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In General Older No. ;ii)o. Headquarters Division of the Philip-
pines, dated December 11, 1901, in addition to a republication of
Smith and Kinyoun's preliminary aote, aTe SOUK' additional no

Smith, in which he stati a tin to be identical with the well-
known '"suita adia and Burnmh. The mode of kfectio]
unknown, MIT the parasite is probably introduced through the

-ome suctorial ine&t, such as the lly or moeqnii u> animals
were generally killed upon the supposition that they hud giand<

Sniitl .a horses suffering from ti>

shoal at least half a mile from
thy animals, and that the blood of all sui r glanders be

mined before makis ion for di T!
was a serious mistake, and particularly so at a fchne when the epi-

mparatively limited. It would ha far better to
'tumui'd to kill these anin- . or vh
irompti tick
4 Sii- i' half a mil' vvhith wore healthy
was nut ;i pra lure and could not but result in e
tishing new foci of infection.

In a . [ transmittal, published in Bulletin Nla iv. Bureau

Lnixoal Lnduetry, Department of Agriculture, fcfarch 29, 1.902,
o 'ie i ant veterinarian. i of Health, Manila, men-
tions a "ii' in the Philippic during

L 1L - Iin the hi,
laboratory of th- if Thalth.
'he the leti pub-
d in the teview, N< « S5Tork, -
In Bulletin No. 42, Bureau of \ I Indus! - “bnon a
Sti). Kinyonn as folli - 1 wiiai I can leam ft
sibuted all over Luzon and lius 1,
there Tor many y> know wti. 1y from.
not think it came f i { - I in
rag, whwe a conaidCTable Bomber of artillery 1. . . ir-

lii eonin® | | upon the above i1 /1! | =
and Stiles write tit;* ml from
r. Kinvoun. the dift ' - Ir.
loni diaeaae in \! i
tli« ni o jrra in the Philippine blandc y say:

Hur inforn " mila :> ooi yei sufficientl® detailed



enable Of to judge with certainty wh il rarra luis existed many

WIL-IIHT it was recently introduced IF it has been

dilv introduced, it seema wn i*Mble, EHUD our present incom-

plete data, that, n arried to China by the English tn om
[ndia, and th;it <wur troops carried it from China to the Pisilippil

* % From present accessible data, it does not seem to _

liivlv established that the d mentioned ting “
previoti nature."

Turn', in American Medicine, March i'>-j, writes thai much
to his surprise he found surra parasites in the Mood of two earabao.
One o animals wii* Buffering at ii with an injured leg.
luit nothi rabaequeni

animals iarks upon the epidemic of rinder-
D cattle and carabao in the Philippine Islands, I
erv probable that the cattle epidemic is surra and not rip/
ai ! inong horses and mules had its origin f:
i ~n frler otin
ireful urn <>n fails to gi. in
eport of Curry's eonelu- first place, rinderpest anil
osomiasis have practical.ly notliin*i in common. From a < lini-
ndpoint, they ha® mptoroa illy
tlis" that \\ couhl
That rinder; irra 1s th- which has
in these island* dui
: amply dem
proved by tl entive nn of in* n have
ed rind. from certain s of the count]
daily ! animals at -~ ruin Laboi
hi adow of a doubt. The HonorabU' Civil Commission are
a proposed law mak ipulsorv the inoc
gainst rinderpest of all %d ear, irted u

Ir il a veil-known anosomiasis is found in
buffaloes, ould be nothing surprising in its oceur-
rtne<- in carabao. S# . i >wever, as the Phili]

I it is ngly rare in these animals, for in the exam-
ination of a considerable number of cattle und caru'

k and \tending over a period of six n o para-
have not been found, and none of tl i+ ave shown symp-

<f trypanosomiasis. It must be remem hat our v
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was commenced in September of la’t year, toward the close of the
tain] - ©+:M, and has been continued through the cool and dry
weather. It is not unlikely that we may find Bome i trypano-

tn bovinea when the next wet season begins, especially it'
sean-h is made in animals- with exposed woun!

Jn American Medicine, Julj n>. L1902, Currj write.-: "l am
imable to give accurate Sgurea as to the number of animals de-
stroyed bi this disease, which in certain places has been a veritable
plague. Among horses and mules of the Quartermaster's Depart-
ment and the cavalry horses, considerably over 2,000 animals have
died during the pasi six months, from July 1 to December 31, 1901,
the largeel percentage from surra, In the Provinces of the Cama-
rines an<l Alhay the-lose among native ponies has been v*:

Some pueblos in these provinces are now practically withoui hoi -
or carabao. Thousands o< ponies have died in £hia section of the
dand alone."

The writmga relating to trypanoeomiaaifl in the Philippine
Islands have been reviewed somewhat in detail because some of this
work is confusing and uncertain, and teavea the question of priority
in thr discovery of the disease here in an unsatisfactory state.
There can he no question thai Dr. J. W. Jobling, Director of the
Serum Laboratory, was the firs! to observe the paiw-i1 in tin'
blood of horses in the Philippine Islands. Smith and Kinvonn men-
tion this fact in their preliminary report and Dr. Kinyoun further
corroborates this in a letter to Salmon and Stiles, Veterinary Sur-
geon 8 K the specimen of blood to the laboratory for examina-
tion, as stated in his report mentioned above, but he dm* not
lention Dr. Jobling as having made t''+ *irnination.

In " conversation, >r. Jobling informs as thai on 0

sr 1.\ 1901, Dr. Slee brought him a specimen of blood from a
horse to examine, and that he found numerous para ' - « ith which
he was not familiar. While looking up the literature, !er- - ith
and Kinvoun i into the laboratory, looked into the focus
miiT o sked him what he had. He told them that he had
nor \ct determined: thai it was hi/r=' = blood containing p;.:
unknown to him. Dr. Jobling did not then publish anything in

t_ rd to the parasite or the die«#= . 'snd lias ool *+ “t done so.

days later, Smith and Kinvonn wrote their preliminary note,
Wi r.
whi- ddished ag mentioned above This communleatlon,
he insccuncies, in the descriptioa both of I
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disease and of the pan'*''*. #itd had it not been followed later ;,
mo»e completeand acraiatework ..f ,,ihx . doubtful
T ""eol»'"""" writera would have considered the article in ¢
Ah ' of thequestion of priority in the i trypanos
mia "~ " """ Philippine Island,, and even now no accurat.
don oi i!" """ -ite found in this country has been given Under
description of the disease, Smith and Kinj 1 thai impair-
' »* appetite '/ tipation and fever of mi > to: ., U
symptoms; thai it may terminate fatally or by alov .
thai the mortality in American hora . v P¥lin
at postmortem H m art* pale hs ,nnal in appear-
«K*. In th. " ription of the parasite, th. . .. thai a i, .1 wnh-j_
like worm, having mud' '/ ¥ , fericbocephahiB dispar
It»-14 micTons in length; thai the Deck ,.ly half its length”
tapering gradually to a point representing the mouth ( ;

