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Introduction,

The following peaper is = study of the life-histories of certezin {rypanoscme

[0

species, The work is the outcome of gseverzl vears of investigation undertszken
under varying conditions and vas carfied out in Glasgow University, In the
Govt., Museum in Colombo, in the Iister Institute at Chelsew and ot Elstree,
and in Ugenda, The problems of trypenosomiasis presented themselves under a
‘variety of aspects and the different chapters make no sttempt at & wniform
treatment of the various srvecies, Bach section is merely an account cf the .
points of intercst revealed by the successive opportunities for studying the
genus afforded by the neture of the individusl form and the local conditicns.
The work has , with the exception of Chapter III, elready been published
from timé to timé in various scientific ‘journals end in-the Sleeping Sickness

Repbrts of the Rogal Bociety.

.




Methods,

The methods used throughout all the work discussed in this paper may be set
put briefly in this place.

As in all work dealing with Protozoa it was fpund that direct observation
of fhe living orgenism under éonditions approximating as nearly as possible
40 those of its natural habitat yielded the mosi valuéble results, The oppsé -
tunity of direct microséopic exsmimation afforded by the size and transparengy
of the organisms is one of the great advantages of this branch of biology
aﬁd full use was made of the privilege.

A number of different methods of fixation and staining were used,
Fixaetion by drying or by exposure to osmic acid vapour and immersion in
alcohol absolute mam followed by Giemsds stain was adopted extensively in
the earlier work, The eéﬁrs produced by this proceedure were gradually re-
vealed during the progress of the research and it was abandomed for detailed
‘eytological observation, though it has always been used for ceriain aspects
of the work, notably for the measurement and enumeration of the blood types
in the case of the trypanosomes of mammals,

The fixation by drying in air with or without exposure to osmic acid
~-vapour destroys the structure of the trophonucleus, but preserves the general
shape of the body and has the great advantage of retaining all the organisms
present in the blood spread upon the £ilm, The orgaisme are flattened into
two dimeneiona‘and while this is an arbitrary proceeding the actual result
yespecially by the osmic vepour method is sufficiently uniform to afford
very valusble deta, These dRfed films can be used for the measurement and

enumeration of the different types , for the detection of variatioh in the



4

relative position of the nuclei, for the enumeration of the individuals in

in division and for the rough observation of the sequence of forms in the
life-cycle, Dried films are useless for the study of the finer details

of the structﬁre and do net present a correct view of the cytology of the
.orgenism,

The other methods used comprise the wet fixation of rapidly spread
films so generally adopted in the study of protozoa/followed by washing in

alcohol,staiming and final mounting in balsem, Many fixatives were used ,
the sublimate mixtures being found to give the best resulfblnotably
Schaudiﬁn's fluidg Fleﬁgag's fluid was found to be unsuitable as it caused
 considerable distortion, Bles's formaline acetic mixture was very service=
able in the fixation of trypanosomes in the blood vessels and tissues for
study in sections, It mey however be remerked thet films are much more suit-
able than seetions for the deteiled study of the actual trypanosomes them-
 gelves, Nevertheless results of great interest as regards their distribution
in the host can be obtained by this method, Hiidenh§in's Iron haemetoxylin
’Q or one of the modificetions of this stain) produces undoubtedly the best
picture of the finer structures of irypanosomes , but Delafield's haeme=
toxylin, Mayer's haemalum, Twort's lichtgrun and neutral red , end acid fuch-
.sin aré all useful and %ﬁply e basis of cé&icism of the Hfidenh&in's stain,
The final criterion of fixation end staining always lies.in $8és relation
96 the fixed specimen to the liviné object, ?ortunate{} a good illumination

and high power lenses permit of a clear view of the living nucleus in nearly
all trypanosomes . This happy state of affaeirs is very merked in the

case of the largef types such as T. reiee and T, vittatae, Nevertheless

r————er )

even in E} gembiense and the trypanosomes of mammelia generally a patient
observer can make himself acquainted with the more obvious features of the

nuclear structure in the living object,



Cultivetion of +the trypanosomes upon artificial media was not practised/
as in nearly all the ceses dealt with the natural alternation between the
vertebrat and invertebrate hosts could be studied at first hand and the se-
quence of steges could be obtained directly without any alteration of the
natural conditions., A certain amount of in vitro observation of the con-
tinuous development of trypanosomes under the coverslip was undertaken,
but this was rxkhex an attempt to transfer the normal development to the
slide undér the microscope for purposes of observation,rather than an endeav-
our to cultivate the flagellates outside the body of the host,

Experimental methods of various kinds were used to elucidate the
life-histories , these are described in the course of the work,

I would like to mention one othe: method that yiedds an extraordinary
amount of insight into the condiitions of infection in the case of %he patho-
genic trypanosomes of mammels, namely the messurement and classification
of the blood forms, This bicmetric method has it must be admitteq,been used
not infrequently in a somewhat uncritical spirit, nevertheless it affords the
the key to a great deal of deta of first class importance which can be obtained
by no other means. It has too often been assumed that the blood of an animael
infected with numerous trypenosomes affords a constant and hoﬁ%eneous mixture
of blood elements and parasites and it is further frequently assumed that
today's sample and yesterday' sample etc., are for practical purposes of equal
value, A few days spent in analyéing the distribution of the different blodd
typés and the percentages of dividing individuals etc, from a series of samples
from & single animel will show the worker what a variable and fluctuafing
Population he really has to deal with, So much so that a film fixed in osmic

ecid vepour and stained by Giemsa's method should be filed for reference
in correlation with every experiment dealing with transmission or with the



effect of drugs or sera upon the parasites in vitro or in vivo, Many of the
discrepencies and contradictions in this kind of work resolve themselves into
a difference in the conditions of the experiment rather than a real dishar=
mony in the facts, This mebhod when used on a sufficiently broad basgis affords:
8 differential dimgnosis between certain species but the diagnosis does not
depend upon the shape of the curve but upon its position on the scale,

Thus T, _g_v__a_n_s.i may be distinguished from 1: b_r_t}ggg’. in infections for insiance

derived from camels by the fact that the minimum measurement of T, evansi

ig 18 M whereas the minimum measurement of L brucei is as low as 10 to
12 M . The value of some of the data tp be obtained by methods of measre~

ment will be mede clear in & later part of the work,




I. LIFE) CYCLES OF THE TRYPANOSOMES OF CERTAIN FISH AND REPTILES,

A, T, raiase,

i) Notes on the Relations and Natural History of the Hosts.

All the trypanosome species so faer as is ai present known are parasitic,

and a very large proportion of them are parasitic in two hosts, The life-cycle
of the trypanosomes is therefore nof only adapted to the conditions of the
indjvidual_hosts but is dependent on their mutual relations. As a result these 1
life-cycles present a biological group of great interest and the natural
history of the metazoon hosfs must be taken into consideration,

42.{5229 is found inhabiting the blood streem of various species of
skate, it is mever present in very lerge nuﬁbers in any individuasl and appar=
ently causes no inconvenience ka to its host nor amy appreciable loss of
condition. The infection is very common in the skate caught in the Clyde
area , more than 807 of these fisfes show the paraaitqén the peripheral blood
in sufficient numbers to be found in th course of the microscopical exemine
ation of twﬁ.or three coverslip peeparations of the freshly drewn blood.

Ihe actual percentage of fisf infected must be much higher,

The leech Pontobdelle muriceta is frequently found in the Clyde estuery

ahd is apperently common also at Naples, It feeds upon the various species
of skate and can be captured most conveniently by searching the skaje caught
on night-lines ., The leeches are elmost alweys knocked off the fish caught

in nets during the struggling incidentel to this metbod of capture, The great
bulk of the leeches used in this investigaticn were got through the cou&gby

9f Messers John and Thomes Thorburn of Rosthesay from the skete caught upon
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their night-lines in the neighbourhood of the island og Bute. Pontobdella
is I believe also found upon the angler ( Lophius) but I have had no oppor-
tunity of examining this creature.

The leech grows to a considersble size, I have seen specimens that measured
more than six inches when extended, They are of various shades of olive green
and are merked with rows of wart-like protruberehces along the body.

Nearly every leech is infected with trypanosomes thus in 4certain series

of “wild * leeches out of 60 only one was found to be quite free from

these flagellates,

From the observations I have been able to make upon freshly captured lecéhes

it aﬁpears to me that Pontobdella probably fills its crop at one meal and v
then proceeds to digest the contents at leisure without seeking food untii

the blood is pretty well digested, This is however only a mmiter of conjecture,

Pontobdella lays very characteristic eggs in the form of cocoons which |

are found firmly attached to shells or stones by means of z short stalk, They
are greenish brown and leathery , oval in shapé end about the sizevof a pea,
It is interesting to note in passing that the egg-cases were formerly consid-
ered to be a young state of Fucus loreus and it was Dapwin who as quite
| a young man discovered their true neture while studyihkg in Edinburgh in

1325. In the Spring of 1907 I received a number of Pontobdella cocoons from
the Marine Station at Plymouth ; they had been kakdx deposited upon clam-shells.
I put them into a glass jar filled with clean sea water which had been kept
* in the dark for six or seven weeks, covered it with a loosely fitting glass
1id and put it on a shelf in thé laboratory in a subdued light, I went to
Gequn in the course of the summer and wes later informed that the leeches
had hatched out about the beginning of Oct. 1907 , but the exact date was

not noted, On my return in the autumn of 1908 they were still alive in the
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original jar and in the seme water, In November I took them to the q;ine Station
at Millport on the Clyde and fed them on infected skate to obtain the first
stages of the parasite in the leech,

The leeches ,it was obeerved , showed the greateslexcitement waving about
actively in all directions when a shadow was made to fall upon the jar cont-
taining them , This reaction to the appearance of a shadow is very marked
indeed and may 5e of service to the creature in its natural state. The follow=-
ing is an account of the habits of feeding oBserved in these young leeches,

The young leeches attached themselves readily enough to the skate, except

" in one or two cases where they required a good deal of coaxing; ultimately ,
however they all fed. The Pontobdella apparently does not feed at once, pos=
sibly on account of the difficulty in first piercing the skin, The attitude.
of the leech when attaching itself with the intention of feeding is very
characteristic, It takes firm hold with its posterior sucker , and then bends
its anterior sucker in so that it is touching its own body., It then slides
the anterior sucker down along the body, finally attaching it to the skate

at a spot close beside the posterior sucker, these leeches made quite a large
'yound for such small creatures,

In some cases, after feeding for a time, the leech detaches the anterior
sucker, but does not as a rile , remdve the posterior one, Finally , after a
greater or less interval of time has elapsed the feeding is resumed,

On one occasion I was able to observe.fhe process very clearly, A leech was
?ut on to a skate at 2,30 p.m. on the L4th Nov., 3 at 10 a.m, on the 15th
it was attached by the posterior sucker only, The leech had fed , but had
not taken very much( the leech is,of course ,rather transparent when young,
and it is possible to tell at a glance if it has fed or not}., Three quarters

of an hour later it was still in the seme position with the anterior sucker
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'rees I then held the skate tinder water in the tank in such an atthtude that
[ could see the leech which had begun to make searching movements with the
}nterior sucker., It presently slid the anterior sucker down its body and onto
‘heAskate, but moved it about until it passed over the old wound when it

uried the sucker in it, The leech seems to force its proboscis in pretty
leeply, judging from the wound and its attitude while sucking, At 7p.m, on the
15th the leech was again only attached by its posterior sucker, but it was
juch swollen, and had blood visible right up to the anterior end, It was

left attached to the skate till the morning of the 16th , but did not seem

1] feed again,

Anyone who has reviewd a large number of leeches of a given species will

jave observed that there is & good deal of individual variation #n the process

»f digestion, The broad lines are of course the same, but there is always

vi certain amount of individual idiosincrasy, This in Pontobdella is chiefly
%xpressed in the greater or lesé fluidity of the blood in the crop and the
}ature of the bacterial flora mould§ schizomycetes, etc., present, THese
viomplex circunstances no doubt react upon the trypanosomeé and may explain
; certain slight variabilify in the detail of some of the developments,

The blood in the crop of Pontobdella has a tendehcy to coagulate,
It forms a rather dry mass with fluid in the ingtentices, The time factor in
}his stiffening of the blood is rather variable, It alwaps occurs, but the
;fime at which it happens and the length to which it goes differs a good deal

in individual specimens., Late in digestion it’the mass in the crop’tends to

$ecome fluid again,

, In Pontobdella the crop is a single rather thin-walled sac passing
i .

Pack from the oesophagus right to the posterior end of the body. The opening

[

From the e¢rop into the intestine is placed at thx a point about two thirds



of the way from the anterior end and it passes back asa narrow tube lying

on top of the crop.
(ii) Life-cyle of T. raiae,

T, raiae was first described by MM,laveran & Mesnil ( Trypanosomes et
Trypanosomiasis, Paris 1904 ) It is a very large form measuring ¢ . §2 /4
it moves rather deliberately and is an extremely good object upon which to
stgdy the features which characterise the whole genus, The large trophonuc-
leus lies about one third of the distance from the anterior (flagellar ) end
of the body, It is in the form of a vesicle containing a softly refractile
sphere, in optical section it appears as ag& & disc surrounded by a halo,

The posterior énd of the body is frequently drawn out into a slendemder

rt

process, Near the posierior end lies the kinetonucleus , a dense compact struc-

ture which can be distinguished in favoureble specimens as a greyish softly
refractile object at the posterior end of the undulating membrane, The undu-
lating membrane is wide and well developed, it stands out from the body like
a pliable fin, The flagekkum , which forms its outer margin arises from a
small basal grenule in ¢lose proximity to the kinetonucleus, The antsrior
end of the flagellum projects out beyond the body, Fine longitudinal stri-
ations may sometimes be observed in the periphery of the protoplasmic body,
thesé are myonemeta and are concerned in the contractile movements of the
body, lge myonemeta‘are probably present in most trypanosomes but they are
?ery conspicuous features in certain species notably those parasitic in fresgh-
weter fisheand in T, vittatae from the "milk turtke" of Ceylon,

As in the case of all trypancsomes parasitic in fish very little
is known gbout that part of the cycly which is passed in the vertebrate host, .

T, raise is never numerous in the blood of the skate and while the individ-



jndividual parasites vary in size, the method of multiplication is so far not
known and I have never observed forms in process of divisionm,
It will be convenient to give a general account of the life-eycle in the

o .
leech Ebggdella muricata and then to record some of the experimental data

and conclude with a description of the stained specimens,

The trypanosomes when taken into the crop of the leech along with the blood
round themselves off and discard the locomotor apparatus but retain the kineto-
nucleus, These forms were first described by Brumpt. ( C.R. S0C, BIOL. T, 60
PP.160 -166, 27th Jan 1906=) . These individuals which are usuaily dividing
fairly actively gradually disappear from the crop and are passed into the
intestine, This occurs at a relatively early atage of digestion, In the
intestine they become motile but continue for & considerable period in the
form of a Leptomonas-like creature, with a short straight flagellum but with-
:out an undulating membrane. These stages are in active division , they vary
considerably in size and are often very small .( Figs, / 7 5} %%15' )

The leptomonas forms are very persistent and are found throughout the whole
period of infection in greater or less numbers,., As time goes on the lepto-
monad forms liﬁthen and develop gradually into trypanosomes which show the
greatest variation in size and shape during this period of growth, At about
the méddle period of digestion the intestine of a well infected leech presents
& quite bewildering range of forms. Rounded resting individuals &_ leptomonad
iilglsxinlxnx;;hxlaxuix stages in every phase of developmént and trypano-
somes varying in type from broad slow moving creatures to iong slender
individuals with a rapid flickering motién, are all present together at this
time, Division is in active progrese in ell these forms with the exception

of the very long slender tryoanosomes, It is these long slender types which
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migrate forwards towards the end of digestion into the proboscis,
At the close of digestion, that is to say ,when the crop is quite empty

of blood , and when the intestine-showt none of the dark fluid formed by the
‘breaking down of the blood by the digestive f.uids of the leech, ihere may

be very large numbers of the long slender trypanosomes pretty well throughout
the whole alimentary tract of the leech, but very often they are still most
pumerous in the intestine, Besides these, there are present the littie re=
sistent creatures in the rounded off or very early leptomonad stage; these may

be able to

sometimes be quite minute, and seem tq\per31st through a period of starva-
tion and may preseve the infection without eny external aid, Thus in a
freshly ceptured leech ?hich-showed the blood in the c¢rop in a perfectly
unaltered condition, an;:which I could find no large newly ingested types,
there were a great number of these very minute rounded-off forms and also

the regular cycle of derivatives i,e, the leptomonas stages and trypanosomes
all in ministure and showing signs of division, These forms apparently proceed
to grow and may sometimes give rather confusing pictures, Thus there mey

be a persistent infection and a fresh one at the same time, -
' The slender proboscis forms appear to degenerate and die if they remain indef-
initely in the leech though it is difficult to be perfectly certein of this

point, It will be seen that these elougéted forms play & very important role
in a1l trypanosome life-histories,

The following observations were made upon the young laboratory hatchea
4leeches whose history has already been given ebove (page & ). They had
never been fed at all since first hatching out and had lived rather more than
& year without any food before ithese experiments were undertaken,

A leech (5a) was put onto an infected skate at 9,30 p.m. one evening;

twelve hours later it was feedlng ,and had elready 1ngested a good deal of
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blood; two and e half hours loter it had ceased feeding . The leech was opened
seveteen and & half hours after it had been first put onto the skate and three
and a half hours after it had finished feeding, So that the earliest ingested
trypemosomes had been in the leech about sixteen to sevgteen hours and the
lest ingested ones about three to four hours,

The blocd was very fresh -looking and no obvious changes had taken place
in the blood-corpuscles, The trypanosomes showed very variable appearances,
A good number still showed the flagellum,but were no longer in the typical
trypaniform condiition, For the most part they were scmewhat pyriform with
an imensel¥ long thick flagellum protruding from one end., (text-figst/.3)
Some very fentastic eppearances were seen where the body of the trypanosome
had assumed an irregular shape with curié@ rounded bulges,end where the flag-
ellum had broken loose from the membrane and had become tangled round the body,
the end usually was free and still motile, In other cases detached flagella
still actively motile were seen; this has often enough been obserged with
trypenosomes, but in this case the flagellum does not take the kinetonuckeus
with it, Uninucleate stages of this parasite have never been seen. One of these
free motile flegella was seen to become secondarily attached to & resting in=-
dividual, This animsl was watched for many hours in case the process mijght
prove to be of more than merely casual significance, but no development
took place, Besides these flagellate creatures others were present which
had already discerded the flagellum ( text-fig, 4 ) These were rounded
egg-or pear=-shaped individuals with a very glearly viwible nucleus, It is
composed of a softly refractile spherical body surrounded by a bright hyaline
halo, The nucleus liee towards the broader end of the body. These ahimals
Present a very éharacteristic appearence but nevertheless they may easily be

overlooked in the mass of leucocytes and blood-corpuscles,



TBXT-FIG. L

Drawing of live Trypanosome from the crop of Pontobdella.
The animal, which has been recently ingested with the blood,
is in process of rounding off.

TEXT-PIG. 2. TEXT-FIG. 3.

Trypanosomes from the blood of the skate rounding off on a sealed
slide. The drawings are from live specimens.

TEXT-FIG. 4. TEXT-FIG. 5.

TEXT-FIG.4.— Rounded off Trypanosome.
TExT-FI1G.5.— Division of resting Trypanosome.
Drawings made from live specimens in a sealed slide of skate’s
blood.
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These non-flagellate orgehisms were already in a few instances undergoing
division but nc sign of the new flagellum was as yet forthcoming,

Another leech (73) opened forty~eight hours after it began to feed showed
only resting forms. The blood in the crop had coagulated into a rather dry
mass but the corpuscles showed no signs of degeneration, .

These restkhg staeges of the trypanosome are identucal in appearance with those
8o frequently seen in Pontobdella  found infected in nature, A resting pear~
shaped individual was chosen as a subject for investigation at .30 p.m.

When it was first observed the trophonucleus was clearly visible and.had its
usual appearance of a sphere surrounded by a halo., Half an hour later the
abhimal was more rounded, the nucleus wes less distinet and s slight groove

had appeared at the broad end, By 5.30 the nucleus as such had disappeared ,
but a large clear oval space had appeared in its stead. At about 5.50 two
nuclei began to appear, joined by a clear area, At 6,15 the two nuclei were
quite clearly vixikimx defined but the clear are joining them remained visible
till about 9 o'clock after which it was no longer to be detected, This clear
band is the remains of the division spindle; it is & very characteristic fea=-
ture in the stained specimens, During the division of the nucleus the body

had graduelly become flattened in an antero-posterior directionaﬁgrresponding-

ly widened laterally, TNEX ' Grooves also began to appear in the antero-post-

I am indebted to the late Mr. C,H, Martin for kind assistance in caerrying
out some of these continuous observations upon live specimens,.



amtero-posterior direction. It is also to be noted thet these grooves arose
both at the anterior and the posterior end _ the anterior end being the broad
end at which the nucleus lies when the enimal is in the pear-shaped condition
and at which the flagellum is leter developmd,

The grdovea altered a good deal in appearence during the next few hours
end towards 4 a.m, had deepened till the animal ppesented the pidture of
two pears stuck together in the middle, with however, the two broad ends and
the two narrow pointed ends free. This is a point of some sloght importanoce.
' When in the myEkx trypnckorm state division of the protoplasm usually begins
froom the anterior end and proceeds to the posterior end, This is likewise the
rule in the leptomonad &nd crithidial stege. The question of the grooves arising
et both ends of the parasite is not in itself deserving of much remark, but
it explains some curious appearances where division of the protoplasm goes
from the posterior to the anterior end ,to be mentioned in & later part of
the work, These appearances are apt to be interpreted as conjugation stages
but the evidence does not in my opinion warrent any such assumption. They are
certainly division phenomena in the instances here described where the actual
sequenese of changed could be continuosly observed upon the same individual,

. Thig specimen was watched for another two hours and one of the two daughter
.individuals devéloped a short clearly defined flagellum which, however
ghowed no signs of movement, At 6,30 a.m. the aniwal was finally abandomed,
although complete separation of the protopaslm had not yet occurred.

‘The flagellum seems to appear for the first time somewhere between the
seéond and third day after the ingestion of the blood, It is a very character-
jgtic feature that it generally arises at a division stage . The flagellum
is at first a stiff and relativeiy thick ‘little rod which sticks straight

out from the anterior end of the orgemism, A very considerable time seems to

elapse before it becomes motile, I cannot eay exactly hoerlong, but it seems
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to be more than twelve hours,
A leech(6a) opened six days after feeding upon the blood of an
infected skate,showed a typical infection of the varied type so characteristc

of PafifiGhéekia Pontobdella ,

True trypanosomes haed already appeared, some of these wére broad individuals
and others were much more slender, but not of the elongeted type which ap~
pea?;‘;uch leter period of digestion., The broad and slender types were joined
up by innumersble intermediate forms, besides these, crithidial forme were
also present, I call crithidial forms those in which an undulating membrane
has been developed ,but which have not the typical arrengement of the
kinetonucleus and the trophonucleus, Leptomonad forms with the flagellam
sticking straight out from the broﬁd end of the body and with as yet no un-
dulating membrane were also to be seen, and finally many rounded forms , some
in process of division and some showing the development of the flagellum ,
were likewise present . Some of the trypanéform individuals were also
undergoing division.

Conjugation was very carefully searched for as it seemed possible that it
might occur at this stage &f the life-cycle, but'no signs of such a process
were detected, Two individuals were found joined by their posterior ends,
one slightly broader in shape than. the other, T?ey were watched continuously
from 6 p,m, when they were first seen till 3.15 a.m, the protoplasmic
junction between the two was seem 1o become much‘more slender and pulled out
suggesting that the individuals were dividing. (*Text-fig. 4 )

_ An interesting coproberation of the stages above described was obtained from
blood drawvm from a skate and’sealed up between a coverslip and slide,

A ?rpanosome? was continuously watched from 2,45 pe.m, when the slide was mede,
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At 4,30 the animal had come to rest, The flagellum which when it breaks

; free from the membrane, is seen to be relatively of immense length was tangled’
| up round the animal, The slide was watched for some hours longer » but as the
trypanosome had come to rest it was left and the observation was continued

1 next morning when it was found to have divided into two,

The behaviour of the trypanosomes from the blood of a skate upon a B
sealed slide is interesting, a number do not alter at all, others very soon
after the slide is made begin to react to the altered conditions ., They adopt
a dumpy spiral shape, or the posterior end may become muéh thickened at the
expense of the rest of the body, ( text-figs.,2.3 ) . Sometimes the most fan-
| tastic shapes are ssen , finally the flagellum breaks free but may pemain
attached to the trypanosome by its posterior end. It may then become tangled
' round the body and stick out in stiff loops. The trypanosomes in these phases
| on the sealed slide made from the skate's blood are identical in appearance
with the makkkwx forms described in leech'5a(cf.text;fig.alcf ) The interval
| of thme after which the trypanosomes come to rest waries comsiderably,

On another eccasion a rounded non-motile trypanosome which had dis-
: carded its flagellum was chosen for continuous observation on a slids of skate's
§ blood which had been mounted for fourteen hours, The animal was seen to di-
; vide into two at about 11 o'c;pk in the forenoon, During the afternoon , at
; ebout 4 o'clock, these iwo individuals each divided thus forming four little
; rounded animals lying more or less in contéct. By 7 o'clock on the same evening

they had become more oval and were identical in appearance with tge resting

i phases in the leech, By 9.30 p.m, short projections were seen at the broad

end of two out of the four creatures under observation. The slide was left
about 10 o'clock that night as the animals were not motile., Next morning at

9,30 , thirty-six hours after mounting the slide , observation was again
resumed and it was found that the creatures had each divided, The resulting
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eight individuaels were still closely apposed but not connected with each other,
Unfortunately these creatures were lost owing to a careless movement, The slide
wes however in the fadlowing condition; unaltered trypanosomes , still actively
moving, were to be seen , non-motile groups of four and also a few groups
of six and eight individuals were present,

| I had often noticed that the trypanosomes en a sealed slide of skates
blood alfered their shape ,but, thinking this was merely a pathological
manifestetdon , had not persevered with the observation. The process is easily
enough passed over unless the observation is continuous , as the infections
are geherally slight,and, once the trypanosome has come to rest , it is not
quite a simple matter to see &t among the large number of leucocytes and red-
corpuscles, Mgreover, the curious fact that all the trypanosomes on a slide
do not round off leads one to imagine that no development has taken place.

A low temperature seems to favour the process ., This work on the live

skate's blood was carried out at the Millport Marine Station , and the most
successful sei of observations was obtained in very cold weather, when the

temperature of the laboretory was much lower than usual,
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T now wish to give a brief account of the parasite as seen in steined films,
fixed for the most part ,in Schaudimnn's fluid (alcohol-acetic corfgsive subli-
mate}, The stains used were Delafield's haematoxylin, Heidenhain's iron
haematoxylin,Twort's licht-grun and neutral red combination?nd acid fuchsin,

Delafield's haematoxylin gives an excellent result, staining the nuclear
structures with precision; the flagellar apparatus takes the stain only faintly,

Iron haematoxylin gives a very clear picture, staining the nuclear parts
coal black, and brin@ing into good relief flagellar and cytoplasmic detail,
Great care ,however must be taken in the interpretaion of this stain,as it
leads one into much the same errors as Giems8's method ,in so far as it stains
chromatic and achromatic structures alike, Therefore while Heidenhain's method
gives a really splendid pixture, it is necessary to check the resul¥s by
Delafield's haematoxylin whixh is a much safer stain,
Twort's combination of neutral red and licht-grun was also used, This is a
clear, transparent stain, giving & red reaction for shromatin, and a green
reaction for cytoplasmic and achromatic structures ., The drawbacks to this
gstain are the uncertainty of action which seems to attach to all delicate
double stains, and the fact that thers is another loophole for uncertainty
in the process of washing out the stain , so that it remains doubtful in some
cases whether the nuclear colour is absent from a structure owing to the ab-
sence of chromatin or through the stain having been washed out,

fuchsin gave quite good nuclear pictures but did not bring up the
flagellar apparatus sufficiently well,
The drawings in theflate ere made from two well infected leeghes found

infected in nature, They were at the early part of what I have called
the middle period of digestion, For convenience sake the periods of infection

mey be divided into three, corresponding tp the stafie of digestion.
(1) The early stage when the blood is just coagulating, and when the first
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signs of the dark green-brown fluid is visible in the upper part of the in-
testine, The parasite at this time is in the condition of throwing off the
origimal flagellum and adopting the resting state ,during which division be-
gins to take place. The perasites are for the most part still in the crop.

(2) The middle period of digestioh whenghe intestine is full of the green-
brown fluid and when breeking down of the blood is going on actively ., The
paf%ite is now in the intestine in large numbers, It shows the whole range
of forms from the spherical non-motile creature to the typical trypanosome,
Gre;t variation in size and thickness of the parasites is to be observed .
Very slender loﬁg forms ere only occasionally to be seen, This middle
period is of very long duration,

(3) Final period of digestion ,when the crop is empty ( or almost so) of blood,
and the intestine nearly,or completely , free from the characteristic green-
brown fluid, The trypenosomes are now long, slender forms, with the kineto=-
nucleus in the typical $rypanosome position, The forms now begin to remount

the crop, and are also to be found in a still more slender condition in the
proboscis,

The drawings in the plate, being made from leechés in the earlier phase
of the period (2) , do not show the long slender trypanosomes developed during
period (3). This finel stage is however illustrated in fig. .

