by percentages, in respect of Length, made
up from Tables IT and V.

e e e s, e i
I3 /E S J6 /7 18 /9 202 2223 24 25 26 27 28 29 30 31 32 33 3¢ 35 fwrons.

/8 Evlvfand siram. f59F..
/& . cennanae Upanda shrarq. F909
¥

Ferceniage

From these curves it will be seen that there is a marked resemblance
between the two strains when represented in this way.

-

ANIMALS SUSCEPTIBLE TO TRYPANOSOMA BRUCEL

Table VI shows the effect of inoculating various animals with Zrypanosoma
Irueet, Uganda strain, 1909.

The number of experiments carried out on the various animals is too small
for comparative purposes, but sufficient to show that cattle and the smaller
laboratory animals are susceptible to this trypanosome.

Currivarion oF TrYPaN0soMA BRUCEI, UGANDA STRAIN, 1909,

No attempt was made in Uganda to cultivate this trypanosome.

CARRIER OF TRYPANOSOMA BRUCEL

No experiments were made in the laboratory at Mpumu with Glossina
padpalis as a carrier of this trypanosome, and no evidence is to hand as to
how it is conveyed from sick to healthy animals in the district of Bukedi,

ey
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Table VI.
| : i :
| Period of | Duration of
Data, Expt. En:i:ﬂ': of incubation, = disease, in Remarks.
| : in days. days.
|
Cattle.
1909, | |
Aug. 11 .| 1481 | Nat.infee. | —  |Killed on 79th day.
Goat.

Never showed trypanosomes ;
under observation 87 days,

Ang. 16 | 1478 | Ox 1461 | - =

Monkey.
Aug. 16 ...| 1480 Ox 1461 | — —_ Died 10 dayz after inoenla-
tion ; mever showed try-
PANOEOMER.
Bept. 4 .. 1627 Dog 1479 13 69 Died of T brucei.
Dog.
..ﬁ.l.l.s. 16 | 1478 | Ox I‘Tnﬁl! [ 5 | 49 | Died of T brucer.
Ralbit,
Sept. 8 ...| 1645 | Rat 1482 | 26 | -— | Btill alive after 67 days.
Guinea-pig.
Ang. 16 ... 1481 | Ox 1461 | — | _— Never showed trypancsomes ;
| i | ‘ under observation 18 days,
Sept. 3 ...| 1481 | Dog 1479 | 5 | —_ Still alive after 71 days.
1] 8 | 1644 | H‘H't' 1482 | 20 g 1 4 L‘I? a1
Rat.
Aug. 16 ...| 1482 Ox 1461 | —_ | -— Never showed trypanosomes ;
; | under observation 18 days.
Sept. 4 ...| 1482 Dog 1479 4] l 23 | Died of T, brucet.
w 8 ..| 1648 | Rat1482 e R e SR H
Mouse.
Aug. 16 ...| 1483 Ox 1461 — _ Aceidentally killed om 9th
| day; never showed try- |
! panozomes. |
CONCLUSION.

With the evidence available, the Commission consider themselves justified
in considering the trypanosome recovered from the Uganda ox to be identical
with Trypanosoma brueei, the canse of Nagana in Zululand and other parts of
South Africa,
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DESCRIPTION OF PLATES,
PLATE 1.

(1) Trypanosoma bruced, Znluland, 1894, stained carbol-fuchsin, % 2000,

Figs. 1 and 2.—Long and slender forms,
Figs. 3 and 4.—Intermediate forms.
Figs. 5, 6 and 7.—Short and stumpy forma.

(2) Trypanosoma bruced, Uganda, 1809, stained Giemsa, x 2000,

Figs. & and 9.—Long and slender forms.
Fig. 10.—Intermediate form.
Figs. 11, 12 and 13.—Short and stompy forms.

(3) Trypanosoma dimorphon (1), Khartoum.  x 2000,

Figs. 14 and 15.—Long and slender forms.
Fig. 16.—Intermediate form.
Figs. 17, 18 and 19.—Short and stumpy forms,

PrLaTE 2.

Trypanocsoma brieet, Uganda, 1909, stained Giemsa.  x 2000.

Figs. 1-5.—Long and slender forms.
Figs. 6-10.—Intermediate forms.
Figs. 11-16.— Short and stumpy forms.

Hargisox axp Soxs, Printers in Ordinary to His late Majesty, St. Martin's Lane.
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Trypanosome Diseases of Domestic Animals in Uganda.*®
L —Trypanosoma vivax (Ziemann),

By Colonel Sir Davip Bruck, C.B, FRS, AMS.; Captains A. E.
Hamerrox, D50, and H. R. Bareman, RAMC.; and Captain
F. P. Mackig, LM.S. (Sleeping Sickness Commission of the Royal
Society, Uganda, 1908-10.)

(Received July 22, 1910.)

[PraTes 3—5.]

Trypanosome of Pordage’s ox, 1903 (Sleeping Sickness Commission of
Synonyms. 3 the Royal Society, 1903).
Trypanosoma cozalbous (souma). Laveran.

INTRODUCTION,

This interesting species of trypanosome appears to be widely distributed
in Uganda. It was first discovered by the Commission in two cattle which
camé from Kavirondo, the district lying to the north-east of Vietoria
Nyanza. These oxen were driven to Kampala round the north end of the
Lake, and probably became infected on the way.

Then the Government Transport Department lost many of their oxen from
this trypanosome. They were worked between Kampala, the native capital,
and Luzira, the port on the Lake-shore, which lies about seven miles to the
south-east. When the epidemic broke out these cattle were kraaled near
the Lake-shore, along which they were allowed to graze, and where tsetse-
flies are numerous. Afterwards, at the suggestion of the Commission, they
were kraaled at Kampala, when the epidemic stopped, and no more deaths
from Prypancsoma vivaz oceurred among them.

Cases also occurred among the transport cattle belonging to the German
Company, “ Victoria Nyanza Agentur.” These cattle were employed carrying
goods between Lake Victoria and Lake Albert.

Lastly, the Glossina palpalis on the Lake-shore near Mpumu, where the
Sleeping Sickness Commission laboratory was placed, were found to be
naturally infected with Zrypanosoma wvivax, and this trypanosome was
found in the blood of a bush-buck, shot at the same place at which the flies
were collected,

* Continued from preceding article,



16 Col. Bir D. Bruce and others. Trypanosome [July 22,

The evidence, therefore, at present points to the Glossina palpalis being
the carrier of this disease, and that the wild animals living in the fly area
act as a reservoir of the virus.

This species of trypancsome is similar to Trypancsome nanwm, in that it
is only pathogenic to equines and bovines, and has no effect on the smaller
laboratory animals, There was no opportunity in Uganda of inoculating it
into horses, mules, or donkeys.

Nine cattle came under observation suffering from a natural infection of
the disease. Seven of these died after being at Mpumu, on an average,
103 days. Five cattle were successfully inoculated, and these died, on an
average, in 69 days. The disease is, therefore, a fairly rapid and fatal one
in cattle. It may be noted that two of the cattle (Experiments 493
and 583), after living for 268 and 237 days respectively, died at last from an
accidental infection of Trypanosoma pecorum. It is possible that these two
oxen had recovered, and if not, it is certain that trypanosomes were either
absent or very scanty in their blood, as inogulations from them failed to
infect goats and sheep. It may also be noted that none of the four sheep
which were inoculated ever showed signs of the disease. This is probably
due to the scarcity or absence of the trypanosomes in the blood used in the
experiment for inoculation, and not to any natural immunity.