Veterinary Di- S''* - /i a ription of the diseasej while very brief
and containing errors, is more accurate than tha: Smith and
Kinyoun. but his description of the parasite, as th. Smith and
Kinvonn, is certain):

In discussing the histon i '/:B oountrv, one

<Of Hie tir.-t qi '+ be decided is whether fh< :
duced during 1901,1 = ‘+it- in ifhich it was discovered, or vhe& .
it bad existed In - | thai time. The most careful and search-
ing i»vestigal /"' 1110 T8 “to« anv tangible .
hei® before May € . jnpe. LIOL During i & the vargv
' """, the blood of m'"" 'k and healthy U.
winy Pathological T+ iio 5 M
grave, a> a tnai'" routine, acd had okd been pre o
: o[ m :tl! probability ha -- bl F< o -,
\ ! atwerting ;
EEMIT T B i 11 that °
not | , % 10T : i
nported from Chiaa, a rurnt - "
F n I scra in China. if [ TCMTT » fuilv »>H)r
Wilind in the preseni investigmtion. ¢ [8 hardlv
» readily tranamisi ‘ouM pass through a
D IR s A8 =B time a theater of war, where tho,.., . of
hones of many nmatk "= wor gt wethout Lo pidearlic

in us wake. The .Jisoase }ias nor

LT eF
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China; animals coin ;. ‘1o re from Chinese ports show no infection,
ami we are assured by several competent authorities that the disease
inpiui" sis is not known thi

Since we are satisfied that tnpanoson -« lid noi IB the
Philippine Islands prior to Ma> or June, 1.901, and also thai it did
not thru i irist, nor Im> Li existed in China, we should naturally
expeci to find its admission into these l.-lan-U through animals
coming from some infected port.

Through the Custom Bouse authorities and Vet-
erinary Surgeon Richards of the Insular Board of Health, we have
obtained the d arrival, point of embarkation, consign*

Dumber and kind of animaU t d into this country during the
>ix months immediately preceding the first recognized
trpanoaomiasis. The subsequent-history of eael mimals
was tn: iiniii-' any possible connection
with the epidemic
A lot of circus animals, of the usual variety arrived here on
Man-li : from Singapore, having been a month in Hongkong, and
remained in I ty for about a - N epidemic followed
in Hongkong, and they could not tie connected with the epidemic
. but realising that they had been in infected ports, anil that
some wild animals may harbor tin- trypani »ly Tor
-. without serious incoo , the possil
ion between this circus and tin- epidemic h. arefully
studied. Win - in Hongkong, the weather was too mid
for  flies ' about in any numbers, so that no » ' feion can IK*
traced n animals from t nntry and the subsequent
infection in the Philippin*
During May. 1901, there were received from Australian

horses, a number of which were ma< ses, and
some of them were sen™ say race track in Uanila. One of the
seven horses received on May 4 was ill at the time of landing and
subsequently died of what is now illy known in th ands
a- "eMirra." The next animal known
horse stabled on Calle IThi TJli, which had been on Hi !'n-1 track,
and which was taken ill during the latter part of May,. 1901. \
nd and third horse in 11w lea and anotb oled at the

and died; one of these horses for
led in Malatc district and
rra] in o] ‘!« lila. About thia time the



appeared among the cavalry horses at |’ across
the sinti from the race track), in (he pony corral, and in si
in Malate near those in which the sick hoiae had been placed and

;ilso where some other race ho? re stabled. From tin
th< tion spread rapidly, and through shipment of animate v
sunn transferred io large areas of the counts
The annual report I*. Humphrey. Chief Quarter-
master, Division of the Philippines, for the fiscal year ending Jane
30, 1902, thai 3,693 animal* died or wei of
di> . - and that glanders and "surra" m-
Lefor D tlie h&voe. in answer to a h-iier asking for infor-

mation. Colonel Humphrey writes thai L305 horses and 672 mv
died or were killed on account of "surra," glanders, and other dia-

during the calender year 1901, aini 8,318 horses and i,
mules during 1902, OT a tot

ttrs, T] t muni, trrpanoflomiask in this lot is
s * bui ii is certainly arge. No accurat
obtainable giving the losses among of the Civil Govern-
ed and of private p< but enough is known I
tin o iv hern viilne
of ] . nothing of I iiect on itt-
Ing from their death, wonlId not be less thai: = 00.

MODES OF TRANSMISSION AND INFECTION.

. e tiniasis is a Mound
I me in e with a wounded

sip-/ it her skin or mvu e« and when thea
in. tils are Fulfilled, no matter how. in susceptible ami lis-
A\ study of ii"* modes of tion, th
in a study of the practical metho - which infection?
material 1
Ititimj flies h n, for flge-S considered a means of tranpints-
sipn'of i Africa and in i '
Ind i i : rl of nearly all
' ' than ftft}
Al e
ntehi \ India. South America, and other couni’
and th- onfirmed in the

ho Philippi A
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The period during which Hie- are capable of transmitting the
disease after feeding on infected blood appear? to be lew than
forty-eight hour*. After this time trypanosoma hare rarely bees
found in their body jui c:s* iumade from them and injected
intjt susceptible animals have not produced the > .- ; and direct
biting experiments with them have be : Lhis seemis
demonstni acraaively i%o things: 'That the action of the fly
mechanical, and that the fly dors not a.' ++ 11 intermediate host for
the tryp&noaoma. This point lias an important bearing upon
methods of prevention in the spread of the <li- = its will be shown
when thai part of tin- SUJ

The conclusion that biting flies n<-\ simply as agents in the
mechanical transii-ciim Of < - as to regard all hiting
insects a* dangerous. Even the common house ly, which 0A
bite, must he placed under ban, for in case of abrasion or oth::
wounds on infected animals, ami where healthy animals, also with
abrasions, are in close proximity, the house fly ran earn the mf

il on its legs from one wound to the other, just as it is known to

carry the germ- o' ! rphoid fever, dysentery, cholera, and otli
diseases from dejections and other infected sultsun our food
and drink.