It will be convenient fiest to give an account of the trypanosome phase
as found in the intestine of the leech (figs., 7 * # ), and then to describe
the points of interest in its development from the resting form,

The protoplasm is finely alveolar and evenly granular without vac-
uoles, protopasmic inclusions are only occasionally present,
The'trophonucleus is composed of a large central karyosome surrounded

by a wide halo, which is in turn surrounded by a membrane, Fine, but perfectly
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distinct rays pass from the karyosome to the outer membrane, The karyosome
is clearly made up of two substances , nemely ,the chrometin and zn achromatiec
substakce in which the chromatin lies embedded. This achrometic substence
frequently receives the name of plastin , end ,while this does not convey any
very clear idea ,it is nevertheless & convenient and useful term , I Wdth
Delafield8s haematoxylin the plastin stazins & greyish blﬁe,in iron haematox=
ylin preparations it is brownish,end it takes on a green colour when stained
with wart's combination, The nature of the rays is a little obscure, they stain
as & rule , rather faintly with Delafield's haematoxylin ,but in some cases
teke the colour more deeply ; Heidhain's stain shows them up black ,but they
wash ouf easily, I am inclined to consider that they are composed of the
plastin substance ,but they seem at times to carry chromstin, The membrane
.very often shows litile condensations of chromatin-staining meterial at the‘
points where the rays meet it, The membrane stains wekl with Delafield8s
stain and also with fuchsin, likewise by Heidenhain's méthod sbut the coloﬁr
is retained much less tenaciously than in the karyosome, The condensations
‘on the membrane appear to me to be chromatin, but with Twort's stein they
do not teke up the red colour, I do not lay very much stress on this point -
as it is just in a question of this kind that I think such a stain as Twort8s
is rather unreliable, There seems to be in the membrane ,es in other parts
of the nucleus , an underlying substance of an achromatic mature ,inor on
which which the chromatin is deposited.

The nucleus is exceedingly constant in 211 the stages of the parasite
as‘found in the leech, the only variation lyingjhlight differences in the con=-
densation of the chrometin in the karyosome and the membrane.

The pictures presented in the dried @ismsamxx preparations madebaccording

to Giemsa's method differ greatly from this account, The most curious feature



- about this is that some of the appearances obtained with Giemsa's stain

. give a wery tolerably accurate representation while others depart widely

from the type shown by the wet method of fixation, The “chromosomes™ chromp-
sﬁmes so often séen in the nuclei of specimens stained with Giensa;s method
are not to be detected at &ll in thé haematoxylin films, The rays and the
condensations on the membrane are, I have no doubt, the memner in which these
appear in the wet films, The number of the rays cannot be made out as they
are excessively fimemx fine nor do the condensations on the membrane stand
out sufficiently elearly to be considered as individual structures., Biemsa's

stain always increamses the apparent size of any nuclear element into which

- it penetrates, Thig circumstance and the fixation by drying which is usually,

though not necessarily,adopted when Giemsa's stain is used accounts for most
of the discrepancies observed in the results of the two methods,
The kinetonucleus takes on all the stains mentioned with great intensity;

it is relatively large and rod-shaped., In close proximity , and apparently

é attached kmmx to it lies the blepharoplast. ( Minchin, Quart, Journ, Micr,

- Sci, May ,1908, vol 52,) (figs, 9-4 )

This structure will be more fully considered when the development of the flage

ellum is discussed, The blepharoplast stains with iron haematbxylin, but the

% stain is washed out more readily than from the nuclear structures; it appears

grey-blue and stains faintly with Delafield's haematoxylin and is difficult
to detect at all iﬁ preparations made according to Tworts‘'s method. The

flagellum runs forward from the blepharoplast, ending as usual in a free whip,

It stains green with Twort's combination and is picked out faintly by Dela=

field's haematoxylin , Iron haematoxylin stains it more deeply, The undul ating
memhrane is developed to a varying degree but is never much frilled.

Two other structures remain to be described, The first is a small granule



which tekes on Heidenhain's stain , It lies posterior to the kinetonucleus
near the posterior end of the body. Sometimes it appears to be connected to
the kinetonucleus by a delicate strand. This granule is also found in the
vpreparations made accbrding to Giemsa;s method and is c¢learest in the +trypeno=
some phase, It has possibly something to do with the anchoring of the kineto-
nueleus. ( figs, 7 L (0 ) The second 1is an element which I have never

seen in the dried preparations at all, but which is a pretty constant feature
in the films fixed by the wet method and appears equealy im with all the four
stains used. Just anterior.to the trophonucleus a small condehsation is to

be observed in the protoplasm surrounded by wuite & definite little halo.

In rather dark iron haemetoxylin preparstions it stains almost black ( figs,#)
with delafield's haematoxylin it looks grey-blue with soft outlines and is
usually only slightly darker than the surrounding protoplasm ( figs. /) ,
It stands out slearly in these films more by reason of the halo than on account
of its greater depth of colour, In fuchsin films it is very clear ;it is also
visible in preparations made according to Twort's method but it does not take
on the red colour. It sometimes appears to be double, The nature and function
of this structure is quite obscure ; it is most clearly visible in the trypano~
some stage and its position in the body is constant,it is however alsc present
in the leptomonad phases, The pesition of the kinetonucleus often obscures

it at this period and makes it difficult to see,

The trypanosome just described arises as has been said , from a rounded
resting form which develops a flagellum, (figs, /% 46 ) . The body gradually
élongates and the kinetonucleus migrates bgckwards until it is well behind
the trophonucleus, An undulating membrene develops during this process and the
creature takes on the typical trypenosome facies., The only point about this

that calls for special attention is the development of the flagellum,
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It may be noted in passing that, owing to the flattening of the trypanosomes
prepared by the dry method , certain details may be more distinctly visible
in such specimens than in those prepared by the wet mwthod,

The earliest stage in the development of the flagellum of which one
cen be quite certain is shown in fig, 2. , Here it will be seen that two
little prbjections have grown out from the neighbourhood of the kinetonucleus
‘which is itself in process of division, These little structures smometimes
stein rather deeply with iron haematoxylin; they are not,however , very easy
to meke out as eny obliquity in the position of the kinetonucleus is apt to
obscure tham , Leter sfages are shown in figs.Q4;ﬂdoh Here the flagellum
appears as & thick strand erising from a granule with contours which are
not very definite »Which is in turn esttached to the kinétonucleus, This granule
at the origin of the flagellum id the blepharoplast. The minute detail is
not very clesr ,but as far as can be seen the blepharoplast appears to be
attached to the kinetonucleus by a double thread, This may be seen in much
later stages., (figs 5;/1&L(). The biepharoplast seems to arise from the kineto-
nucleus ,but I do.not think in the light of its behaviour with the various
stains that it is a chromatic body., It is true that it often stains a sharp
black with iron-haematoxylin, but thet is no test for_chromatin. It takes on
a2 pale grey-blue colour with Delafield's stain and shows up only dimly when
at all with fuchsin, By Twort's method it stains green like the flagellum
and is not very precise or clear. I am é?refore inclined to regard the blepharo-
plest and the flagellar apparatus which grows out from it as achromatic,

Giems&'s stain presents a xaxyx gretlj exaggerated pictﬁre of the
above development, The fixation by drying palls the Blepharoplast away from
the kinetonuclous and makes the thread joining them stand out very clearly§

it also greatly enlarges the apparent size of the blepharoplast, and markedly

increases the dimensions of the flagellar rudiments ,which are always thick
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‘&t this stage.

]

Division, The figs.lifﬂ.give pictures of various division steges ,and it

is perhaps in this point that Giemsa's method has, generally speaking been

f’the least misleading, The division starts ag a rule bu the tramnsverse division

Jof the elongated kinetonucleus, but this point is open to slight variation.

The trophonucleus shows first an arrenging of the chrometih into two

“imasses within the karyosome, A well-developed spindle subsequently arises,
“?but the chromatin is divided without the formation of an equatorial plate.
4 ( figs. VY*(& ), The wet method of fixapion shows the spindle very well,

% Centrosomal functions seem to be exercised by the condensations at the extreme

points of the spindle, and the chromatin passes from the twobain cehtral

masses in such a stage as that shown in fig. (3 ,to either pole of the spindle,

At a slightly later stage (figs, (4 #(¥ ) there is often a curious double &ap-

i pearsnce in the nuclei, Figures (6 # (7 show the final stages, The spindle
f persists for some time after the nuclei are reformed ,and can be clearly seen

% as a brbght line in the protoplasm in the living specimens,

Division occurs at all the different stages of development,and there is an

occasional tendency to mutiple division, Equal division is the rule,but un-

! equal division is sometimes met with, Considerable variation in the division

of thevprofoplasm is seen ,as is shown in figsJ%z,f;zl . It will be observed |
that in figs,  the division of the protoplasm has started at the pos-
terior end instead of at the anterior end ,as is more usual, Specimens of this
type were watched for meny hours in the live state in the hope that the& might
be in#ividuals in conjugation, but no evidence of this was forthcoming .

Some very curious appearances were observed where the protoplasm had split

into several rod-like processes, This is shown in fig. , and , while not a

common appearance, is still too frequently seen to be dismissed as a casual
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sbnormality. The figures ,I may say , hardly do justice to all the varying

sizes and'shapes to be seen at this stage of development,
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F1a. 1.—Resting phase, showing longitudinal division of the kineto-
nucleus.

Fia. 2.—Early stage in development of flagellum.

Fics. 3, 4 AND 5.—Stages showing newly-formed flagellum.

Figs. 6 anD 7.—Crithidial stages.

Fra. 8.—Trypanosome phase.

F1a. 9.—Trypanosome showing blepharoplast, granule at posterior
end, and the structure just anterior to the trophonucleus.

Fies. 10 anp 11.—Trypanosome phase.

Fia. 12.—Early division phase. Note condition of trophonucleus,
kinetonucleus and blepharoplast.

F16. 13—Division stage showing spindle.

F1a. 14.—Later division stage.

Fi1e. 15.—Division stage showing trophonucleus spindle and also
second division of the kinetonuclens. This is a rather unusual appear-
ance.

F1as. 16 aND 17.—Later division stages.

F1a. 18.—Division of Trypanosome.

Frg. 19.—Division of Trypanosome.

Figs. 20-22.—Division stages where the pr otoplasm divides from the
posterior end.

Fi1a. 23.—Rather unusual appearance where the posterior part of a
dividing Trypanosome has formed a large rounded mass.

Fre. 24.—Division stage showing irregular splitting of the proto-
plasm.

Fre. 25.—T. raiz from the skate’s blood. Note this is drawn at
a much smaller magnification (x 1600) than remaining figures,

Figs. 1—24 are drawn with 2 mm. apochr. immersion lens by Ziess,
1:40 N.A. long tube and oc. No. 12, with the assistance of the camera
lucida. The magnification is approximately 4500 diameters.

Fig. 25 is drawn with the No. 2 eyepiece; the magnification is
appr ox1mately 1600 diameters.

Figs. 1, 2, 8, 4, 8, 9,10, 13, 15, 17, 18, 19, 21 and 23 are from Heiden-"

hain’s haema,tox preparations. The remaining figures are from Delafield

preparations.
All the figures, with the exception of 25, are from the leech Ponto-

bdella.
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B. Trypenosoms vittatae,

(i) Notes on the relations of the hosts,

The" milk turtle™ of C?;on,Eggga vittata, is a water tortoise covered
all over with a thick ,smooth skin, It is black above and pure white under-
neath and has flaps on the underside 8o arranged that aly&our limbs and the
head can be completely withdrawn,

Like most of this group it is more or less nocturnal in its habits ,it is
said to leave the water very rarely but I have myself xgznx while watching
a pool in jungle country seen one come out of the water shortly after sunset

and start prowling about at the edge, Emyda vittata is found all through

the low country in Ceylon and in the Kandyan distict which is at an elevation
of 1500 ft, but I never mawkx saw it nor heard of its being observed in the

higher mountain country , although Nicoria trijuga the common water tor-

toise which shares the low country pools with Emyda is found all throughout

the whole Island,

Emyda vitteta is a true afquatic form and dies if kept out of water

for more than a few hours, Nearly every specimen examined was found to be

. infected both with a large trypanosome and with a haemogregarine,

A little water leech belomging to the genus Glossiphonia is para-
sitic on Emyde vittata , it was not found upon the other inhabitants of

these podls such as Nicoria trijuga the common water tortoise, noé upon the

fish Saccobrenchus and appears to be confined to the one host,

This leech was almost invariably found to harbour trypenosomes in its alimen-
tary canal ., It was assumed that these were derived from the blood of the

"milk’ turtle " but experimental proof was not bbtained owing to the
difficulty of getting uninfected specimens of Emyda upon which to demonstrate
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the transmission,

The common water leech of Ceylon , Limnatis granulosa,ﬁﬁarge creature
which seems to be indkfferent as to the nature of its host/being quite ready
to draw blood from a warm blooded creature or from a reptile within a few
minutes of each other ,was investigated, None of the freshly éaught individu~-
als exanined were found to contain flagellates ., The leech was put onto infected
Emyda and fed readily enough, the flagellates undefwent developmental changes
and multiplied ,but the work was abandoned owing to the leech never being
fbund infected under natural conditions nor was there any reason to suppose
that it played any part in the natural transmission of the trypanosome.

Limnatis granulosa was never found on any of the specimens of Emyda when they

woere captured.

(ii) Life-cycle of %, vittatae,
Owing to the absence of experimental proof that the flagellates in

the Glossiphonia form part of the life-cycle of ¥, vittatae ,I do not intend

to give the history in deteil, There is sirong presumptive evidence of this
identity but =s the experimental side of the histary was obtained very fully
in the case of another trymanosome to be dealt with later,there is no need
to dwell upon this aspect of the work in connection with T, vittatae.
The cycle runs much the same course &as in T, raise, the portion

of the history that could be well studied deals with the earliest changes
in the trypanosome upon keaving the vertebrate and these have an interest
in that they confirﬁ with slight modifications the observations made upon
T. raise and upon other trypanosomes.

In the vertebrate the trypanosomes vary in size ( figs. /& 7 )

the origin of the smaller forms is obscure; they may either arise from the
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large forms by division or they may possibly be the young forms derived
from the leech, Division stages in the ad large trypeanosomes in the blood
of the tortoise must be exceedingly rare ,as although a great number »f well
infected fé?s have been searched ,I have never come accross any of the full
grown forms in this condition, Among the forms intermediate between the large
end the small specimens , however, individuals with two nuclei and dividing
kinetonuclei are to be found ; they are never numerous and I can say nothing

~about the details of the process,

The followigg development was observed upon.a number of occasions in blood
drawn from an infected Emyda, placed upon a slide covered with a coverslip
and sealed round the edges with vaseline. These observations were made upon
blood drawn from the foot of the tortoise and no particuler care was taken to
ensure that there ves no admixture of moisture, The foot was washed in clean
water amd wiped but the skin of the "milk turtle " is thick and contains deep
pores and it is almost impossible to dry it thouroughly, That moisture could
have any close cammegkiam bearing ( cf. infra sap &> )upon the behéviour of
the trypanosomes did not occur to me at the time and in the i;y moist atmo-
sphere of Colombo particular precautions woulé have been necessary to avoid
the presence of some moisture in the prepération.

Some time after meking the preparation the trypanosomes begin to show
various modéfication in the external sppearance, The length of timewhich
elapses before the creatures begin to yield to the altered comditions is re-
markably variable, the time factor throughout the whole process is in fact
very inconstant. Generally speaking the orgenisms remein unaltered for about
en hour and a half, The alterations in appearance culminete in the complete

loss of the trypanosome shape and the rounding off of the organism but this

ix condition is arrived at in various ways, Some of the trypenosomes simply
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' become much thickened at the non-flagellar end, Many become bent upon them-

% selves, ond the two limbs of the bend then fuse together (text-fig#.b )
; The text-figures illustrate these appearances, The myonemeta become much more
evident in most cases during these early phases, In some cases the animal
f broadens considerably and &dopts the spiral shape, the turns of the spiral
fuse together, and the most grotesque dumpy cresture is ppoduced, which keeps
{ up & slow corkscrew or revolving motion (text-fig = . ).

| Another appearance of rather & curious eheracter is that in which the
screw movement backwards znd forwards is kept up but véry slowly, and the
| body no longer preserves its regular f¥siform shape ybut bulges now in one
direction now in another(Text-gig. /- A <4 ) The movement is difficﬁlt to
! convey in words , but is best described as & very metabolic euglenoid movement
;'associated with a slow screwing backwards and forwerds, During this movement
i the myonemeta cen still be seen very elearly, and besides these ,circumferential
! lines can be seen running réund the creature at the non-flagellate end, es-
; pecirlly during the screw forwerd movement, These appearahces seem on the
surface to show a curious smount of variation, but thiis is easily explained
: if it is remembered that at this stage there is and obvious decrease in the
;'ff@mness of the peripheral protoplasm; it fact it becomes relatively soft and
{ viscid, This in correlation with the various methods of movement found in the
'normal unaltered trypanosome produces all the figures noted zbove, Thus, for
example the trypanosome in text-fig / O hag obviously been executing the
:wheel motion when its protoplasm begab to soften and fusion occurred, and so on,
Finelly ,whatever the method adopted the trypancsome comes to rest, and the
- Tflagellum breeks lcose from the membrane while retaining its attachment at the

- kinetonucleus, It lashes sbout for & time, XXEXXX¥XX&¥ All trace of the

myoneneta completely disappeme, end the animel appears as an irregular mass



TExT-FlG. 2-—~Two different methods of rounding off.
See over for 7473,

instance, in text-fig. 1, ¢ and D the Trypanosome has obviously
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of protoptasm (text-fig, 3. ) Occasionally part of the body
at the extreme anterior end (flagellate end ) projects ,this is , ms far as
I could mske out, not withdrawn into the body,but seems like the membrane
end themx th flegellum to disintegrate, After & time the nucleus becomes
indistinct, and I noticed that efter this I was never able to get a very clear
view of the nuteus until just before the flagellated condition wae agein adopted
when it showed with customary distinctness, Furrows now begin to appear in
the animel, end in divides into two (text-fig, 3. )e Another division
follows this, and four irreguler rounded or pear-shaped creetures are thus
formed, lying generally more or less connected with each other. They now each
put out a flagellum at one end, The flageklum is at first simply a short thick
process, It lengbhens and begins to lash slowly from side to side,but &s as
yet not capable of moving the body. Presently a slight oscillation of the
body of the parassite is to be observed, and ultimately as the flagellum length-
ens the creature becomes motile,

On one occasion I observed the whole process under & high power lens in
an already pear-shaped individual ., The flagellum can only be said suddenly
to have appeared as & short, relatively thick process at the blunt end of the
orgenism, This lengthened and became mot&le, after a time its origin from the
body appeared to lie more laterally end a slight ridge became visible at that
point, I em inclined to think that the ridge is the first appearance of the
undulating membrane,

At this stage again, both a&s observed upon & sealed slide made from the
blood of the tortoise and when the process takes place in the leech, much
veriation in minute detadl is to be remasrked, especially in relation to the
relative times at which the different processes occur. Thus in the present

case the preparation for the second divisio%hay , end very often does, take
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place before anxxpxagaxsiianxinr the completion of the first, Or, on the -
other hand , the two products of the first division may be come quite separate
before any preparation for the second division can be detected. In the
appearance of the flagellum there is also much variation, Sometimes all the
four flagella are developmed before the first division of the protoplasm cccurs
or this may not teke place until the completion of the second division, Genmrakk
Generslly speaking, the development of the flagellum lags behind when the
process occurs on the seadled slide from the blood of the Emyda, while in
preparetions from the leech the flagella are developed as a rile very early.
The typkcal pear shape, which ultimately becomes fus&form,may be adopted

very early; in fact , sometimes at the second division the protoplasmic body
will assume the form of a longitudinally-furawed cone rounded at the broad
‘end, These fﬁrrows are rather curious, as there may be a number of tham giving
the animal a ridged appearance, The deepest furrow is where the ultimate
line of division occurs. The other furrows disappear. The length of the flagel-
 lum i in some cases considerable before the body of the orgenism begins to
lengthen at all,and rounded little creatures with quite long flagella ,may
not uncommonly be seen in blood from the crop of the leech.

The digestion in the Glossiphonia completes itself in about
two to six days according to the size of the leech,but I do not know exactly
what period of time must elapse before the animel feeds agein under natural
conditions, An espparently empty leech will sometimes quite refuse &a not only
to feed, but to remein on the tortoise, Nevertheless from observations upon
captive leeches ,it does not appeer t@ me to be more than a few days. Thg
Glossiphonia show a marked tendehcy to get into the less-exposed corners of
the body, such as the folds of skin at the back of the neck, round the bases

of the limbs,end under the tail, They were actually seen to enter the cloacal
chember which iis a relatively large cavity in these tortoises,
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Glossiphonia shows the trypanosome very frequently in nature ,in fact, the
mejority of the specimens are infected, and the parasite persists in the emp-
ty leeches when no coloured matter is to be detected in the alimentary tract,
I was never sble to find the very earliest steges of the parsite in this leech
owing to the difficulties of manipulation, It was not easy to get the leech
in a condition willing to feed nor to catch it at exactly the right moment
after feeding, This was ,of course ,due to its small size and wanderiné ha~
bits correlated with the exceeding rapidity of the early skagesx cﬁanges
in the trypanosone,

In the most recently-fed animals at my disposal the parasite was al-
ready in the shape of a rather broad flageilate approaching the crithidial
- condition =-- the first two divisions had ,in most cases already occurred.
Thus in a Glossiphonia which had fed on infected bloqd.at some time be-
tween 8 a,m, on April 6th and 7a,m, on April 7th was opened just after the
latter hour, The trypanosomes were already mostly in the shape of crithidia,
but a few were still in the rounded state just completing division..Some
" long slender forms ,very narrow ,with pointed posterior end and the flagellum
‘_only reaching back to a little more than the middle of the body were already
present, These long forms were not, I think, left ever from the previous
meal as they were of a type no$ usually found at the end of digestion.

The course of the infection in the Glossiphonia appéars to be in brief
as follows: -- The trypanosomes ingested with the blood develop in a few
hours into flagellateg,rather rounded and broad in shape , They may grow
very considerably in size, and adopt the trypanomofphic condition,i,e., with
the kinetonucleus posterior to the trophonucleus, Division sti}l proceeds.
Great variation in shape and size occurs in this-midéle period of digestionm,

and the relative position of the two nuclei varies very much even in the
" two products fxamxkhexx of one division, All stages from the round, rather
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dumpy early crithidia to immensely long and very slender forms moving with
great rapidity darting accross the field in a flash, are to be seen in the
crop at the same time,

Towards the end of digestion the type becomes much more uniform,
and slender forgs with little protoplasm and with flﬁjella hardly exceeding
thé length of the body seem to dominate to the exclusion almost of all other
stages. These creatures very often have the kinetonucleus just anterior to
and almost embedded in the trophonucleus. They seem at this stage ,moreover,
to have reached the limit of division as dividing forms were not found, It
eppears probable that death would now ultimetely supervene unless unless the
flagellates are passed into the blood of the vertebrate host,

Conjugation was carefully watched for, but no sign of it was found.
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EXPLANATION OF PLATES 1&minen. 47>

All figures were drawn with the Abbé camera under a 2 mm. Zeiss |
apochromatic immersion objective. A No. 12 compensating ocular and
tube length of 250 mm., giving o magnification of approximately 3600
diameters. This has been reduced by the lithographer to approximately
2400 diameters.

Figs. 1-7—Trypanosoma vittatx from the blood of Emyda
vittata.

Fig. 1—T1yp‘1,nosome from blood of tortoise stained with Heiden-

“hain’s iron hematoxylin after ﬁxatlon with corrosive and acetic, wet

method throughout.
Fig. 2.—As above, showing a. chn'actelistic attitude.

Fig. 3—Dried Giemsa film of Trypanosome showing protoplasmic
halo and red ring round karyosome.

Fig. 4.—Trypanosome as ahove, showing myonemata and line along
undulating membrane.

Figs. 5 and 6.—Small specimens from blood of tortoise.
Fig. 7.—Dividing stage from hlood of tortoise.

Figs. 8-12a.—Early stages in crop of leech. These are from the
water leech, Limnatis granulosa.

Fig. 8.—Division staoe the four new flagella are already developed ;
kmetonuclel are dividing by longitudinal splitting.
Fig. 9.— Division stage showing nuclear spindle.

Fig. 10.—Second division occurring hefore the completion of the first
as regards the protoplasm. Both kinetonuclei in act of division, only
two flagella so fur developed.

Fig. 11—Rounded flagellate—the product of the divisions of the

rounded off Trypanosome,

Fig. 12.—Rarly flagellate stage ; note the lengthening of the body.
Fig. 12a.—Another early flagellate stage.
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All the remaining figures ave from the Gtlossiphonia, with the
exception of 16 and 17.

Figs. 13-15.—Osmic fixed film from leech just about the heginning of
the middle stage of digestion.
Fig. 13.—Flagellate stage showing elongated body.
. Fig. 14.—Flagellate, with hroad posterior end.

Fig. 15.—Very long flagellute kinetonucleus at same level as tro-
phonucleus.

Figs. 16, 17.—Early flagellate stages from horse leech to show secon-
dary increase in size and preparation for division. Note the condition
of the flagella showing outgrowth from the kinetonucleus.

Figs. 18-27 from the Glossiphonia at middle stage of digestion.

Fig. 18.—Division stage. Note relative position of the kinetonuclei
and the condition of the Hagelln. The unequal character of the division
is obvious.

Fig. 19.—Another division stage. The features are much as in
Fig. 18.

Fig. 20.—Early division sfage to show condition of kinetonucleus and
flagella.

Fig. 21.—Trypaniform individual with broad posterior end and many
red-staining granules in the protoplasm. )

Fig. 22.—Small broad form.
Tigs. 23 and 24.—Short, rather broad, trypaniform individuals.
Figs. 25 and 26.—Long slender forms.

Fig. 27.—Isolated forms of this type are just appearing in this leech
which is at the middle stage of digestion. This is very like the final
type developed ab the close of digestion.

Fig. 28.—Very long slender form.

Figs. 29 and 80.—From a leech whose digestion is still more advanced.
Note the difference in the type of the organism.

Figs. 31-36.—Flagellates from leech at end of digestion, this type
alone is present with very few exceptions.

4
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i Trypanosomes of Certain Freshwater Fishes,

(1) Notes on the relations and natural history of the hpsts,

In 1905 , Dr. Petrie (Ly- had observed that the goldfish in the pond

#t Queensberry Lodge, in the garden of the ListerInstitute at Elstree , were

Nmost invariably infected with a trypanosome, Three years later, Dr. J.D.

fhomson (18) agein found the flagellate in question ,and gave an account

the éppearances peesented in cultures grown upon blood-agar, The trypano-
'%ome infection still persists ( 1911) in theiblood of the fish in this pond
EMd, in additibn, a trypanoplasm has appeared since 1908 when Dr, Thomson
?arried out his work,

Tt was obvious that the problem of thé trensmission of the flagel-
}aies presenting itself in so restricted an area was a particulaely favour-
ble subject of study, The pond is wuite isolated , and is fed by surface
irainage. Wild duck visit occasionélly .

During the early part of the summer (1910~ the pond was full of weed

3elongihg to the genus Potamogeton, On dredging with a net, Nepa, Notonecta,

#orixa, various hydrometrids and Dytiscus were found, as well as a number of
11 larvel forms; none of these were found to play any part in the trans-
S'ssionvof the fish-parasites, Several specimens of Argulus from a é?d at
igton, in Cambridgeshiré, where many of the fish showed trypanosomes were
;bxamined; they contained, however , no protozoan parasites and did not appear

gto feed upon blood, I never found ﬂ:gulus in any of the Elstree ponds,

5‘?

: Nepa cinerea from the Quennsberry Lodge pond showed infection with a long
i )

iglender Crithidia, presenting quite a different appeasrance from the herpeto-

onas (H, jaculum } described by Leger ( i§ ) and byMiss Porter, ( L5 )
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The form described by these authors was subsequently obtained in Nepa sent me
by Messrs, Bolton ,of Birmingham, so that the parasites could be compared

with each other, The origin of the crithidia in Nepa is not clear; it may be

a natural flagellate of the Nepa , or possibly derived from one or other of

the animals it preys upon, I found that Nepa will attack small leeches, This
part of the work was, however, not carried far enough to warrant any conclusions
being drawn,

Finally, e number of leeches belomging to the species Heméclepsis margin-

ata  were found ka ,and these proved to be infected both with trypanosonmes
and trypanoplasms, Curiously enough, no other leeches were met with in this

pond , except a single specimen of Glossiphonia gaifEX4ais, complanata,

which showed an infection with a trypanoplasm, This leech is said to #eed
exclusively on molluscs, acquatic annelid7gnd small insect~larvae; I have not
so far succeeded in getting it to feed upon fish, It is, on the whole ,very

probable thet the trympanoplasm of G, complanata is derived from ome or other

of the molluscs preyed upon, A parasite of this type has been described from
the common Helix by Friedrich ( § ). That author seems, hdwever, to be of
the opinion that the whole life-cycle of the flagellate takes place in the
molluse, Brumpt also mentions the occurrence of trypanoplasms in G, complanata
and is inclined to consider that they are transmitted from pareht to offspring,

( I' )-

Hemiclepsis merginata from the Queensberry Lodge pond attacked

the goldfish very readily , Fasting individuals were put on clean (T3EEXNEYX
(non-infected) fish, with the result that, in one case ,a very good trypano-
plasm-infection appeared ,while in the other case a slight infection with

both trypenosomes and trypanoplasmswas produced, This gave a basis for more

precise experiments,



In order to obtain really convingéing evidence in work of this type , the
;;quisite factors are clean vertebrates and clean specimens of the transmittimg
j;ent. As regards the fish, circimstences were particularly favourable,

‘. Riches very kindly placed goldfish from an artificial pond in his garden

:¢ my disposal, These creatures had been examined very saesfully some years

‘%0 by Mr, Riches, Prof, Minchin and Dr, Thomson, and found to contain no
firsitee; they still showed no flagellates when examined this summew (1910-,

t is practiéally impossible to obtain a reliable source of uninfected speci~

ms in nature, more especially when ,as in fish ,the infections are of a

e

{ight and chronic type. I found, as a matter of practice, that, es will be

“Jen later ,clean leeches could be used to test the blood of fish which do

i%t show parasites in the course of ordinary microscopic examination, If a

‘ﬁxch of five to ten small, clean leeches have fed on the blood of the fish
3

3% question and do not any of them, when dissected , show flagellates, it

ﬁy be concluded that the fish is not infected.

i9] The supply of clean leeches wes obtained as follows, About half a
#le from the Queensberry Lodge pond there is a reservoir which supplles the
Aﬁand Junction Canal, It is well stocked with fish, bream ,pike,perch ,rudd

‘83 roach being all fairly abundant, Wild duck and water-hemns come in good

mbers and nest in the reeds at the water's edge., These reservoir fish very
erally show trypancsomes and trypanoplasms in their blood,

Upon hunting carefully among the broeg-leafed rushes, I fpund that
M;eches of almost every British species were to be found in good numbers,

e following is a list of those collected: =-

i

(1) Hellobdells stagmelis,

(2) Glossiphonia heteroclita,

(3) Glossphonia complanata,

(4)
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(4) Herpobdella atomaria,

(5) Herpobdella octoculata,

(6) Haemopis sanguisuga,

(7) Prtoclepsis tessellata.