MorrHOLOGY OF TRYPANOSOMA VIVAX,

This gpecies of pathogenic trypanosome can at once be recognised among
all the others by its shape alone. There is no tendeney to dimorphism, as in
Trypanosome brucei and Trypanosoma gambiense.  On the contrary, the
individuals tend to run persistently to one type. This type has an average
length of 24 microns. The body posterior to the nucleus is swollen, and
containg clear protoplasm, in which an alveolar structure can be made out;
the posterior end is rounded, as a rule, and close to it is the large round
micronueleus ; the anterior part of the body rapidly narrows and terminates
in a free flagellum ; the nucleus is elongated and situated in the narrowed
part, is often broken up and diffused, and seems to fill up the part
of the body in which it lies; the undulating membrane is narrow and
simple, and can, as a rule, only be made out by the deeply-stained flagellun
running along its border. An examination of the plates which illustrate
this paper will, however, give a clearer idea of the general appearance of this
species than any written description,
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A. Living, Unstained,

This species of trypanosome is extremely active in its movements. It
dashes across the field of the microscope with such rapidity that it is
impossible to follow its movements, cyclone-like leaving a clear path, the
corpuscles in its track having been flung on either side.
the same spot for a time, as it sometimes does, it has an appearance of
great energy and power, throwing the surrounding red blood ecorpuscles
about in wild confusion.

If it remains at

B. Fived and Stained,

The blood-films were fixed, stained and measured as described in the
* Proceedings.'*

Length—The following table gives the average length of this trypanosome
in the ox and goat. Twenty trypanosomes are drawn and measured from each
preparation, the average length reckoned, and the length of the longest and

shortest given.
Table I.— Trypanosoma vivar, Uganda, 1909,
IR | e In microns,
etho ethog
ot | Animal, | S
Pl ' | fixing. | staining. Average Maximum | Minimum
| | length. lengih., length,

200 Ox | Osmic noid | Giemsa 287 280 210
445 2 o ; 23 8 26 0 20 0
450 o o L 230 250 21 0
450 o o o 23 4 2560 20
493 s - i 287 l 250 21 0
597 1 5 3 251 280 220
508 » " " 258 280 240
779 b " " 246 270 21 0
DE2 i o o 285 250 2240
1267 2 i 4 24 3 97 0 200
1462 i i o 238 280 160
864 Groat . - | 243 250 23 0
864 A i " ' 247 260 190
1036 i : & | 235 290 190
241 200 16 0

As is shown by the above table, this trypanosome varies in length between

16 and 29 microns,
occur immediately after division.

Individuals only 16 microns long are rarve, and only
The following table represents the dis-

tribution of length among 180 trypanosomes, and it will be seen h} it that

only three are found to measure less than 19 microns.

* B, 1909, vol. 81, pp. 16, 17.
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Breadth—~Yaries between 2 and 3 microns.

Shape—This species can be recognised with certainty by its shape alone.
The body of the creature lies mostly posterior to the nucleus, and this part is
broad and swollen and filled with beauntifully clear protoplasm, in which a
delicate alveolar structure can be made out. The body narrows at the nueleus
and tapers off rapidly to the anterior extremity (Plates 3 and 4).

Contents of Cell—Clear, with a delicate alveolar structure, and now and
then a chromatin-staining granule, especially in the narrow anterior part.

Nucleus—TLong and oval, often diffuse, situated towards the anterior
extremity, and in a narrowed or waist-like part of the trypancsome,

Micronueleus—Large, round and terminal, or sub-terminal,

Undulating Membrane.—Narrow, simple, straight, and little in evidence.

Flagellum.—There is a well-marked flagellum, the free part varying from
3 to 6 microns in length (Plates 3 and 4).

ComparisoN oF Tryraxosoma vivax, Ucaxpa; 1909, wrtHh TRYPANOSOMA
vivax, ToGcoLAxDp, 1903.

Thanks to the courtesy of the Director of the Hamburg Institute of Tropical
Medicine, through Dr. Fiilleborn, the Commission are enabled to compare the
Uganda strain with the original preparations made by Ziemann in 1903.

Table ITI.—Measurements of the Original Strain of Trypanesoma vivas
(Ziemann), 1903.

| s In microns,
Animal. | Method of fixing
and staining.

| Average length. | Maximum length. | Minimum length.
| Ox ’ 248 260 230
[ i i 26 5 310 230
| Bheep P 214 230 180
| W i 221 250 200
i Average...... a8 a1 0 180

The trypanosomes found in the blood of this sheep were shorter, narrower,
and have a more pointed posterior extremity that in the type deseribed.
Whether this is the rule or only exceptional it is impossible with our scanty
material to say.
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CoMmparIsOoN oF TryraNosoMA vIVAX, Ucaxpa, 1900, wiTH TRYPANOSOMA
vivax, 1903 (PorpAcE's OX).

On examining the preparations made in 1903 from two oxen belonging to
the Uganda Transport, the trypanosomes in them were at once recognised as
belonging to this species (Plate 3).

Table V.—Measurements of Trypanosoma vivaz, Uganda, 1903 (Pordage’s Ox).

| — . eroy ! In microns.
- etho [ |
o O Arimal. of of | =
pe fixing. staining. Average Maximum Minimum
| length. length. length.
1 Ox Osmic acid | Leishman 233 250 210
1 i 5 it 2311 26 0 20-0
2 ,, " i 23 -3 25 -0 220
2 s i = 23 5 27 0 200
|
Average... 23 -3 ar -0 200

CHART giving curves representing the distribution, by percentages, in respect of length of
Prypanosoma vivax, Uganda, 1909, Trypancsomae vivar, Uganda, 1903 (Pordage's ox),
and Trypanosoma vivar, Togoland, 1903,

" /3 2 22 24 28 28 3o 52 Microns.

Jol

a8r
25k

Percentages.
R % 5 & % R OX

2

Oy

T. wivar, Uganda, 1909 ; 180 trypanosomes from oxen and goats.
———— T\ vivar, Uganda, 1903 (Pordage’s ox); 80 trypanosomes from ox.
v T. vivar, Togoland, 1903; 40 trypanosomes from ox.
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From a comparison of these tables and the figures on Plate 3, there can
be little doubt that the trypanosome found in the blood of cattle in Uganda
in 1909 is identical with that seenin 1903, and also with that discovered by
Ziemann in Togoland, and named by him Trypanosoma vivaz.

As Dr. Laveran kindly examined the Uganda specimens and pronounced
them to be Trypancsoma cazalboud, it is probable that T'rypancsoma viver and
Trypanasomna cazalbout are the same species.

ANIMALS SUSCEPTIBLE TO TRYPANOSOMA VIVAX.

No. FPeriod of | Duration
Date. of Bource of ineubation, | of disease, Remarks,
expt. b in days, in days.
Cattle.
1809.
July 12 431 | Nat. infec. ? - Alive after 38 days.
Jan. 14 4450 + F 48 Diied of T vivaz.
Feh. 2 403 " ? 268 Also infected by I'. pecorum.
Mar. 6 {7l i ? 237 F "
o ) o P 40 Died of T vivax.
o 598 " ? 79 L] 31
May 16 779 i & 6 7 i
July 12 | 1309 3 ? 40 = S
» 12| 1318 5 ? -— Alive after 30 days.
Sept. 20 200 | Ox 1465 30 a2 Died of T vivax.
Mar. 3 467 Ox 450 - - Experiment stopped after 77 days.
May 19 8BGO Oxen 493, — | — o % m
683, & 598
L g S W — — 1 1 m
(July 27| 737 | Goat 864 15 60 Died of T. vivaz.
June 21 | 1080 | o 10 83 - e
July 8| 1267 | o 22 it A
| 5 6] 1268 | i 16 114 Killed.
| Average ] 18 | BY
Goat.
{ Mar. 51 623 Ox 598 —_ e Experiment stopped after 48 days.
: prr- 2 BHH D: 494 —_— o ET) i H a5
55, Gad Ox b83 — — " " 46 |,
| May 10 B4 Oz 779 15 148 Died of T. vivaz.
| Aug. 4| 1410 Ox 1300 22 — Btill alive after 30 days,
| Bept. 10 1652 Ox 1318 21 2 | Died of T\ vivaz.
I June 22 1086 Goat BG4 27 20 - o
| — 1087 7 - — Never showed trypanosomes ; under
; observation 66 days.
| June 26 | 1079 o 21 — Experiment stopped after 21 days.
| July 19| 1344 " a6 —- 5 - 3
» 26| 1883 - 24 - 5 ,, =
Aug. 6| 1433 5 12 17 Died of T. vivax.
| Aversge ... 22 56
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ANIMALS SUSCEPTIBLE TO TRYPANOSOMA VIVAX —confinued,