\ varying percentage of rats are known to harbor a trypanosoma
somewhat resembling the one found in the horse, and it has been
conclusively shown in the preseni ii ation that a certain num-
ber of rats in Manila harbor the same trypamosoma which cans -
the disease in other animals. Tin-.- puar- have hem deter-
mined both morphologically and in their pathogenic netion to K>
identical with the parasite eausii : - “olasis in I

Lingard claimed that some of the rat trypanosoma of India w\:
pathogenic for the hone, >ut we are tempted to think that some of

his rat> wen infected with Trypanot ugh he does not
. >nie of those in Manila. This explanation would

ar up some of the confoai] : r i It- arrived at by due author in
nit trvpanosoniiasis. and if true, would also add signiti-

. the discovery tiii@ ¢ inimals in Manila occasionally
harbor womaraidna, 10 » also muk> '+ probable the
thi <o -tion that thi-+ i=cnse Lovirard thought transmitted by r

cuoret* in iimti) fed to horses was in reality transmitted by ii -
from rats in! - vith Trgpanotoma
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In this preliminary report, but one of our many feeding <xp
mente n HI be given.

Sionb i—healthy adult male monkey—waa isolated, fcem-

ratuie taken and blood examined daily for a week. The tempera-
hire remained normal and the blood negative for trypanoaoma.

Alter twelve hours' fasting, he wa ks on
oked rice (the usual diet) i with freah, warm virulent
blood, rich in tryjtii a from different animal*, al d | ed-
ings. On two occasion® o drink infected blood in
eafc potassium citrate solution, in which the fcryanoaoma U

longer than in any other known solntioi ide of the body.
ml of six weeks;j, animal was apparently in good

health, temperature had remained normal, and the blood free from
-.  hi nrdn- absolutely to exclude the '
s drop of hia blood waa infected BabeutaneOBaly into another
monkey, which reman I and was afterwaa ta-
ble. During the feeding, the infected rice would often be stored in
his chops ami remain there for 1
be animal not infected at the end of six weeki

small scratch was made in the im f the mouth and he v.
in fed as before. e disease developed on the fourth
day. as evidenced b ' in temperature and the | if try-
1 in the blood. He ran the regular courst aae
and died on tin* nth day after inoculatit
of mechanical trai -
- The al of a bridle firom a
R-eiallv one witi >re month, and placin. D a healthy
animal: the cha of harness from an inf. nimal with Be
to JI healthy animal or t' j of a curry
nil or brofi r an injured t?ui ' k animal and th<
ilth\ one with an injnr e kind.

The maiv . tation of an epid a in
any country TV important point in © - ' revention
and eradica

By tli' nature of pa; =+ and of paras LA ron-

know that unless the disease is matiinto
must have a natural host, or there must be a stage in its llfe
in ..+t for an indefinite period outside the
tion will .
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The part thar rata play in perpetuating an epidemic hal
l'itlty determined, but the feet that at \ii'- lirae, in the middle
of the dry - a considerable number of these animals are found
to be Infected, and with the knowledge before n+ that the infection
»y be trasBmitted from one ni to another by fleas, which are
numerous on rats at aj the year, makes it probable that
these animals play ¢ rerj important part in perpetuating the
'infection in the Philippine [elands and in other countri

II- , 1 far as the city of Manila is concerned, it do.
appear necessary to leave the I<T->- family in discover how the
infection is perpetuated. Now. g the dry season, one
tan, almost daily, . sick with surra, driven along the

t>. and biting Hies, although not In any means as nnmeroni
as during the tfei Beaaon, are still plentiful enough bo continue tin
in feetion.

The <'\ist o/ an extra-corporeal stage of the trypanosoma,
living on i'nis-- and in water in marshy places, in this staj
taken into the stomach of susceptible animals eating and drinking
In these localities, and from this organ or other part of the anil

lomy j~ _ into the Mood in tin- forme we recognize, is without
sufficient evidence to warrant leration in this paper.

B< - 'Jjeet. however, for a fuller discussion in a
subsequent.paper, it is proper to state that the tryjwnosoma quickly
die under all tried environments outside body of some living

itnre, ainl n» evidence <t their existence in water, on grass, 01

similar plan- ean be advanced. Both water and

1 inoculated with \nvicv aumbers of tryps! 1,1 and have failed
; .s or month.-, when fed to -
ble aninulls, and also when in;] under the skin.
Ifalaria - limilar to try] s in thai both are parasitic

<= and both arc prevalent in low lying, marshy lands and dur-
ing wet weather. Malaria was for ages attributed to the air, the
¢ ese marshes, and it took \« " make the public
understand that all these r<mdir - harmless in prodw
provided I b is protocbis m the hit. wiuitoes, so
prevalent in 1 - Lius.
Ice tin' epidemic of trypa - hfanila, At tin' time of
or soine time afterwards, it was confined to tL:
The Wil riveii th!  Inklis s the san(' which
had been fvd for rears, and no di- - =i hod.
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toe-disease. . Similar eonditiona are found - '°"""-e in
L L T -liown that infected , ' :
"e jnrtaa .langerou, to horses provided with dry food anT™
wrter while w through thejn as th,v are :
"II 111,, spot
»1 »shown by a ma rerafluitann
I taken to a n..« place becomes a focus for the spread 02 tho

<** provided 1,iti,,g Hies ey - 110 matter
“,yordry. AU animals in mar«hy ptae, do not
‘e o although th,, drink the same Bl e T

ooy

It ' poaaible to dotroy , ifected animal ii,
pin, [land. ,,,,| to pr'“! "be remaining ones from hifect®
<<» 1t hours, then, would never be an, JI8¢ of ~sslrrses
ol UL 5y05lsess 55 seseese iNEreduo »» fron> an jnf
olitv. The -unecoBditior-ezweng before it. introduction .
te rvi.rod.enl and ammals could go on eating gr«a. and drinkine

''m, 1, " .nding "floods, inundation %
Bltlng ﬂ ! 1I18ects woul:- - - - - [1a 9
ke “iHal for th™, t,, feed upon
~"f coarae, ,11 i ‘| ~ni.7als can not be datroved at once but
¢ -" bo don- ,-raduall’. wuil the same result accoL- . , . '

Aould b, our mrthod of warfare aga.nst the diseaae, it . .
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time to iK”"in, before the rains again batch out millions of
flies rapidly to increase the number of cases. During the present

dry weather, while comparative!; - ten stematic exam-
ination of all animals and the destruction of those found infected
would prevent a gread increase of tin which, without some
Budh effort. 1> sure to reappear with t] on of 1'

Jr is not |inssil)!r. front ;i practical standpoint, to destroy all flies,
and were it possihle. it is much easier ami simpler to render the

- harmless by destroying the sources ®f i | il
horse is less than worthless, for he 1? sure to die and to preserve him
1> itotli a wast id and a mena ther animals.