(8) Hemiclepsis marginata,

Afew remarks on the habits of these leeches are necessary to make clear the
conditions obtaining in the reservoir. The facts recorded are derived partly
from personal observation partly from Mr, W.A. Harding's excellent account
of the British leeches. ( J ).‘

(1) Helobdella stegnalis is & very common form in the reservoir

‘ end also in the neighbouring ponds, It broods its eggs and feeds upon the

juices of Gasteropods, and also upon the lag¥ae of Chironomus, I have observed
fhat it ettacks the quite young leech embryos, gtill showing yolk,of the

genus Hemiclepsis, in cases where these have become detashed from their parents

Flagellates wers never found in Helobdella , but a ciliate parasite belonging

to the Benus Anoplophrya,and closely allied to the species é; paranidis,

Pierantoni (‘2? ) parasitic in the alimentary tract of a Paranais from the

Gulf of Naples, was found pretty frequently in these leeches ,both in speci-

mens from Elstree and also from Histon in Cambridgeshire. |

(2) Glossiphonie heteroclita broods i$s eggs and feeds upon the juices of

Gasteropods, Anoplophrya is the only protosoan parasite found by me in
this leech ,which is a common species in the reservoir and in the Elstree
ponds gelerally,

(3) Glossiphonia complanata is chiefly parasitic on Limneasa, Planorbis ,and

otheﬂkreshwater molluscs, It lays its eggs ( according to various authorities)
on weed or some foreign body and broods them, Protogoan parasites were not

ohserved, except in one individual already mentioned from the Queensberry
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pond, where trypanoplasms were found in the proboscis and anterior part of
the crop, 1.t may be observed in passing that these irypanoplasms wwere
examined in tap-water and were actively motile, while the trypanoplasm found
in the proboscis-sheath of Hemiclepsis died when set free in tap-water. This
leech was fairly common in the reservoir, but was not found in any of the

neighbouring ponds, with the exception of the single specimen cited above,

(4) end (5) Herpobdella atomaria and H, octoculata, These leeches are very

much alike in appearance and are closely allied species. They lay their eggs
in transparent capsules on water-weed. They chiefly feed upon small Bligo-
chaetes, I found that these two species were present in large numbers in the
reservoir, but not elsewhere in the other ponds investigated. Orcheobius

herpobdellse , = Coccidian described by Schuberg and Kunze £38 (27 ) was

obtained from these spszimmms leeches in specimens from Histon and Elstree,
(6) Haemopis sangidsuga was also found in the reservoir ,but not in large
numbers, this leedh is not a blood-sucker ,notwithstanding its bloodthirsty
title, It is a carnivourous ceeature of catholic tastes, devouring worms,
several species of leeches, tadpoles, molluscs, and insect larvae; it is even
said to attack small fish and newts, Protozoan oarasites were never observed

in this leech,

(7) Protoclepsis tessallate is a true blood-sucker , It is a very active

leech and is said to feed upon the blood of wild-fowl. A number of newly-
fed sipecimens were exsmined and found to contain nucleated blood-corpuscles
smaller in size than those found in fishes or amphibians, and most probably

derived from the numerous wild-duck which live upon the reservoir. This leech

is said to be very rare in England; it is, however abundant in the Elstree
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reservoir, I have never found &t in other places , It did not show any proto-

zoan parasites,

(8) Hemiclepsis margineta, a common form in the Elstree reservoir, is

also & true blood-sucker and attacks fish, I have seen it feed on goldfish
,perch, bream, roach ,rudd,tench,pike and eels, snd I have no douRt that it
would probably attack many more specieé. Hemiclepsis, like Protoclepsis ,is
said to be af rare occurrence ,but is, I expect, = much more common parasite
than has hitherto been supposed, It is a difficult leech to find ,but from

my own experience and that of Mr, Harding, I am much inclined to think that it
has been overlooked, This leech has of course a number of natural enemies,

I found that Nepa and Dytiscus will attack pretty big specimens. Irocheta
subviridis, a large semi-terrestrial leech, devours them eagerly; fish also
attack them very readily, but do not seem to become infected with trypanocscmes
by this channel, The young specimens of Hemiclepsis are, I have noticed,preyed
upon by insect-larvae and by leeches of the species Helobdella, I have no
doubt that many other creatures may ayyack Hemiclepsis, but these are the

only ceses I hAMEXMUKKEMMAXXZXUMEXX¥E happen to have observed,

During the summer and autumn months I found in the reservoir & number
of speciﬁens of Hemiclepsis with broods, These individuals were isolated in
beakers with some water-weed, and the young grew up successfully in the majomity
of ceses,, The weed is rather important,as the leeches seem td thrive much
better when it is present, The water in the beakers requires only to be changed
very occasionally. It was noticed that eggs deserted by the mother died, but
quite young embryos not infrequently developed by themselves. If a leech is
harmesed it usually deserts its brood . The young creatures have at first e
good deal of wolk, which may be of a bright apple-green,a bright yelloyﬁéreen

or an opaque white colour, By the time the folk is absorbed the young leeshes



usually begin the desert their mother ,and are ready for their fiest feed
of blood, They can ,however ,persist for months without any food at all,

Some individuals from each brood were allowed to feed on clean fish,
The smgll individuals take hold of their host very readily; they force their
waey in between the‘ecales and seem to have no difficulty in piercing the
skin, A favourite method of attack is for the leech to penetrate into the
external nares, During the act of sucking the proboscis is extruded and pierces
the tissues of the fish (see text-fig. /. ) ,while slow and more or
less rythmic contractions pass backwards along the body of the leech; these
are more marked daring the earljer stages of feeding. Hemiclepsis does not
possess jaws or teeth,

More than 70 young leeches from 12 different broods were fed on clean
godfish, and none of them developed flagellates. With the exception of four
individuals, whiich were examined before they had fed, a}l these leeches were
allowed to remain for a varying number of days after their first feed , in
order to permit the flagellates , if any were present , 1o develop and multi-
ply; some specimens were kept till after their second clean feed. Ne‘ther try=
panosomes nor trypanoplasms ever appeared in any of these control leeches,
This result,teken in conjunction with the precisely similar experience of
Brumpt ( /. ) ,who carried out analogous experiments with over a hundred young
individuals pf this species, seems to establish the fact that ,in the case of

Hemiclepsis margiﬁatal,trypanoscmes and trypenoplasms are not transmitted

from pareht to offspring, It may be mentioned in passing that every "wild"
Hemiclepsis hitherto examined has shown a greater or less infection with
either trypanoplasms or trypanosomes or both,

Having established that the young leeches were clean, it remained to use

them as the vehicle of transmission and to observe the features of the process,



TEXTFIG. 1.
Two OonEecutive Sections
of the Head of a Leech in
the act of Sucking Blood
from the Tail of a

Goldfish.
-nJI v
Tm
TEXT-FIG. 2.—Diagram of Alimen- TEXT-F16. 3.—Anterior end of H. marginata
tary Tract of Hemiclepsis drawn from transparent living specimen.
marginati, (After W. A. The flagellates may be seen as very minute
HarRDING, slightly modified.)* threads in the proboscis-sheath.

*] am indebted to the editors of “ Parasitology ” for permission to use this figure.



Anatomy of the leech Hemiclepsis marginata,

I + is necessary to give a brief account of certain points in the anatomy
jof the leech, more especially those concerning the alimentary tract ( see text-
{fig. 245 ).

n The mouth lies roughly in the centre of the anterior sucker, and leads
into e somewhat thin-walled collapsible sac in the centre of which is the

: muscular proboscis ( see textdfigl) . This thin-walled sac is the pro-
boscis sheath , it ends blindly at the posterior end where it becomes confluent
with the proboscis. The latter which can be extruded at will leads iﬂio the

. large lobed crop., From the crop there opens the stomach, with four divertic-

4
-

E ula on either side; from the EXERXXEXREE stomach arises the intestine, &

| simple coiled tube leading to the exterior by means of the short straight
rectum, Just at the base of the proboscis ,&l the point where it jjoins with
the crop, there enter the many ducts of the selivary glands, which run forward
in the wall of theprobascis and open at bts extremity,

The salivary gland is not & compact orgen , but is simply a number of
single-celled elements , each with its own duct; they are very nugerous, end
stretch through a considerable part of the length of the body. They secrete
a fluid containing many bright refractile particles, which in the live speci-
men can be seen to pass down the ducts to the tip of the proboscis ( see text-fi

3. Y. The proboscis is only extruded while the leech is feeding, end in th
long period during which it is retracted the salivary fluid pours out into
the sheath surrounding it; it is thud always more or less bathed in the se-
cretion from the glands,
The above description of the relation of the salivary glends applies
‘ aleo in the case of another British fish-leech which I had the opportunity

of exemining , namely Piscicola. T may remerk that the points noted above
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Texr-Fic. 4 (a—f).—Sketches of one

living Trypanosome, ghowing different
moments in the process of division.
%92000. The trypanosome is from
the blood of a goldfish, and is divid-
ing in response to the admixbure of
water with the blood. This method
of division is identical with the first
divisions in the crop of the leech; g
shows the short spiral shape which is
usually the first reaction o the pre-
sence of the water.

KA/
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are very clearly vigdible in living specimens investigated under the lower
powers of the microscope. I have not seen any sccount of these glands which
mentions the prolongation of the ducts down the proboscis, little attention

has,hhowever been peid to the anatomy of the species in question.

(2) Life-cycle of Fish-Trypansomes .

It was found that trypanosomes derived from goldfish in the Queensberry
Lodge pond, from bream and perch out of the Elstree reservdir end from rudd
from Histon, would all complete their cycle in clean Hemiclepsis, I use the
word cycle to denote the very regular and merked succession of stages which
the trypenosome passes through in the crop of the leech, and which culminate
in the definite slender inoculative type found in the proboscis-sheath,

Not only did the trypanosomes from all these different sources invari-
ably succeed in arriving in due course of time in the proboscie-sheath of the
Hemiclepsis, but, in the case of the goldfish , bream and perch they could
be transmitted to cleam goldfish by allowing the leeshes to feed upon them,
There seems to be no valid reason for considering the trypenosomes from thses
different sources to be other than one species. So far as cen be judged , the
cycle gone through in thqheech appears to be identical in the case of each
of the trypehsomes mentioned . The description given here is drawn from
observations on newly-hatched leeches receiving their first feed.

The trypanosomes are taken into the crop of {he Hemiclepsis along with
the blood, About six to nine hours after being ingested the flagellates begin to
' divide; in cold weather this time is somewhat increased, The division is of
‘a very characteristic type, and consiets in the budding off of small, broad
Herpetomonas-like form from the posterior end of the original trypanosome,

wheih remains motile throughout the process, The daughter-individual presently

/
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%tvelops an undulating membrene , assumes a somewhat broad crithidial condidion

4nd proceeds to divide in turn after.a few hours, The details of the first

Bivision will be gone into more fully later on ( see Plate and

text-fig. 4 ) 3 it suffices for the present , to say that, imxiwax

’
xkhreerdaysxyxihaxexapxksxpeapkadxwikhxx both parent and daughter-individ-
%als go on dividing , so that, in two to three days , ¥he crop is peopled
7l;dth numbers of broad, somewhat spear-headed or tadpole-shaped flagellates,
i
lfkdth aumkerxx the kinetonucleus anterior or just posterior to the tropho-

;mhucleus. (figs /0-/4 #4) That is to say , they are imax in a crithidial con-
‘/ 14

idition as r??ards their nuclei , but the body is much broader in shape,

1;: Muptiplication proceeds , and it must be borne in mind that there is
ja very striking emount of variation in the method of division in respect to
j%the protoplasmic body of the parsite and a general tendency to unequal fission,.

4TI have over and over again spent hours continuously watbhing specimens of

o

f?unusual appearance in the hope that they might be conjugating individuals,
uéand have in every case found that division and not fusion was in progress.

# The multiplicetion that goes on during this period is positively amazing,

and the erop becomes filled with the flagellates even when only a very few
3§have been originally ingested, Presently some of thqﬁndividuals begin to length-
mﬁen out, and there is a general increase in size, ( figs /¢4 ~ 23 ) . As a

{rule this does not take place till the fifth to the seventh day; from the

Eeighth day onwards very slender elongated trypenoform individuals arise by

ddivision from the broader long forms ( figs. /6 ) These very slender

4 creatures are the inoculative type (figs /7«42 ); they appear at first in quit

small numbers, but predominate greatly as time goes on, and end by being

4 elmost but never quite exclusively the only form present,

“ The final stages ariise graduglly from the broader creatures, and every inter-




Iﬁntermediate type is for a time represented in large numbers.
From sbout the tenth day onwards these very slender trypanosomes
~tkontinue to pass forward into the proboscis in increasing numbers,end are

._§o be seen lying in the sheath. TXEXXAXXYEK They cen be seen moving actively

in the sheath,but have a tendency to get crowded together at the posterior

I
e

gnd, Trypanosomes may appear in the sheath as early as the ninth day , and in

. bne experiment three leeches feeding on a cleen goldfieh on the tenth day
Liter an infected feed, produced ab infection in the clean individual, This is,
'owever, vnusually earl}; the leeches were quite newly hatched, and the weather
_jwas warm,

,;")“E

I wish to emphasise particularly that the time-fector in the whole of
ithis development is subject to great variation; trypanosomes may not appear

fin th%proboscis-sheath for more than thirty to thirtﬂfive days or even longer,

?( This refers to young leeches having their first feed -.) The point is one

which seems to depend entirely on the repidity of digestion in the individual
leech, -

The appearance of the inoculative type and its migration into the
;bproboscis ere, so far as I can see, the response to some chemical or physical
7}~stimulus. If the leech is lerger the digestion goes on much more slowly, end

gthe middle period of , during which there is & great range of form in the

trypanosomes, is of very long duration (several months ), and the appearance

i

i
13

, ‘ S
of the inoculative type in th%proboscis-sheath is corrﬁpondingly delayed.

b4

The sheath contains no trypanosomes as a general rule until some time after

i
i the leech has absorbed 21l the red blood in its crop. One may often find the

4

crop cremmed with slender forms of the inoculative type ,or in stages nearly
2t

] approximating to it, while the sheath is still quite clear from flegellates. The

% trypanosomes get mughxmoxe firmly established throughout the crop ; it is no
Sl :

1



;infrequent occurrence to find the whole crop simply seething with amazing
énumbtrs of the creatures, I have never found the stomech or intesetine to be
éinfested with them,
| The leech is not infective until the slender forms are in the . sheatlh,
? sven though the rest of the leech is full of trypanosomes, Occasionally the
i leech is willing to feed before the flagellates reach the proboscis, but
this seems to be unusual in the young individuals; it is not so rare in adult

leeches, I have not up to ﬁhe present observed division in the inoculative
 slender type of trypanosome. If the lesch is not allowed to feed when diges-
| tion is wuite complete and kkamx  the sheath is full of trypanosomes, there
seems to occur a certain amount of degenmeration and death among the parasites,
but new forms keep coming up from the crop to dupply the deficiency. In a
young leech ,after its first feed, I have found trypanosomes to persist in
the sheath for more than 61 days from the time of their first appearance in that
shtuation, Of course in nature a leech may very probebly have to wait a long Z;u
between successive feeds, and the very large numbers of flagellates produced
seem to be adapted to meet this circumstence,

& rather interesting ﬁent in reference to the digestion of the leech

was observed accidentally, Some clean leeches, which had fed on the blood
of an infected pike, were put into an incubator at a temperature of 25 C.
in order to hasten the digestion of the meal, Another batch of leeches fed
on the same fish at the same time were left at room-temperature, The leeches
in the incubator seemed quite happy , end digestion proceeded more rapidly.
After about ten days some of these leeches were exemined, but to my surprise
contained no parasites at all, I then examined some of the specimens which

»

had not been incubated, and found them to be literally cremmed with trypano~-

somes, At the same time I had put into the incubator iwo leeches containing
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Etrypanosomes from and infected perch; in these specimens the red blood was all
gdigested before they were p¥t into the incubator, Myxpurpaza The specimens
were very transparent, and I had observed very numerous trypanosomes in the
- crop through the body wall under a low power of the microscope, before putting
‘then into the incubator, My purpose in subjecting then to the greater heat

was to hasten the appearance of the inoculative type in the proboscis-sheath,

i
E In these specimens the trypanosomes remained alive, therefore their disappear=-
|
I

ance in the other case was not a question of absolute temperature. The explan=-
 ation seems to be that, at the higher temperature, the leech is able, during

. the active period of secretion , simply to digest the trypanosomes, T&e game

r
E
.

i thing happened with some leeches at the active period of digestion which
E contained trypanosomes frop & rudd, but in this case I had unfortunately put

% the whole batch into the incubator,

i

It may be mehtioned in passing that leeches sometimes suck lymph instead

R L oo G

of blood, The trypanosomes in ah infected leech seem to be as numerous in the
lymph as in the blood, XKEXX¥jh#ua#* Thibs circumstance is rather fortumate ,
as young leesches which have fed on lymph remain very transparent,

It is interesting.to note the affect on a leech infected with thyp=
- anosomes, of a single feed of blood from a clean leech, The proboscis=-sheath
% in a trypanosome infection is invariably cleaned entirely of the flagellates,
 but I have never up to the present found that a single clean feed causes the
parasites to disappear from the whole leech.

It is a point of some interest to determine which type of trypano-

3

?

" some carries on the infection in the intermediate host in the absence of
2 .

fresh infection from the fish, The forms found in the crop of infected leeches

immediately after a clean feed are rather small, broad trypanéform and crithid=-

ial creatures{ see figs{f—tn ; gometimes thaxkx they are of a curious



u@quat type with a very broad undulating membrane, Rare proboscis forms, very
? lender, may also be present but these usually show clear sihns of degeneration
After 36 to 72 h%%s the trypanosomes show the stages typical of the

i
parly period of digeation in thggeech, and it is quite impossible to tell

) ’
{{Z inspection whether the infection is a prémary one, gerived directly from
infected kmgzhx fish, or a secondary infection dating from the last feed

but one (sse figs 13~ U6 ), Numerically, these secondary infections are

oon just as hé@ﬁy as a good primery infection, and the inoculative type of

5rypanosome does not appear in the proboeis-sheath any sooner than in a pra~-
3 ry infection, that is to say ,not until some time after all the red blood
}ms been digested,

t‘ It is a foint of some importance how closely adapted the inoculative

%orm of these trypanosomes is to the condition obtaining at the end of diges~

}ion. Although the infection of trypanosomes as a whole is not dislodgedv

Py feeding on clean blood (certainly not by one such feed, and probably not
iy several-, nevertheless the inoculative type ,as such , comes aid goes in
direct correlation with the digestive phases of the leech, and probably in
response to some quite definite environmental stimulus,

]

The forms from which these secondary infections originate are certainly

i'for the most partﬁ derived from the ever-present residue of broad and sometimes

#early spherical individuals,which remain when the large majority develop into

the inoculative type., I have not been able to determine quite definitely if
:hey ere the only source, It is important to discover if any of the slender
;roboscls-forms are capable of reverting to the broad phase, Up to the pre-
ient the evidence is against this ,and degeneration seems to overtake forms
ifthls kind left over in the crop from a previous meal,

If an infected leech is given a feed of blood containing trypanosomes
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‘,of the seme kind, i.e., derived originally from the same species of fish ( the
breem was used for one experiment-), the newly~-ingested flagellates cah only

bé distinguished from the forms already there for about 24 to 36 hours, that

is to say ,only so long as they still retain certain features characteristic

of the parasite in the blood of the fish, Conjugation was most carefully wathched
for‘in the leeches of this last experiment ,as it was though that it was

just possible that the persisting trypanosomes might fuse with the newly

. ingested forms. This expectation was, however ,not ,fulfilled.'Up to the

present all attempts to find the moment of conjudation in these fagellates

? have been unsuccessful, This does not necessarily invalidate the theoretical

% expectation that it may occur at some perdod,

Behaviour of the trypancsomes in the fish,

Generally speaking ,trypandsome~infections in fish are of & slight and ¢
chronic type, the number of parasites in the blood being relatively low, In
my experience small-sized perch have shown the best natural i%fections.

The fish do not as a rmle , show any pathogenic symptoms, though occasionally
thers is quite a marked anaemia; the gills become exceedingly pale in
colour,and the blood is watery, Occasional deaths occur but it is difficult

" to be sure that the trypanosomes are the cause,

I have obtained no information whatsoever as to how the parasite mul-
tiplies within the vertebrete host,having never come accross division stages,
There is often a great varistion in size in the trypanosomes of one infection,
end an increase in the number of parasites se#ms to synchronise with the appear-
ance of small forms, but I am quite in the dark as regards their originm,

These occasional exacerbations of the infections are never very marked, end

ere of rare occurrence;I have not come accross them sufficiently often to
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to have obiteined & really satisfectory insight into their nature,

The ususl course of an infection is as follows, (it must be mentioned
that +the clean fish were infected in the lste autumn, end have not been
under observation for more than s few monthe, I do not kﬁow if the season
of the year exercises any influence on the course of the infection,but should
not expect this to be an importent factor.) If leeches in the right condi-
tion are allowed to fleed on & clean goldfish, trypanosomes may be found by
ordinary microscopic examination of the blood es early as the 5th day; they
mey not appear kxXXx however till much later. The early finding of trypano-
somes 1in fhe usual way by direct wxsminstion depends ,of course ,on the
sukgmauentx number of individuels injected by the leech ,es well as on the
| subsequent multiplication in the fish, The flagellates which appear warly
are of a type quite mgrkedly smeller and more slender than those seen at a
later pericd, The time elapsing before the appearance of the normal form
varies within a few days, Although I have never seen trypanosomes in live films
before the fifth day, nevertheless a fish may already be infective for clean
young leeches as early as 48 hours after the infected ones have been allaowed
to feed upon it, This time is also subjeet to variation,

It is interesting from the point of view of the biology of the try-
penosomes to find that they can resume the multiplicative agkixkiyx condition
in th#leech once more after so short a sojourn in the blood of the fish.
Increase in the numbers of the mewly injected parasites occurs in the bleod
of the fish during the early days of the infection, but this soon ceases,and
the numbers become stationary, Much attention cannot be paid to slight vari~
ations in the number of trypanosomes counted in a film at the different

examinations,2s questions of chance enter to some extent, Often there is

a gradual decrease ,and periods when no flagellates appear in the blood super-
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vene; the blood is, nevertheless, infective to clean leeches, Slight recru-
descences occur from time to time,

One infection ,even when it has become so slight as to amgm be apparent-
1y latent,does not protect against a subsequent infection from & second leech,
This was shown by the following experiment; a rather large goldfish (fish 22)
from the Queensberry Lodge pond showed a slight natural infection with trypano-
somes. After being in captivity for some ¥ime, flagellates were no longer
to be found in the blood . Two ™wild " Hemiclepsis from the reservoir were
allowed to feed upon this fish,and 10 days later a nukber of trypanosomes
were observed in its blood,ss many as eight being found in a wet film under
axfrydx a 2by £ inch coverslip. The numbers decreased again rather rapidly
and on the 20th day after the leeches had fed only one trypanosome was found

in a film of blood, This point however needs further elaboration, zs it would
be of interest to see if a fish would reinfect with its own strein of trypano-
somes, that is to say,by a leech whose parasites were derived from that seme

fishes blcod while still infective,

[

In the early part of the investigation attempts were made to see in what

(“' Effect of Reagents on the Trypanosome in the Blood of the Fish,

way the trypanosome reacted to the presence of water. It was found to behave
in a very characteristic manner, If a drop of blood from a fish showing a
the usual type of infection with trypanosomes is mounted on a slide

with an approximately equal amount of either tap-water or distilled water
and sealed , the flagellates undergo & number of changes which culminate in

division, .
To quote an individual experiment, a slide was prepared with

T am indebted to Dr. Henderson Smith, of the Lister Institute, for kindly
relieving me at the microscope from time to time ,so that these observations

coukd be carried out continuously,
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tap-water,as described zbove at 3,45 p.,m., on August 4th, At 9.45, & trypano-
some was selected for observetion, and was watched continuously till 2,50 p.m,
on August 5th, This creature when first observed already showed the first

alterations, that is to say ,$he body had become very much broader at its
non-flageklate end, Individuals at this stage are very often in the shape of
a dumpy spiral (see text-fig, Q,p?gsyg). The whole creature had become some-
what shorter, but the anterior (flagellat¢ end tapered out in the characteris-
tic way, The posterior end became still more thickened and presently somewhat
club-shaped, and the flsgellum no longer had its origin at the posterior
extremity of the body, but arose now from & point considerably further forward.
The trophonucleus was very clesrly visible just at this time; after a little
while it disappeared ,and'presently about twenty minutes later,two nuclei were
to be distinguished,

There now grew out from a point quite close to the origin of the flagel=-
lum a little stiff process which gradually lengthened out and became motile;
this was the flagellum of the daughter-individual, A consiriction began to
appear in the club~-shaped thickened end, and there was gradually split off
an actively motile peaf-shaped cregature., It had as yet no undulating membrane,
the flagellum striking stmaight out as in a Herpetomonas, In many cases how-
ever ,the creature had already gpproached the crithidial phase by the time it
wes set free, The parent had never ceased to move all through thig process,
and preseved its originel locomotor apparatus intact, The ypung animel is
simply budded off from from the thickened end,

In the trypanosome under observation, the daughter form had got
completely free by 1.25 a,m, on August S5th, The parent and daughter remained
in the seme field, and were kept under observation, The former was still

somewhat broad and club-sheped, and did not resume the elongated condition
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found in the undiluted blood., By 5.a,m, the nucleus in the parent had dis-

,éppeared ; by 5.20, & second flagellum had grown ouf ,and at 6,50 a,m, this

| econd daughter ~individual was thrown off, During this same period the first
| ﬁughter, which had now bepun to develop an undulating membrane,divided also,
i ut did so by longitudinael fission., At the beginning of this division it ap-
épeared as though the grand-daughter would be smaller than the daughter, but

T
J

fthe inequelity disappeared, and the two creatures were practically the same

jbize when seperstion took place,
i
) The original parent had thus split off daughter (I) at 1,25 a. m.,end

i
Ehad then split off daughter § II) at 6.30 a.m,; deughter (I) had in turn given

 rise to grand-daughter (I), the separation being complete at 7,30.a.m, At

1 a.,m, daughter (II) began to divide, and at 11,5, the original parent started

to divide for the third time, that is to say to throw off daughter (111)

{Grand-daughteryI) began to divide at 1.50 p.m. Unfortunately at 2,50,p.m,

;:n'August 5, the trypanosomes ceased to move,their death being due to the

i

fdevelopment of bacteria on the slide,

;

} To put the resul$ of the foregoing observations in briek, the trypanosomes

junder the condition of dilution of the blood given above, divides after about

?six to nine hours, and the products of division in turn divide after & similar
period, a third division ocurring apain in six to nine hours, These dixkxkamz
5observations have been repeated over and over again as far as the first division
i and somewhat less frequently to the second. The time-factor in these divisions
veries somewhat, especially in relation to temperature,

It has been observed that sometimes a few individual trypancsomes react very
%tardily, or not at all ,to the stimulus of the water, and occasionally a

;:whole infection is found where none of them react on a given pccasion,

% These are generally ,so far as my observation goes, very slight infections,
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?‘where the flagellates are very slender, The bearing of this was not very

clear at the time when these gexperiments were made, Subsequent consideration

and further work however, showed that here as in hearly all protozoan life-

cycles the organism must have reached a certain stage before it is ripe for

- the next process of development, Tn other words it will not react to the

external stimulus @ntil the requisite internal condition has arisen.

Distilled water which has been boiled and allowed to cool is just as

effective as tap-water in producing division, In blood quite unmixed with

water no muptiplication occurs, nor in blood mixed with I&er cent,salt solution,
The trypanosomes will live for a couple of days aﬂd remain quite active

and unaltered without multiplying on a slide of blood mixed with 1 £ potassium

chloride, likewise in 1 4 ammonium nitrate. Tgis last was tried to see if the

laking qf the corpuscles had anything to do with bringing about division, since

the tap-water or distilled water ,of course, lekes the fishet blood-corpuscles

at once, L 1% salt solution with 4 per cemt emmonium nitrate caused no

alteration ir the tryapnosomes ,which lived for wuite the normal length of

time,In ~%Aper cent. sodium phosphate, division of the trypanosomes took place

in the case of a perch ,but was much delayed., This wgs used in order to see

if any alteration in the behaviour of the flagellates was to be observed in

the presence of phosphorous,as this substance seems to influence the produc-

tion of microgametes in Saprolegnia, (Klebs //. ). Extract of medicinal

leech made with distiiled water brought about dbvision,whereas extract made with

0.85 per cent salt solution produced no division. Eel-serum was used to see

if it caused any laking of fish blood, and also to find out if it in any way

affected the xmx trypanosomes, The blood-corpuscles showed only the very

slightest signs of laking ,and the parasites seemed utterly unaffected and

lived for gkits the usual length of time,



g

In these eiperiments , the infected blood , which when diluted with water
showed the miwxziemsmx divisions, and which when guite pure or when treated
with such solutions as 1 4 NaCl, etc showed no alteration, was often drawn
from an individual fish on the same day and at the same time, so that the
possibility of having struck e chance outburst of natural division of the para-
gite &n the fish may be discounted,, Such outbursts were neoer found at any
time, Great caution is required in analysing the results of experimenys where
such complicated factors are involved; the one constant feature,however, in the
cages above mentioned is thaet, where the salt content of the blood was lowered
by the fluid added, division kam of the trypencsomes occurred,and no$ under
othér conditions,

The osmotic pressure of the blood is about 7 atmospheres, that is to

say it is isotonic with a salt solution of 0,936 per cent, This estimation
ig that given by Hamburger ( 9 ) for the blood of the tench, and by Hoeber
( 7 ) for the blood of the barbel. The lowering of the osmotic pressure of
the blood and the probable mbsorption of water by the trypanosome consequent
upon this seems to be the dtimulus which sets off the divisions, These divisions
in the diluted blood are identical with the first divisions in the crop of
the leech, and it is highly probable that the lowering of the osmotic pressure
of the fluid in which the trypanosomes find themselves is at least one of the
factors at wokk in bribging about the extraordinary burst of multiplication
in the intermediate host, It may be said that by adding the water I have
simply started e cultivation similar to what might occur 14a blood-agar tube,
Thet is doubtless the case, The only point of the experiments in question is
that they give an indicetion of at least one of the factors, and probably
one of the chieB factors conditioning the said cultivation.