| [
No. | Period of | Duration |
Dute, of Sipia Of incubation, | of disease, Remarks,
expt. Lrioss in days. | in days.
I
Sheep.
160, :
Mar. 23| 610 Ox H98 - — Experiment stopped after 50 days.
Apr. 2 63T Ox 403 — | o 1 I W,
ay 1B B63 | Ox 77D — — Died 124 days after inceulation.
June 17| 1013 Ox 583 — - Experiment stopped after 72 days.
Monkey
Feb. 4| 487 | Ox 450 — |  — Experiment stopped after 57 days.
= + 488 1 = I i " " a7 1
Apr. 8| 640 | Ox 583 i = » » 45,
£y | 843 | Oxd08 | — — ,, i 4%,
“Bj’ 19 859 | Ox 779 —— — 1 EE) 40,
July 90 1304 Ox 1030 | — - | Died 30 days after inoeunlation,
. 28] 1384 Croat 864 | — | — | Experiment stopped after 33 days.
Dog.
Feb. 4| 482 | Oz 450 —-- l - Died 30 days after inoculation.
Mar, 8 L6 i " — | — | i ”
June 18 = 1021 | Ox 583 - - | - »w L8 Hi P
o B0 1197 | Goat BR4 | - | — | Experiment stopped after 43 days,
July 16| 1343 | Dog 1021 — i s 1 0 81
Guinea-pig.
Mar. 27 GLT Ox G598 — —_ Experiment stopped after 52 days.
Apr. 3 42 Ox HR3 — 0 " 45
it o 45 Ox 493 I — | — " " 45,
Mﬂj’ 19 | 862 Ox 779 = — " i 40,
Rat.
Mar. 23 609 Ox 688 | - | — i Experiment stopped after 56 days.
ﬂl.]}'l". a8 ikl Ox 683 — o | ” 1] 0,
s 8| 64 | Ox403 - = | » " %,
May 19| 860 | Ox779 | i s 40
Mouse.
Mar. 27 616 Ox 608 | — — Experiment stopped after 52
Apr. 3| 6468 | Ox 5838 | — - n " 45,
5 3 647 Ox 493 = — 1" Er} 45 EE] H
H-F}' 19 a1 | Ox 770 — —r I 1 2 0,
|

CurLTIvATION OF TRYPANOSOMA VIVAX.

A. Living, unstained.

This species grew readily on blood-agar, the blood used in the preparation

of the medium being that of the goat.

The history of a tube which had been
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inoculated with a drop of blood from the heart of an ox, Experiment 450,
dead of Trypanosoma vivar disease, is as follows :—

March 3, 1909.—Inoculated six tubes, The trypanosomes are very scarce in the blood.
Mareh 6.—Tube No. 1 has been examined daily for signs of growth. Nothing living
has been seen. The tube remains sterile,

March 8 —To-day many very active trypancsomes are seen. They are single or in
small groups of ten or twenty or so. The cell-contents are granular. The eells possess
flagella, but no obvious undulating membranes. There are many dividing forms to be
seen, and division is evidently going on rapidly, as many individual trypancsomes appear
to be undergoing fission into three or more at the same time. N

March 9.—Since yesterday an immense multiplication has taken place. The trypano-
somes are still very active. They appear to have free flagella aud long-pointed, finely
granular posterior extremities.

March 11.—Many highly active trypanosomes seen. They are elongated, thin, and
have a long free flagellum, sometimes as long as the body itself.

The trypanosomes remained alive and active up to 20 or 30 days, when the
tubes beeame eontaminated, or dried up, and were thrown away.

Size.—Cultural forms of Trypancsoma vivas; vary much in size. At first,
when they begin to multiply, on or about the sixth day, the individuals
forming groups are about 15 microns in length. Next day they are longer and
thinner, and later many ave seen 50, 60, or more, microns in length.

Shape.—At first, the yonng forms are oval or elliptical in shape; after-
wards they become more attenuated ; and later still may be seen as huge
trypanosomes with undulating membranes and long free flagella.

Contents of Cell.—In the living unstained condition this appears to be
finely granular.

Undwlating Membrane—In the smaller forms composing the groups no
obvious undulating membrane can be made out.

Flagetlum.—This is free and well developed.

Motion.—The single forms are extremely active.

B. Fized and Stained (Plate 5).

Protoplasm.—Is homogeneous, but containg many irregular granules and
vacuoles,

Nueleus.—1s usnally broken up and diffuse.

Micronielens—Olten difficult to distinguish. Sometimes placed anterior, at
the side of, or posterior to, the nucleus.

Flagellum,—Well developed free flagellum.

Undulating Membrane—TPresent in the older free forms.
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Tug CARRIER OF TRYPANOSOMA VIVAX,

It was pointed out in a previous paper that, in laboratory experiments,
Trypanosoma vivar readily develops in Glossine palpalis, and that this tsetse
fly can convey the infection to healthy animals after a period of from 20 to
30 days* It was also found that this fly is naturally infected with this
trypanosome, and several animals became ill and died of this disease when
freshly-caught Lake-shore flies were fed upon them.t The epidemic among
the Government Transport oxen at Kampala also points to this fly being the
carrier. As stated above, as long as the cattle were kraaled at the Lake-
shore and exposed to the bites of Glossina palpalis, so long did they suffer
from Trypanosome vivaxr infection. Afferwards, when stabled at Kampala,
the fatality from this disease ceased.

Although it must be confessed the evidence is rather scanty, what there is
points to the Glossing palpalis as being a carrier, if not the chief carrier, of
Trypanosoma vivew ; and theve is no evidence at present to ineriminate the
Tabanids or Stomoxys.

CoNCLUSIONS,

1. Trypanosoma vivax, an easily recognisable species, gives rise to a fatal
disease of cattle in Uganda.

2. The earrier of Trypenosoma vivaz is probably Glossina palpalis, which is
found naturally infected on the Lake-shore.

3. The reservoir of the virns is possibly the antelope which frequent the
Glossina palpalis area,

DESCRIFTION OF PLATES.

PraTe 3.
Figures for the comparison of Trypanosome viver, Uganda, 1909, Trypanosoma vivar,
Uganda, 1903 (Pordage's ox), and Trypanosoma vivar, Togoland, 1903,

PraTE 4.

Trypanosonu vivar, fixed osmie acid, stained Giemsa. %2000, Note the large round
terminal micronuclens ; the broad, swollen anterior part filled with clear protoplasm,
in which a hint of the alveolar structure is given ; the nuclens situated in the narrowed
part of the body ; the slightly developed undulating membrane ; and the free flagellum,

PraTe 5.
Fig. 1.—A group of Trypancsoma vivar after 5 days' growth in blood-agar. Stained
Giemsa. X 2000.
Fig. 2.— Trypanosoma vivax after 6 days’ growth. Stained Giemsa. x 2000.
Figs. 3 and 4.—After 7 days' growth. Stained Giemsa. x 2000,
Figs. 5-0.—After 8 days’ growth. Stained Giemsa. > 2000.

—

* ¢ Roy. Soc. Proe., 1910, B, vol. 82, p. 381,
+ ‘ Roy. Soe. Proc.,’ 1910, B, vol. 82, p. 63.
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Glossina palpalis as @ Carrier of Trypanosoma vivax in Uganda.