There is another point in this connection which already adds
materially to the seriousness of the situation, and Hue is the fact,
already mentioned in this report, that a certain number - f the
"Manila nits" are infected with the trypanosoma of the horse epi-
demic” .lust what part these little pests ;IJV u™inj* to play toward
perpetuating the epidemic- and in the spread »f the disease in
horsrs U difficult to foresee The question is stilt under study and
will be more fully considered in the completed report The dc-truc-
tion of nils in Manila unt <>f hnhonie plague will probably

omplisfa the additional recall of lessening the sources of infection
for surra.

SYMPTOMS AND DIAGNOSIS.

Daring the incubation period, i. e.. the time between the date .,
infection and the rise of temperature with the appearance of the
parasites in the blood, there an mptoms of moment

In experimental animals, jifter four to six days of ineuhation.
and in naturally contracted cases, after an unknown period, which
is. however, in all probability tin' - ;ts with experimental ones,
the temperature rises and trvpanosonia appear in the Muo
Further than slight symptoms, as thirst and gome dejection, then
are usually no other marked symptoms of illness for several da

The course of the fever is neither regular not “imt; it may
riso rapidly to 40' ('. or more and become remittent or even inter-
mittent from the start. More often it remains abon "< . from one
to throe days, aad then becomes remittent, or less frequently, inter-
mittent; toward the end of the disease, t' ‘r'nperatui -~ '“:om
more ' at, being n 't and ranging from ¥ to 40.5%
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diagnosis. Later on, I week to ten days after dkK* initial ria

temperature and depending Bomewhat upon the rapidity of the

comae, a positive diagno?i> ran readily IK: made by a simple in:-

tion. The fever, anemia, beginning edema, pn emaciation

ami general appearance of the animal make a characteristic picture.

Finally, when tin - , 3> diagnosis Ij made nt
oe distance from the animal.

In this country, with the <k- onatantlv present, and where
earl; diagnosis is of so much importance in the interest of healthy
animals, a hone's blood should be examined mi

rise of temperature ifl noticed. The parasiti usually

id in fairly large numbers when the animal has temperature;

Q rlic uvtl established, they are almost constantly

sufficient quantity to render easy a microscopic di

1 oo © uries considerably, being from two to >i\ or eighi

newhat Longer in mules. Complications are

rA\ frequent in this country- Broncho-pneumonia aion-

alh ed, and venous thrombi netimea occurs. [Jnderoar

lion them en two horses in which glanders and

trypanosomiasis fced.

otrary to the Btatementz wme writera apon th<- Bubject, in

=country, the invariable fatal in the

PREVENTIVE MEASURES.

1. Prevention of reinfection of the country by proper quarantine

law

BSradication of fch< - nt infection o -th'eient
Banitary regulations.
*] that the methoda to 1" ibed ai able

idopted, will prove gufficteni to control the epidemic
atually to eradicate it from the country, but to gire Uu
suHi work should be begun at onee, during the dry season, while
tbe cas 'mparntivt'h rare and before the w
with ' LI increase in the number of biting flies and I
<|uent spread of infection.
d vigorous ne«: n the
peared in this country in 1901, there would not fa
mie. and -MUS. >, troper procedure follower] per-
itentlv. ili« Hilds T ated from tl



hou no more efficient course is adopted than the uw in use

now. tin- discus,, will go on spreading until the who

ofry 1s

involved and the epidemic becomes perpetuated, as it has been in
Africa, South America, India, and other countri

is an all-important 01

perative that fa !

slaters. Withoul

a (as I, so well df?

snlrv> ;IM@GI n

authority, municipal sanii
-) mustalwaye |an

\\ith tike authority given by proper ordinances, a d

panosonii;
filially ci
Abhold.

In

100ld I
- from any eountrv in which it I

[varantine teg
of trypanosomitais into a non-ii
justiSable procedure would be to forbid the em

trolled fro 3

against the introdu.
country, a safe hut hardly
animals

in an infected port, as was so promptly done by I

H against the Philippin
r(T' B hirtc_

Wheflier our hom

ds when thi
in enfonses the same

laws against all others infected with trypanosomiasis an

11 animals which h.

shipped to America from non-infected poi
uarantine laws, be i

iooowl
»' SlJ. tiler*- still rema

forces other than quarantine laws which pn

n in infected countries bi
srithoui
-anting tl
for stating that there mue
the introduetio

iato the 1 Wild aninu circu»
an r purposes are certainly admitted in considi
from inf« ypl 1o - MR A
of these animals barix without ii o
introduction
e irantine laws, bat other
eiitnre. i ln<1
rying H bly ]da
the die
e PhiHppi
(ar «16 l'ned, then
«ssary to prevent i
virgin country. It would ha- &

Philippine [slands with e

tbeiaMuci
kent (1i
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trous results by the enforcement of proper quarantine regulations
without actually prohibiting the importation of animals. Thai this
was not done is owing to the fact that the disease was not recognized
until after its introduction mid to our inexperience in denims with
tropical conditions, but it would appear in place to sound a not*
warning to other count: | specially thpee within tl .graphic-
ally infected zone, and which are as yet without the disease. It is
a question of economic importance Becoxtd to none in a lai a of
1t.- world, and di- the &< at and prompt action of
the sanitary guardians of the public welfare.
oajority of t). immendationa of writers from this and
other countries deal more particularly with the destruction of Hies
Leans of controlling the a >n, which, if a practical proced-
ure; would probably give good «rhap6 in certain
stables and in small localities, this would be absolutely impracticable
as a general method.
TL. mulated evidence of scientific literatim- and the deduc-
tions of our own experiments are so strongly against the theory
food and water are to be con- ! in the transmission of the
no farther consideration will be given it in this
preliminary report.
In dealing with such a widely spread epidemic, the firs: fcial
itiafactory ordina ondly, efficient sanitary officials; and
"'ration between sanitar and others charged with
of the Jsn
It should be the duty of i .- wernment official to rej
siek he obsi 1 the Board of Health, and sanitary in-
-. in making their rounds, should be required to take cog]
siiie in tli

Board of Health any that appear ill.

the report of a sick anima d, the Board of
Health Bhoul at man to i: it. and if it
should immedtat killed and if possible
transferred to a crematory in a fly-proof wagon; if this it not
cable, i - mild be protected from it
four boars, either by a ° a of earth or by a mosquito bar. or in
any other efficient mat \ four
hours d of as ed.
If. ireful examination of a >irk anin

trrpai - ''nl, the animal e “lould be protected



Ay

flies, or, if this can m.i be done, should 1... isolated as far froi

other animali ranined. I
' eFEy% {0 proi liniiil from flies tlia,
This MHV be wscon s: Xhe hoi , bo
placed in alls or comp
material; all may be made BO -lark that few flies will enter;

Unagreeable antiseptic wash may be used for the short time
required; or the horae may be smudged; and finally, where
*We, iU i sy be reinforced by the destruction

n> of the flies in the immediate vicinity.