T have come across divisions of this kind as noted above on slides of



blood infected with T, vittatae from the milk-tortoise and with T, raise from
the skate, In both cases I was in the habit of taking the blood from the
peripheral circwlation without killing the animal,and no care was taken to
exclude all moisture,

| This question of the absorption of water by the trypanosome is of
course & similar phenomenén to that observed by Loeb ( 1§ ) and otherﬁén the
artificisl parthenogen@sis of sea-urchins wggs, It is possible that the very
stimulating chenge from the blood of the fish to the alimentary canal of the
leech has taken the place of conjugation, The possibility‘of e chemical stimu-
lus teking the place of fertilisation is clearly demonstrated in Loeb's work,
and these is no good reason why such a process should not occur in nature,
more especially with such a relatively simple organism as a flagellate. &

The point is at present ome of pure speculation, but might yield some result

when more work has been done,along this line.
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Fig. 7. Trypanosome from the perch newly ingested by a young
‘Hemiclepsis, and still quite unaltered.
Tig. 8. Trypanosome showing earliest change in the crop of Hemi-
’ clepsis which had been feeding for 3% hours.
Fig. 9. Trypanosome from crop of young Hemiclepsis which had been
feeding for 8% hours. :

Prate 2.

Figs. 10-13. Developmental phases from the crop of a young Hemi-
clepsis on 8th day after feeding.

Fig. 14. Early trypaniform phase.

Pig. 15. Long, somewhat slender form from the erop of a young Hemi-
clepsis on the 10th day atter feeding.

Fig. 16. Slender form from the crop of a young Hemiclepsis on 9th day
after feeding.

Figs. 17 and 18. Slender inoculative type from the proboseis of an adulb
Hemiclepsis.

Figs. 19-21. Trypanosomes from the crop of a young Hemiclepsis well
infected with trypanosomes from the bream, 24 hours after a
feed of clean blood.

PFig. 22. Trypanosome from the crop of a young Hemiclepsis, well
infected with trypanosomes from the bream, 5 days after a
feed of clean blood. :

Figs. 23-26. Division-stages from crop of the same lesch as in fig. 22.
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TI, LIFEJDYCLES OF TRYPANOSOMA GAMBIENSE AND CERTAIN OTHER TRYPANOSOMES

PARSITIC IN MAMMALS.

The conditions presented by the pathogenic trypanosomes infecting man and
domestic animals in Africa reveal when viewed from a broad standpoint a bio-
logical problem of very importent proportions, This great question has been
studied by & darge number of workers and the most varied aspects have been
dealt with from time to time.

In the present paper I have brought together certain results obtained
during a period of two and a nalf years work in the Uganda Protectorate, THe
conditions of work were extremely favourable and I had the great advantage of th
the experience of local opportunities and the laboratory organisiation left
behind on Mpumu by the Royal Societies Commission of 1908 -~18 . ( Sir David
& Ledy Brﬁce, Messers Hammerton ,Bateman ,Fraser etc, )

The aspect of the problem I have dealt with concerns the actual behaviour

of the trypanosome# in so far as its various relations could be studied,

(i) Notes on Certain Aspects of the Development of T, gambiemse

in Glossina palpalis.

In the course of en attempt to obtein an insight into the deteils of the life-

cycle of Trypanosome cambiense in Glossina palpalis, certein experimente were

underteken involving the feeding of a reletively large number of flies under
closely observed conditions. Although primarily underteken with a view to the
morphology and development of the parsite , they have & bearing on the general

relstion betweeh the trypanosome and the glossina that is of some interest.
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The present account deals with the infections produced in the flies as &

¢ whole . I must point cut that the experiments in question are not concerned

fjwith actual transmissions of T, gembiense from an infected to a cleen host,

but with the number of flies in which trypanosomes will develop, That flies
: ﬁarbouring trypanosomes are infective from about the 26th day onwerds has been
shown over end over again; it was therefore considered to be a wanton waste
, of life to allow every cage kept beyond the 30th day to infect a clean animel,
§ Late xkagmxx cages were usually fed on cock's blood after the 24th day,
A small proportion were actually tested and an infection wes inveriably pro-
duced if the box contained flies showing trypanosomes,

There ie no evidence to show that a trypanosomeeinfection once estab-
lished in a fly is ever got rid of subsequently, T, gaembiense mey be held
to be established if the gut shows trypanosomes after the 5th day in flies
which have had at least one feed of clean blood subsequent to the infecting
feed,

This last statement bears on a point of some importance; it has been

found khakx during the course of these experiments that flies allowed to
feed on infected blood and then starved absolutely,when dissected between the
§ 6th and 12th day, chow an extrmordinary number of individuals in which trypano-
- somes are to be found, Flies starved in this way rarely live beyond the 1Zth
dax or 13th day, These experimeﬁts will be referred to as starvation experi-
i ments,
Of 103 flies so treated and fed (for one infecting feed only)} in groups on
i different monkeys infected with T, gﬁmbiense, 22 showed trypanosomes between
- 6th and 12th day, thet is to say 21,3 4 of the flies harboured trypanosomes,
; Six flies of the total 22 showed trypanoscmes only in the sucking stomach ,or

- ¢rop, as thie orgen should perhaps be more appropriately called, 13 showed a
well-esteblished infection in the gut and three showed irypanosomes in both
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‘;situations. It is perhaps advisable to neglect the six g§lies in which the
—Eparasite was only present in the crop, although & certain emount of development
Ufmay gh on in this organ; the percentage thus obtained is still very high, namely
{15.5 .
" Monkeys infected with T, gambiense, and probably most other animals with
J“trypanosomes in their blood, have negative periods, that is to say periods
during which they do not infect flies., A humber of experiments have shown that
¥ trypanosomes may be found by microscopis examination, although the blood is
megxkixe not infective té flies., Tt is interesting to note that such negative
periods appear to be nega{ive in the starved as well as in the flies which
are subsequently fed on clean blood. In starvation experiments the microscopic
éppearances do not ,so far as I have yet seen , show any distinction from
those to be observed in established infections from fed flies of the corres-
ponding ages,.

The crucial moment in the mykzx cycle appears to be the first feed
of clean blood subseguent to the infecting feed, It js not evident if this
clearing out of the trypanosomes by the clean Elood is a purely mechanicam
actiondue to the flooding of the gut or is a result of the general chemical

I and physical changed of condition thus brought about.

In any case the number of flies containing trypanosomes obtained
in starvation experiments during periods when the vertebrate is in the infec-
tive condition would give the maximum register of the potential infectivity
of thet individuel strain:to fly, The actual number of flies containing trypano=-
somes from parallel experiments where the flies were however, subsequently fed,
would give an indication of the additional inhibiting power of the fly under
ordinary conditions whatever the the cause to which the inhibition may be due,

Experiments of this type were undertaken but gave no result, as the whole
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series proved negative,

The total number of flies used in the whole group of experiments under con-
sideration in this section is I,%4ll males and 1,322 females of which 42 males
and 39 females show trypanosomes, Irrespective of sex, the.total number is
2,733, of which 81 gave positive results,

From this total must be deducted the starvation experiments and a
amall group which sre not strictly comparsble, owing to the feeding having

heanx included toad's blood ,and also those flies dissected before the 5th day,

Consisely ,the figures stand thus:

Total ..... e seseens e sesss 424.2,733 flies ; infected flies 81
Toad and starvation experiments .... evese .. 234 flies ; infected flies 17
Flies dissected between days 1--5 84 flies; infected flies 9

Deducting the last two batches from the total there remain 2,415 flies ,of which
55 were infected ;that is 2,27 per cent of the flies harbour trypanosomes.

This percentage i.8. ,2.27, is naturally not the measure of the infectivity
to the fly of any strain (or strains) of trypanosomef . It is the percetage of
infected indiviuals produced by allowing 2,415 flies to feed &t ramdom ,in
groups, through a period of two and a half months,on a population of nine
infected monkeys, Each group receives ,of course ,only one or two feeds on the
infecting monkey ,and is then fed on clean animals,

Certain obscuring features , habitually neglected in dealing with
trypanosome infections , must be pointed out in figures handled in this way.
The nature of the individusl strain must be considered,and the occurrence of
negative periods¢i.e. periods when the vertebrate is not infective to fly+
must be duly taken into account, As they syand the figuees cited above have
no real meaning, The number of ingected individuals obtained by feeding flies
at rendom upon an infected animal is neither an index of the if the infectivi=-

ty off the strain mor of the potential danger of such an animal at large in
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a fly area, The percentage ,however, of ;nfected axkmzks individuals produced
among flies fed during periods when the blood is infectkve ,gives the index

of the virulence of the strain as regards fly., If on the other hand, batches
of ,say ,50 or 100 flies were fed on an infected monkey for every day of its
life during the course of the disease, the infected glossinae produced would
give khmximfmzks an index of the infective power of the monkey as a whole,

It is obvious that these are two quite different aspects of the ques=
tion, and celculations in which they are treated as one must naturally be
mideading, In peactice &t seems usual to neglect this distinction,with the
result that there has been a tehdency to underestimate the potential trans-
mitting capacity of the fly, and to overrate its inditvidual idiosincrasy..
Given reasonsbly favourable conditions of temperature emd moisture, it is the
strain of trypanosomes and not the fly that within a relatively wide range
plays the deciding role in limiting the number of infected glossina, Hhere is
of course ,as has alseady been mentioned ,a serious difficutty in the way
of the trypanosome in its attempt to establish itself at all in the glossina,
but that must be very nearly constant in all cases.

To consider some of the experiments in detail; Monkey 113, infected

by wild flies from the lake-shore, first showed trypanosomes in its blood
on July 25th,191l.

On August 23rd ,Monkey 113 showed trypanosomes in its blood; 137 flises
were fed in groups , 36 of these were treated as a starvation experiment;
the whole series proved negative with the exception of one starved cage,
which showed one infected fly on the 12th day.
On August 24th , 45 flies were fed on the same monkey ,and there resulted
five infected flies , that is,a percentage of 11,1 showed trypanosomes,

On August 25th ,53 flies were fed, of which two became infected which is =



equal to a percentage of 3.7,

On August 26th, howe®r, 80 flies were fed in three groups on this same
mokey, and produced no infected flies at all, The experiments ran concurrently
,and shared the same weather and other expernal conditions, andwrre similarly
fed, after the infecting feed, Here, as all through this paper ,results of
flies dissected before the 5 th day are excluded, In the experiments fust
mentioned the flies were dissected at different periods but all after the
20th day. One is forced to the conclusion that, although the monkey showed
trypanpsomes on all the four days in question at the time of feeding the flies,
the blood was only very slightlu infective to flies on the 23rd probably not
st a1l to fed flies; that on the 24th and o5 th it was infective producing
(adding the results for the two days ) seven infected individuals out of
98 flies ,i.es Tel 3; andthat it was once more non-infective on the 26th,

Under conditions so dimilar it is impossible to consider the difference of
7.1 & to be due to the ibdividual differences of the two batches of laboratozy=-
hetched flies, The onus of this discrepakcy must it seems to me be borne by
the trypanosomes derived from the monkey. In this experiment the blood dn
August 26th showed very numerous trypanosomes ,the cage of 89 flies produced
negative results, on the following day there were very few trypanosomes in
the blood, The swarming period on the 26th which was not infective correspon=
ded therefore to a moment of physiological depression of thetrypanosomes
population when the hostile mechaniem which in the next 24 hours produced the
very great reduction in numbers was probably already beginning to operate,
It is interesting to note that the infectivity for the fly was glready less on
the 25th than on the 24th,

Mnother experiment carried out later exemplifies a similar negative state
but here the absulute numbers of

of the blood as regards infectivity to fly,

the trypancsomes were low. On the 18th of Februery there were & fair number
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( ) of trypenoscmes present in ithe blcod of monkey 597 , 143 flies fed on
that day yield 8 infections that is, 5,64 -- &n the 19th & cage of 65 flies

produced 2 infections i.e, 3 %4 of the flies were positive, The next say how-

- ever marks a reduction period overtaking a moderate infection instead of a

gwarming infection as in the experiment cited above,on this day Feb,20th,

a cage of 65 flies are fed wiht negative results ,the absolute numbers of the

| the tryapnosomes in the blood are few. On the 21st the trypanosomes population

is reduced to very scarce individuals in the peripheral tlood, but thiéér con-

dition is nevertheless viable in the fly end 5'$ of infected flies are produwed

' in a cage of 98, The 22 nd is agein negative to fly but the test is not so

good as only 46 flies were fed , the absolute numbers of the parasites in

the blood are still very low,

for the sake of completeness I add the percentage of infected flies
produced over gll the imfmzked boxes containing infected flies pbtained from
monkey 113, Starvation results and flies dissected before the fifth day are

as usual excluded,

experiment 25 .....e000000..69 flies fed .... 2 infected.
2 ' 29 ...........0..60 " " s e 1 “
" 32 [ IR BN R I R LI ) 71 “ " [ N N 1 "
n 43 .l'.'l...‘,. 32 ” " L N ) 3 “
“ 45 -3 3 K IR BEC B B '] 13 “ " .....2 “
.' 46 L3 3 BN DK BN IR BN N N ) 53 " " asPres 2 “
” 54 ‘l.&'l.l.ll.0107 " b LK K 2 "
» 64 L3O N BB N A 104 2 2..0 2 "
4 " 68 T N RO RN B RN B 70 " “co.tn 1 "
i‘.’l" " 75 sSeQORSTTBBORSES 20 “ “ L N NI ) 2 "
Théel 599 18

The percentage of infected flies is equal to 3 percent, I do no¥ add

_the percentage obtained by including all the bexes in whiuh the result was

negative , The number so obtaired would have little value as, it is purely
a matter of chence so far as our present knowledge goes how ofteh the experi-

menter lightslupcn & non-infective period. It is obvious that an uncontrolled
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factor is irntroduced if the figures ere so hendled, It becomes clear that
although a trypshosome-infection is in & continual state of flux the percen-
tage of positive flies produced over infective periocds gives a measure of the
virulence of the strain to fly end forms a baesis of comparison between differ=-
ent strains,

Another set of experiments bears uppn this point. Monkey 1¢9 was ipfected
by Dr. Duke by direct ihjection of the blood from a bush-buck which had been

infected with T, gembiense by laboratory -infected flies, The bush-buck had

harboured £kxag T, ganbiense for 15 months, This monkey showed infective and

non-infective periods in exactly the same way as other infections, but the

infective periods gave quite an unusual number of flies harbouring trypanosomee,

Thug ---
Experiment 71 ,13/9/11, 54 flies fed, gave 4 positive ,.... 7e4%.
" 70, 14/9/11, 50 * " v 7 " ..l 14,07,
" 74, 15/9/11, 46 " 5 " eees. 10,87,

Consgidering all the fifgures together, out of 150 flies, 16 showed trypano-
somes, that is a percentege of 10.6% .
This relatively very high percentage was also borme out by experiments of
Dr. Dﬁke's in which he mede use of this monkey and which he kindly permits me
to quote., Thus of 188 flies from two experiments the conditions of which
admit of comparison with those of experiments 71,70, and 74 just cited, 11 were
infected that is 5.8 % .

Teking this set of figures wigh those quoted above, of 388 flies, 27 were
infected, which is equal to a percentage of 8% . Thid is dombkex more than
double the the normal percéntage of infected flies produced by the Uganda
atrain of T, gembiense in ménkeys. 411 things being considered,it is impossible

- ——

to attribute this difference under conditions so similar to anything but the

strain of trypanosomes,

Besides having a virulent character as regards the produetion of in-



fected flies as & whole, an individuel strain has often a recognisable type

or method of development in the glossina, For instance , ell flies fed on

monkey 199 gave very numerous and rapidly developing infections; the trypano-

' somes pemched the proventiculus earlier then usual,end were established in the

salivary glands much more promptly than in the caese of ordinary cycles, One
cage yas infective on the 24th dey., This difference of character appeared in

the flies from Dr. Duke's experiments as wekk as in those cited above, and I

 am indebted to him for the opportinity of examining them, The monkeys infected

. by fly fed on monkey 199 showed good onfections in the blood (monkeys 330,

390 and 391), but flies fed on these monkeys shawmdxanyx gave only the aver=
age number of infected flies yi.e, /3%, which, however showed rather sluggish
and very slowly developing infections, Thus, one of the cages fed on one of
these monkeys showed an infected fly in which the infection had not yet reached
forward beyond the mid-gut on the 22nd day, and another on whkzhx the 56th
day,in which the salivary glands were not yet infected, There was no possible
chance of a “pick up " infection in ohther case. A stray fly, showing a very
backward infection ,is generally due to having allowed a cage to stay to long
on the test animal , that is until after it has produced an infection, A new
cycle may then be started in & fly which had escaped on the previous occasion,
This point is I may mention in passing, enother argument in favour of the
failure if the trypanosomes to establish themselves in the fly being due rather
to the flagellates then to any absolute inhibiting quelity or condition in the
recalcitrant glossina.

Monkey 199 illustrates some particularly important points in regerd

to the cycle of T, gambiense as a whole, It has been shown ,by many experiments

carried out on Mpumu, thet infected buck produce & high percehtage of positive

flies, but that monkeys infected by meens of these flies give in turn only
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the usual low percenteges characteristic of cycles started from monkeys,

The mportant festures are --

1. The long pericd during which the trypanosomes had been in the buck,namely,
15 months,

2. The infection of monkey 199 by direct injection of the blood from the
bush~buck,

3, The large percentage of infectéde flies yielded by 199,

4, The loss of this last character when the strain is transmitted by flies
to other clean monkeys.

A great deal of biological work during recent years has suggested that the
function of syngemy or nuclear fusion is not reproduction but the preservation
of the charcters of the species as a whole, the effect upon variation being
looked upon as the most important result arising from this process. In the case
of trypanosomes, the individuals rum through a relatively very large number
of generations in the vertebrate, and in consequence , as is well known, are
capable of developing very well-marked strains that might almost be called
varieties, THEXXUKAXXUAXAXXAMEXEXY¥ One of the functions of the fly,as is
suggested from these experiments appears to be to sift out these cariations
of the individual strains ,ahd to produce a fairly even type. There is at
preseht no sound evidence of conjugation in any trypanosome life-cycle so far
worked out, and the MMEYAXXIXNX question must be left unprejudiced. It is
a very plausible suggestion that the great and undoubtedly stimulating change
of environment that occurs in the alternation of hosts has gradually led to
the suppression,and finally teken the place of conjugation. This hypothesis
would explain the labile characters and the extraordihary merging of species
in the trypanosome group, but it is obviously open to much criticism on the

score of its speculative nature, ,Further ,such a conception only stands so



long as no sound evidehce of conjupation in any trypanosome -cycle is &t hand,
In any case it seems clear that thne cyle in the fly as 2 whole ,whether con-
jugation actually occurs or not , has much of the biological significance of
that process, This conception is of some importance to workers dealing with
laboratory straina passed directly for long periods without reference Lo the

intermediate hosta

g it o mepagtn e
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(ii) Notes on tne Polymorphism of Trypanosoma gembiense in the blood and

its Relation to the kxogenous c¢vecle in Glogsina palpalis ,

The following section deals with the well-~known phenomena of the

fluctuaction in the numbers of trypanosomes present in the blood of an

animel infected withﬁT. gambiense ,and with the equally femiliar question

of the polymorphism of the parsites,
The relation of these factors to the production of infected G, pal-
palis is also discussed, and evidence is brought forward to show that a certain
- type of yrypanosome is apparently responsible for the carrying om of the cycle
in thetransmitting haest. The agtual details of the structure of the trypano-
- pomes and the sequence of developmental stages in the fly are not touched upon

in this account . they will be dealt with in & subsequent section,

General condition of & T, gambiense infection.

. It is advisable to consider first the fluctuation in numbers of the parsites.
It is importent to note here that a close study of any given infection bringéd
out very clearly that the multiplication occurs very largely in the circulating
blood-stream, Search has been made for any type of multiplication in the cekls
of the lung, liver and spleen ,so far wntirely without success, Moreover, the
‘correspondence betwwen a rise in the number of trypanosomes and a rise in the
percentage of dividing forms renders such a development very improbable,

The factors controlling the numbers of flagellates present in the blood at any
giwen time fall naturally into two categories;

1. Those c§§itioned by the vertebrate host,
5* Those conditioned by the parasite.



b s

_ Phnagocytosis, alterstions in temperature and théPiberation in the serum of

protective substances constitute the more important reactions on the part of

the host kikely to influence the condition of the trypanosomes ,%o act as

inhibiting circumstances to multiplication and to sause reduction in the number

. of the parsites.

The importaent factors in regard to the trypanosome itself are the self=-
conditioned processes within the body of thekai%ite and the production of toxic
substences due to its metabolism,

By self-conditioned precesses T mean such manifestations as the inherent
capacity for division end nutrition and the geheral vigour of the pai?itic
organism, The actual reduction in numbers of the trypenosome sets in as soon
as the nugatory conditions ,whatever their origin ,get the upper hend,

It is obvious that a continuael state of tension exqitis between the capacity
of the host to destroy the paresite and the capacity of the parasite to
maintain itself. If these facts are borne in mind the nature end the details
of the fluctuations are more easily comprehehded, though it may not be clear
exactly which set of factors is at work,

The two sets of factors here mentioned form, merely two general
groups of conditions; each group represents a ¥ery complex aggregation of inter=-
acting circumstahces concerning which we jave at present very little knowledgea

Thus so far from knowing what inhibits the multiplication of an organism
,we have still ,in spite of the very valusble work of Hetwig,Lloeb and Klebs,
very little knowledg%as to what ere the conditions thet determine the normal
division of any cell, It is not therefore to be supposed that the unravellinqﬁf
the conditions obtaining in an infected monkey does more than afford a certain

clearness and precision to our view of the picture presented. It do@p) not

offer any actual explanation of the phenomBna.
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The drop in the nuuber of trypanosomes is often sudden, but the completeness
of the clearance variss within wide limits, and the duration of the depressed
‘period is quite inconstant,

The complex factors at work producing such a reduction may supervene
et any period as regards the absolute number of trypanosomes present, but the
first indication that these factors have begun to come into operation is most
often a reduction in the percentage of the dividing forms, Thh actual disap~
pearance of the trypanosomes is, mOreover, generally preceded by a shorter
or longer period ,during ghich the numbers are relatively syable and the divis=
jons few, There are ,however, occaional exceptions tc this rule ,and the num-
bers may suddenly be checked and reduced in.the middle of a rise.

The mechanism by whish the trypanosomes are destroyed has not been
studied, but the work of other observers all points at present as far as I em
aware ,to phagocytosis. One must, however,consider in passing the possibijity
of the trypanosomes entering tnto the cells of the nost ,and undergoing some
. form of development at this skage period, All the evidence is against this
assumption on account of the important fact that the trypanosomes reappéar
relatively gradually, and their appearence is accompanied by active multipli-
cation in the blood stream. This faet is also of interest in showing that the
disappearance is a genuine destruction and not merely a withdrawal of the
parasites from the peripheral blood, Lysis in the blood stream is also a
possible explanation of the method of reduction in numbers,, There is & certain
amount of evidence in favour of this to be drwan from the consideration of the

endogenous cycle. It will be discussed later on.

The essentials of the fiuctuation just gketched are repeated in-

terminably with monotonous similarity, the omly features liable to variation

being the absolute numbers of trypanosomes involved and the time coefficient,
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That is to sey, the drop may lsave a fair number of parasites in the blood ,
and the rise may occur without further reduction, or the drop may be very com-
plete; it may be sudden or more gradual, The depressed period way be long or
short., Thus elso the rise may be more or less repid; the exalted period msy be
longer or shorter; the wkole process may teke place with low absolute numbers
that is to say thatthe exalted period mey not invelve very high numbers of
the parasite ---- this last is very often characteristic of the lster months
of an infection, A stable or relatively level period may proceed to e rise
instead of to a drop, owing probably to the remsal of some%emporary inhibition,
The extreme variability of these two elements snemely , the duration of time
of the various periods and the absolute number of the trypanosomes involved,
produces a great but quite fictitious appearance of confusion, The essentials
of the process ere in reality extremely constent,

As & matter of practical technique these points are more eesily demon-
strated in the earlier periods of the infection when the absolute numbers are
relatively high, I have worked exclusively with monkeys ybut no doubt the
process is very similarﬁn other animels infected with T, gembiense.

The coming and going of the trypenosomes gescribed above may be considered
to be the endogenous cycle in the blood of the vertebrate,
To consider now the polymorphism of the trypanosome and its relation

(1) to the endogenous cycle, (2) to the production of infected flies,i.e. to

the exogenous cycle in the fly,

Method,
THEXAXETHE XHEXNBAY

The method employed in dtudying the trypanosome is as follows, Blood-

films ere teken daily from & monkey infected with T. gembiense at the same
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at the same hour (9 a.me) ; are fixed by exposure to osmic acid vapour fer

' pelf smxkewx e minute; are imnediately plunged into absolute alcohol and

left for 10 to 20 minutes. They are then dried in air and stained with Giemse's
;vfluid.

Thigs method while it gives the worst possible Picture of the nuclear detail
- hes nevertheless excellent qualities in regard to the type of result at present
f required, To begin with ,it fixes all the trypanosomes present in the drop

' of blood ,vhich no true “wet method v of fixation does with absolute certainty;
it flattens the creatures into one plane so that they may be more easily

drawn, it is rapid, the errors are apéarently very uniform, and it agrees with
the method used by otherg workers.

Whenever possible 100 trypanosomes were drewn with the Abbe drawing
apparatus at a megnification of 2000,diameters, They were measured by means of
a compass set at a distance corresponding to one micron, as in Bruce's method,
The results were tebulated, and finally plotted on équared peper and & curve
drawn, In cases where the trypanosomes were very scarce 25 or 20 , and in
one instance 10 jrypanosomes had to suffice; it is however ,obvious that in
these cases mf th@. smaller numbers are quite as good & gample of the total
forms present as 100 individuaks on days when the parasites were more numer-
ous, All possible care has beenkaken with the drawings, and it is hoped
that the inevitable coefficient of humen error will be compensated for and
evened out by the relatively large number of XXXEXXKXHAUEEAX individuals
involved,

3 c?rvegé_jhgb 3 i f trypeno-
By compering the dallyA {stribution of the different types o vp
comes in relation to the endogenous cycle can be observed with considerable

precision, Cages of newly natched laboratory-bred flies were fed daily when

possibke upon the gselected monkey, and the nature of the trypanosome infection



Camera drawing. x 2000."

Fies. 1-8, long slender types. Fics. 4-5, typical garly_‘division stages, -
F1as. 6-8, short forms. Fias. 9-11, intermediate forfns. Fi6s. 12-13, rare

individuals of intermediate type in division. .

£



et the time .f feed~ing was further studied in relation ﬁo the number of flies
;infected with the trypanosdme produced, Each cage was fed only once on the
iinfected monkey and every possible cere was taken to see that the flies had
‘iactually fed, To obviate individuals idiosincrasies in the Blood of the clean
‘?monkeys used to nousish the flies during the experiment, the monkeys were

5‘pooled, and every cage was fed on each of the group in turn during the first

] 15 days. The nature of the food dﬁés not seem krz to affect the production
of infected flies after the first days.

Owing to some other experiments being carried on at the same time
in the laboratory, most of the cages were actually tested as regerds infectivity,
and produced typical infections in the test animals in every case in ﬁhich
flies showing the flaggelate were present.

Endogenous cycle. |

Before considering-the experiments in detail , it is best to give & brief
account of the general results obtained.

T, pambiense varies in length from 10 microns to 34 microns, The minimum and

meximum lengths are rarely reached, the bulk of the forms varying between

15 end 32 « There is really no gharp distinction into separatef types,

though the range of variation ie relatively wide, The trypanosomes may ,never-
theless, be divided up readily enough into short, long anh intermediate forms,
but the intermediate individuals insensibly join up the short and the inter-
mediate specimens, There is a continued transition from one type to -anotherd ,
but the duration of the different states seems to vaery considersbly, and it is
this variebility of the time factor ,coupled with the striking appearance of
the individusls at either end of the scale, that has led to the belief that
the species is really dimorphic, Such figures &s (text-fig/a.ik’) ,8howing

respectively short and lcng forms, heve fostered this idea , and seem further
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to have suggested that the difference is an expression of sex, Neither of these
hypotheses bas howver ,been sufficiently tested.

If one infection is carefully followed through a typicel revaluticn of the
endogenous cycle, the following conditions are found to obtain. It is con-
venient to choose the period immediately after a marked drop in the numbers, as
the starting point, At such a time there are very few trypanosomes present in
the peripheral blood, and they are short types. As a matter of fact, the ‘
shortest trypanosomes of the cycle are to be found at this period.