By Colonel Sir Davip Bruce, CB, FRS, Army Medical Service;
Captains A. E. HamErrox, D.S.0., and H. R. Batemax, Royal Army
Medical Corps; and Captain F. P. Mackig, Indian Medical Service.
(Sleeping Sickness Commission of the Royal Society, 1908-09.)
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One of the important trypanosome diseases of cattle in Uganda is that
caused by Zrypanosomae vivew (Ziemann). This species of trypanosome
appears to be widely distributed in Central Afriea. It has been reported
from Senegal, the Sudan and Erythrea in the North, to Rhodesia in the
South. It is fairly easily recognised on account of its extreme activity
during life, its characteristic shape in stained specimens, and the fact that
it only affects cattle, goats, and sheep; while monkeys, dogs, rabbits,
guinea-pigs, rats, and mice are refractory. Its carriers have usually been
reported as tabanus and stomoxys.

This short note is written to place on record that fact, that in Uganda
the tsetse flies, Glossine palpalis, which are found in large numbers on the
Lake-shore, are infected, not only by Trypancsoma gambicnse, the cause of
sleeping sickness, but also by Trypanvsome wvivax. The first experiment
which showed that these tsetse flies are infected with the latter trypanosome
was the following :—

Experiment. 1318.—Cali.

To ascertain if oxen will become infected by trypanosomes if allowed to feed
in the “ fly area.”

July 12, 1909. A healthy calf was taken down to the Lake-shore at
Kibanga and ferried across the bay to Nsonga, where tsetse flies are
numerons. The flies were observed to feed on it in numbers. It was then
brought back to Kibanga. In futuve this calf will be taken out every day
by the fly-boys to different parts of the Lake-shore, where it will graze while
the boys are catching tsetse flies.

'
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Aungust 8. Returned from Lake-shore to Mpumu.

August 11, Trypanosoma vivar present in the blood of this ealf.

Llemarks—If the incubation period of this disease is assumed to be
eight days, then this calf remained 19 days at the Lake-shore before it
became infected. The proof that the trypanosome found in this calf’'s blood
was Trypanosomae vivar and not Trypancsoma gambiense was the shape and
appearance of the parasite, the fact that the calf’s blood injected under the
gkin of two monkeys gave negative resulls, and, lastly, that 50 laboratory-
bred flies fed on this calf afterwards infected a goat with Trypancsoma

vIRAL,

Experiment 431.—Cow. (Mother of Calf, 1318.)

July 12, 1909. This cow accompanied her calf to Kibanga, and remained
with it during the experiment.

August 8. Returned to Mpumu.

August 19. Trypanosoma vivaz discovered in blood.

The following table shows the dates of examination :

| Parazites in blood. i
Dute,
Piroplasma. Trypanosomi.
1900, | '

Jandary 9 i = —_
T e g | - -~
L | = —

e LB ool ) — —

February 2 rnanensena] — —

1 9 SR e | A —
R L e | — —

Augmet B o] o =
i% 1'1 ammEEban v e =g T
i 18 — +

Remarks—1t is possible that this cow became infected from her calf, but it
is more probable that she became infected in the same way and about the

same time as her calf.

The remaining experiments were carried out by bringing freshly-canght
(¢lossina palpalis from the Lake-shore to the laboratory at Mpumu and
placing them on healthy oxen,
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Flies,
Date, = .
Put on. Fed. T. gambiense,
1909,
August 27 _........ 150 0 —
A - R e G0 35 —
At Wil 30 19 Z
5 0 g — — —_
LR 11 qqqqqq r— — e

Remarks—DBoth Trypanosoma gambiense and Trypanosoma v

the blood of this bull. 1
Experiment 982—Bull.
Flies.
Date. |
Put on. Fed T\ gambiense, ,
1909,
September 11...... 45 36

il b by it a0

i 14...... 11 Ta -

T 10w 135 b

- 16....5 420 160 —

o thE ) _ bb 40 A

£ m’a-- —_— — —

a8 51"4 115 BE e

i ﬂHl| CL} m ; 1“

Gk 410 380

i 24... 300 240) s

1] 35 ------ e et ——

3 L e am 230 &
October 14 — -
Remarks—Both Trypanosoma yamhwmc and .‘ﬁwmm v

in the blood of this bull. . S
g’ E E -

1. The Glossina palpalis on the shores of Victoria Hyanza:iu'ﬁ’ ected
only by Trypanosema gembiense, but also by Trypanosoma um? o

2. What the reservoir of the virns of Trypanosoma vivas is, is
the buffalo, waterbuck, and other ;anmmpa which live on the
should be examined, - .

* 4 A
.l';f- r-"""
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IV.—Trypanosoma uniforme, sp. nov.
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[Prate 12.]

INTRODUCTION.

The name Trypanosoma uniforme has been given to this species on account
of the uniformity in shape and general appearance which characterises it.

Only four oxen were found by the Commission to show this trypanosome
in their blood. One was received from Sir Apolo Kagwa, K.CM.G., the
Prime Minister, on August 30, 1909, and its blood at once inoculated into
a series of animals, The other three came from the Uganda Company’s
estate at Namukekera.

The ox, goat, and sheep were found to be susceptible, while the monkey,
dog, guinea-pig, rat, and mouse proved refractory. This was the case with
Trypanosoma vivar, and in truth these two species resemble one another
very closely. Trypanosoma uniforme differs from 7. vivex in size, and perhaps
to a slicht extent in shape; but, from the small amount of material at the
disposal of the Commission, it would be rash to generalise.

The few facts gathered will, therefore, be put on record, in order to
draw the attention of future workers on Uganda trypanosomes to its
presence.

MORPHOLOGY OF TRYPANOSOMA UNIFORME.
A, Living, Unstained,

This is & small and active trypancsome, which has a marked translatory
movement in the field of the microscope. This movement, however,
is not to be compared with that of 7. wivax in point of rapidity or
range. The rapid vibratory movement of the body and flagellum some-
times slows down for a perceptible fraction of time; but this trypanosome
does not become completely quiescent as is commonly the case with
T. pecorwm. The cell-contents are clear and homogeneous, without any
appearance of a vacuole.

B. Fized and Sioined. ;

Length.—This trypanosome is smaller than T\ vivaz. The average is 160

as against 237 microns. The following table gives the average length of

* Continved from ‘Roy. Soc. Proc,,’ 1010, B, vol. 83, p 27,
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this trypancsome in the ox, goat, and sheep. Twenty trypanosomes are
drawn and measured from each preparation, the average length reckoned,

and the length of the longest and shortest given :—

Table I.—Trypanosoma wniforme.

I In microns,
No. | ; Method Method
of expt. Animal. of fixing. of staining. Average Martonet T L
length. length. length.

1437 Ox Osmic acid Giemsn 160 176 150
1442 2 5 ki 160 180 140
1442 % 3 £ 163 1940 140
1581 o | W i 16 -5 190 140
1732 5 ,, s | 15+ 175 185
1734 2, 3 X | ‘i15°8 170 140
1689 Groat o v | 16 4 175 150
1604 ” » a [ Lne 190 160
1684 | 5 i ,, [ 147 160 130
1497 | Sheep = i L 190 160
1497 | i i ,, | 147 ! 160 120

160 1910 120

The following table represents the distribution in respect to length of 200
individuals of this species of trypanosome :—

Table IL—Distribution in respect to Length of 200 individuals of
Trypanosomea wniforme.

_ Microns.
No. =3 e . AN e | Average,in
of expt. | | | | microns.
| 12. | 18, | 14, 15. l 16. 17. | 18 | 19
| . ol B L
1437 | Sl S — b 10 ol b — — 160
142 | — - | 4 2 a | 4 2 — 160
1442 - - 1 i o o 1 2 16 -3
1581 - - 1 3 8 2 4 2 1656
1734 —_— - 4 & i 2 — — 15-3
1689 e - — 3 G 11 — — 164
1694 —_ | - — — 2 5 9 4 174
1694 — 1 8 T 4 — | | 147
1497 = S — 4 7 8 1 178
1497 1 — T oo i L6 e — — 147
Totals ...... 1 1 | 24 ‘ 40 60 41 24 9
ot [l RS L o A
Percentages | o5 | 056 | 120 ‘ 200 300 206 |120 | 4°6
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Breadth.—Varies from 15 to 2'5 microns,

Shape—This species of trypanosome seems to differ in shape from 7' vivax
in that there is not the marked narrowing or constriction opposite the
nuclens. The posterior extremity is rounded or blunt, and in this
resembles T vivax (Plate 12).