If a ease of trypanof ccura in or near stables where the
are other horses, they should all I* R
and, where possible, a blood examination should be made. h
JS noi possible, ill* all should be taken and i
el the di- i- having a ¢ 1%
<L Kyt "] treated ;> above deec'riluK,
Those showing no evidence of i m should k> remored i
ofeerstal tied out ai from the inf.

ality. Their fcemperatu taken daily in th-

-. and if an
piciotu animals and tin- juin moved or i
fliea RatB around inf< ' Jivi
the removal of the last case from any stable healthy
ma returned, with no other precautions than those air
in (1.
that in tlcaling wiMi th-
L8 tty, such as i: of Manila L %
permanentlj i rat-tieal m< long.-;
tion is prevalent in “i'i rounding country, but in thi.- vith
its writ organized sanitarj e and with proper precaul
should >porad' during tiu- .
I'l should
1ty : Eror
Health,
g S ' all pri-
of individual horses ar. unend n add
already been said:

A : A *y» *« daytnne, as modi as poati
aifowinga ho] | in a group of other &,

- in front of



uit-m building Borne thirty ax forty horsey and one of them,
bitched ' rablie  carroma I a well-advan< rypano-
st.n. 9 ‘ould such ;i thing happen duri of biting
tion to all would »* very great,
- should be kept Bcrupuloualj clean and wHI ventilated and
and « mid be promptly removed.
\Z & whatc ter on horses should be kept covered
with e suitable ointment & beep off th-- r
proi ided wit: M«]J -tails.
There is no condufi trvpanosomi&i -n-
»'(, of anj danger from allowing hoi drink die *itv u.:!
it food supplied in the Manila mark'
rpon i< B !i>>r-. a competoni observer
ahould be asked I nine the animal.

0









" PRECIMINAE] REPORT fi\ RBIDOTCST OF CATTLE AM) CARABASS IN HE
PHILIPPINE ISLANDS.

B3 ¢ 1MM W. JOBLIKQ, M. 1).. «<»wtor = // firurt | —,

Thie preliminary report is especially intended aa a circular of informa
tion to the catt " and breeders of the Philippine Islands- «vinff
ilH'i1 the Bymptoms, means of prevention, and treatment of rinderpest

. onsequence, scientific discussion and techni | 1o 1nshave {N ¥
avoided wherever possible. T 1 Qv . niment intends to immunize
all ih and carabao now on these lalanda, as well aa those to be
imported. To accomplish the best results, it is Docvecnio. for cai™ic ghi
0 become thoroughly acquainted with the diesaae i

illy cooperate in the work.
In the following, articles writl numenma author hare been eon

Itedandfo ‘-made.

Definition.—According to Gamgee, "Binderpest is a specific, malie
nant, and highly contagious disease, known to us only as the result of
direct ur indirect communication from sick to healthy animals ver
taneonaly, but is perpetuated by constant, rep fc,n

pers and I

opi&ina
after the manner of other contagious diseases. It is essentially a
“-,. although it med it may be communicated to swine jnx
deer, antelopes, ga* . “ad sebms, bl an v A B
khan once." M definition tronld %e that it is a roedflc infec
tious disease, characterize ““lion and inflammation of the mu
cous membranes, more |eert ¥ @ (the di
" is marked by a period of incubation of from three to ten dav«- bv
- TOT, which precedes aU oi - . et ot 21l = PRIy
mucous mebmn. , »,arly and in B marked manner in the vairina of
"I sometimes dehrlum and mnscular t, A
and nose; normal ~ """ ons checked or .suppressed ® abd
| : 0 traet
o Edinglog mhif anned report . to ﬂ o i
I M to the i gl o
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The date of the firs! aeeouni <f a d among cattle which probably

B rinderpest i’ given ji- A. I>. 69. Columella, who lived at that tiin<-.
An<1 who. according to atvountf*. had considerable influence on the pi

- of veterinary medicine, has written of numy of the <i of the
lower animals. In the ninth chapfc = Birth book, in describing the
sympioj r. he sa

"Ti i> preseni when the tears are running down the face; when
the head is earned low and keavily, and the eyes are closed; when the
Miliva Sows from the month; when the respiration is shorter than

in health and seem nabarraased, or sometin ompanied

He further insif n the most sensible procedure larating Hx-
<uk from tin- iu-altliv  <wik

Since that time epidemics of greater or \< nt have from time to
tim ked the cattle on large areaB of the jpd

Rinderpesi h;i> caused the death e ra) million cattle in Europe

alone. In A. I* 360, eastern Europe was visited by an epidemic of an
mgh- virulent character, which caused an enonnonfi loss, the cattle

apparently dying almost Q asthi tmesick; in A. D. .VJI L.

Francr, and Belgium developed a ge which / ;ilident

' i from; in the year 'Ji'i England suffered from an epidemic
whk-h caused untold Buffering; and during tin' year 5'1 France was

erelj aflflicted.

From this period up to the beginning of the eighteenth century, when
our km . air diseases tx more exact, numerous epi-

i nruL i all |>;iri> of Eun
g hnnu-nsv loas ani| sufferi)

In 1708 Kmiold ; thai rinderpest had commenced i
in I from which country it spread to all | Europe. Of alt
the descriptio] pidemk relating to the nature and spread of the

tie plague, probably t: are th< inaxninni, I
physicians who gave special attention to tin . Their description
nf J ins corresponds with those encountered in the Philippine
Islands, with this Ion : I bav< u. either at tI<
whi minuiU ha ans of natural infec-

1 and by inoculation, or in the provi:

by natural > mil
tumor?-. Front the Frequency of I
["ant-i"i and Ramazzinni. they concluded thai

nnd ' n man.
In Holhind. dun::
have sin - A1 and 1%
e Bin tin | - - rpi

o;in V d in England



Thedi i now present in India, Chmt \r-i-i *! > o

W ..»..!i.»id to bcondc.1, 1,, ,!,.. Blk-,,

31ET1I0DS I

The cause of 1o not known, but from its being

hous. vim HNE Fact thdtit! i g0 odsily] GOIV(R(
obablj produced Ly some microorganism the nal Ay
The infection is carried but a v,n

bj running water. The usual

' .
sne

“a unable I e _..ne.