They have a short free flagellum ,or mey show practically ho free flagellum,
| ap Wi,
though it is never easy to be perfectly certain of the exact point hwe;g‘the
body mey be said to end and the flagellum alone to exist. The breadth varies,
but the forms are usually rather broad, measuring abput 2 to 2.5 micronms,
In the course of the next few days there mey be a level depressed period,with
little or no incresse in number,end there is correspondingly little chenge in
type. As already said, the depressed period may be very short ,or ﬁay last a
number of days, The time factor, it must be emphasised,is open to the most
capricious variation at all periods of the cycle. At the time when the first
signs of a rise in numbers have occurred , it is found that with these thefe
appears an immediate alteration in type, and long ,slender and intermediate
forms are to be found, in addition to the short forms already present,
The sequence of events can be seen very clearly in cases where

the depressed period shows a fair number of trypahosomes end where the rise
i%relatively slow; this is quite a frequent occurrence and the conditions are
as flodlows :--

The first sigh that a rise is about to take place is an increase in the
size of a number of the irypanosomes; they become lomger and there.is a general

increase in the length of the free flagellum, The width does not alter at first
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,end thers is thus pruduced a state of affairs showing only short and inter-
mediate forms ,or if the inecresse in size is very general,intermediate forms may
exist for the time being almost alone, This is an important morment in the cycle
as will be seen hereafter; some deeper physiological change in the trypanosomes
accompanies the increase in size,or, rather, sets in at some period during the
increase. |
It is to be noted here that the increase in the numbers of intermediaie

forms at this stage occurs at the expense of the short forms, and one is it
app@ﬁ@s justiflied in assuning that they are derived one from the other. There
now occurs a marked drawing out of the body in a2 proportion of the parasites,
and there are thus produced long slender individuals such as that shown in
text fig. /15/,[ﬁand immediateli upon this the first burst of divisioh oCCUrs,

Naturally, if this process just sketched takés place with very low numbers
,if it is passed through very rapidly or very gradually,it may be spmewhat
obscufe,as the co%?cutive stages do not stand out with suffieient clearness.

As soon as the divisions actually take place there 1s a reappearance or
an increase, as the case may be ,of the short forms. S0 that there are present
long, short and intermediate forms and dividing ingividuals. As the rise pro-
ceeds the relative‘numbers of these types vary, but there is always ,as &
élance at the tables given in the appendix will show, a relative decrease in
the numbers of the long and interﬁediate individuals as soon as there is a
lull in the number of the divisions. At the neight tne divisions cease or drop
to & very low percentage,and correlated with this there is a reduction in the
numbers of the two types just mentioned. This disappearance of the long and

intermediste forms is so marked that, just before the large drop in ebsolute

numbers sets in , there is a state of affairs in which once more the shorter

range of forms is almost the only one raneresented. ( YUart 1€



It is rather importent to note thatl tre main drop in numbers is usually pre-
ceeded by a slight but quite definite nimerical reductiidn which seems to set

in after the divisions begih to slacken,so that it appears as'though the in-
hibition of the divisions were already accompanied by a certain amount of actu-
al destruction of the trypanosomes,though this is not yet serious in extent,
This check in the divisions before the large drop in the numbers suugests that
the gerum is exerting a harmful influence upon the parasites.
The vacuolated appearance of the trypanosomes to be noted in some cases just
before or during the drop seems to xm lend further weight to this view,

Pne of the most striking points in the foregoing account is that the forms
about to divide are the long slender ones,The disappearance of this form when
the divisions cease is aimasx also most striking in this connection ,so that one
is led to the conclusion that the long types are the forms in preparation for
ddvision,

Briefly therefore my interpretaiton of the endogenous cycle is axsx as
follows:

The short forms (15-20 4 ) constitute the ndemal adult blood type ; this
expression which is admittedly not altogether suitable, is merely used to
indicate the form which has the longest duration in time ir the cycle and which
is the most stable, These increase in size and bulk and form that sliding range
of individuaels which may be called the intermediate formsj these in turn
lengthen out into the long ,more slender types which proceed to divide,ziving
rise once more to the short forms., The products of division are often unequal
to a varying expent, One individual is often much shorter,has a very short
free flagellum or none at all, while the other pertner may be of considerable
length,

Early dividing individuals are found more nearly approximating to the inter-
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mediated type, but they are not numerous (text-fig /2 «¢3 ) and appear to
be simply the representatives of the lower range of size a¥ which division

\or _during g.veqy_zgp;@_g&gg/

oecurs, In very numerous swarming perio Athey appear to be somewhat more
frequent and are probably due to a tendency to telescope the consecutive
steges, It is to be.obéerved that the kinetonucleus in these types not infre-
quently divides at right angles to the long axis of the trypanosome instead of
prellel to it as is usval in the typicel Gembiense division, 1 am inclined to think
that the general tendency to drawing out in length has been suppressed in
some way in these individuals. These divisions form a very small part of the
total numbers,

1 am uneble to suggest any reasom why the trypanosomes should increase in
length before division. We are at present wihhout any clear knowledge of the
internal stimuli and general factors producing division, although Hertwig's
work upon the general nature of the physiological tension existing between
the nucleus and cytoplasm of certain organisms would possibLy find an appli-
cation in the present instance; but it is highly doubtful if that would
afford any explanstion of the plteration in the actuel body form.

We know nothing as to what intensely complex factors peally determine
the body form of such an organism as %krypanosome. To ma?ntain in the face of
the facts brought to light by the study of the endogenous cycle that the long
forms are males and the short forms females seems ohviously unreasonable,
'We have =t present no basis upon which to distribute the sex labels,
The point now arises as to whether there is any observable differ-
ence which might be attributed to sex among what I have termed the wadult types™.

There is a certain varlatlon in length and breadth among these ,forms , but

but it is not marked and there is no evidence &0 far as I have seen for attribu=

ting these trifling differences to s6X. This leaves of course the actual ques=
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tion of conjugation quite unprejudiced for two very important reasons :
(1 ) Flagellates both mey and do conjugate without any external visible

difference in the gametes,
(2) If differentdatiation of gametes does take place iy may not occur
until the forms are ingested by the transmitting host,

It mey be pointed out in passing that & clear view of the endogenous cycle
reveals a wide range of difference in the phydiologisal state of the trypano-
somes at different times and it is probable that this is worthy &f consider-
agion from the therapeutical aspect of the trypanosome problem, The introduc-

tion of a drug would probably produce somewhat different effects ,according to

the moment of the cycle chosen for its application,

Relation of the Endogenous cycle to the Production of the Infected
Ty,
The chief point brought forward by this aspect of the question may briefly
be stated as follows: -~
Is there any definite condition edther of the individual parasite or
of the infection as e whole reqmisite for the production of infected glossina?
In a previous section it has beev@hown from experiments treated in a different
manner, that negative periods in rekation to fly occured, although trypanosomes
might be present in the blocd at the time of feeding? Moreover, these experi=-
ments pointed towsrds the trypanosomes rether than the fly as being responsible
for the negative fesult, The present work hes confirmed this general observe-
tion,
Failure to infect fly must depend on some one or other of the following
factors: --
(1) Failure of the flies to feed: this may be called an adventitious nega-

tive,and can be obviated by keeping the flies for at }east 24 hours
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emerged, end by exercising patience and care at the time of feeding,
(2) Absence of trypanosomes from the blood imbibed by the flies in the experi-
ment,
(3) Absence of sufficient nuﬁbers of a given type (or types) of trypanosome
capable of surviving in the fly,
(4) Presence of the requisite {ype, but in a physiological sfate unguitable
for survivel in the fly,
( 5) The capacity én the part of all fhe flies in the experiment of digesting
all the trypanosomes imbibed.
(6) External conditions of temperature or moisture unsuitable to the
exolution of the fkyximxkthexx trypanosome in the fly .
It must be mentioned that all fly results -are obtained in spite of 2 certain
general tendency on the part of the flies to digest their parasites, All the
experiments go to show that this negative factor may be taken as being very
fairly constant. Any transmitting host whose digestion kemdsxkaxxxx is
rapid tends to show a relatively low percentage of carriers ---- thus mosqﬁi-
toes, fleas and tsetse flies, quite apart from the widely divergent nature of
theff protozoan perasites involved, all produce rélatively few carriers,,
Leeches and ticks, for instance ,vhose digestion z;iilow in comparison, give
on the other hand ,practically 90 to 100 % of carriers,

It is advisable to tzke the same psrt of the cyclen as that selested
in the last deséription for the sterting point ,nemely immediately after =z
drop in the numbers, Such & period which shows very few trypanosomes end all
of the shorter type is an infective period and generally produces a?out the
average number of infected fkies. This is a result of considerable importance
There is.at this time & population of trypanosomes which have just suffered a

process of elimination ,they have just passed through some set of conditions



thet has proved fztel to the vast majorigy. There are two thiggs to consider
(1) the type of trypenosome which has survived, and (2) its condition, The
type of trypanosome i; very clearly the shorter individuals (see Charts 5,17,&18
in the appendiX., znd they must moreover ,be thase capable of resisting the
particular adverse circumstances to which the majority have succumbed,

There ie therefor at these periods & given resistant XXYEAHBKEHEX type
of trypanosonme which has been shown by experiméntt?czzable of ingecting flies.
I£ can therefor be concluded that not only is it from among the short formé
that the resistant type ig produced but also that this type is by ktself capeble
of inauguratihg the infection in the flies.

The production of resistant streins kykx by the use of drugs and

cera has no doubt some relation to these probably tempoB&TY states of resis-
tance occurring naturally in the untreatd host. And it is not without signifi~- |
cance to &n understending of the general biology of trypanosomes that these fe- '
sisfant jpdiviuals ere also those capable.of cerrying on the cycle in the
trensmitting host, This has & beering too on the spteresting discovery of the .

j
Sleeping Sickness Commision of 1908, that trypanosowes persisting in antelope .xE
are rare in the blood but affdrd s relatively high percentage of infectédg |
flies, The low numbers and the absence of pathological gymptoms on thepart of
the vertebrate imply that the conditions in the latter exercise a high degree
of con£r¢1 over the parsite ,and correlated with this , the trypanosomes

must in all probability be in & much more active state of resistance to their

environment while sojourning in such e host, That this should also be the con=

dition of affeirs producing = large number of infected flies is of obvious

importaﬁce and the connection with one another of the various instances just

cited hardly needs to be further emphasised.
Tt BhRs now been shown that the short forms are definitely~capab1e of

surviving in the trensmitting host,but that in itself does not exclude the int
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intermedisnte and long forms from e zimilar development , This apparently does
Fnot occur,

The days of the depressed period continue to be infective to fly until
just before the rise, that is until the appears-nce of the intermediate forms
in sufficient numbers to cause a serious diminution in%the short forms ., This
period before the rigse is one in which the production of positive flies

sinks so low that none are found in the experiments ---- the numer of flies

ranges from about 45 to 100 in each experiment., In some cases this is probably
%only a relative negative, and if several hundred fkies were fed probably an
infectdd individuai would be obtzined,

The positive and negative periods in regard to the infectivity to fly
shade insensibly into one enother, thus there is a moment when the drawing out
in length of the trypanosomes has begun which is still positive although the
negative period supervenes in a short time, When divisions are actually taking
place ,the blood is infective to fly just in proportion to the num.er of
short forms present, A study of the charts ahd the analysis of the actuel

a period o
experiments given in the appendix make this point clear, Suéa;ﬁﬁfffﬁizazigon
may have a negative phase as soon as the proportion of intermetdiate and long
forms preponderates unduly,

At the height the infectivity has a tendendy to diminish although the requi~
site form is present in large numbers, This is very marked in a swarming in-
fection showiﬁzvery numerous parsites, here the swarming period is often nega-
tive -- it has been a common experience to feed cages even for two consecutive
days on a monkey in this state without producing & single infected fly. The
reason is pretty clearly that the trypanosomes are in an exhausted state physio-

logically, and forcé is added to this when it is noted that the actual period




1o
of a drop ig¢ negetive,

This last feet is also an argument in favour of the surviving trypancsomes
found in the depressed period heving developed their resistance during the un-
favourable time, That is to say these survivng trypanosomes found immediately
after & drop are not, as it were, a separete type of trypanosome of a resistant
character , but are a certain number of the ordinary adukt type which have been
capable of adapting themselves to the unfavourable conditions at the‘time of
their occurrénce.

The véry first day on which trypanosomes are to be found in the blood
of a newly infected monkey falls into exactly the same category as any other
active period of multiplicetion, and is positive or negative to fly according
4o whether the adult type is present in sufficient numbers or not.

Thile in the actusl experiments set out in the appendix the negative periods
do not deem to be of very long duration, neverteless in feeding many Cages
on a population of monkeys at rendom these negative states have a profound influ-
ence on the results. Thus in a previous grpup of experiments, out of 62 cages
of flies each Qf them containing from 45 to loonflies only 29.cages showed

infected flies.

The above results are it is clear , entirely opposed to a sSe€x inter-
pretation of the polymorphism., 1f the long forms were males and essential
to the development iﬁ the fly then the depressed periods would not be infective,
The question of sexual phases does not seem to me to.require further discussion

in relation to the endogenous cycle.
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- 9.
to fly Although trypanosomes
~just befpre an outb¥rst of multiNNication; (b) during the

somes—at\such a time\the parasites\very frequendy show signs
of exhaustin; (d) cert\in periods of\rapid multipl¢ation when
both the absolute and relative numbers of the shorter forms are

low. W\x .

CHARTS AND ANALYSIS OF EXPERIMENTS.

The series A consists of observations of the blood of Monkey 597
for nineteen consecutive days. Monkey 597 was infected by wild
flies from Kibanga. This strain was in general and over a long
period found to produce both greater numbers of plus flies and
more rapidly developing cycles in the fly than is usual with the
Uganda strains. .

The infection was tested in the customary ways, and the
organism is undoubtedly the trypanosome which has always been
considered to be 7. gambiense by the Commission and workers in
the Mpumu laboratory.

The monkey first showed trypanosomes on February 9, 1912.
The series A was started on February 17.

The symbols used to give a rough estimate of the comparative
numbers of parasites present upon the different days are as
follows : —

-+ indicates that trypanosomes are present
in the blood, but very few in number.

+ to + + = trypanosomes present, but not numerous.
+ + = trypanosomes present in fair numbers.
+ 4+ to + + + = trypanosomes present in good numbers.
+ 4+ 4+ = many trypanosomes.
+'“+ + + = blood swarming with trypanosomes.

indicates that no trypanosomes were
seen either on live or on stained films
after a reasonable period of search. In
the case of a stained film, if 30 to 45
minutes with .a low power failed to
reveal any trypanosomes, the film was
abandoned and no drawings made.

Where not otherwise stated, each table consists of the percentage
of trypanosomes of varying lengths found in the process of drawing
100 individuals. Where there is a red and a black curve, the red
curve corresponds to the actual number drawn, the black to the
percentages which are obviously only approximations in these
cases. This has only been done, of course, in those instances in
which numbers less than 100 have been drawn.

_Chart I. shows few divisions—=8'6 per cent.—and a curve, whose
highest point coincides with the length of trypanosome equal to
19 m. Altogether the individuals, measuring between 14-20 m.
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inclusive, comprise 65 per cent. of the total. The curve is re
able in registering the shortest trypanosome found, namel

- specimen of 10 m. in length. No cage of flies was fed onf

day.

Chart II. shows a typical curve of a stable period with
tively low percentages of divisions (5 per cent.) and with

the trypanosomes are between 14-20 m. in length. The cagt

on that day yielded 5 and 6 per cent. of plus flies; this is a prif

typical positive state. A fair number (+ +) of trypanoum
were present in the blood. This day, as will be seen from|
following tables, is the top of this period of increase, althoughth
absolute numbers involved are not large.

Chart ITI.—Here there is a diminution in the number of &&
sions (2 per cent.), but the most numerous trypanosomes ard
20 and 21 m. in length, and there is a drop in the percentag
plus flies (3 per cent.) produced. This curve suggests that i
trypanosomes are beginning to draw out for another burst of dit
sion, which, however, does not occur, as Chart IV. appeash
correspond to an actual period of reduction; therve are feweriy
panosomes present, there are no divisions; the trypanosomesa
in many cases vacuolated and suggestive of degeneration. Aap
of 64 flies fed at this time produced no plus individuals.

Chart V. of the following day shows very few trypanosoms
only 20 being drawn, of which one is in divisien. The cagef
which contained 78 flies, produced 5 per cent. of plus individub
This curve is characteristic of the period immediately after adm
in numbers, though the depressed period is not to be of long dur
tion, as the trypanosomes are already drawing out for a freshrie
The highest point of the curve corresponds to a length of 198
The proportion of trypanosomes below 20 m. in length is laged
comparison with the whole.

Chart VI. is a typical negative blood period. Here the trypa
somes are still very few in number, but they have drawn outl
length, and intermediate and long forms preponderate. OF
individual out of the 25 drawn was in division. A cage of 46#
vielded negative results.

The next day’s Chart VII. is of interest. In the twent)’ff"ur
hours between the two examinations there has been a relativ!
great numerical rise, so that now trypanosomes are present 1o g
numbers (+ + to + + +); the actual divisions have, howeveri
slacked off, and now number 4 per cent. This proves, ast 91“"]
tables show, to be the highest point reached, and a short'l""e
period is being established. The forms bhetween 14-20 m. wd¥
sive equal only 21 per cent. of the total, but as the trypanosm®
are numerous they are present in sufficiently large absolute g
bers to produce a large percentage of plus flies, namely, 89 ¥
cent, h

Chart VIII. shows a slight drop in absolute numbers, althot
the actual percentage of divisions has increased from 4 per cel ‘m
12 per cent. The infectivity has dropped to 2 per cent., and

" e el T e e-—
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the disappearance of the vast majority of trypanosomes during
the following twenty-four hours one may conclude that the para-

§ sites ave already in Chart VIII. struggling against the conditions
vhich are again to check the rise. It is interesting to note that"

there is liere a cutting down of the numbers in the middle of an

L ohvious attempt at further multiplication.

Chart IX. marks once more the time immediately after the
destruction of the trypanosomes, and once more the preponderating
individuals are between 14-20 m. in length; the infectivity to fly
is high—namely, 89 per cent. of plus flies were produced. Very
few trypanosomes are present ; but here again the depressed period
is soon to be over, as the divisions are again setting in.

Chart X. shows the drawing out of the forms preparatory to the
next rise; the relative and absolute numbers of the short forms
are low ; divisions number 16 per cent. of the whole, although
trypanosomes are still scarce. This i1s, as Chart VI., a typical

negative period; it is the non-infective phase of the rise. Fifty:

flies fed at this time produced no plus individuals.

Up to Chart IX. the infection has been fluttering backwards and
forvards; there have been constant attempts at a rise always cut
down by some set of contrary conditions. The absolute numbers
have never been high, and the infectivity has swung between very
wide limits in relatively short periods of time.

From Chart' X. on there is a steady rise for some days, and the
parasite definitely gets the upper hand, and the conditions are more
clearly outlined. .

Chart XT. shows an increase in numbers; 6 per cent. are in

division, The most numerous form measures 20 m. There was

10 cage of flies available that day.

. Chart XII. shows a fair number of trypanosomes present; an
Mcrease upon those present on the previous day; divisions equal
$per cent. The height of the curve corresponds to trypanosomes
of the length of 22 m. (i.e., intermediate forms), and the shorter

orms, though present, are not relatively numerous, nor are the -

absolute numbers yet sufficiently high to neutralise this discre-
Pancy.  Correlated with this, one finds a rather low percentage of
Dlus fies, namely 2 per cent.

* On the following day (Chart XIII.) the steady rise still con- -

finues ;s the trypanosomes are now present in good numbers

(++ to + +.+). Divisions number 9 per cent., but the short’

forms greatly preponderate, and the summit of the curve corre-
Sponds to the length of 19 m. With the increase in the short
orms, we find the infectivity rising once more, and 8'5 per cent. of
Plus flies were produced from the cage fed that day.

Chart XIV. shows many trypanosomes (+ + + ) and 12 per cent,

% divisions ; the short forms still predominate, and the infectivity .

lsushél Pretty high-—5'8 per cent. of plus individuals being pro-
ced from the flies fed on that day.” 19 m. is still the most

lumerous length of trypanosome,- and the individuals of this.
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measurement have risen from 18 per cent. (as in Chart XIIL)

21 per cent. of the total. In the next Chart (X'V.) this lengtho

trypanosome forms 24 per cent. of the total. The numbers haw
risen still further, and the parasites are now very numerous (+ 44
to + + + +), divisions have fallen to 7 per cent., and there an
signs of exhaustion beginning to set in. The infectivity dropst
1'3 per cent.—a cage with 75 flies producing only 1 plu
individual,

Chart XVTI. is of some importance. The divisions drop to 2 pu
cent., and with this one gets a marked closing of the curve whid
becomes tall and narrow; the length of 19 m. is now represent
by 32 per cent. of the total. This is very significant in connectin
with the view expressed earlier in the paper that the multiplicatie
forms are the long types.

It is hardly necessary to point out that all the long types arend
merely forms actually ¢n the process of dividing, as a glance at il
charts show that the percentage of individuals in division i
markedly less than the percentage of long forms. Table XXVIL

There has been a reduction in the number of pargsites in th
twenty-four hours intervening between XV. and XVI., but the
are still a fair number (+'+) of trypanosomes present, and th
is a good example of the smaller destruction which often preceds’
the main clearing off of the parasites. On the following dy
(Chart XVII) the destruction of the trypanosomes had been s
sweeping that only ten specimens could he got after prolonged
searching of a 8 x 1 film. The chart gives the actual number,
not the percentages. All the trypanosomes are below 20 m.n
length, and it is of particular interest to note that, in spite of the
very low absolute numbers present, a cage of 50 flies prodlll}ed
2 plus flies, which equals a percentage of 4 per cent. The siguift
cance of such a result has already been discussed.

In Chart XVIIL. the trypanosomes are still very scarce, butmo®
numerous than on the previous day; 20 specimens were dravh
of which 1 was in division. REighteen out of the 20 individil
measured between 13 and 20 m., and the cage produced 52§

cent. of flies. ~

The last chart of Series A (XIX.) shows the beginning of e
next rise; the intermediate and long forms predominate. D
sions equal 20 per cent., and the cage fed on that day was negative
This is a quite typical negative picture, but the cage only @

tained 31 flies, which is not quite an adequate number.

Series C.

A shorter series of experiments were carried out i
Monkey 642.

Monkey 642 was infected by flies from Monkey 199, which hag
been infected by the injection of the blood of a reedbuck. T
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reedbuck had been infected with a human strain of 7'. gambiense,
and had harboured it for fifteen months at the time of injection
mto 199, 199 produced an unusual number of plus flies, and
showed virulent rapid cycles in the flies. Monkeys infected by
fiies carrying the 199 strain were only normally infective, pro-
ducing, on the average, the 3'4 per cent. of plus flies characteristic
of the usual Uganda strains. The flies, however, had infections
vhich were markedly backward in developing and never showed
very high numbers ; they were, nevertheless, capable of infecting
monkeys in the normal way when once the cycle was complete.

642 agreed in every way with the other strains of a similar
aigin. This monkey showed trypanosomes for the first time on
February 15, 1912. Series C was started on' March 12, 1912.

Chart XX.—Trypanosomes were very scarce. Twenty speci-
mens drawn ; 9 of these measured between 14-20 m. in length. A
cage of 79 flies afforded 5 plus individuals, which is equal to
§3 per cent. of plus flies. :

Chart XXT.—Here the parasites were still rather few in num-
ber (+), though much more numerous than on the previous day.
43 per cent. of the total number measured between 13 and 20 m.
The divisions equalled 16 per cent., and the plus flies amounted
0 17'8 per cent. of the total. The curve is interesting as suggest-
ng a trimorphic division of the trypanosomes; it is a transitory
state; but both transient dimorphism and trimorphism are to be
sen at times., The conditions already discussed seem to afford
ample explanation of these phenomena.

Chart XXTII. is very like XXI., and requires no further com-
ment, The great spread of the curve may be noted in correlation
vith the high percentage of division, namely, 26 per cent.

Chart XXTIT.—The numbers are still rising (+ + to + + +),
and the curve is still very much spread. Infectivity is high, as
1 also eh?racteristic of the two preceding charts. Divisions 2 to

per cent,

Chart XXTV. shows a sudden drop in number of divisions, which
1w equal only 4 per cent., and there is a slight diminution in
tumbers (4 4 ). The curve closes with corresponding suddenness,
3n(1lzhtjhe summit coincides with the length of 199 m. Trypanosomes

18 measurement equal 26 per cent. of the total.
an%‘}ﬁlabsqlute numbers of the parasite have never been very high,

- blere 18 no appearance of exhaustion, and in correlation with

18 the infectivi i i : i i
Modued, ectivity remains high, 86 per cent. of flies being

soi);:]]:edfouowmg day there was a complete and sudden clearance,
tage fe§ that °rd1!1&ry searching revealed no trypanosomes. The
antg 1 kwa}s Degative, but was not a test, as, unfortunately, some
8 Y0ke Into the cage and ate a large number of the flies.
wul

Wereie further experiments were carried out, but as the results

100 way divergent they are not quoted.

7é
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Two rather interesting charts ave, however, picked out ; both .} 4
from the first day on which trypanosomes were observed in the}
blood of two monkeys newly infected by fly. :

Chart XXV.—Here the trypanosomes are not numerous (+ to.}
+ +); divisions amount to 15 per cent.; the curve is wide, and:}
the intermediate and long forms preponderate greatly. The blod
is not infective to fly; 95 flies were fed, but no plus individulf,
resulted. ]

Chart XXVI.—The trypanosomes in this case are numenuf
(++ to +1+ +); division figures amount to 30 per cent., ad-§
the curve is very wide. The percentage of short forms is curiouy §
enough exactly the same as in XXV., namely, 17 per cent. of the
whole, but the absolute numbers are here much higher, and core §
lated with this one finds that the blood is infective to fly, po |-
ducing 4 plus individuals out of 129 flies, which is equal to 81 per]
cent. -

Chart XXVII. gives the percentages of the {rypanosomes o
various lengths derived from drawing 2,155 trypanosomes (none §
of which were in division). These specimens are all the nor
dividing individuals from the various series of experiments, sl f
represent a population of trypanosomes derived from five monkep' §
in groups taken upon different days. The chart shows a sie | ,
curve, and supports the view that the species is polymorphic wilh §
a continuous range of variation not truly dimorphic. Sir Davil |
Bruce, in a recent paper (Proc. Roy. Soc., B. vol. B4
1911), gives the measurement curves for T. gambiewiil,
and 7. brucet ; he describes the former (with which I am alone i
cerned) as markedly dimorphic—a statement which the curegs
drawn hardly bears out. I am in substantial agreement with S f
David Bruce as to the general measurements and the types figured, |
but do not consider that there is any evidence of markl
dimorphism.  The difference in contour between the curve B
Chart XXVII. and that of Sir David Bruce’s paper is easily &
plained by the much more varied population from which T hae |
drawn my specimens. It is not stated in Sir David Bruce’s paph
but probably the curve there depicted is derived from one or i
slides.

I should like to point out that the results here recorded offer 8 |
obvious criticism of the biometric method of identifying trypan®.
somes. A slide taken at random is clearly of no value, asag anct
at the very different curves shown in the charts will at once revé § .
Moreover, the number of days after infection is not a Sl_lﬁimen‘y- _
good control of the conditions; the percentage of dividing f?“‘l“-,‘
would afford some basis of comparison, but even that is not entirel]
above reproach.- o

3

.

=

Parrao rTege




Chartd.

w12 /3 14 1S 16 17 18 19 20 24 22 23 24 25 26 27 28 29 30 3/

R

& Lngth in 4L
Honkey 597. I Tr. drawn. NP of div.=4=36% No cage fed.
17/212.

a1 TS e i

II.
0 U 12 13 i2 45 16 17 /8 19 20 2/ 22 23 24 25 26 27 28 29 30 3/
N\ /\
length in Ado.
597, 100 Trypanosomes fair N 1. div. 5% ) . ,
18/2/12. Cage 95, 143 flies 8+ = 56 %.
1.
611 12 /3 44 5 i6 17 18 19 20 2/ 22 23 24 25 26 27 28 29 30 ¥
4 |
%
3|
25 —r———t
2 . AN
R _m_ﬁ/',{,/, [T SR
§ ,// i !
! i
/ _/ —

Length in 4.
M ' .
onkey 597 2% divisions cage 96, 65 flies fod 2 ¥ = 3% af+flies.

LLYEYFPY
L)

ol et

5 /)
/09,
5w g & L.9.43




RSP

40 It 12 183 141516 17 18 (8 20 2/ 22 23 24 25 26 27 28 25 30 3/ 3
ko
35 k3
[
30 3
F 30
2 &
20 f \\ B3
3 A
%‘15 i
5
g 10 10
& / :
Q, e
. II[7 L 20 30 L
L%'gr,;kc{f;/%é7 Few Ts. divisions 0%. Cage 97 fed 64 flies all negativ§
20/2/12 ! | L
40 H 1273 /415 1617 18 19 20 2/ 22 2324 25 26 27 28 29 30 3/ 32.1
F
s :
30 [\ |
2 1
020 '3
2
) \_ 3
% 15
% /0 /
S JiR N
S Y B P
« : A Seadeel N 'f
/ / 4 S ;]
Length in M. g iy =5 ¢ 787 e R
Mgnkcfgjw Ts very scarce 20 drawn/ind.in div. ,5%' Cage 98 fed T
24/2/12.

W
g0/l 12 13 1415 16 17 /8 19 20 2122 23 24 25 26 2728 2930 3% ¥
35 ‘3
30 — § 3

°b.’.’.‘.»' e K
Q20 - ' AN — A

D5 /
3
S0

1N
$s e
/ ¢

& B\ h—
v A o
Length int. n e e e %o
97 7s very scarce Z5drawn. I individual in division =4 vt
22/2/12. . Cage 10/ containing 46 fiies all ne§
FH706/0/5. WBA&L:3.13.




VIL

U 4 ;213 14 5 16 17 I8 i3 20 21 22 23 29 25 26 27 28 29 30 3/ 32

/N

AN L

‘ a0 30

T
3§ length in pe. - ‘
"k Honkey 597, division 4%. Cage /03 Fed 56 Flies,5+-8'9% +
p 2y2/12.  good N?of Ts present ++ fo 1+,

ViI.

E mll 12 13 1 /5 16 (7 I8 19 20 2/ 22 23 24 25 26 27 28 29 30 3/ 32

N
TN AL

u 20 30 ™
Cage /106, 45Flies 1+=2-2J of tflres.

| Morkey 597, < divisions 12%
| QR Fair N2 of Ts.++

IX.

* 3
¥ [
2|
o—1 AN
1B
L P
4 k‘ A—— \
v 5
b Z"/ - [ N 2N //,\:
Length iy 10, -
A . : ,
“ | Monkey 597 Ts.very scarce 25drawn 2div=8%. Cage I077ed. 78)‘7/85770-'8'.970’ of +#ies.
%/2/12.