Contents of Cell —Resembles T vivax in showing the appearance of clear
protoplasm with fine alveolar structure.

Nueleus—Oval in shape and compact; not, as a rule, situated in a narrowed
part of the body or waist, as in 7' vivaw. It also seems to be placed about
the centre of the body, and does not take up the whole width of the cell as
in the closely allied species.

Mieronucleus—Resembles 7. vivax in being large, round, and terminal.

Undulating Membrane.—Narrow and little developed, as in 7' vivaa.

Flagellum.—There is a well-marked flagellum, the free part varying from
2 to 5 microns in length.

ANIMALS SUSCEPTIBLE TO TRYPANOSOMA UNIFORME.

No. FPeriod of | Duration
Date, of ﬂm.!rm of incubation, | of disease, Remarks,
expt. it in days. in days.*
Cattle.
1609, l I
Aug. 7| 1442 | Nat. infec. ? 5 Died of T uniforme.
» 80| 1581 i P | 6l Killed.
s R 1732 | et ¥ | 70 | Died of I uniforme.
w 11| 1734 | i I ? " 80 | Killed.
Goat.
Sept. 1 | 1491 | Ox 1581 | 16 18 No pogf-morfem,
, 16| 1689 T ROR g 34 g
n 18| 1684 | Goat 1491 9 35 ” »
o 24| 1716 | Ox 1581 —_ —_ Never showed trypanosomes ; under
! observation 40 days.
| Average | 14 t 29
Sheep.
Sept. 16 | 1407 | Ox 1581 18 4 Killed.
we &l 1801 5 —_ — Never showed trypanosomes ; died
10 days after inoculation,
w 24 ) 1717 q —_ — Never showed trypanosomes; died
13 days after inoculation.
Monkey.
Bept. 1| 1653 | Ox 1681 | — | — | Experiment stopped after 34 days.

* Duration includes the days of incubation ; it dates from the day of infection.
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No. . | | Periodof | Duration
Date, of So:uim of | incubation,  of disease, Remarks,
i expt. i in days, II in days.*
|
Dog.
Sept. 1| 1600 | Ox 1881 | — |  — | Experiment stopped after 34 days,
Guinea-pig.
Sept. 1| 15669 | Ox 1581 | - |  — | Experiment stopped after 34 days.
Rat.
Sept. 1| 1607 [ Ox1881 | — | — | Experiment stopped after 94 daye
Mouse.

Sept. 1| 1588  Ox 1581 - | — | Experiment stopped after 34 days,

* Duration includes the days of incubation ; it dates from the day of infection.

CULTIVATION OF T. UNIFORME.
No attempt was made to cultivate I uniforme.

CARRIER oF T. UNIFORME.

No experiments were made in the laboratory with Glossina palpalis as a
carrier of T uniforme, and no evidence is to hand as to what the carrier is.

CONCLUSIONS.

1. Trypanosome wniforme resembles 7. wvivaz in shape and general
appearance, but differs markedly in size.

2, It also resembles T. wivax in mnot being pathogenic to the smaller
laboratory animals.

3. There is no evidence available, as in the case of 7' vivax, as to what the
carrier of 7', uniforme is.

DESCRIPTION OF PLATE.
Prate 12

Trypanosoma uniforme in the ox, goat, and sheep. Fixed osmic acid, stained Giesma.
% 2000, Note the large round terminal micronucleus, the oval compact nucleus, situated
about the centre of the body, the narrow undulating membrane, and the free flagellum.

Hanuison awp Soxs, Printers in Ordinary to His Majesty, St. Martin’s Lunc.
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Trypanosome Diseases of Domestic Animals in  Uganda®
V.—Trypanosoma nanum (Laveran).
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Hamgrroxn, D.S.0,, and H. R. Baremax, RAM.C.: and Captain F. P.
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(Received October 1,—Read December 8, 1910.)
[PraTes 13 axp 14.]

INTRODUCTION.

Only two cattle (Experiments 503 and 1118) examined by the Commission
at Mpumu were found to harbour this trypanosome in their blood. Both
came from the Uganda Company’s estate at Namukekera, some fifty miles
from Lake Vietoria, and both had become infected on the estate.

This species differed from Trypancsome pecorwm, in that it did not affect
the smaller laboratory animals, such as monkeys, dogs, rats, or mice.
(Guinea-pigs were also refractory to the disease. Horses, mules, donkeys,
and rabbits were not available at Mpumu, so that it is impossible to say
what would have been the effect of inoculation in them. Oxen and goats
were inoculable, but the only sheep experimented on failed to become
infected, although inoculated with the same blood which infected a goat.

It seems rash to recognise 7. nanwm as a Uganda species on the
insufficient evidence at our disposal; but yet the fact remains that this
trypanosome in every case failed to infect the smaller animals, and, more-
over, by placing these cases on record it will draw the attention of future
workers to its possible presence.

MorPHOLOGY OF TRYPANOSOMA NANUM,
A. Living, Unstained.
T. nanwm is indistinguishable from 7. pecorwm in the fresh and living
condition,
B. Fized and Stained.
Length—The following table gives the average length of this trypanosome
in the ox and goat. Twenty trypanosomes are drawn and measured from
each preparation, the average length reckoned, and the length of the longest

and shortest given :—
* Continued from preceding paper.

o
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Table I.—T'rypanosoma nanwin.

[
i In microns.
Nosof ey Metlz_tor] of : Mnt:hqd of
PARE: Taig L i et Average Maximum | Minimum
{ length. length., length.

503 Ox | Osmie acid Giemsn 133 150 | 11
983 3l £ 3 181 140 | Wiz
698 | Goat | i W 129 160 120
698 | e ol i i 152 160 120
8582 : i e A . 129 15 -0 110
B8z | 2 i S ' 13 -3 150 11-0

1691 i : : . | 187 1690 | “aEa

13 G 160 110

The average length of 7. nanum corresponds closely with that of
T. pecorum, which was 133 mierons. The question arises as to whether it
would not be better for the sake of simplicity to include, for the present at
least, this species in that of 1. pecorum. If the morphology is the same, if
the important domestic animals are susceptible to both, if the geographical
distribution is the same, and if the carrier is found to be the same, there
seems little need of separating the two under different names.

Breadth.—At the widest part from 1'5 to 2'5 mierons.

Shape—Much the same as 7. pecoruwm, but perhaps slightly narrower, due
to the less development of the undulating membrane (Plate 14).

Contents of Cell—As a rule homogeneous.

Nuelews—Ovwal and situated about the middle of the body.

Micronuelens—Small and rounded, and situated near the posterior
extremity.

Undulating Membrane—Perhaps a little narrower and simpler than in
T. pecorwm. It was thought to be applied more closely to the body and less
thrown into folds than in that species.

Flagellwim.—There is no free flagellum.
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From a comparison of Tables IT and III, Chart 1, and the coloured figures
of the two species, it is evident that 7. pecorum and 7' nenum resemble
each other very closely morphologically.

k!

Table IL.—Showing the Distribution in respect to Length of 100 Individuals
of 7. nanum, Uganda, 1909.

v |
Xo: Microns. i\’qmge.
of expt. s
11. 12 i 13 14 | 15. 16 TIREPODA.
i i
659 s — T IR ol 4 1 139
698 —y 1 s 2 AR [ v 152
882 1 5 10 3 1 = 129
B83 1 4 5 7 3 (s ] e L
1691 - 1 2 8 g8 | 1 F s
it o |
Totals......... 2 11 \ 24 28 | =23 ‘ 12
|
|
Percentages 20 | 110 240 ‘ 250 | 230 I 120
I

Table III.—Showing the Distribution in respect to Length of 260 Individuals
of 1. pecorum, Uganda, 1909.