distance m the atmoap]
transmission is U means of infected ground, but it can also

by any of the 1 rach as the discharges from the nose and
the stools, an ording to some authors.

other objects which 07 & bty
of the indiscriminate disposal of the offal, or bv .Honing the excretaT

way of an ope, drain into or through , pasture contaii, A
ey A atten, '~ ' A animals and earel”lv earn' n«

J
ton upon their s place where healthy cattl %
“> dogs or wild hogs, which, if allowed access to the carcass of
d uirh rinderpest, m: it to pi 1 setter the bon
reas of ground, which thus become i
means of the hides d from
it . "“floss to ¢t ippersiain |
~hips v without1 proper di tiorn, have
n transporting dii ~mimals.
icoorlnaivelydaruij T
riUion oi 4 r>> " - W]ﬂl lxi V,IV Sl’ «C A
AE SR MO, ha. dth«

1 . . “mpe»ta«) on «k e J
tthin twenty-four ho reioped th« same
Ty : : ' : 'A Fifty nl

gk on purt, ar . : in
all Bhowed a tenip”ratui IL e ox ' A
i ' * taken pli - "M . ' to sssn
'ipping’ T - : : ; ' 14 iy !
bad PUNII th. -in,-,,l1,,tL Jri A




In experimental woik it has been proven that 0.1 ¢ & of blood taken
from a sick animal and injected under the skin of a healthy one is sura-

tit to reproduce the disc;;

Edingtos states that if a small amount of the discharge from the nose
of a sick animal be rubbed on the muzzle of a healthy one the latter v

*ntnii-t the disease almost as quickly as if it had been inoculated with
virulent blood. but ii' thi? discharge be kept twenty-four hours before
applying to the healthy animal, the disease is greatly modified in ty]
He further mention! that in localities in which red-water or Texas fever

\£ present, and where he was afraid to inoculate with virulent blood for
fear of conveying the Texas fever parasite, he diluted the blood with a
large quantity of water and drenched the animal with it. In these cases
they contracted the disease about as quickly as when inoculated. In a

ries of experiments, made in order to find out the maximum length of
time rinderpest would live in the dried state, be added sufficient blood to
dry sawdust to give it a bright-red color and allowed tha mixture to stand
at room temperature for six days. He found that 2 grams of this mixture
would produce the virulent di

Hutcheon states that complete desiccation destroys the infection, and
that putrefaction apparently has the same effect.

From the above it will be very readily seen what a. great mistake it is
to allow an animal sick with rinderpest to remain at large, with the sub-

sjuent danger of infecting all the remaining stock in the vicinity. If a
few precautions were taken the danger would be redu ;1 minimum.

GENERAL PATHOLOGICAL ANATOMY.

The body is emaciated. There is often an excoriation of the skin below
the inner canthus of the eye, produced by the irritating discharge during
life. The tail and buttocks are often soiled by the fecal discharges.

So far I have been unable to determine any specific cutaneous lesions,

ially none of those reported by the oldur writers.

In one case (carabao), in which the animal was sick about twenty days,
 pustular eruption appeared about the fifteenth day. This eruption was
discrete, but the pustule” close together and scattered over the
entire surface of the body, apparently showing no predilection for I
one part

The natives in the provinces claim thai many of the convalescent ani-

show a scaly appearance of the skin, but we have never noticed this
milition in a sufficient number od a=s & ..blc to say that it generally
.ecompanies the disease”

The skin covering the upper lip is often thickened and cxc<
the discharge from the nose.

The eonji " nevirly nlways raeted, mote p"H-dally in cara-

08, in whjeh animai* "' fe generslv a bright-red color. 1 have s
a n\ of eowe sick with rivcore-»t, wh 1w conjunctive



; : : rxed iti animals which
had been inoculatnl with the disease.

The nrawua membrane of the nose generally, and over the septum in
particular, is deeply congested. It often appears of a purple color. In
ar fe nave noticed superficial ulcerations on the anterior portion
of the septum, but I am inclined to think that they were due to ¢,
other cause.

Most writers upon rinderpest lay stress upon the frequency with which
ulcers are to be found in the mouth. This is contrary to our experi
at this Laboratory, for while the great majority show a marked conge-,
of the mucous membram.-.., with a covering of thick, slimy mucus, com-
para lively few show u lee rations.

' | -ers eometimefl appear on the dorsum of the tongue, accompanied
with marked congestion.

The fauces and pharnyx are the seat of a eatarrha] inflammation and

: with thickened mucu.-.

1-Mington states that in many of his cases the tonsils showed pin-li.
abscesses in the cortical lay.

The mucous membrane of the oesophagus and trachea, as well as in
other parts of the body, may be deeply congested, but in the majority of

in normal.

The lungs generally appear perfectly healthy. In some cases there is a
congestion, but I believe this to be principally hypostatic, due to weakened
heart action. A number of cases showed an emphysematous' condition

The pericardium contains about the usual amount of fluid and

ars normal. The parietal lining son 1 shows a few subserous
torrhages.

It is not uncommon to find petechiffi (minute dark-red points) &.
tered over the surface of the heart

Th. """ ular tissue is generally paler than normal, and shows a condi-
tion of marked cloudy swelling. In the cavities of the heart the blood
seldom coagi' ' irmly, either forming a soft eoagulum or having a

. ce. The endocardium or lining membrane often shows
minute hemorrhagi
The general 1° HC symen - .. affected in this disease as in

majorlty of cases almost all of the lymphatic glands of the IK.

and in some casee present a o meiang _
' in the abdominal cavity, where the 21 , 1 .
supporting the .mall intestine are almost invariable
enlarged, ami m some cases hemorrhagic.