""”sl L33,

3




G

-

B . ]

gty o~ i

T AT i v

e SIIUPNIR

St i

IS 16 17 I8 19 20 2/ 22 23 24 25 26 27 28 29 30 3/ 32 33 3+ 353% %
T
351
30 -
25
20 -
2 N\
o™ /5 y \
g ~ \
53 & . \\ L~ \
. g S B R
/ x:/\w - Lttt ’A\\s
Length in AU ) v i ‘
597 T5.very scarce. 25 drawn. 4 in div. = 18%. (110) cage of 50 flies fed sil neg.
26/2/12.

Ll

g0 J5 1617 i8 19 20 2¢ 22 23 24 26 26 27 28 29 30 3/ 32 33 3 353

35
30
25
20
AN
15 ™
o —

Percentages
a3

4

Nl o

5 7

20

Length of 73 in Microns.

no cage Féd.

N

Monkey 597 dste
Ts.t+ to ++

27/2/2.

30

135

Divisions €% .

0 IS /6 17 /8 19 20 2/ 22 23 2¢ 25 26 27 28 29 30 3/ 32 33 Mﬂ

35 _

30 — 7|

25 |

i
« 20 —t—T |-
3 /\
lesl L
& /0 g g, N e
o 1 :
Q - N
QL.) d d ‘ \—/\
Q A . L L —— R — %
75 20 25

Length of Ts.in Microns.

Ts.++

Monkey 597 date 26/2/12.
Cage [112) fod 4i flies /+

5
Division 8%
A% .

o .

XH’ N

#

i




-

40” 12 /3 /4 15 18 /7 I8 19 20 2/ 22 23 24 25 26 27 28 29 30 3/ 324‘

P i B

1 " 5

onkey 537 daie 29/2/12

Ryl 1213 14 15 16 17 18 9

20 25 30

B logh of Ts in Microns divisions 9% . Cage ll3fed 70flies 6+=8-5%+flies.

Tstt+tott+. .

XIv

20 21 22 23 24 2& 26 27.28 29 30 3/32

/

\

N\

/ :
C-5
1 ‘”' /\ ’
x. -5 R 20 25 30
§ logth of Tsin Microns. Monkey 597 date 1/3/12. Divisions /12%.
- Many Ts+tt+ Cage 115 fed 88 flies 4+ =5-8%
L
D.aY4

Kul 12 13 1415 16 17 18 19

20 21 22 23 24- 25 26 27 28 29 30 3/ 82

!
!

bl | | A

L

\—_"/\//\

iy

L . )
r97h of Ts in Microns .  Mon
Tstdt to +++7.

fernei
YR BaL 3

20 25 30
key 597 date 2/3;/2, divisions =7%
Cage /19 fed 75 flies 1+ = /3% plus Flies.

74




PPN

IR

ISR R SR 4 [ e Tl
ment
.

bl e

——y

YT e

X

+
<

g &
-

NN
LS

-~
1)

e

-~
Q

Percentages .

[

- \\\

I 15 20 285 30

Monkey §97 date 3/3//2.

7s A+ much fewer than on 249
Cage 120 fed 72 flies 2%=2.7%,

~

Lengtn of Ts in Microms. divisions 2%.

- ' XU

w0 /0 N 12 13 se 15 16 1Y /8 /18 20 27 22 23 24 25 26 27 28 29304 -

JO #1213 d & 16 (7 18 19 20 21 22 23 24 25 26 27 28 28 303 }

|

G

-
S

o0

s A
’ . P i >
= S =

Noof Individuals.

lc”ysfg P2 Very few Ts indeed, 10 got with great difficulty. (sge(l2))fed Sl fiies 24=4%018 ‘

4/3/72.

40

35

30 ]

25

20 ]\ L
< s X
A ANAVA e
SIANIA
g A SN NP AU N L
L/%i‘illz/%/:.;:?7 Ts.very scarce 20drawn [ div.=5%. Cage(l22) S71lies 3_*_;,5.25{{//6

p .

AE706/095 W B & L5513,

J0 N 12 i3 14 IS J6 17 I8 /9 20 21 22 23 24 25 26 27 2829 803, .

P




, XIX.
Ui
W f2 /3 4 5 M6 I7 8 /8 20 2/ 22 23 24 25 26 27 28 29 30 3/ 32
0
#
o L
%
// -~ ‘.\\ \\/
AT S M WADN
Length in AL 3
597 76. scareetmore -numerous than an §% 50drawn 10div= EOA
6/3/12. Cage (126) fed 3/ flies neg.
¢ XX.
1
LW 12 13 e 45 /6 47 /8 19 20 21 22 23 24 25 26 27 26 29 30 3/ 82
%
%
25
15
N AN N N N/ SN N WS SN A
Lengrh in .
Monkey 642 Ts. very scarce20 drewn. 5 in 01/1510/7 = 25
1243/12. v Cage /31 fad 79 flies 5#= 6-3% p/us Flies.
3
a4 XXI.
Wil 2 13 14 45 16 17 /8 19 20 2/ =22 23 24 25 26 27 28 25 30 3/ 32 -
%
ol |
3
fro— |
A
Y
) .
| E:o\x SN
i’ ~ TN
! "'/\\//——N
; Length of7e in A 20 A 30
Monkey, 642 B '
&4 3/12. divisions 16%. FewTs. + Cage 132 of 64flies,5plus=7-8% plus flies.
3

74



Qoo o

B R, T

g @ g1

013 14 15 /16 17 18 19 20 &

22 23 24 25 26 27 28 25 20 3/ 32 33 24 35 36
Rl

T ]
i i |

LS.
&

3

Percenta
»

~

/

—/

/”\,_,/\

\f \/“\/&/\

.

20

Length of I ina

Monkey 642  divisions 26%.

/14/3/12.

30

i oo 4

Fair N of Ts.tt . Cage 134 fed, 78fires, 6+~7 )

13 14 15 /16 7 /8 (9 20 8 22 23 24 2§ 26 27 28 29 30 3§

1

20

S.
&

Percentage
<
S

~ &

AN T

—

Length in il

Monkey 642

/5/ 3 / /2.

; 31
o 73 & 15 I6 17 18 19 20 2/ 22 £3 24 25 26 27 28 29 30 3/ 32 33 3415’4;

20

arvisions 24%

30

Good numbers of 7s.++ jo 1+,

i
i
I
3
t

5

Cage 135fed. 75F1ies, 647

35 ‘
7< 30 -]
-7
820 / /\ T |
¢ ,
gls / ,
§ 10 : : N L]
s / N
o 20 s0 o
Lengih in -
Monkey 642 fair N° of Js.+¥. Cage 136 fed: 58 flies, 5p/us=3'5/”a*
16/3/12. divisions 4% - ;

o

32 33 34 35 HiK



Byi5 06 17 /8 19 20 21 2223 24 25 26 27 28 29 30 3/ 32 33 3+ 35 36 37
¥ p

é:
3 IR AN
Wi 19 day of inf: die 5% T+ to++ Cage 148 fed 95fies all negative.
1 :’Iz.z
]
| XXV
%:7.‘ KI5 16 /7 /8 19 20 2/ 22 23 24 25 26 27 28 29 30 3/ 32 33 3+ 353637 .
! T B Rvay
::I ) e /\’ j : . —\_
L ) 20 ) o 30 . ‘
 Iisyef infection divisions=30% ] Cage 15/fed 129 flies, 4Xx=3 ./ %.
= - Tsinumerous,++ot+tt o :
:L.\m !
L
o




et e L

e an

PR S o T

vy va O g
P o

A T L e s

e

s 10 M 12 13 14 15 16 17 /8 19 20 21 22 23 24 25 26 27 28 29 30 31 32 ]

4 - 'y
_/3 - \

/2

0

[+ ]
S

~

Percentages
o]

]

e ' ' . R §
Z -\_,,/ _ . >J &

ik

- , P
Percentaqes podoodrila 1071337\ 54|90 molao|i 697 7053|3625 161510 o603 i
. 2%
Actual N© 1\117\29\81{18 93‘30 283|272| 210154015 | 82|56 |36 34|18 1137 |7
. 30ist{32
| Lengthin pe. (s0|si 12113114 15|16|17|18 |19\ 20|21 |22|23|24|2526|27]28 2918081152

Q
[

- ‘ . 7o =2155
Chart of alt non-dividing forms in Experiments. Noof Ts 2 -

ﬂias/nss'. W.84&L.3.13




77

ﬁi) ‘ Notes on the behaviour of a polymorphic trypanosome in the

blood~stream of the mammalian host,

In a previous section the conditions obtaining in the peripheral blood of

fnkeys infected with Erypanosoms pambiense were treated in some detail,and

] t ses found that a certain sequence of forms recurred at irregular intervals,

ifhis development and the duramtion of the different phases were dependent on

( the inter-relation of two complex groups of factors,namely those involved

:': jin the reaction snd general metabolism ovf the host end those involved in the
‘;iﬁimilar rrocesses of the parasites,

The main result of this work was to show that the well'. known polymorphism

"of T, gembiense was a growth and division phenomenon the short forms, from

%t divide, The products of division directly or indirectly produce the short

3 torms,
As this interpretation was quite unsupported by the views &f other workers

] ' the earliest opportunity was naturally siezed to test its value in the case
.; ot another polymorphic $rypanosome, The trypanosome here discussed was for-
 %rded to Mpumu by Mr, hffontgomefy of the British East Africa Veterinary De-
vPartment_

The species, which is markedly polymorphic is morphologically very like

ITJJM and is well suited to test the question under consideration. .ore-




yoreover,it was readily trensmitted by G. palpalis 80 that the strain

wed the opportunity of experiencing the normal passages through a suitable
ingect host,

| As in _‘I_". gambiense the numbers in ‘the blood fluctuate but there are two
’-‘slight differences in that the depressed periods are often very short~--- 12
“_to 24 hours, end the tendency to temporary checks in the numbers during a

| general increase is more marked thana in "1;. cambiense. The drop elso may be

- more gradual and less dramaticelly sudden than in th: species already inves-
tigated. Nevertheless depressed periods of 3 to 4 days occur at times just és
in T, gembiense and perfectly smoot rises to a high numbrical climax followed

ittt

by & sharp drop are also not by any means rare OCCurrences. Briefly while as

; ‘will be seen hereafter the morphologisal evidences of the cycle ar8  perhaps
sven clearer than in T, gambiense the duration of the physiological phases are

shorter and somewhat less sharply defined.

Method,

' The method zdopted in carrying on these observations is as follows, The films
were taken from an infected monkey on consecutive days fixed by exposure to
ommic acid vapour amd immediately immersed in alcohol absolute. They were then
dried in air and stained by Giemsa's routine method, Thé image of the trypane-
~ Somes was thrown on to a sheet of paper ,by means of Abbe's drawing apparatus,
e line was carefully drewn down the centre of the image to the xxpax tip of
the flagellum this line being subsequently measured, The first hundred trypano-=
Somes met with on the slide were drawn in this way including the dividing
individuals., This gives the percentage of dividing forms for the filp in
question, These dividing specimens were then neglected and the hundred non-

dividing spectmems were made up by drawing the requisite number. The tables

ere all made up of the measurements of non-daviding specimens with the excep~
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:; tion of table V which deals solely with diwéision forms.,

One point is made very clear by the results to be degcribed in this part

of the work ,namely that the relative percentages of long , short and inter=-
mediate forms are of absolutely no diagnostic value whatever, these proportions
| ¢hange from day to day in direct correlation with the phases of the endogenous
{ cele. Sce Tables IIT and IV,

I should like to mentior in passing that one hundred non-ddiwdding speci-
mens happens to be a very satisfactory number as a sample of the daily con-
dition, This is shown by the fact that two such sampes taken Wy the same
observer on two different occasions from the films taken on one day , gave

- in two instances averages differing only within .5 of a micron. A similar
correspondence occurred on two other oceasions when 100 individuals from two

other series of homologous slides were drawm by two different observers.

From the four independent cases of correspondence it seems reasonable to
conclude that a 100 non-divigding individuaqumill give a fairly accurate account
of the average length of the trypanosomes for that day end a fairly reliable
picture of the general conditiogs. It is however clear that the fluctuations

in the distributiond of lengths will not always be detected from the averages
The weakest part of the method used is the absence of really precise estimates
of the numbers present on each day,

The follovﬁng teble (table I} gives the distribution of length of 100
non-dividing slecimens from each of 6 consecutive days, the monkey (830~ was
infecteq by laboratory-bred flies carrying the trypanosome in que;tion and
Sept. 27th was the first day upon which trypanosomes were to be seen in the
Peripheral bloos, The percentages of dividing specimens found on each day and
the numerical symbol of the infection are added in the right hand columnse

Dividing specimens are not included in the measurements of the tables
L,1., 111., and LV.
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mble IL is the corresponding account of the distribution of lengths of 166
pon-dividing specimens taken daily from monkey 821 throughout 16 consecutive

days. the monkey was inoculated on Aug,15th and first showed trypanosomes four

days leter. The table starts on Aug 21st .
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mables ITI and IV give the same data as tables T and II ,but condidered from
g different aspect, the percentages of long , short and intermediate trypano-
gomes are given for each day, the average length and the percentages of di-
viding individuals, The diwision into the three types is of course arbitrary,
a specimen of 15 microns is obviously short and one of 27 microns is equally
obviously long, but the actual length chosen as the dividing points are merely
convenient signposts in the series, These tables show at once the menifest
uselessness @f the relative percentages of types as any sort of a guide in

diegnosis,

Table V. gives the diatribution of length for 250 dividing individuals drawn

' from the infection of 821 studied above. The results for all the deys are com-

r bined,
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Monkey 830.

Table III.
|
Per cent. of | Per cent. of . !
gpecimens | specimens | Per cent. of Per .
Date. between | between | specimens Average | cent, of | Numerival
12 and 18 m. |19 and 23 m.| above 23 m. length. | divisions | symbol.
| inclusive. ‘ inelusive. on date. |
| ; ,‘
‘ Per cent | Per cent. | P t P
; . nt. er cent. m. er cent.
oroa2 | 2 | 20 69 ok oot o 4t
28912 | ¢ | 53 38 997 | 18 piH
29.9.12 51 &+ 39 10 194 \ T4 +
30.9.12 \ 88:. | 12 - - 163 Y4, —+
11012 37 \ 54 9 197 10 ++
2.10.12 \ 34 | 6 | 20 209 9 +4+
’ ]
Monkey 821.
a Table IV.
{Pcr cent. of | Per cent. of p . i Per 11
specimens | specimens er cent. O i .
Date. %etween getween gpecimens }}veraﬁe cent. of Numerical
19 2nd 18 m. | 19 and 23 . | above 23 m. ength, |divisions | symbol.
tnclusive. | inclusive. on date.
I l .
Per cent. | Per cent. \ Per cent. m. Per cent
21.8.12 0 74 . 267 20- ++
22.8 12 9 16 75 268 94 . |++to+++
23.8.12 25 36 \ 39 221 22 +
24.8.12 76 21 ! 3 169 6 -+
ez | 3l |owo % 193 | 29 ¥
76.8.12 16 | 40 i 44 22:3 16 +4
27.8.12 27 | 4 | 82 216 "9 44+
928.8.12 57 37 : 6 185 8 |4+ to+++
29.8.12 76 21 | 3 171 3 + to ++
30.8.12 79 17 4 170 12 + 4
31.8.12 38 44 18 200 20 +4+4+
1.9.12 b4 40 6 180 12 +++
2.9.12 48 34 18 196 16 ++
3.9.12 78 14 8 16:8 10 |4+ to+++
4912 | 83 5| 2 165 6 |++tot++
5.9.12 15 34 i 51 233 37 +

TR G
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Two points must be borne in mind in considering these tablés,=----

(1) The tyypenosomes are living in an active and at times even a definitely
hostile environment and therefore do not have it ail their own way, |

(2) The percentage of forms about to divide will be greatest at lhe

beginning of a repid rise in numbers and will naturally diminish in frequency
as the numerical height for any individuel revolution of thé cycle is reached,
and this relapive XUUUAXX¥ diminution in the_forms gbout to divide will of
course precede somewhat in time the actual diminution in the forms in divisicn.
Equally the percentageé of forms about to divide will be lower in comparison
{0 the forms in division in a slow rise, To put this briefly, the time factor
in the proceés of multiplication is bound to affect the relative balance of
ihe different types.

From tebles IT and III it is clear that there is a general correlation
between a high percentage of loéng forms and a high percentage of divisions, thus
to pick out a few typical cases: In monkey 830 on September 27th , there were
| 69 per cent of long forms and 27 per cent., of divisions, in Monkey 821 on
August 22nd, there were 75% bf lomg forms and 37 % of divisions, There is
equally = clear correlation between a high perecentage of short forms and a low
percentage of divisions, and moreover table III of monkey 830 shows striking-

ly how here as in T, pembiense the depressed period immediately after the fell

| in numbers is charaterised by the presence of short forms; thus on Sept., 30 th
ythe day in questioh, there were only 4% of divisions and 88 % of all the para-
sites were below 1¢ microns,the longest form present was 22 microns and there
“Were only two specimeﬁs of thie length, That is to say that just eas in T, pgambie
ense  the survivors who weather the untoward conditions which carry off the

majority of the parasites are drawn from the short forms,
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It will be well in conclusion to run briefly through the phases of monkey
821 as illusteeted in the tables IX and XXXXX¥X IV +to show the nature of
the cycle. |
The 2ist and 22nd of Aug. are days of rapidf increase in the absolute
numbers and are charaterised by a high percentage of long forms. The 23rd
shows a sudden drop in the numbers, in spite of an obvious attempt at further
multiplication as is evidenced by 22 4 of dividing specimens., The 24th is
a typical instance of & depressed period, the short forms number 76ﬂ « Trypano=-
somes are very scarce ,end two 3byl films had to be searched for many hours
to obtain the numbers requisite,, only 3 4 of long individuals are to be seen ,2
aXEXXAXUAXXEEN end the divisions ere equal to 6% .
From the 25th on there is a slow and stesdy rise for several days, the 25th
itself shows 29% of divisions and a large percentage of intermediate forms,
49% ,though only 20 4 of long forms. The long forms increase on the 26th
though the divisions are beginning to tail off a little., The rise continues
slowly till on the 27th the trypanosomes are very numerous, on the 28th the
advance in the numbers is arresded and the types are preponderatingly short
and intermediate, the proportion of divisions is low, this is a typical high
level period where the cessation of division is characteristically correlated
with the marked diminution in the nunber of long forms, On the 29¢h the divi-
sions drop still further and there ie an absolute diminution in the numbe?s
though it does not amount to & serious clearing out of the trypanosomes from the
periphersl Blood. By XKE a curious coincidence , althpugh the detailed distri-
bution is different and the absolute numbers are much higher,the relative

percentages are identical with those of the 24th, which.as we have seen is

a typical period of depression. On the 30th the divisions met with are more

i i i bers &n the interval
numerous, but there hes only been o slight increase in nunm

4
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and short forms still preponderate very much, On thABist a rige from the
level of the last two days is definitely underway and just as before the‘
| intermediate forms increase as also the long forms, On the lst of Sept. the
rise is maintained but not increased, there is a sebting back towards a very
high proportion of short forms, and between the 1lst and 2nd there has been &
VSIight drop in the numbers, but the increazse in the long forms’ suggests thet
the check is ﬁot to be of long duretion, By the 3rd there has been an actusl
though not very great increase in numbers, this advance is maintained but is
not pushed further on the 4th when another typical climax is see; that is to
say a period of high absolute nimbers, few divisions ,few long forms and a
quite overwhelming majority of short forms, The following day is *particulary
~ interesting as it shows a condition diametrically opposed to the one which
immediately preceeded it., Between the 4th and 5th there has been & very marfed
drop in absolute numbers there are 37 % of divisions end 51 % of long forms.
This attempt at a rapid rise, which looked as though it would resemblé the
progress of affairs on the 21st and 22nd of August was in this instance frus-
trated, and the 5th of Sept, was followed by a depressed period of four
days in which there were very few trypanos.mes present , and these were of the
- short type, _

It seems quite impossible to escape the conclusion that the long forms
are individuals about to divide, that they produce the short forms which are
the most stable type and which have almost axclusive possession of»the field
the moment the divisions are markedly reduced, the intermediate forms being
simply the merging of the short into the long types. The irregularity of the
¢ycle should be noted ,the variability depending on the complex interaction of 1

| the resistant forces of the host and the aggreseive capacity of the parsites,
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®ince the completion of the above work in 1912 reflection and the congiderstion

of additionel data have led me o question whether the term adult is well

chsen to designate the short trypanosome, The evidence as to the significanee

of this type in the cycle has been strengthened from quite independent obser=

~vations, Thus Thomson and Sinton found the blood containing short forms the

most favourable materiazl for the cultivation of T. rhodesiense on artificial

~—

up to the present all artificial cultivation

media,and it should be noted that

of tryranosomes derived from the blood of vertebrates corresponds 1o a repro-

~duction of the intermediate host forms not to a multiplication of the blood types,

In another connection Scott Macfie studying West Goast strains of trypano-
somes under natural comditions notes the predominance of infections of low

virulence characterised by smell absclute numbers of trypanosomes but showin
y yp I2)

& high percentage of short forms,

Trypanosomes belonging to the polymorphic species upon long KME¥XYX propa=-
gation by syringe passage through unresisting laboratory animals such as rats
tend to lose the short forms, The origin of the short forms at division from

one of the products of division of a long form or intermediate type can be

demonstrated by z patient search for the last stage of division in the blood

- of the vertebrate, This stage must be passed through rapidly and it is therefore

8 difficult moment to study as it is relatively & very rare appeafance.
‘Divisions producing two intermediate or long forms are also prescnt

~@d the mechnism for the suppression of of the short forms in these laboratory

strains is suggested by the continuous unchegked multiplication that takes

Place under these circumstances and by the absence of the noemal passage through

- the intermediate host.,
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$iv) Life-history of Trypanosoma gambienge, with a brief reference to the

cycles of Trypanosoma nsnum =and Trypanosoma pecorum in Glossina pal-

———

palis,

Among the Erypanosomes of mammsls carried by Glossina palpalis , T, gambiense

mﬁy be taken as an example affording ,as it were, a basis for the study of
the group . - In many ways the conditions are very cledr, and no véry serious
difficulties on the score of technique or scarcitv of parasites are wwel with
at any point in the Glossina cycle,

In this paper I have considered the cycle 6f T, gambiense in detail ,and

have added a very brief account of T, pecorum and ¥, nanum,for the sake of

comparison., I am indebted to Dr, H.L. Duke for the material of T, pecorum and

T. nanum dealt with., The material of I, gembiense was derived from a large

number of experiments carrisd out in the Mpumu laboratory in L911 amd
1912, The stages in Glossina pelpalis were obtained from the study of the
conditions in more than 200 infected flies,which were killed or died at differ-

ent periods of the cycle, The adventage of so large a number is obv1ous,1n

" that it eliminates casual variation. 4 considerable number of different strains

of T, gambiense were XNH¥ used; thus ,two geparate strains derived from wild

1y caught in Chagwe ,a straln derived by direct injection into a monkey from

_an antelope infected with a human straln,thls same strein after transmission

by flies to clean monkeys antelope strains of humen origin passed by fly to
clean monkeys, and a nuber of indifferent Uganda strains kept going among
the Mpumu monkeys by means of Glossina palpalis, all served at one time cor

snother as infecting material for the flies employed in the experiments,

In all the experiments ,the flies used belonged to the Ugenda variety of

Glossina palpelis, and were hatched out in the Mpumu laboratory from pupee

brought from Damba Tsland in the Lake o
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Experiments had been carried out by Dr., Duke

and Captqin Fraser with several hundreds of these laboratory-bred flies, to
ascertain if MéK#AH germinal infection #ith flagellates of any kind occurred,
The resulis were invariably negative, A similar conclusion had been reached by
- wotkers in other parsd of Africa, notably by Dr, F. Kleine and his colleaugues.
- No further experiments were made, therefore ,in regard to this point, which
| seems now to be established‘beyond reasonable doubt,
| Methods,
The method adopted in the study of the fly-cycles was as follows: the new%;
| hatched flies were starfed for about 24 to 36 hours, and were then fed on the
iinfecting monkey once ,or in some cases twice, The infecting %eed was the firsﬁ
?blood ingected by the flies, After the infecting féed ,the cage was starved
%for one or two days,and thereafter fed on clean monkey's blood every second or
third day, Daily feeding is not essential to'the welfare of the Glossina ,
- and does not appearto occur in nature,
Late or provedly infective boxes were fed as a rule on cock's blood,but

these cages were not used for gut stages,in order to eliminate all chance of
Liaccidenf&l confusion with the trypanosome proper of fhe cock T;Fgg;;iggggm),

which,not infrequently undergoes development in the Glossina, T, gallinarum

' moreover is very readily distinguishable from any phase of T,gambiense,

Dissections were made in a drop of physiological salt solution, The.
litrypanosomes were studied both in the live state and in fixed and stained pre-
'iP&rations ,» Unfortunately ,trypanosomes do not live for any length of time
. in a normal condition outside the XX¥ body of the fly,even when the fly has
been dissected in monkey's serum.

The preserved material was fixed while wet by dropping the cover-slip

| film downwards on to Schaudinn's corrosive—alcohol fixing solution. The pre-
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paration was subsequently stained by Heidehain's iron haematoxylin method,
This treatment of the films gave excellent results, and affords a more accu-

rate account of the parasites than that obtained from the BX¥MEY method of

Giemsa,
Endog:<nous cycle in the vertebrate,

The life~history of T, gambiense falls naturally into two parts, namely ,
the endogenous eycle in the vertebrate, and the exogenous cycle in the trans-
mitting host. Certain aspects of the phases in the vertebrate have formed
the subjeet of a previous section ,and they will therefore be treated very
briefly here,

The course of the endogenous cycle is as follows: the description is
drawvn from the dtudy of conditions as found in monkeys ( a species of Cerco-
pithecus), In monkeys the incubation period is usually seven days, The organ-
igms are very scarce in the blood at first , but increase rapidly in nimber.
The multiplication takes place in the circulating blood, amd intracellular
multiplication forms have not been observed at any time in the lung, liver,
or spleen,

The forms undergoing schizogohy in the lung,described by Via nna, have
never been seen , even in the earliest days of the infection in monkeys.
Vfanna's results are derived from guinea-pigs and vhite rats,and as fer as
can be seen from the account given ( Sleeping Sickness Bulletin No, 38, vol 4,)
there are no details concerning the origin of the strain used.

Intercellular forms ﬁave, however , been found in the lung and liver on
certain occasions,as will be seen hereafter,but they are involution forms ,
and possibly latent forms; no sign of multiplication has been observed in any
of these individuals,

The trypanosomes in the blood very, &s is well-known, considerably in length

] s ars ieti hat s
and breadth, and the species ghows the polymorphiem characteristic of that set
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of trypancsomes, usually referred to as the "brucei group"™ , From a long
series of experiments,described in deteil =zbobe ,I have been led to the following
interptetation ¢f the cycle in the vertebrate,

The short forms ,13 to 20 microns in length,are the "adult" blood type--,
this term being used to indicate that the form in question has the longest
duration in time in the endogenous cycle,end appears to be the type from which
the indivicuals capeble of carrying on the cycle in the vertebrate-host afe
derived, The blood of a monkey is infective to Glossina only so longvas this
form is present in sufficient nuwabers and in an éppropriate physiclogical
stete ‘--~i.E. not suffering from the exhaustion which eeems to overtake the
Tlagellates at certain times in very numerous infections., From these short
forms there arise by growth the intermediate individuals,which are an ill-
AGfined group chiefly to be recugnised by the fact that they have increased
iﬁ length and have a longer free flagellum, but are much the seme average
- breadth as the short forms, nanely 2 to 2.5 mi¢rons. The long slender fooms
f are the individuale about to divide. The products of division give rise once
~more directly or indirectly,es the case may be, to the adult type.

Mother feature equally well known in the history of I, gambiense is the
| fluctuation in the number of trypanosomes to be seen in the blood, This has
also been treated already,it suffices X#X to say here that a complex of

: Circumstancés, occurring at quite irregular end apparently incalculable

. intervels in the blood of an untreated vertebrate, brings zbout the disappear-
- ence of the vast majority of the parasites from the peripheral blcod.

| The duratign of the depressed period is very variable ,end the reappearance of
; ﬂ@ flagellates is always accompanied by division in the peripheral blood. The

. 0y .1 O]
- Percentege of divisions bears moreover, and obvious relation to the rapidity

of the rise in numbers., An important feature of the depressed period is that XX



/13

frome the completion of the fall in numbers ,mhieh is usually rapid, until the
first beginnings of the following rise, the blood is infective to fly, and
~the few surviving trypanosomes are of the short type,

The mechanism of the distruction is difficult to follow s Phagocytosis
probably plays and important .but there seems also to be & certain amount of
trypenolysis ocurring in the blod-stream, The liver and lungs have shown
in the case of a very teeming infection investigated at this period, both
degenerative zppearances and what one is inglined to call involution-phases
( fig 375-. ). The liver of this monkey (633) showed many rounded -off
individuals,posessing a trpphonucleus znd a kinetonucleus,but no flagellar
apparatusf These forms seemed for .the most part to be between the cells, but
this is & point very difficult to determine in smear-prepafations. In addition
to the rounded-off specimens ,there were many trypanosomes of degeneraté ap-
pearance, It is impossible to state what the fate of the rounded individuals
maey be, The infectivity of the blood during the depresséd period,and the failure
to find multiplisative intracellular stages coupled with the gradual nature
of the rise and the high percentage of dividing indiwiduals in the peripherdl
blood during this increase ,ere all arguments against the form under dis-
iwcussion playing any serious part in the reappearance of the trypenosomes,

These forms were not to be found in two late and chronic infections investi-
gated, nor were they observed in a rather interesting case of an infection
vhich had been a very teeming one, and which had just begun to take on the more
chronis characters., This monkey died apparently from exposure during & severe
storm, in which the animal had refused to stay in its box, It was observed
vhen just dead,and the smears were téken at once. At the time of death ,the

infection was showing its first longer period of low numbers, It had been in

& swarming condition only ten deys orio to the taking of the films . The infection
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hgd shovn the usuzl short derressions, but these had been lessfrequent than
ig typical of the progress of affairs in monkeys.,

It is impossible to dismiss gltogether the consideration that the rounded
fonné may be latent individualchapable of multiplication end further activity
%lying in small numbers in the liver and lung,though the persistence in the
%latter seengess poobzble, Neverteless ,thie three cases just cited above do not
bear this out,and the evidence ,so far as I have been ab,e to see,is all in
ﬁavour of the rounded forms being destined to destruction. The pojnt must,
ﬁoever ,be borne in mind as the podsible survival of latent forms,hoever scarce
ﬁn conatct with er enclosed within the éells of any pert of the body is ex-
ceedingly important from the therapeutic point of view..