No. Microns, Averags,
':'f 1 = in
expt. | g |9, | 10. | 11 12. ‘ 18| 1 ] 16. | 18, ‘ 17,‘ ke ) | B tiend
v D | ] .

82 | — | — | z2.| & 8 | 8 1 | = | = | =] = 11
sEnl—|—| 8 2 9 | 4 1 e I e ==ty [ 123
— |=|=| — 2 8| 6 6 3 | — | — | — 132
T e A e B ik 3 3 i 5|1 | 145
== 4 2 5 3 T e TR R e 122
srlmr— | —| — 2 9 4 i has i) [P S 127
461 —l—= = — — b 4 I 2 G 3 158
i O ) S gl i 2 6 (0 4 | — | — 14°3
O — = | — 1 5 2 5 & oall e S £ 137
551 I 3 3 3 3 2 i e [ 126
g L ——=| B g 3 2 7 T e 12 -8
88 | —|—| — | — | — 1 1] G 4 | — | — 146
Sl e R 1 3 9 4 | — T s = 13°1
Totals 1\- 16 | 25 | 50 | 45 | 80 | 35 | 20 8 | 3
Percent- | 0 4 ﬂ-} 61|88 |102|173 227|186 77 81|12

ages
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Crarr L—Giving Curves representing the Distribution, by Percentages, in respect to
Length of 7\ pecorum, Uganda, 1909, and 7. nanum, Uganda, 1909,

B o TO II IZ 13 I4 IS IA IS I8 Microns

25 ir!’ g e
/ b
T 5 G
v Ij '/F \ ‘\‘
E" 10 /¢ N\
B .-‘“ b
E ! vt

———— 7 pecorum, Uganda, 1909,
______ - I nanum , Uganda,1909.

b

Comrarisox ofF T. xaxvM, Uganpa, 1909, with T. xANUM, SUDAN, 1904,

Thanks to Dr. Andrew Balfour, the Director of the Wellcome Research
Laboratories, Khartoum, the Commission iz enabled to compare the Uganda
strain with the original Sudan strain. :

Table IV.—Measurements of Dr. Balfour's Sudan Strain of 7% nanim, 1904,

' | e In microns.
Anizial: + ]etasog of Ding
| and staining,
: | Average length. | Maximum length. | Minimum length.
|
Ox P 12-9 150 110
15 r 12 ¥ 14 -0 1040 .,

Table V.—Showing the Distribution in respect to Length of 40 Individuals
of 7. nanwin, Sudan, 1904,

Microns,

Average
Animal. in '
10. 11. 12. 15, 14. 15.
R e —_ a 4 (i1 (3] 1 12-9
Ox i 1 3 2 ] o s 12-7
Tobals ... 1 F I 15 11 1
-~ I p— - — - —
Percentages 85 15 0 15 O 37b 27 5 25
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Crarr 2.—Giving Curves representing the Distribution, by Percentages, in respect to
Length of 7. nanum Uganda, 1909, and Dr. Balfour's T. nanum, Sudan, 1904.

P 10 II 1= 13 14 I% 16 Microns.
35 : '
T
25 / /'?\
r." /P' \.‘ \
20 £
/ \
g 15 7 4 ‘\
g 10 o ’ kY
| B i < N
-7 = 7 »
T. nanum, Uganda,1909.
——————— - T nanum, Sudan ,1904.

From a comparison of these tables and the figures in Plate 13 there can
be little doubt as to the identity as regards morphology of T. nanum,
Uganda, 1909, and Dr. Balfow’s 7. nanwm, discovered in the Sudan
in 1904 :—

ANIMALS SUSCEPTIBLE To T. ¥awuyMm, Ucaxpa, 1909,

1 I i | 1
No. | Period of | Duration
Date. of E’D“.‘m'} of incubation, | of disease, Remarks,
exph. T in days. in days.®
| Cattle. ﬁ
1909, ' : | : |
Feb, 5| 503 | Nat. infec. P | 246 | From Namukekera. Died of
| ' T, nanwum.
June 25| 1118 | - ? 3 From Namukekera. Died of
[ T\ neniene.
Bept. 29 780 Ox 983 — — | Never showed trypancsomes; still
| alive after 47 days.
June 11 082 Ox 503 - — Never showed trypanosomes ; still
alive after 141 days. I
o 1 | 083 it a0 | 141 | Killed.
Goat.
Apr. 12| 688 [ Ox 503 | 25 137 Died of T’ nanum,
ay 21: B82 ¥ 26 i1 ] 1]
L] 4l BB'H i u 'iﬁ bl EL
Sept. 16| 1601 Ozen 503 8 12 " »
& 982
| Average 1 16 | Tl
Sheep.
May 21| 880 | Ox503 — — Never showed trypanosomes ; stil 1
4 i ‘ l ] alive after 82 days. |

* Duration includes the days of incubation ; it dates from the day of infection.
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AxmmaLs sUsCEPTIBLE TO T. ¥anuMm, Ucaxpa, 1909 —confinued.

No. | Period of | Duration |
Data, of q{:::f; of | incubation, | of disease, | Remarks,
expt. in days. in days.*
Monkey.
Apr. 10| 687 Ox 503 — - | Died ; under observation 23 Elu-ys,
June 26| 1168 | Ox1118 — — Never showed trypanosomes ; still
. alive after 141 dF:n
,» 26| 1169 | i — — | Never showed tr nmumm gtill
' | alive after 97

' Died ; under observation 66 days.
June 30, 1194 Groat 883

i
8

. 80| 1195

May 21 8BB4 | Ox 503 ‘
|

| ‘ alive after 43 days.
» 30| 1196 A — — Died; under observation 26 days.
! Guinea-pig.
Apr. 10 689 | Ox 503 — . —_ Never showed trypanosomes; still
' i alive after 50 days.
| June 26 1162 | Ox 1118 — - Never showed trypanosomes ; still
Z | alive after 36 days.
s 26, 1188 " — — Never showed trypanosomes ; still
| alive after 36 days.
w26 1164 r - i — Never showed trypanosomes; still
alive after 36
Rat.
1909, | |
| Feb, 9| 520 Ox 503 | - — Experiment stopped ; alive after
| ' 44 days.
m ":'| 530 1 i = — Experiment stopped; alive after
Apr. 10| 688 : 5 — = Experiment etopped; alive after
. | _ 59 days.
w 12 7T | ~ — - Experiment stopped ; alive after
} . &7 days.
| June 26| 1165 | Oz 1118 — — Experiment stopped; alive after
| | 67 days.
» 26| 1166 i —- | = Experiment stopped; alive after
| BT days. 4
» 26| 1167 = - | = Experiment stopped ; alive after
| 57 days.
May 21| 885 | GoatGO8 — = Experiment stopped; alive after
; B0 days,

Mouse.

59 days.

Apr. m| 600 ‘ Ox 508 ‘ —

n 1] d’g #
Never showed trypanosomes ; still

— |E:perimant stopped; alive after

* Duration includes the days of incubation ; it dates from the day of infection.
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shot by Mr, L. C. Lea-Wilson, of the Uganda Company Limited, at a spot
two miles from the eastern shore of Lake Albert, near Ngogole, about
31° 10" E. lat. and 1% 30° N, long. It is to be regretted that none of the
blood was injected into a dog, donkey, or ox, in order that a fuller study of
this trypanosome might have been made. As it is, all the material
available are a couple of smears made by Mr. Lea-Wilson and sent to the
Commission.

Movplology of the Trypanosome of the Elephant,

Method of Fiving and Staining.—The two slides received from Mr. Lea-
Wilson were fixed in osmic acid vapour and aleohol, stained in Giemsa, and
decolorised in orange tannin,®

Leagth.—For method of measurement see the same paper, p. 16. As will be
seen from the ecoloured plate, which was drawn by Sergeant Gibbons,
R.AMC, this trypanosome is of medium size. The average length of
18 individuals is 185 microns : maximum 21, minimum 15,

Breadth—On an average the breadth at the thickest part is 3 microns.