AN

The rumen (first rtoma. b5 1hIm: (8ecoil
' ftfaj stomach) arc generally normal in app”ce, altho‘igfa
* " he last are always very dry aw; e i

sometimes slu?'ii i1 ceated.
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The abomasum (fourth stomach) is uauallj the organ in which the
most marked pathological changes ire found. The contents arc gen-

: erally fluiil, and coi of a large amoani **( mucus and often of con&id-
1 erably blood mixed with tlu- food. The 1 \ fouL
The chants m the BXIXXS numlirane van from a slighJ i on,

rally localised ja the pyloric or lower end. » an extreme "ue with
tileorations, involving the mucous membrane at th<- entire organ.
\. rv ofti n minute bemorchag ml fee piu head will be
mid over the deeply conj tmeroua email uloen axe often
present, more often at the pyloric or bwer mil. They art! geoerally
ihallow, with the bottoms greyish-yellow exudate. 1 ha
u which the ulcer extended completelj around the pylo
orifice.
The upper portion of the small intestine U invariably congested, aim
10 as jfreat an extent fourth sinniafth, and it often shows the
minute hemorrhagefi BO frequently observed in tlie latter. 1 have m
n move tluin two or tin. a in which thriv peace alceratioiM in Qua
location; these are apparently confined to the fourth stomach and
cnx-nm.
In the *nin of thi = Eroai 1.2
Dtametera in and poetmortem examination demone a dip-
thoritic condition of the upper portion of the small intestine with pseudo-
membraneous formation.
In many be moeoua membranee of the remainder of the in-
tiis htly aiTec-1 jju-ar norinal. while in"ol
m i m, with the formation of casts, r
often en!..: =" but, in my »\\ ited. 1 have i
nleers in rhis ]>ortion of the ii V mart
iround the ileo-cecal valve, with smalt Bubmucous extravas of
*od.
The eeeum i- illy merely t! of ai hut in other
iently inflamed, showing uloerations, bemorrhagt
The colon is fi 1v cong but the changes ai far
advan in the upper part of the small intestine and
fourth stomach.
J Tl in often - localized inflanimati

involving that pori ill intestine, which ti
\\ith a fibrous exudate.
The peritoneal cavity usually contain i larger amount of iluid than
in a healthy animal.

The liver ie g
and E elling. It i> ft

S »wh 1Sy w to biatk: o1Tin* n
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so for I tYnr hoon and then again rising to over 40° C,
remaining high, with slight morning remit- . -until just before death,

when it rapidly drops to subnormal.
The temperature curve in nn inoculated animal is well shown in
(hart No. 1.

CIUKT SO. 1.
[Weight, 4(X) E)ounds e, 2 year*: sex. tanate: color, light brown. Inoculation, cmder]]
noculate ovembt r 14, IWt, *rlih B r. <v ranteot blood Cna -
Trt'Atmonl. B 36 37 38 89 10 Duto. Ri*
‘r_‘_ "1—t- = _:: Nov. U
e e 13
virulent Litxal. B R O S S I
i s
{ P '
{ ! i e | L
!l L - ; — U
=L - - 19
e S 20
F’ e b i)
o - iy o R
1 _f._.*-d.__,f e 23
‘Ml twtniv-huir hoa r the first rise of temperature it will be
-l that the muzzle - wul tin' animal a
inclined to take food. About the uxne time flw mucous membrane of the
eirtionofti v ted sun' o e Is a vivid pink

color with a slight watery discharge running down the face from thi*
point. In num*- Instances ihi® i* the initial visible symptom of thi* dis-
ease. The mucus discharge from the nose is mnch augmented. The
bowels are somewhat constipated, altliough the feces are often eo.
witli slimy mncua Tin hair is rou:
The animal BHOWB great thirst: and if in the open. I ' ¢r!; and,
| . will stay by 1t: " nrard: the head droops,
whlle flies gather about it tad no ! i 3 to dislodg'
iay be twitching of the superficial muscles of the back, shoulders
or hind quarters; ni ' is irregular or ceases, grinding of
es almt» rtant When khe animal is lying down the head
is commonly turned toward the flank. With the exception of those cases
noted above, the temperature at tli © wiry high, in many cases
being ov.r 11 |
About fo . iours after tl rise of tempt-ratur. ' liar-
<1 fece? ' tther to a foul-si nulling, discolored watery dis*
thar? © 9 flakes and ltlood, or to a dirty, thick, slimy
il coni " Dlood mn<l in 1=« utuens casts. v
/9 now all ! 13 ' ' ' 1 '



and mouth are nnaVa’”l in amouns ]h;ﬂ fr m " -
-hanged »1 ChaI',,. ' »5+in€ now thick and 99999°°99°999999999°999 Vvl 19 |
sk,n of the upper lip over which ! -....-., 1.0 ,,,,,, ,I[p ] .
thickened, dry, and excoriated. The lLn-ath has a verv nff *

EIN. - there 5 extreme thire,.& o 1o i g L
pom— feces are passed almost continually with g, ,¢ s rain,, :
the LeanT o=

J Volnntarlly, the :,,,,,nal groaning fron,
<mes weaker, the respirations are more rapid and labored-
just before death, the temperature drops to subnormal
_ fte »yn,ptoms (tombed above are not constant, eith,r i,, ,!,°
given, character, or severii

(he duration of the disease from the first rise of temperature until

; eally from two to ten & - . . being about six

If nnd,,,e,t is of a milder type, the stools after a few days 10>*< _
mllCTMand blOOd Stf AN ili% Msmnethelrnormal/ e :
all the other symptoms abating at the same time.

I have noticed that a larger percentage of carabaoe than of cattle

highly injected conjunctiva*, and that following the "si_ ’
method" of inoculation, when a diarrhoea does appear, u .
so at an earlier stage with carabaos than with cattle. '

" great majority of the animals which are affected die
thurities state that the morality JS from 60 to 80 per cent but h
the Philip;"""* ' “H-V, U in be much higher, especially 'in the T
jeason. 1 his is also notited by 'h, afives, wh;, mailltain that wls
the wet season most of the annuals die, in the dy season many recover

i Ak I L
UHS ¢ : — 0 1hatin Agions where wild how
he 1l  FLaf | I
eniiic, : nd dead hog, - £

e fhn o= = “xplain this by the ¢M9T¥F £\
*TM* «ting the carcases of animal, d

In the Pasteur [nrtitute it has been found that '
susceptible to tl "~ we, and is 5 the Jpove d o g
improba*' "

In rliis Lahorai © v had no opportunit :
1M hog], but procured two farm-bred animal*, one wr wy
viruU,Llood. Theanan i} w7 1 i
B Sy A g down moc-toftheti-n,

' ] ' " the even,

Som

Ey

e 2R Ty
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On the fourth day there wac a profuse yellowish, watery diarrhea, the
animal appearing to have involuntary dischargee part of the time. '

There was no mucus or blood in the f. anytime. With the excep-
tion of the diarrhea, the animal showed the symptoms it did on the pn
vioua day. although it was now weaker.

On the fifth day the diarrhea had disappeared; the animal was still
ury weak, hut the temperature had dropped to normal. The bog W!
now DIK(! to death, the blood being drawn int<* potassium citrate solution
and used to inoculate hog Xn. 2 air No. VR

The postmortem showed no marked lesions, with the exception of a
slight, hvpeni'inia of almost the entire alimentary canal.