Theiquestion of & mexual interpretaion of the polymorphism of T, gambiense

ﬁms very frquently been raised,and has, indeed, already passed into the nomen-
tlature adopted by meny workers,so that one is constrained to give it a consider-
'ation it does not really deserve on the strength of its merijs as a scientific
| bypothesis, The @nterpretation put upon the appearances is that the long forms
' are males ,the short forms demales ,end the intermediate individuals are in-
iﬁfferent ,or simply non-sexual forus, This is based primarily on a vague
l malogy with the life-cycle of other protozoa of widely different groups ,
.-&m on the supposition tha the long KQK%XXXX and short forms play the part
of gemetes or gametocytes in the transmittimg host.

Ali the evidence brought to lipht by the study of the endogenous cycle is

{ {n absolute opposition to the sex-interpretation above sketched, and it may

L:bGPOinted out that it is direct evidence of a nathre easily observed by a -

tareful study of the successive stages of the blood-cycle,
Dismissimg ,then, the division of the long and short forms in the blood

1 of the vertebrate into sex-categories,there remains to to be considered if

there is a sexual dafferentiation among the short forms. I have not been able tc
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detect any morphological distinction that could be reasonably attributed to

sex . There is 2 certain amount of variation emong the short forms in length

and breadth,but it is not marked,and the nuclear features are very uniformn,

If the short forms do consist of male and femsle gemetes or gametocytes, the

differentistion id not expressed morphologically,

Cytology of T, pgambiense in the blood of the Vertebrate,

To consider very briefly the finer structure,and the process of division

of T, gambiense, as studied on blood-films fixed by Schaudinn's corrosive-
alcohol solution and stained by Heidenhain's iron haenatoxylin method, The hody-
form of trypanosomes is too well knovm to require description, and the species
in questior shows the typical relations, The kinetonucleus is amald in size,
and shows the usual two aspects, being either rounded or slightly rod-shaped,
Close beside the kinetonucleus, at the éctual origin of the flagellum,, may

be seen = small granule , the blepharoplast proper,or basal granule, The
»specimens derived from monkeys show & finely granular projoplasm ,and larger
inclusions are very rarely seen, The current view of the trophonuéleus of T,
gembiense ~  is derived from dried preparations stained by Giemsd's method

and bears only the slenderest relation to the real state of affairs, It is

elways figured as & large round or oval mass of granuler chromatin,

With good illuminationf ahd a high-power system, any patient observer

can see the nucleus in favoursble specimens in the live state, This is ,of
course,more easily achieved in the larger species: in trypanosomes of fishes'and
reptiles, an immersion lems is not essential, The live picture is in all ceses
thet of o circular slightly refractile objeet, lying surrqunded by a clear

helo, The material fixed by the wet method ,and never dried in air at any period
during the preparation of the slide, shows conditons very closely resembling

the live picture, and utterly different from the version giwen by ﬁhe usual

>@£msa method, All fixation is probably a choice of error, but it stends to
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reason tnet if a sKXZXX¥ delicate and highiy flexible organism occupying
three dimensions is swiftly flattened out into the nearest approach possible
to two dimensions, quite regardless of its attitude szt the time,disasters are
1liable tooccur, In dry preparations the nucleus has simply been burst. The cri-
terion of fixation must be the relation of the fixed material to the live
picture ,and judged by this standard,the wet fixation and passage into some
mounting medium is greatly to be preferred, The criticisms that may be urged
against the wet method are slight shrinkage of the protoplasm of the body, and
the fact thaet ,as the attitude in three dimensions haé been very closely pre-
served, it is almost impossiple in many cases to get en accurate microscopic
measurement of the length of the animal, The ordinary methods of measurement
supply no means whereby the elevation towards the eye of the observer can be
gccurately estimated in the case of small objects‘of irregular shape, Another
drawback to thne wet method is that all the parasites in & drop of fluid may
not adhere to the cover-slip; it is clear thet in certain kinds of work this
is a very serious disadvantage.

The trophonucleus is of a type very common &mong flegellates, and is charac-
terised by a large central karyosome,in which almost ell the chromatic meterial
is concentrated., This is surrounded by & clear space, which is in turn bounded
by a faintly staining mem?brane or nuclear boundary. Very delicate strands
rediate out from the karyosome 40 the membrane; they are not always very clearly
visible, bt are to be made out in the vast majority of specimens; This con-
dition of the nucleus is extraordinarily constant ; practically no variation is
found in any of the non-dividing blood-stages, and it is also found to per-
sist through a large part of the cycle in the fly. An impostant change does ,
however take place in the latter part of the Glossina cycle; this will be

noticed and discussed in treating of the forms in question. ( see figs /=4 )
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Division of the Trypanosomes in the Blood of the Vertebrate,

This process resembles very closely the division in the fl¥ cycle, where the
details are much clearer ,so ,tc avoid repetition, I chall only draw attention
to the most importent features. The first sign of division is the doubling
of the kinetonucleus, The behaviour of the basal granule of the flagellum ( bleph-
aroplast) is not cleam, but Fig.6 suggests that it has the centrosomic func-
tion to be noted in the division of the trypanosome in the gut of the fly,

The flagellum appears to split but this may really be an out growth of the
new flagellum within the sheath of the original one ,the split is is never
gcarried through the whole legth, The flagellum of the new organism becomes
free about two-thirds of the way dovn, and the flagellum of the daughter- indi-
vidual is usually shorter than that of the parent, The trophonucleus shows one
very interesting festure before division, At a time when only the kinetonu~-
cleus and the flagellum have as yet begun to show sighs of re-duplication,

two very well marked dark granules are to be obéerved on the membrane at opposite
poles ( figs. & and 6 ); they ape generally joined by a fairly thick line
to the karyosomeThe other strands passing from from the karyosome to the
membrane persist for a while ,but disappear when the division-fiigure begins to
be formed, The two pranules just mentioned apparently play the part of centro-
somes. I have not been able to trace the exact place of origin of the granules,
they seem certainly to be intranuclear, but I am unable to say if they arise

from the karyosome. The division-figuees are shown in Figs,5 to & .

There is no equatorial plate.

Exogenous cycle in the fly.
(1) Conditions obtaining in the alimentary cenal of G, palpalis

in relation to the development of T, gambiense,

: poi i i ete,
In considering the exogenous cycle ,a few points bearing on the habits ,etc
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of the Glossina must be touched upon in passing,

The general anatomy of Glossina palpelis, and the structure of the probosecis

and the relations of the salivary glands, are so well known from the éxcellent
work of Minchin, Stuhlmann and others., theat I shall not tpuch upon them,
Fdllowing the practice of the Ugande Sleeping Sickness Commigsion of L908,

I have in considering the infected flis, div ided the portion of the gut which
lies between the proventriculus and the origin of the Malpighian tubules,and
which constitutes morphologically the mid-gut,derived from the embryonic mes-
enteron, into three parts, namely ,the ahterior or thoracic intestine,the middle
and the hinder intestine,

Frﬁm the dissection of a considerable number of wild teetse from the Lake-
shore,caught only three or four hours previous to examination,it appears
that,under natural conditions, the majority of flies certainly do mot fleed
daily. In most cases the whole gut is empty of food%material, except for a
small quantity of pale greenish, completely digested fluid in the portion
of the gut just anterior to the Malpiphian tubules, This condition indicates
s fast od at least two pr three days possibly of a very much longer duration;
in captivity flies will 1live from nine to twelve days without food if the
.coditions of moisture are suitable., Alarge number of experiments of long du-
ration were condutcted in which the cages were starved for two complete days
between each feed , but there was nothing abnoemal in the number of deaths,

The fect thet flies do not feed in nature at such very close intervals of time
as seems to be implied from the usual laboratory treatment of flies bas, &s
will be seen later, a somewhat important bearing on certain parts of the

cycle,

The actual mechanism’ of feeding calls for attention, in that it affects the g

course of development, The sucking-stomachﬁr crop leads out of the mentral

side of the proventriculus by & long duct; in a full feed , the gut ,up 1o
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a short distence behind the proventriculus', and the crop are bolh filled vith
blood, As digestion proceeds,the blood in the gut diminishes ,end thet from the
crop is first passed forward alongz the duct and then back down the gut, In
a smaller feed , the gut may be completely filled up to the proventriculus
without any blood being %lakeh into the crop &t ell, Flies are willibhg to
feed before digesticn id anyth%g like complete,end it is import:nt to know
what occurs when the new bleod is ingeated, The experiments were made by
feeding flies alternately on monkeys blood and cock's blood,
The very first feed tzkén by a fasting Glossina ( 24 to 48 hours old)

is usually a full feed, pretty well filling both crop and gut, The next feed
ingested 60 to 72 hours later, may behave in one of the following ways; the new
blocd may entirely replace zll the material of the first first feed from botih
crop and gut el ike, XMXAXXELXEEYUUAKERYETXYAXERXEHE YA XATSEXFANBXXUAX XK
KEXNXBXXRAXUNE Y FERAAA KA XA XX ME X RIHBEXTHRAXTFE ., In 2 large number of cases,
however, some of the first feed is XXKEXXXHXUKXXHH reteined in the crop, and
the second feed is takeh in on top, In these cases one may aleo often find that
the new blood has repaced all the first feed from the gut., There is thus &
mixture in the crop, while the gut is, at the conclusion of the feed ,full only
of th new blood. In cases where digestion has been slow, the blood in both

the crop and the gut may be mixed, Another state of affairs occurs, in which
none of the new blood is téken into the crop, although the gut mey be filled
with the material of the second feed; moreover , in some cases, part of the
original blood may be reteined in the crop unmixed, and apparently unaltered
for as miich as 10 days or more, although frequent feeds have intervened, A case

of this kind was also observed in an experiment conducted by Dr. Duke and épt.

Fraser.

The role of the crop in the economy of the fly appears to be simply that of
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e store~-chamber; no digestion takes place hbeee, and, in flies that have been

allowed orly one feed, and are themeafter starved entirely,onr mey find blood,

- the elements of which are optically unchanged after as much as #Maxdax 12 days.

The crop can be completely emptied, and is ,indeed ,very often fcund in that

 gtate, It is also very frequently found ,es is well known,to contain a buuble

- of gas,

Now , if a newly hatched fly has received tryapnosomes with its first feed,

- it is interesting to see what hes been the result of the subsequent clean

feed,

This experiment was carried out with small groups of flies in glass jars,

 They were fed on blood containing numerous parasites; the greatest cafe was
| teken to see that all the flies had fed, there being ,of course, no diffi-

| culty in ascertaining by inspection%hether a fly has fed or not, The clean

feed was of cock's blood., The results here noted zre partially drawn in addi-

' tion from some jars fed only once ,and killed after a suitable interval without

a second fled, Further evidehc e is derivedﬂ moreover from the meny early

dead flies examined in the course of the genercl mass of experiments,

(1) The trypanosomes may be digested and di appear from the whole alimentary
canal of the Glossina diiring the digestion of the first feed i.e, during
the first 50 to 72 hours, without the intervention of a secpnd feed,

(2) The trypanosomes mey survive in the gut in small numbers, but disappear

during the early stages of digestion of the new blood.

(*) The trypanosomes mey survive and develop in the crop for as much as 12
days, provided the crop has never been entirely empty of blood during

The trypanosomes in the crop seem uneble to survive the emptying of this

ion in this situation,

that period, The gut of these flies may often show no signs of trypanosomes. ;
|
Organﬁ, and there 1g never a rermanent infect |
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(3) The trypenosomes may survivé and multiply in the gut in the blood retained
from the first feed, although a second feed has been tzken in on top.

(5) The trypanosomes ma¥ persist in greater or less nimbers in the gut and the

crop of the same fly,

(6) The whole material of the first feed may be displaced from the gut by
the second feed, and the trypencsomes still persist, The crop in these
cases was either empty or filled with new blood.
To consider which of the above conditions are like¥y to 1eeq40 an infected flyj;=--

(1) and (2) may be dismissed at once as negative,

(3) ie a state pf affairs that Jeaves the issue doubtful; if the trypenosomes
are suffieiently well established not to be swept out when the original
blood is digested, a‘positive inflection probably results,

(4) seems to suggest & negetive result, as the condition of the gut implies

that the trypanosomes are being digested and disposed of asg they pass out ffom

the gmkx crop into the gut.

(5) is 2 doubtful condition, almost identical with (3), though the chances

of a -ositive result are rather more favourable,
(6) seems to be pretty definitely a condition that will leed to a permanent
infection of the fly., Once the parasites are -fairly well‘established in
the new blood, the rate of muptiplication is suck that the chance of

destruction at the next influx is small,and they have bbviously been

capable of withstanding the mere foree of digestion by itself,

Cleaily two fzctors come into play here in the question of the establishing of
an imfection in the Glossina, First , the capacity of the trypenosomes to with-

stand the digestive processes; (1) and (2) show that this is not & ptoperty
possessed by all the trypanosomes, The second factor is the clearing out of the
potent agent in the produc-

trypanosomesz by the new feed; that thig ig a very
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tion of negetive flies is shown by the very much higher vercentageof infected
flies found up to the 12th day in experimente where the flies had only one
feed and that the infecting one. “hese experiments were carried out with con-
. trols, fed every two or three days in the usual way; the starved flies lived
up to about the 10th to 12 th day. Out of 103 starved flies, 22 showed trypano-

somes between the 6th and 12th day. Neglecting these flies which showed trypano-
somes only in the crop, there were 16 left, which showed apparently well-estab-
lished , though not very numerous ,infections in the gut Ll.e. 1545 % o This
ig a very remerkably high pefcentage for the ordinary Ugenda strain of T, gambi -
ense:'Under ordinary feeding conditions, the strain used for the starvation
experiments just quoted produced 3 Z of positive flies,

To quote a typicel experiment, Jars Nos. 16 ,17 , amd 18, each contained

15 flies, they were fed on the same day and within a few minutes of each other
on one monkey. Jars Nos. 16 and 17 were fed every tnird day , and dissected
on the 22nd and 28th day of the experiment respectively; only one out of the 30
f1lies sghowed trypanosomes ,and thet was an individual which had died and been
dissected on the secong day ofter the infecting feed. Jar No, 18 was starved
outright after th%%nfecting feed; between the 9th and t%}zth days three flies
showed trypanosomes in the gut, and three showed trypancsomes in the crop--
altogether 6 out of the total 15 flies showed trypanosomess It must, however ,

the . _
be noted thet trypanosomes may disappear entirely from all the flies in a star-

i i ] i ive iments in
vation experiment and £511 under the same neading as negative exper e

general,

To obtain therefore a clear idea of the elemehts that come under observation

in the confusiﬁg carly days of the cycle in the alimentary tract of the fly , it

must be borne in mind +hat there are geveral gonditions whigh may show try-

panosomnes persisting.
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(A) Mere persistance without multirlisation, Here the parasites undergo the
usual slight alteration in éhape,to be discussed later, =nd degeneratigng speci-
mens are also to be seen, This condition is not found after 72 to 84 heurs,

end is chiefly to be observed when the trypanosomes were numeraous in the
infecting blood.

(B) Cases where the trypanosomes persist in small numbers in some part usually
of the mid-or hinder intestine and multiply,but are neverteless, unable to
establish themselves permanently, These are mostly cases where the.épparently
advrse conditions of the new feed come upon the trypanosomes before they are
able to withstend tnem, In this state dividing and degenerating specimens

are to be met wits as well as numbers that do not suggest eiter condition,

The individual types will be treated later. Persistence and quiie normal
development may occur,as has already been stated, in the crop, and continue
+i1]l the tenth or twelfth dey, after which time I have not observed trypano-
somes in this situation ﬁntil they reappear there occasionally at the end of
the cycle, This persistence ahd development mxyxaggukx in the crop is very
interesting and important for two reasons; first ,in yhaet it obviously allows
of sveral chances of infecting the gut , as all the material‘in the crop, in-
cluding the trypanosomes , 1s passed backwards down the alimentary canal. b
the second place, it shows that the stimulus to development in the fly is not
dependent upon the digestive action of the gut fluid upoh the blood ,i.ee ,
neither the digestive fluid mor its action upon the blood are essential factors
in setting off the early developmenfal processes.

(C) The third case found in the early days of the cycle is where the qondi—

tions admit of trypanosomes persisting and multiplying with sufficient vigour

to establish themselves permanently in the gut. This may occur at any part of

1d with
the niddle or higher intestine, I have never observed what one cou

I i 2 ior intestine at an early
justice call established trypanosomes in the anter S
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period, This third condition leads to the :roduction of & positive fly,

Cut of a study of sll these circunstances it may be deduced that, where no

serious attempt at multiplication is made on the part of the trypanosomes yWe

have an expression of the incapacity of the parsites,and that we are dealing
with a negative condition, that is to say the large majority of the individual
txx flagellates ingested are not in a fit state to carry on the cycle,

This condition of the flagellates is ,as has already been mentioned , a re-
curring,though traneitory , stage of the endogenous cycle iun the vertebrate,
and constitutes the negative period during which the short forms are not
present in sufficient numbers, or are in an unsuitable state.

The i}y large number of cases where the attempted multiplication fails to
establish ah infection may be teken as representing the genersl inhibiting
capacity of the Glossina , and appeers to be a very fairly constant fector
in all experiments dealing with newly- hatched flies. The great vakue from the
éxperimental point of view of the .infecting feed being the first feed ingested
lies just in the point that only in this way can any sufficient uniformity be

ensured in the condition of the alimentary tract of a batch of for instance,

50 flies, The inhibiting capacity just mentioned is responsible, given a suita-
ble condition in the infecting material, for keeping down the pereentage of

- infected flies, Individual strains of T. gggyigggg vary greatly in the general p
percentzges of infected flies produced, this being dur to the Breater or less
vigour of the trypanosomes iﬁteracting with the inhibiting forces of the fly.

The negative periods are just as marked in very vigourous as in those of }esser ,
vitality.

(2) Development of T, gambiense in the gut of G, palpalis.

To congider now the typical course of the developmental cycle of T, gam-

biense in Glossife palpalis,Some heneral features may be disposed of =t once.
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There does not appear to be an intrzcellular stage ot any part of the cycle,¥XX
egither in the gut or in the selivary glands . Such a development was very
carefully searched for, profe ssor Minchin and Dr, Thomson's important dis-
covery of this stage in T, lewisg naturslly adding to the probability of an
intracellular ¥XXX¥X phase occurring in other cycles, though T, lewisi is ob-
viously s very different type of trypanosome from any of those incladed in

the “brucei group".

T, gembiense develops in the lumen of the gut from the very start and there

is no ¥¥¥ disappearance of the parasites from this situation at any period,
The flagellates are never found to attach themselves in any way to the wall of
the gut, but do attach themselves to the wall of the salivary gland when pnce
established there, In my experience the frypanosomes do not pass through the
wall of thé gut into the body-cavity at any time,

Thile there is & very definite course of development in the fly beforé the
trypanosomes are ready to infect another vertebrate, nevertheleés the duration
of this cycle of cganges may vary to the extent of a full fortnight., A certain
amount of experience with an individual strain will permit an observer to pre-
dict with.conéiderable accuracy the state of affairs upon zny given day; but
it is quite impossible to say with a random strain that any type or condition
is typiecal of a given dé{e. A 10th or 18th day fly of one strain may corres-
pond with & 20th day fly of another, Even a single strain may sometimes very
in regard to time asvmucﬁ as a week or ten days . This must be borme in nind
in dealing w1th the stages of the cycle, Variation in the time-clement of

developm nt is a well-known biological phenomenon, which has, however not re-

ceived much attention in dealing with Protozosj the present instence 1s 2 very

marked cese, Fliec may be infective already on the 17th day, while it is quite

common for the cycle not to be complete until after the 30th dey.
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trypanosomes coule with certainty

. N B4
J0C ear.le

wm

1 cege obtained in vhich the
be consicdercd es developming end nod, merely persisting,is that of = fly of the
second day, . That ig 4o say ¥ y the trypanosomes had been in thegut 36 to 45
hours, A provedly developing infection of 80 early & date is merely obtainedby
& fortunate chﬁnce,and the evidence in favour of its authenticity is as fol-
lowsg Experiment 122 was fed on monkey 597, an infected individual which wase
under closs observation; both live and stained films were being examined daily,
On the date of the infecting feed, March 5th »297 showed no trypanosomes in

the course of the examination of the live film, Prolonged examination of &
stained film,3 by 1 in,, showed very rare parsites, The fly in question (No,8)
died during the night of March 6 to 7 and was dissected at 9 am, on the morn-
ing of the 7th, It was found to contein partielly digested blood and a very
considerable number of trypanosomes , which were in an active and lively state
& number far in excess of those found dn the stained film teken immediately
before the cage was fed, Tt mey be mentioned in passing that Experiment 122
afforded two more positive flies when the box was dissected on the 23rd day,
Wet fixed films were made a5 ususl of the contents of the fly amd multiplying
individuals were observed, Figs, 7~ r2 are from this fly, Although
special attention was paié to this fly from EBmpt. 122, as being the earliest
obtained, nevertheless the steges correspond very ®losely with those seen in
the relatively large numbers of early positive flies dissected between the 3rd
end 6th days, A reference to Figs, 9;- g will meke this clear,

No very striking or rapid changes occur when thr trypanosomes are taken
into the gut of the fly. Degenerating forms are presentin greater or lesser
‘numbers, The healthy-looking forms show a general but very slight difference
from the blood type which is difficult to define in words; the membrane is
slightly narrower; the kinetonucleus moves somewhat nearer to the trophonu-

3 3 o 1% ] i i no
cleus,which itself in most specimens increases a little in size., There is
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There is no merked division into slender and hread forms; there is variation
in respect to length ang breadth,but tHe categories are not sharply marked off
sand the extent of the variation is slight, One point however, emerges which
is I think significant namely, that the dividing individuels et this early
stage afe all relatively broad forms, Figs, {(/ € /6 are typical of the
process, A broadening of the individuals abou t+ to divide is not charac~
A teriétic of‘the devedopment in the gut of the fly as a whole, as & glance at
Figse L0 4 %0 ~733 will show, the deduction being that in the earliest
days it is the broad individuale that have been ingested that are capable of
division, This observation temnds to confirm the impression received from
purely external experimental sources that the breader, shorter forms are
responsible for carrying on the cycle in the fly,

The finer details of division will be gane into in the case of the later
days ,where the cytology of the process is exquisitely clear, One thing how-
ever is worthy of notice, and that is the relations of the kinetonucleus of
the daughter individuals in figs J/ ¢ /6 . In both cases the young indi-
vidual is passing through a condition in which the relations of the kineto-A
nucleus and trophonucleus are those of & crithidia; this is e very transitory
state,as it develops almost invariably into a trypanosome before it is sct
free, ( see figfd (2 from 2nd day,) This is only characteristic of the
earlier divisions,and(with the exception of a rare and very slender form to be
discussed later on ) is the only sign of a crithidial phose to be observed in t
the ¥X development in the gut. There is ,as will be seen hereafter , a most
marked crithidial‘stage in this,as in most trypanosome life~-cycles,but it
does not occur in the gut. As multiplication proceeds there are produced z
large variety of shapes and sizes,though the trypaznosomes do not seexn tc

) . . N ) - ,‘,-.' CTONE
surpasc es o rule the maximua length of the blood types. l.,8. 34 to 35 microns,
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By the 10th dey or thereabouts there

Ere very numercus trypanosomes exhibiting a

wide range of ferm, The characteristic slender form so remarkable in the

anterior intestine and proventriculus later ir the cycle may begin to appear
already ,but only in small nunbers, |

A long thread-like form ysuch as thet drawn in fig, 43 , and which comes
from 2 12th to 13th day flu (mid~gut) » corresponds appaeently to the "msle"
forms of Kleine and Taute, There is no evidence of this being a sexuasl form
et all; it‘has never been found in conjugation in spite of much searching,
byther by Kleine ¥ Taute or by myself, In dealing with flagellates, there is
no support to be found in any of the well worked ocut cucles in which conjuga-
tion has been established, for the theory that merkedly long slender forms
ere male gametes., In flagellates, all cases of conjugation involving holo-
gametes (as must obviously be the cese here ) ere practically isogemous, lherc‘
is no sound argument by anslogy in fevour of these long forms being males
to be drawn from the study of flagellates as a whole and there is also no
Girect evidence in the particular cycle under consideration.

In th4case of I gambiense,one must first establish clearly thet these forms
(fig L3) do enter into conjugation before they can be held to be mele gazmetes,
They have never been seen in conjugation with brosd or other forms. They are of
rare occurrence, snd appear in the middig ;eriod of very active multiplication,
» Moreover, their nucleus and protoplasm has s2lmost always a pathologi c¢al
eppearance,and one 1is inclined to consider theam as degenerating slender forms, (
(compare Figs. 4o~ 41 )

A greﬂé deal of degeneration goes on in a well-infected fly, as is only

to be expected when the tremendous numbers of parasites present are ccnsidered,

These processes are easily recognised in the broader forms, but are much more

obscure where the clender types are involved,
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The posterior position of the trophonucleus sometimes seen in these forms
seems to be due to the tendency ,so0 often tof be observed in degenerating
trypanosomes for all the protoplesm amd its contents to aggregate at the vos-

terior end ( fig 4/ ) .THEEXEMMRXXRANXEXEEXNAKX?

Cytology and Details of Bivision,

- The cytological relations , and the detailé of division are very well semn
in the gut-forms, and the following account has been drawn from the middle
period ( 10th to 12¢th dsy ) of the cycle The bédy-form, as.already mentioned,
is subject to the greatest variation. In multiplicatives ( figs, 72 ~ 35 )
fhe protoplasm is granular and somewhat dense in appearance, but does not
usually show larger irclusions, The kinetonucleus is larger than in the blood
types,.and the basel granule ( or blepharoplast ) of the flagellum is very
clearly bisible, The trophonudleus contains = large karyosomse, spparently
very rich in chromatin; the relations are much as in the blood types only the
whole nucleus is generally rather larger,and the nuclear membrene is not
guite so clearly mzrked. | |

At division, the bleﬁﬂaroplast diwides before anything else, and is immedi~
ately followed by the first éplitting of the flagellum, The two daughter
blepharoplasts move to either side of the kinetonucleus, and very clearly and
constantly play the part of centrosﬁmes in its division, ( fig 7 30 ).

A centrodesmose s formed betﬁeen tne two blepharoplasts, and division takes
place without the formation of an equetorial plate. In well-sta ned ironohaena-
{oxilyn prebarations this set of conditions can be seen wiﬁh the most exqui-

isio ' ¢ givision in the
gsite clearness and precision, The earliest appearances ol Glvision

in i v 1 \ omes are lyin
trophonucleus are seen in Ilg. 91/ where the two centros ving

on the slightly drawn-out membrane; They are joined by a centrodesmose,and

ivisi : me ! be observed, The beha-
the first signs of the division of the karyosome are to . .
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ne is not very clear it becomes very faint bad—b
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is difficult to be certain ZXNIXY »1t does not HEYE¥E¥ seem to disappear

viour of the nuclecr membrs

. 3
entirely at any stage, The chromatid} material of the nucleus draws out along

the lengthening céotrod into ¢ ! i i
eng & tegrooesmose into a somewnet ipregular spindle , there is no
formation of chromosomes , znd the ﬁaryosomes ultimately re- form without the

intervention of an equetorisl plate phase. The remains of the spindle -
figure ,vhich is sometimes extraordinarily long ( it may be much longer than

~that shown in “he fig 3.4 ) are absorbed in the protoplasm, The fate of

the cetrosomes after division is obscure,and I cannot séy whether they
- are incorporated in the dadghter -karyosomes, or whetﬁer they disappear or
J lie on the membrane, The divisiom of the protoplasmic body is very character-
istic,., There is no longitudinal splitting of the pareht-orgenism s bul he young
'sﬁecimen is really as it were pushed off { or grows off ) at the posterior

end ( fig 3§ ) and the divieion is practically transverse, The two organisms

m

never swing out so as to be arranged kinetonucleus to kinetonucleus,as occurs
in many trypanosome-diwisions . This behaviour is very constant ; the young
individual is usually somewhat smaller than the parent.

When slender forms ( figs 5€,$7ﬁ 57) which constitute the regular
proventriculus type come to be developed ( this occurs any time after the 1Cth
' to 15th day) they arise quite gradu&lly from the broader forms and thers is

only one point of importance in which they differ fr.om their predecessors.

{figs. 36~ 37 ) The body is long and slender , the protoplasm very finely

‘ Qﬁnular end much less dense then in the broader forms, but the salient feature
is the trophonucleus which shows an interesting change.v The karyosome has
Yecome very much smaller and the nuclear membrane has become much more marked
wmd stains deeply,suggesting that it carries some quantity of chromatin; the
ine rays can rarely be distinguished, but there are some indicstions that they

: s \ anti of chro-
Yeverthelesc persist, There seems to be a reductlon in the quantity
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matic material in the whole nucleus, but it is impossible to say whether this

is merely in relation to the lesser quantity of protoplasm or whether it is
some sort of a nuclear preparation for the subsequent development in the snli-
vary glahds.'Division takes place in fairly slender individuals (fig [24 )

but seems to be inhibited in types such as those shown in figs 35*‘4?

The infection as a whole generally develppes in the hinder intestine or the
posterior part of the middle intestine.v I have never found trypanosomes really
established in the'rectum. The infection literally grows forward by sheer force
of multiplication t&ll it fills the whole of the middle and hinder intestine
and the posterior part of the anterior intestine, The anterior portion of the
anterior intestine and +the proventriculus show {he typical long slender
forms ( figs3{+37 ) described in the preceeding paragraph, and are not in-
vaded till some time»about the middle of the cycle, from the 10th to the 20th XX
day or thereabouts, There seems to be some difficulty in the trypanosomes
reaching ithe proventriculus, and, once arrived there, they maintain themselves
in that situation only so long as the fly is not exposed to too long a fast.