Shape—This trypanosome is of the Trypenosema brueei type, inasmuch as
it has a well-developed undulatory membrane and free flagellum. As will
be seen from the drawing (Plate 12), one noteworthy feature it has is the
uniformity in size and shape of the different individuals. The posterior end
is blunt, or conical, reminding one somewhat of the head of a seal, with the
bulging mieronueleus for an eye. The body thickens as far as the middle,
when it gradually tapers away to the anterior end.

Contents of Cell.—The protoplasm 1s elear and partienlarly free from
granules,

Nucleus—The nucleus is compaet and sharply defined from the neigh-
bouring protoplasm. In shape it is round, or oval, and often lies nearer the
anterior extremity than the posterior. Its length averages 2 microns.

Micronuclews—The micronucleus is small, round and distinet. It is
situated close to the posterior extremity, and often appears to bulge above
the surface.

"ndulating Membrane—The undulating membrane is well developed and
thrown into well-marked folds.

Flagellum—The flagellum stains deeply. It runs from the mieronucleus
along the edge of the undulating membrane, beyond which it projects
as a free flagellum for some 5 or 6 microns.

* Tide * Roy. Soc. Proe,, Series B, vol, 81, p. 16,
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posterior lobe is pale in colour, and on section appears fairly normal. Weighs 345 grammes
(12} ounces).

Alimentary System.—Spleen is enlarged. 29 em. in length, 9 em. broad, and 25 em. in
thickness (11" x 33" x 1”). Capsule is purplish in colonr. On section the tissne is dark
purple in colour and friable. Weighs 245 grammes (8§ ounces). Liver is bright yellow
in colour, tinged with red, like bronze. Capsule is smooth. On section the substance is
pale, with congested areas. Gall-bladder is distended with thick, greenish-yellow bile,
‘Weighs 880 grammes (314 ounces).

Fourth Stomack.~Is pale in colour. No ulceration. Intestines not examined.

Urinary System.—Left kidney.—Capsule strips veadily. On section the cortical part is
seen to be pale, with dilated vessels. Weighs 102 grammes (3% ounces). Right kidney, in
a similar condition to the left. Weighs 95 grammes (3} ounces),

Experiment 1634.—To study Amakebe in the Calf.

Sept. 4, 1009.—This calf was brought to Mpumu from Kome, one of the Sesse Islands,
and was therefore susceptible to Amakebe,
» ld.—Sent into Kampala, in order to become infected.
» 24.—Returned from Kampala.
Oct.  4.—Lymphatic glands much enlarged. Oct. 18.—Died.

The following chart represents the course of the disease : —
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Cuarr 2—Experiment 1634. Temperature Curve in a severe and fatal Case of Amakeba,

Ctet. 18, 1909, — Post-mortem immediately after death, ,

Euxternal Appearances—Animal about one yvear old. Preauricular, prescapular, and
precrural glands are much enlarged.  The prescapular glands measure 3 inches in length
and 1} inches in breadth. On section the glandular tissne is cdematous and, in some
places, hiemorrhagie,

Internal Appearances.—On opening into the peritoneal cavity about a gallon of clear,
amber-coloured fluid is found. There is a large quantity of yellow, gelatinous infiltration
into the omentum. The serous membrane of the omentum is markedly hemorrhagie,
being covered with small petechiee. The small intestine is dark erimson in eolour and
intensely congested. The whole of the peritoneal aspect of the diaphragm is covered with
small hemorrhages. On removing the sternum a quantity of yellow, gelatinous material
8 found in the mediastinum. About 2 ounces of the same clear, amber-coloured fluid are
seen in the pleural eavity. The |m:|'iu.-nrﬂinm contains a small qmntit,:,r of clear, straw-
coloured serum,
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The following chart gives the result :—
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CHART 6.—Experiment 556 represents the Temperature Curve of a Calf which has been
Injected with Blood containing the Small Rod and Ring-shaped Piroplasm. The
minus and plus signs show the absence or presence of the smwall rod and ring-shaped
piroplasm in the blood.

Remarks—Twenty-four days after the injection of the blood econtaining the small
piroplasm, the same rod and ring forms appeared in the blood. The temperature curve
hardly shows any response to the invasion of the parasite, and the calf shows no signs of
illness. It iz evident, then, that the injection of blood containing this small piroplasm
gives rize to no symptoms like those seen in Amakebe.

In the same way the injection of blood containing Piroplasma bigeminum
is followed, after some days, by the appearance of this parasite.

Experiment 1901,
To ascertain if the Injection of Blood containing Pivoplasma bigeminum will give rise to
Symptoms of Amakebe.
Aug. 20, 1909.—Injected 2 c.e. blood containing Piroplasma bigeminumn into this calf.
The following chart gives the temperature curve :—
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Cnarr 7.— Experiment 1901 represents the Temperature Curve of a Calf which has been
Injected with Blood contaming Péroplusme bigeminum. The plus and minus signs
ghow the presence or absence of Piroplasma bigeminum in the blood.
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Hemarks.—Six days after the injection of blood containing the Piroplasma bigeminum,
this parasite appeared in the blood. The temperature curve is not affected, nor does the
calf appear ill. It may, therefore, be concluded that Amakebe is not cansed by the
injection of blood containing either Piroplasma bigeminum or the small rod and ring
form.

It is well known that Piroplasma bigeminum is carried from affected to
susceptible animals by different varieties of the blue tick, as well as other
species of ticks. It would seem that the small rod and ring form of piroplasm
15 carried by the brown tick, as the following two experiments will show.

Experiment 747.

To ascertain if Brown Nymphs which had fed as larve on an Animal whose blood
contained the Small Rod and Ring Forms, are capable of carrying them to a
Susceptible Animal, and if the disease so set up will have the Symptoms of
Amakebe.

June 24, 1909.—This calf, like the others, has been brought up in a tick-free shed. It
has been under observation since May 10 without showing any small rod and
ring forms in its blood. To-day, a large number of brown nymphs which
had fed as larvee on an ox whose blood contaived the small rod and ring
piroplasm were placed on this calf.

The following chart shows the course of the temperature :—
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Cuarr 8.—Experiment 747 represents the Temperature Curve of a Calf upon which
Infected Brown Nymphs have been fed. The minus and plus signs show the
absence or presence of the small rod and ring piroplasm in the blood.

Remarks.—Twenty-five days after the infected brown nymphs were fed on this calf the
small rod and ring-shaped piroplasm appeared in the blood. The temperature curve is
not aflected, and the calf shows no signs of Amakebe. It is evident, then, that the small
rod and ring-shaped piroplasms transferved to a susceptible calf by means of brown
nymphs do not give rise to amakebe.

Experiment 6568,

To ascertain if Adult Brown Ticks which had Fed as Nymphs on an Animal whose Blood
contained the Small Rod and Ring Forms are capable of carrying them to a
SBusceptible Animal and setting up the Symptoms of Amakebe.

Aug. 23} lﬂﬂﬂu—Tlliﬂ calf was b-ul‘tl L3 _e'ip-ril 4 iJI H Y til::l-:—fl'l!a: ghed, It ]l:u; h{-.un uxnlnfnud
almost daily since that date, and up to the present has shown no parasites of
any kind in its blood. To-day, a large number of adult brown ticks were
placed on this calf.

b 3
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The following chart shows the course of the temperature :—
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Cuant 9. —Experiment 659 represents the Temperature Curve of a Calf upon which
Infected Brown Adult Ticks had been fed. The minus and plus signs show the
absence or presence of the small rod and ring piroplasm in the blood.

ftemarks,—Twenty-one days after the infeeted brown adults had fed on this calf the
small piroplasm appeared in the blood. The temperature corve is only slightly affected,
and the ealf shows no symptoms of Amakebe.

From the foregoing experiments it may be econcluded, then, that the
appearance of Piroplasmae bigeminwm or of the small rod and ring form of
piroplasm. in the blood of a susceptible calf, whether introduced by the
injection of blood or, in the case of the latter, by the agency of the brown
tick, is not accompanied by the symptoms of Amakebe. It also is seen from
these experiments that the small rod and ring form is inoculable, is carried by
the brown tick, and the incubation period is long. This corresponds with the
description given by Dr. Theiler, Pretoria, of the piroplasm discovered by him
in the Transvaal, and named by him Piroplasma mutans.

We may, therefore, consider that the two piroplasms which constantly
occur in the blood of Uganda cattle are those known as Piroplasma bigeminwmn
and Piroplasma mutans, and that neither is the cause of Amakebe.

Iz Awmakebe Fnoculable

It has been shown that blood containing either Piroplasma bigeninum or
Pivoplasma mutans if injected into susceptible cattle will give rise to these
diseases. Is it equally true that Amakebe is inoculable? The following
experiments were carried out to obtain an answer to this question :—

Experiment 1902,
To ascertain if Blood taken from an Animal suffering from Amakebe and injected into a
susceptible Calf will give rise to the Disease,

Feb. 22, 1900.—This calf was born last night. Placed in tick-free shed.
w26 —Injected with a 5 c.c. blood from calf, Experiment 430, suffering from Amakebe,
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The following chart shows the result :—
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Crarr 10.—Experiment 1902, represents the Temperature Curve of a Calf into which
Blood from a Casge of Amakebe has been injected.

Remarks—The temperature curve is not distarbed by the injection of Amakebe blood,
nor is the calf affected in auy way.

Experiment 1903. (The above experiment vepeated.)

Aug. 20, 1909.—Injected 5 c.c. mixture of blood and gland-juice from calf, Experiment
1387, which is suffering from Amakebe.
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CrarT 11.—Experiment 1903, represents the Temperature Carve of a Calf into which
Blood from a Case of Amakebe has been injected.

Remarks.—The result of the injection of Amakebe blood is again negative,

Experiment 1904. (The above experiment again repeated.)

Aug. 21, 1909.—Injected Amakebe blood.
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CHART 12.—Esxperiment 1904, represents the Temperature Curve of a Calf into which
Blood from a Case of Amakebe has been injected.

Remarks.—Result negative.
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disease has been shown to be caused neither by Pireplasma bigeminum nor
Piroplasma mutans. What, then, is it caused by ?

Eramination of the Blood in Amakebe.

When the blood of an animal suffering from Amakebe is examined, many
small piroplasms will be seen (Plate 10, fig. 3), which appear to be of the
same size and shape as Piroplasma mulans, and somebimes a few Piroplasma
Figemanwin ; otherwise, no new parasite can be said to have come into the
blood. This inerease in the number of the small piroplasms in the blood of
a calf suffering from Amakebe may be explained by saying that the severe
illness has led to an excessive multiplication of the Pireplasma mutans which
was already in the blood. Or, on the other hand, it may be that another
species of piroplasm, similar in size and shape to Piroplasma mutans, has
appeared in the blood, and that the phenomena of Amakebe are due to it

Murginal Points—Besides the large and small piroplasms, another kind of
body is found in the red blood eorpuscles, which Theiler has called marginal
points,  In a lecture delivered by him in August, 1909, at Nairobi, in British
East Africa, and published in the * Agricultural Journal of British East Africa,’
October, 1909, he states: “ I have recently come to the conclusion that the
disease called gall-sickness, and hitherto looked on as a sequel of redwater, is
due to the presence of another parasite, which I have called Marginal
Points * owing to their position in the red blood corpuscles. Gall-sickness is,
therefore, a separate and distinct disease.” Dr. Theiler considers it proved
that this new disease is transmitted by the blue tick. This all shows how
complicated and difticult to distinguish are the diseases of cattle. An ox may
have Piroplasma bigeminwmn, small rod-and-ring-shaped piroplasms, marginal
points, and one or two species of trypanosome in its blood at the same
time. To which parasite have the different phenomena of the disease to be
credited ?

The two following tables give the blood examination in two cases of Amakebe,
and illustrate this complexity.

The marginal points are small, deeply-staining bodies, usually placed near
the edge of a red blood corpuscle (Plate 10, fig. 3). If these bodies really congti-
tute a new and undeseribed parasite, the discovery will be one of the greatest
interest. Bodies similar in every way to these are found, however, in healthy
young rats, goats, calves, ete.,, so that it is difficult to believe at once in
their parasitic nature. Rather would they appear to be cell enclosures, due
to rapid changes taking place in the blood, such as take place in young
animals or in anemias, In Amakebe they are sometimes very numerous, and
it requires no great stretch of the imagination to see in them the youngest
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[Reprined from the ProcepiNGs oF THE Rovau Sociery, B. Vol. 82)

“ Muhanyo,” a Disease of Natives in Uganda.

By Colonel Sir Davip Brucg, C.B., F.R.S., Army Medical Service ; Captains
A. E. Hamgrron, D.S.0,, and H. R. Baremax, Royal Army Medieal
Corps ; and Captain F. . Mackig, Indian Medical Service. (Sleeping
Sickness Commission of the Royal Society, 1908-10.)

(Received June 7,—Read June 30, 1910.)

When the Sleeping Sickness Commission passed through Kampala, the
native capital of Uganda, at the end of October, 1908, on their way to their
camp at Mpumnu, they were informed by Sir Apolo Kagwa, K.CM.G., the
Prime Minister, that a new disease had broken out in the province of Ankole,
and that many people were sick.

This is probably the same disease which was deseribed by Dr. A. G. Bag-
shawe in 1906. He gives the history and symptoms of nine cases which he
saw in Ankole. He concluded that the disease was beri-beri, and states that
at one village 26 per cent. of the inhabitants were suffering from a more or
less severe form of the disease.

In the same year Dr. L. D). Lowsley also described “ Muhinyo,” but was of
opinion that it might possibly be dengue with persistent joint pains.

Nothing more seems to have been written about “ Muhinye ” until the
beginning of 1909, when Dr. A. C. Rendle reported its presence in large
numbers in the country round Lake Albert Edward. He says that all classes
suffer, and that he has no hesitation in saying that  the disease is closely
allied to kala-azar, the black death of India.”

Thanks to the kindness of Sir Apolo Kagwa and Chief Saulo Mayanja
Lumama, the Commission had an opportunity of seeing a case of “ Muhinyo,"
which was sent to Mpumu from Ankole in January, 1909. This patient,
who was said to have been ill for three months, was extremely weak and
thin, but otherwise he showed no symptoms which pointed to any special
disease.

As no other cases could be sent such a long journey as to Mpumu, it was
decided that a member of the Commission should proceed to the distriet, in
order to examine sick natives whom A. H. Watson, Esq., the District Com-
missioner, had kindly undertaken to have collected there.

On May 23, 1909, Dr. A. D. P. Hodges, the Principal Medical Officer,
Uganda Protectorate, accompanied by Colonel Sir David Bruce, Director of
the Commission, went to Masaka on the borders of Ankole, where they found
some 50 sufferers from this disease awaiting them,
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examination of the splenic pulp, obtained hy puncture of the spleen, failed to
reveal the presence of the parasites of kala-azar. [t was therefore evident
that “ Muhinyo” was neither kala-azar nor beri-beri, but the long duration
of the fever, the joint pains, and the extreme weakness and emaciation
suggested a continued fever, such as typhoid or Malta fever,
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Eramination of the Blood for Agglutinative Phenomena,

The blood of several of these cases was therefore tested with Bacillus
typhosus and Micrococeus melitensis by Widal's method, with the result that
no reaction was obtained with the former, but positive results, in fairly high
dilutions, were got with the latter.

The following table represents the result of the examination of the blood
of “ Muhinyo * with a strain of Micrococcus melitensis from Malta, from which
it will be seen that five out of the seven cases examined gave a positive
reaction :—

Table 1.
Dilution of serum.

No.of | Lk’ |
pxperiment, Control.

+4++ 1 ++
F 0

I+ 110111

+++ 1 | ++

| 1in 50, 1 in 100, 1 in 200,
I

