If a fly has digested its meal and there is any considerable interval before
the next is obtained, the trypanosomes ebb backwards to the posterior part of
the anterior intestine and only gradually reeapture their position again,
If, however ; the new blood is taken in while thef trypancsomes are étill in
the proventriculus, they retain their position and are apparently little af-
fected by the influx of fresh blood.

These conditions can basily be observed from a series of simple experi-
ments with boxes of the right age, in shich feedings have been suitably spaced

and their relation to the state of the gut of the positive flies carefully

noted,
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In very numerous infections the trypanoeomes sometimes overflow from the pro-
ventriculus into the crop, and may be found there in considerzble numbers;
they are typical slender proventrisulus types. When injeeted into & clean
monkey they are incapable of producing infection,

' The gut develqpment msy be said to culminete in the slender proventricular
1ypes Thg hinder and middle regi%; of the intestiﬁe right up to the death of
tﬁe fly present a medley of multiplying forms differing little from thaese
produced during the first 12 days. Ther dces nct appear to be much,if zny
multiplication among the very slender indiyiduals, and the hinder and middle
intestine seem to serve as a reservoir from vhich the more slender types are
being constantly drawm,

"In many trypanosomes ; notebly those of fish and reptiles,this slender
form id the last phase of the development ifitdC in the invertebrate , but this
is not the case in T, gambiense, An essential development differing Wery
markedly from that carried cn in the gut still remeins to be gone through in
the saliwary glends, Before, however, leaving‘the gut cycle it is necessary to
consider two very importent points: (a) the meaning of certair curious mul-
tiple and non-flagellate forms found in the gut from about the Sth to the 12th
day; and (b) the question as tovwhether conjugation has teken place at eny
period in the gut cycle just sketched,

(2) In live preparations of the gut there mey occasionzlly be seen confused
motile forms witﬁ several flagella; others &re somewhat amoeboid, and the
flagella are more or less adherent to the prtoplasm‘; others have no flagella

et all and are quiescent; and still others ere obviously wriggling masses of

' half fused trypanosomes, Figs, 4 Y give some of these forms as they

appear in staired preparations. They zlways lie right up against the peritro-

thic membrane, Now, there ie 1ittle doubt from the fact that these forms can be
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seen in live films to be caused by the fusicn of soft rathef unhealthy~looking
trypanosomes under the unfavourable conditions obtaining on the slide,that
meny of these appearances &re cases of degeneration, Nevertheless, this is no
proof that all the multiple individuals are degeneration products ,to be dis-
miswed without further consideration, I have not been sble to get any evidence
that the multiple forms play any progressive part whatscever in the cycle,
They must, however ;always be borne in mind as these appeérances mey afford an
unfortunate mesk, obscuring the Croéess of comjugdtion,. Sometimes in live
films from the early days in the fly cycle, and cccasionally also on films
from the monkey when these were prepared with a little water or with 0.5 %
salt solution, trypanosomes were observed to come iogether from opposite sides
in pakrs so asto overlap about one-third of the body length as in fig, 394 ,
whichwhi ¢h is a freehand sketbb of live individuals, The junction seems super-
ficially to be extraordinaryly close , suggesting fusion even under a high-
power lens, nevertheless the specimens have always come apart agein, the long-
est perlod of apposition observed being 35 minutes, Usually the individuals
are quite similar to one enother ; ‘on one occasion however , in the case of a
3rd day fly ,they showed a slight amount of differentiation , one being rather
more slender than the other, The "male " type ( fig~ 43 ) discussed
earlier in the peper ,was not invokved in any of these cases, in all of which
the trypanosomes were of the same morphological type as that fougd in the
blood of the vertebrete,

This is the sum of the direct evidence from live observations that I have
been able to obtain in the course of more than a year's eerach, and it is

obviously inadequate, The trypanosomes do not live long enough under the

coverslip to give satisfactory oppdrtunities for this kind of observation,

The stdined preparations do not reveal any process of conjugation .
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It must elso be considerd whether amyx whether conjugation might not tske plsce
in the salivary gl#nd. there is no direct evidence of this ,and live observations
are even more hopeléss here than in “he case of the gut, as the tryvanosomes
from the glands are extraordinarily sensitive to the unfavourable conditions of
the slide. As will shortly be seen ,there ere important data for considering

the salivary gland cdevelopment as the really essential part of the whole cycle ,
and it is for phat reason that one mXE¥%¥ is inclined to entertain the idea
zthat the sexuval vrocess might occur in this situation,

(b) Theoretically there is 2 good deal of evidence in: favour of conjugation
- or some qaivalent process occurring during the cycle in the transmitting host,
-The passage through the Glo$sina as a whole see@s to have the same biological
‘significance. There is clear evidence in certain ceases observed here &t Mpumu
---- the case of monkey 199 was cited in this connection in an earlier chapter,
--- that peculiaritids acquired by a strain during its sojourn in a particular
host are eliminated by passage through the fly, whereas these idiosyncrasies

are retained when the strain is jassed directly by injection.,  There cen be

 no doubt thet from a consideration of the life-cycle as a whole the part

‘| passed through in the fly plays a definite and essential role on maintaining

the integrity of the species, quite apart from its being a convenient method of

, -'transmission. |

(3) Stages of T, gambiense in the salivary glands,

The penetration of the trypanosomes into the salivary glands occurs quite
cléafly from the hypopharynx, and the cuccessive stages of the ptocess can be
seen very well in the live state in careful dissections of the glands at the
appropriate periods. An individual trypancsome cannot ,of course , be watehed

‘throuph the process, but the study of 2 good number of flies leaves no doubt

85 to the sequence of devikopment. The ecasiest way to get at the thin duct of
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of the gledds, which is the place vhere the first stages are to be found, is
~ to starve the fiy for two full days , then tc cut off the posterior tip of
the abdomen, snippirg of a slightly larger portion then then is usual for
ordinary dissection,and to pull out the gut without breaking'it off, This
minimises the chence contamination of the gland with the contents of the gut,
If thevglands do not appear, stroke the abdomen gently with the flat of the
needle until they do; ﬁhen the tip of the gland emerges, a single rather
slight stroke of the needle will bring it right out up to the narrow duct,and
the same is done for the other side. The glands are trensferred to a clean
slide wit a drop of normal salt solution or monkey serum; they are transferred
again to a clean slide and exemined. TAEXBHYXIMEXBAXXNXKMAUD MREXKERE

The pulling out of the gland without breaking it is an easily acquired
kneck and should be done under a low-power dissecting microscope.

The slender trypanosomes pass up into the hypopharynx from the proventricu-
lus. The pefiod at wh'ch this happens is in direct correlation with the vigour
and number of the trypanosomes in the fly; and an early infectivity is generally

s character found in a strain which produces many positive flies, These
slender trypenosomes may in rare cases bé seen lying in small numbers ,free in
{the hypopharynx of flieé whoee salivary glends are not yet infected, They
then come back along thé narrow duct of the salivary glends,and can be seen

tthere as slender free-swimming creatures,

The gland as is well :known, is composed of (1) a narrow tubular part,

)

which leads back to (2) a slightly broader cellular part, which in turn leads
to €3) the glandular part where the full width of the organ is attained.
The XX¥XA trypanosomes settle down and attach themselves in the second

part of the gland ,or at the entrance to the third part , the rest of the
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glend being at this stuge quite free from trypanosomes. 4t first they =re
alender foras, which max sway forwerds and backwarde attached by their flagel-
lum to the wall of the gland (figs gl 4 Qs‘i) . Later on they become broud
round-ended , crithidicl flagellates, They multiply, and gradudlly, what with
divisions and ffresh arrivals , finally fill, up large portions of the gland
with flagellates in all stages, from {EAXXENXANXAXVEFFRANEXAMYE tadpole-shaped
crithidias,attached by their {lageklum, to free-swimming trypancsomes, closely
. resembling the blood type. (figs #& 9"40 ) . These trypanosomes are usually
below the average length ,bat not below the minimum measurement of the forms
occurring in the blood, Division takes place among the trypaniform, as well as
among the erithidial parzsites ( figs 47/ $¢ sy YThe cytology of the
gland forms calls for no special notice, except that there seems to be an
increase once more of the amount of chromatin within the nucleus ,and there

is a tendency for the karyosome to increase ih size. This feature of the nucleus
it will be remembered was noted to be reduced in size in the long slender

forms which invade the selivery glends, The occurrence of marked crithidial ,
amd in some cases almost herpetomonad forms is very striking ; they constitute
a‘large proportion of all the gland types. Degenerating individuals are found
in all stained films , but the greét sensitiveness of the trypanosomes to the
process of investigation leads one to imagine that some of these at least

are due to manipulation, Thile the crithidial forms are mostly attached, they

but
"may also be found in the free state,ant it seems probable that they attach

. themselves again,

The fly is , apparently ,already capable of producing an infection in the

vertebrate when only the proximal part of the glend close to the duct shovs

parsites, The Glossina seems to become infective about 2 to © days after the

trypsnosomes invade the gland, but ,as one cannot both dissect and subsequently

observe the hehzviour cf on individual fly,thie time 1s naturally only
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en estimate mede from the diegsection and consideration off a number of only

=

more or les

v

gimilar cases, It aprears clear beyond question that only vhen
the salivery gland shows trypanosomes is the fly infective, Early positive
transmissions are always sccompanied by a rapid virulent iﬁfection in the fly
and an early invasion of the glands. In one case a sakivary gland was found
infected on the 12th day but this is quite exceptional,---on the 15th day
infected galnds are found in rare cases, and e2fter the 20th day they become
the trypanosomes are

increasingly frequent, Once established in the salivary gland the fly remains

infective until its death .,

Cycles of T, nanum and T, pecorum in G, palpalis,

It is interesting to compare the general course of development in T, nanum
and t, pecorum with that of T, gembiense. The count given here is extremely
brief and only the most salient features a re touched upon,

The development of T, nanum &n Glossina palpelis has many points of

———— e .

resemblance with with the condition of affairs in the case of T, gambiense,
The infection sterts in hhe hinder intestine ,and by the 10th day(no material
vas obtained from the very earliest days) numerous trypanosomes are to be found
in the hinder and middle intestine, They show & considerable range of forms,
and have nuclear relafions prectically indentical with those of . gembiense _
(¥108 {[\44). The method of division corresponds in such minute deteil

with that described for T, Bambiense that it is needless to recapitulate the
description. Slender forms begin to be producéd from from the 10th to the

14th day of the cycle onwards,and the proventriculus comes to be inveded

sbout the 20th day, The proventriculas forms,while generally slender ,do not
show such uniformity of type ,nor are they so thread-like ,as in the case of
Moreover the cheracteristic chenges in the nucleus of T, gambiense

T, gembiense.

shovm in figs. 344 %7 never takes place at 81l in the gut forms of 1., nanum,
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tbout the 25th day irypanosomes begin to be found in the proboscis attached to
the labrum, often lying in cluzters, They assume the crithidial condition,

i
meny of them being extreordinarily long and slender bs -8 Ve

I>~'

St
'—‘I

No reliable information wes obtained concerning the nuclear detzil of thesze
types (the drawings are all made from dried preperations stained with Giemcd's
method) ,as it was found that the trypanosomes could not be made to the ccver-
slip in the wet preparations except in veru rare instances, Besides the very long
crithidial types shorter forms such as that shown in fig ¢ § were observed,
also crithidial in tyre. In live preparations, free trypanihform organisims

wre observed , sometimes in the hypopharynx and sometimes in the labrum,

ts in T, gembiense, +the gut forms do nio attach themselves to +he wall

of the alimentary canal , nor are crithidial forms seen in the gut cyele,
The salivary glands a2re never invaded in the case of T. nenum, the proboscis
infection apparently pla¥ing the role of the gland phases in the cycle of

T{Tg#ambiense,

Trypanosoma pecorum develops in G, palpalls , but thecgole is so extra-

ordinarily slow , and the transmiscion si difficult to effect, that it ap-

pears from Dr, Duke's experiments that this fly is at most only a facultative
host at least under {he conditions of temperature etc. bﬁtaining during the
carrying out of this work, For this very reason, the conditions of the cycle
have some points of speciel interest ,as will be seen later on, The course of %
‘the development in the gut resembles that &f T, nanum end T. gambicns

.

multiplication occurs ,and numerous types,varying in length and breadth ,are
formed (FIGS 67U ). The flagellates are more massive snd larger than in
either of the two forms just mentiocned ., The slender forme are produced s usual

after the broad individuals,and are found in association vwith them; the long

forms are extraordinarily zttenuated,and the nuclesr chansesremerked uponm in

the corresponding stages in T, combiense occur here zlso.(fig 7L ).
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The first invesion of the .roventriculus mes observed upon the 45th day of the
n

cyele,end no precboscis-infection wes foud before the 76th dasy , The preboseis

infections were generallt slight,end the ususl difficulties vere experienced

ir getting peeparaticns from this situation, ige. 73 and 74 shew two irdi-

viduals fixed in Sheudinn'e flukd, =nd the nuclear relations recell those of

(9]

the gland-stages of T, gambiense, The malivary glands never beceme infectcd,

The most rekerkeble feature of the cycle of T, gaﬁbiense is the curious
dogble develpment, first in the gut, culminating in the leong slénder forms,ond
then in the salivary glgnds,where the crithidial stege so typical of all trypano=-
gome cycles ig produced, It seems difficult to escape the deduction that the
gut develovment is a somewhal indifferent multiplication , 2 mechanical device
10 enable the trypanosomes to esteblish themselves ir sufficient numbers ir
contact with the salivary fluid ,which ir the fly seeus zlone capable of
stimulating the trypancsomes to that apparently essential reversion to the cri=-

thidial type. In T, pecorum and T, nanun the gut development follows in

all essentialg the scheme ¢f T, gambiense, and here also , zs slready menticned

the proventricular forms ere not infective, While the double nature of the cycle

is perhaps more obvious in T, gambiense than in T, pecorum or T, nanum, the

cases are nevertheless close parallels,' The parsitisﬁ ir the case of 1, gam-
biense is obviously more complete , as .the invasicn of the salivary glands
lends greater permenence and stebility to the apparatus of infection than
the more or less intermittent infection of the proboscis found in T, Eeéorum
and T. nanum,

In accordance with the'foregoing y it may be said that the gut conditions
of G, Ealgalig do not permit of the complete and eséential development of

any of the group of trypenoscmes mentioned in this chapter, So lcne zs the



history to be in reality a double development, In many points my work is also

[4P
parasites are cotebliched in the gut only , their presence is infifferent
and nepligible from the point of view of irfesction This ie very striking in

those rather rare czsses vhere flies infected with T, gambiense mey show

considerable numbers of flagellates as late as the 56th day without the sali-
vary glands being infected, Such flies are inveriably harmless,
It is obvious that much of the foregoing work has been simply to

cerry somewhatl farther the resesrches of Minchin, Roubaud, Bruee , and Kleire,

more especially X¥K¥ of the last two workers. There are no serious discrepan-

cies between the cycle in the fly sketched by Bruce,Hemmerton and Bateman,

€.8

end that described above, except that I consider has alresdy been said , the fly-

in agreement with that of Kleine and Taute , except that I do nct consider

that the “male " forms described by him play any important part &f the cycle,
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the blood type. The péss ge through the crithidial stage is

forms Just pé “The
developmen o 40 five days
before the f d

9. The fly Is never infectivd Try-
panosomes fr ecfed nto a monkev
never produce 1nfec’r10n : ound in the
salivary glands as early as the 16th e yele. An early
infection of th ¥ always preceded by a v/))ﬁ
virulent and rapid gut mfectlon

10. The trvp nosomes ar vall of

in the gut cycle. rithidial s /m‘/ the gut
cycle The trypal 0SOIES are nevey “found in the/bodv cdyity nor

17 The eyc s of hat of
7. gambiensg 1n sho hidial
phase. rithidi € aceurs , 18, v»here the

flagellated atta mhselves. salivary g‘lands are never in-
fected in the case of 7'.\nanum and 7. pecdrum.

DESCRIPTION OF PLATES 2-7.

The figures are all drawn at an approximate magnification of
3,000 diameters, with the aid of the drawing apparatus of Abhé.

Trypanosoma gambiense.

Figs. 1-4.—Trypanosomes from blood of monkey.
»s 5-8.—Division of blood types.
' 9-10.—Trypanosomes in the middle intestine of Glossina,
36-48 hours after ingestion,
,, 11-12.—Division in the middle intestine, 36-48 hours after
ingestion. -
,»  13-15.—TForms from the hinder intestine, 3rd to 4th day of
cycle.
s 16. ——Dlvmlon in the hinder intestine, 3rd to 4th day.
;o 17-19.—Forms from the middle intestine, ")th day
y  R20.—Divigion from bth day.
©,, 21-23.—Multiple forms from the 6th day of cycle 21 is
' obviously a degenerative appearance. :
. 24.—TInvolution form from 6th day.
. 25-29.—Miscellaneous gut forms from the 12th to 20th dav
s 00-85.—Details of d1v1s10n
. 36-37.—Slender proventricular types, final form of the gut
development.
.,  38-39.—8lender forms in middle intestine.
5 39a.—Sketch of live trypanosomes, from slide, from the
middle intestine on the 3rd day.
o 898.—Non-flagellate form from liver smear of Monkey 653,

yd




" Arsenphenylglyein, experiments with, in G. palpalis, 42.

" T, nanum and pecorum, cycles in G. palpalis, 119.

142 Life-history of T. gambrense.

Figs. 40-45.—Early slender forms degenerating in the middle in-
testine; 43 seems to correspond to the ‘‘ male ”’
type of Kleine.

,, 44-45.—Specimens newly arrived in the salivary gland.

,, 46-55.—Typical salivary gland forms; note the crithidial
' condition.

",, 56-57.—Division figures in the salivary gland.

,, 58-60.—Final trypanosome types in the salivary glands,

' probably the infecting form.

T. nanum.

Figs. 61-63.—Gut types from 14th day.
,, 64.—From the proventriculus, 21st to 25th day.
,, 65-68.—From the proboscis, crithidial forms; note length of
65, stained by Giemsa, dry method.

7. pecorum.

“Figs. 69-71.—Gut forms, 43vd to 49th day.
,, T2 —Proventricular type, 104th day.
., 73-74.—Proboscis forms, crithidial types, 76th day.

INDEX.

Antelope as reservoir for 7. gambiense, &, 1, 27, 36, b4, 58.

Biometric method of diagnosing Trypanosomes, 37.

Blood, effect of different kinds on longevity of G. palpalis, 20.

Camel Trypanosome, 37.

Glossina palpalis, effect of different kinds of blood on its longevity, 20.
Stomoxys and T. gumbiense, 89.

Tryp. gallinarum, morphology of, 23 ; — and gambiense in relation to fowls
and ducks, 21. .
T. gambiense and wild Stomoxys, 89 ; —— physiology of in G. palpalis, 13;

polymorphism in blood and exogenous cyele in G. palpalis, 94 recovered
trom Tragelaphus, 27. i

T. pecorum and uniforme, observations on, 30
Trypanosome from British E. Africa showing posterior-nuclear forms, 67.
"Irypanogoms in mammalian host, behaviour of, 111.
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Thne foregoing chapiers have yielded a collection of data which may now be
congidered from a more genersl standpoint,

The genus trypanosoma shows & very high degree of uniformity in its morpho-
logical characters ,only a few species such as T. ESEEEEEBT_departing even
superficially from the general type, The difference between the divergent
species being confined chiefly to the size and bulk pf protoplasm and to
slight differences in the position of the trophonucleus and the kinetonucleus
and the relations of the undulating membrane, The genus comprises only para-
sitic members‘the life being pessed in the grezt majority of cases in the
blood and lymph spaces of a vertebrate host and the alimentary tract of an

" invertebrate which zcts as the trensmitting K¥#X agent.

It is a futile speculation as th whether the vértebrate or the inverte-
brate is the original host of the encestrel monogenetic typee which must have
preceeded the digenetic types of today. Very good caées‘have been put up for
both hypotheses, On the whole the weight of evidence seems to incline towards
the side of the invertebrate,

411l the life~-cycles described in this paper and indeed all knowm cycle of 1
trypanosomes agree 1in one 4point ynamely in the temporary appearsnce XNYENBY
of = herpetomonad or crithidial stage, This appears in the part of the life-
history passed through in the alimentary tract of the invertebrate and is
very clearly a quite fundamental part of the development,

It is difficult to frame an explanation of the herpetomonad and crithidial
stage or to appreciate the significance of this phase in the life—cycle.

It is not a question of mere multiplication as the polymorphic trypanosomes

such as T. gambiense




/43

show &¢n enormous caowmt of division in the gut of the fly without the produc-
tion of these forms, One is temvted 1o consider thet it is & reversion to on
encestral iype, bubt tHXXX +this conceplion doczy not cffcrd any periicular
illuminetion of the guestion, These stages do appear to me 1o arise in the
cycles treated in the foregoing chapters, in response to a chemical of physicel
stimulus, In the épecies transmitted by leeches this stimulus bperates in the
crop or intestine and I consider that in these cases one of the factors at

work is certainly the lowering of the gsmotic rressure of the fluid surrounding
the trypanosomes,

In ellY +he trypanosomes normelly transmitted by €lossina pelpelis the

hdrpetomonad and crithidisl phases are passed through in the salivary fluid,

T, gambiense goes through a prolonged end very prolific period of multipli-

estion in the gut and them on invading the selivary glands goés through the

herpetomonzd development, T, pecorum znd T, nanum likewise multiply actively
in the ~ut and then oXX¥¥¥4AY settle in the proboscis where bathed in the

salivary fluid, they undergo thks part of the development, T, uniforme and T,

vivax which are also transmitted by Glossina species cut out the indifferent
multiplication in the gut altogether and proceed directly with the herreto-
monad phaseé ,attzching themselwes X in the proboscis and never inveding
either the gut or the salivary glands, INXEN

In this connection it is interesting to note that T. gambiense vill
multiply and show the slight morrhologicel alterations characteristic of the
early gut stages in the crop where the conditions are such that no visible chenge
takes place in the appearance of the bhoqd -corpuscles ingested, The blood
can be retained in thé crop.for meny days without suffering any chamge in
shape or appearance of the corpuscles which implies that the osmotic pressure
must corréspgnd to that of the blood streem, Whatever the conditions of the gut

may be in regard to the esmotic pressur¢the crop furnishes evidence that the



mere multiplication of these tryvenosome phases is not dependent on XHE a
change in these conditions, Tae salivary fludd of the [ly evokes the herpe
mongd and crinidial phase and ouc ls naturelly tempted 10 concider that itne

surface tension of this fluid is different from that contained in the gutl

and that the striking change in the behaviour is at least in part connected

i

‘with this..I hzve however no knowledge of the zctuzl physical pruparties o
the salivary fluid in Glossina and the vhole question pemains for thepresent
a matter of speculation, ﬁ

This herpetomonad serieé of changes is the great common feature in all the
cycles;vit is an essentisl development and until it has been passéd through ,
the trypanosomés sre not ripe for passage back into the blood stream of the
vertebrzte , & modification of this slatement ie however necessary in the
case of T. lewisi where the crithidial phase is itself infective., It may
be noted in passing that the direct subcutanecus and intramuscﬁlar injection of
herpetdmonad and crithidial phases from cultures of T; lekei into rats will
produce excellent infections. T have also found that as a rule from about the
5tn or 6tn day on the cultures cease to croduce infections when>injected until

the
'the_herpetomonad and crithidial phases appear. UNAEF  REATXEXRAX XIS UR LT UREY.
YKTEKATXHERAXAUFEHEY  This happens ,under the conditions of culture which I
used ,about the 16th o the 20th day. Successful cultures are in‘my experience
swarming with nerpetomonad and crithiaial types about the 2lst day,and are
highly infsctive. In prectice T, lewisi  strains are best maintained in labora=-
tory infections (in the absence of transmission by faas) by altermating from
the culture tube to the blood of the rat. Direct propagation by syringé from
rat 1i rat is often very unsertain .
Tt is to this herpetomonad and crithidial development that T am inclined

- 4o ettribute the stabilizing effect of the passage through the natural inver-

tebrate host.
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In spite of the very intercsiing differénces in the order and sequence of
events in the diffcrent groups of trysonoscmes some of vhict are clear zdap-
ztions tc the conditions of 11 the poarticular two hosts, the zzin broad
features of the cycles of ihe vhcle genus ghows a fundsmentzl unity of pro-
ceddure, The differences of behaviocur in the various groups ars never thneless
stable_arresting features which can be used as & very good means of dividing
the genus intc groups. The cuestion of species is however a matter of the
greatest difficulty, The current methods of dealing with the nomsnclature
eree in the creation of far too many species, There is for instznce no zoo~
logical reason for brezking up the trypancsomes of fresh-watef fishes into

many species, The polymorphic tryvanosomes of man and domestic animals are

habitually divid{ed into such species as T, gambiense,T, rhodesiense ,T,brucei

etc, these show difference cof wirulence and of behaviour but there zre no
sound zoological grounds in the morphology &f these types %o divide them into
different species, The life-cycles show slichl distinctions in rapidity and
vigour of development but no single point of significant dissgreement occurs,

g
This labile character and the t?dency to form strains are pretty EX¥X

clearly due to the high degree of adaptibility and the great capacity for
multiplication;i.e. the large number of generafions rum through in a veryvshort
time., The study of the recidives sheds additional light on this., The resistance
put up by the host is a very important feature , There is a constant and re=-
peated elimination and destruction‘going on and the successive recidives are
produced by the repid multiplication of the individuals selscted by the capaci-
ty for surviving the adverse gonditions set up AUXIA¥ by the various protec-
tive reactions of the host, such as the production of immune body ,risé of
temperature and so on., In dhe end stages of trypanosomiasis in a host with

some capacity of resistance ,as for instance, T, gambiense in monkeygor T,



pecorum  in cattle , = very inmteresting stete of cffeirs ig produced . 1he
trypancsomes wre feo in aushor wmd neld in chkek by tne resction of the host

-—= the host hawever is profoundly intoxlcated ,is quite unable to eliménate
the infection and ultimatelﬁ‘dies. "he behaviour of a virvlent strain of

,for instence, T, brucei on artificial passage through unresistent laboratory
animals like rats, shows =n astounding end continuous capacity for multipli-
cation, we are thus justified in assuming ,certainly in these polymorphic tryp-
anosomes , that where the multiplication is checked and numbers are persis-
tenetly low the inhibiting factor is the active resistence of the host.

Tt seems a2t first sight difficult to determine vhether the low nunber
found in meny apperently non-pathogenic trypanosomeﬂ infections ,is due to the
resistence of the host or to a low capacity for multiplication od the part
of the parasite. The evidence at rresent is in favour of the low numbers being
due at least to a very considerzble extent to theff reaction of the host,

A very interesting light was thrown upon this question by some slides
kindly sent HEXM¥ to the Mpumu labéaratory from the veterinary departmsnt in
Nairobi, There is a very large non-pathogenic trypanosome‘present in the blood
of cattle in East Africa --- probably identical With T. th;&leri found in South
Africa-- it produces no symptoms of disease and is very scarce in the blood, s
go scarce that ordinary inspection of the blood with the microscope is no
criterion of the.presence or absence &f the infection,

Duribg the production of immune serum by the inoculation of the
virus-bearing blood of animals infected with Rinder-pest into normal susceptibie
cattle , there was produced a swarming infection with T, t theileri in the blood
of one of the bullocks used, There were as many &S three or four Tryranosomes
to @ field .on the film taken. This condition of affairs had arisen by the arti~

)

figiel passuge of thetrype nosoaes ubder conditions which would cause & Q18-

j-1e

)

tugbance of th e natural resistence of the cottle,
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Tae nwresense of the Rinderpest vitus hed altered the capacity for resistance

cn the part of the host cnd the porassife vaurlly
multiply in the manner noted,

 On another occasion somewhaet similar evidence presented itself in connection wit h
this same sﬁecies. T had examined the blood of taree Uganda bullocks which
happened to be grazed nsar my laboraieoy on Kempele ,every few deyc for many
weéks . I had on one or two occasions found the large trypancsome in the

blood of one of the animels ., The flzsgellate wes very scarce and it wasz &

pure mattér of chance thet I h 4 ever seen it at 211, even'is king into account
the large number of examinations m&de. The bullocks developed foot znd mouth
disense and the trypancsome was readily found on every examination implying =
very great increase in the number of perasites present.vHere the appearznce

of snother disease altered the conditions in the bullock in favour of the
trypanosome,

From these twp cages one ig inclined to conclude that even in the non-
pathogenic trypanosoniasks where the humbers of parasites are low this condition
is brought about by the sctive ree .cticn of the host.

Tn conclusion it may be rémasked that trypenosomes efford

) &
some of the best examples of the perfect adeptaion to the paq@itic hebit of
life, The vast majority of trypanoséme species carry on a most successful
existence the two hosts at whose expemse they live sufferirg no serious damage.
8o perfect is this zdjustment iﬁ meny cases that the presence ¢f the flagellate
has been dlffmcult to demonstrate and yet th species persists in a flcurishing
and prosperous condition, Cne of the best instemces is the trypsnosome of
the cheep,--- this is an almost universel parasite in Englond, The flagellate
/\/\, 3

was first found in the alimentary canal of the sheep-ked ( Melaphegg )

which is the transmitting host. Tt was considered to be purely a parasite of



e 8

& munogenelic insectan inflect-

icn, VWoodcoek firct zov the tryponsccme in the bleod of +the sheep &nd nov
Ritchie has demonsimated that it is an eimost univers: 1 parasite in healthy

sheep in this ccuntry,
Even the highly vathogenic trypenosomes owe this guality to some distur-

bance of the netural economy of the species, T, gambiense vhich  in Eeot

Africe is Thighly pathogenic to man, causes no disturbance to the healthy of
the antelope which is ite notural host. T. pecorum which causesg such heavy
losses in cettle is likevwiss perfectly harmless to antelope, Trypznosomes

are @ late end very X¥¥RIRAXVEANWPXEY  perfectly adjusted example of the

of the oprortunist method of the successful parasite, The alresdy existing
balance of conditions obtaining between tﬁe blood-sucking insect and #ts
vertebrate host hes been made use of by the protozoan genué without the sacri-

fice of edther of the metazoan protagonists,
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