H<g N vovtved » c. e. of the blood, hut oevei developed any
symptoms of the disea:-

Cow Xo. 46 received T c. C of the blood and, after the usual incubation
period, showed the typical form of rinderpest, although the symptoms
were much milder than is generally seen after inoculation with such a
large quantity of virulent blood. Unfortunately no other oonimnnu
cattle wore on hand to test. tlie blood drawn from this cow, so that forth

lerunente were prevented. This animal was bled bo death. The pod
mortem lesions were those usually seen in rinderpest, although not so far

This hog had the shortest incubation period of any animal I I
I T would have believed it to IK? suffering from some other disease had
icaJ rinder gulai incubation
period.

From this one. series periments it would appear that while the hog
may contrs and die, and its hi may fora fl aouro
infection for cattle and carahaQ) yH it U difficult for the sick hog
reintVct others of its kind. However, 1> definii lusions could be
based ui>on the evidence at my disposal, and the work will
when opportunity "fTe>

> < rnmnts are now b< I in the prov
mine the susceptibility of the wild hogs, an- if they are abl<
comuiiicntc the disease to others.

PREVLXTIVK M K\SURES.

When an animal shows any symptome of the d _

11. 3 -hould he immediately isolated. B ation J mean that it
enld be entirely separated from the remainder of i 1 and pla>
on a small inclosed area, so situated that after it dies or re- iIn-

ground and everything which hat ith it

ougbly disinfected. It could 1 ton the |+ e rilv

fenced 1ii; vrith a bamboo and nipi ing to protect it from I

ra - - i =iould not U- allowed to enter a drain i
rroum 1. ritory. but should be retained on thi and

tii ! the? with crii i
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ahmn, o> \>< . or t\ the addition a fl o:<e .if lime, or buried.
T1# att il 0 a native and nut weari]' © - v - “'muld thoroughly i
ini"> ! I as well as lands with a a lution of carboli
«id, before craning in contact with other animals.

If W “= he should have two pairs, one to wear while working
with the sick animal, the other (which should be left on the outside of ¢
im-losure) to be put on when leaving.

* r the animal dies or re . the shelter should be burned on th
infected area, anil the entire surface of ground within the i o
well as that on which the animal has been browsing or lying, diainfet
with earbntu' arid or chloride of lime. It would ' Yier
sprinkling with carbolic acid or chiK r the ground with
dry grass and then Bet fin- & ii.

Tin- rriij;uiiiUT of the herd must be transferred to ni -tures and
there k ;! - | «rate from one another, and the temperatures of all ta .
dailv. uimal showing a temperature above normal, or any of the

Jjhould be immediately u 'ii in the
manner ah andtiw (1 more mo\

BY following tb .tiutions I believe an epidemic of rinderpest i

=*#( in _ .. and only those animals which are in the
incubation - it the time U~ ' sognized will further
elop the disease.

Tin- bodies of the :niinmW which have died of - ould be
either burned or buried, Ii 'e burn then: but if this can not be
don:, care g taken to bur 1 & ply that hogs an.
animals @B 1! vem and scatter the bones and fragments of

1 arodsd the surrounding country, in which event new points of
infection would probably IK- formed.

\ rery eareral Bearch should be made for th- of tliv prim,

0 that after sup -ing the din erd it may noi
reintrodui-
em uiiimul- “'g of runli
mould ¥ thoroughly disinfected with a 1 at solution
of carbolic acid, allowing then = D tli;- aolation for several
hour>. Midl then hanging them in the 1" until thoroughly dry, turn-
ing them ¢ ' = "7l times HO that the .l in will strike all
pary%& | . ' I locality, it would !»
to redisinfi ' ' L1 !
FEERN) QL ides betieHan ERNe “"ion may of* insisted upon. !
' it it would be bett thrm with

nanrsiXA 1

L lwne wre o number of different i imniuiu. yttle and
~irabaos against rindcriy ot o0 ich will b.
w1vantagesand 11isa<Tvmi-



IXOCULATIOS »Y \ IUXTOKK OF (il.VCERIN \SU lai.K TAKKN FBO3 AN \MMAI,
BUCK WITH RIXDKBPBST (KDWGTON'fl Mil..... .

Edington recommends the use of bile taken from an animal which has
been sick six days, preferably from one which has contracted the dise. -
by natural infection, becanc found greater immunity conferred
thereby than by that taken from animals inoculated with virulent blood.

The bile, according to his directions, should be green, having a white
froth on the surface and possess no putrefactive odor. To obtain it, open
the abdominal cavity of the dead animal, tie the neck of the gall bladder
with two strong ligntures of twine and cut between them. The bile can
then be secured by one of several methods, viz: Immerse the bladder in a
bucket of 2 per cent carbolic acid, then wash in cool water which has
recently been boiled, and open the Madder with a knife which has also
been boiled, allowing the bile to 1<\ into a vessel recently sterilized by
thoroughly washing with boilitig water; or, after 'the bladder has been
disinfected, the bile can then be obtained by means of a trocar and cannla,
hollow needle, or even a sharpened small piece of bamboo which has been
sterilized. If found to be satisfactory, half its volume of glycerin is
added to the bile, and the mixture is then kept in a cool place for eight
days; after which it is ready for use. The inoculator should not take
the bile from the dead cow, as he is liable to carry the infection to the
animals lie is inoculating.

Of the bile thus prepared, 15 to 30 c. c. is injected under the skin of
the dew-lap. The syringe which is used for this purpose should be
allowed to remain in a 3 per cent solution of carbolic acid for about
thirty minutes, and before using should be washed out with water which
has been freshly boiled. It would also be well to wash the skin where the
inoculation is to be made with the same carbolic-acid solution. After

iys the animal should be reinoculatect with 0.2 c. c. of virulent blood.

The advantages of this method are: First, there are practically no
deaths following the inoculation; second, after preparing the bile it can

 kept ready for use for about one yeai: third, pregnant animals seldom
abort.

The disadvanta” = First, the immunity thus produced lasts a very
-hort time, generally from two weeks to three months; second, very little
immunity is conferred until after ten days; third, in some animals no
immunity is produced at all; fourth, the small quantity of bile secured
from each animal makes it necessary to allow a number of an 1 ma Is to
contract the disease in order to obtain a sufficient amount for the immu-
nization of the remainder of the herd; fifth, it reqm \\> > jaocuh
sixth, it i1s necessary to bleed a - | \ 4 nt blood I.: i1,
second inoculation.

OD.

.o<h den rated that tl ruMI of the blood taken from an animal
tich had saffei - m rind 1w+ ;\pd recovered possessed immunizing
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In using the scrum. *< in 100 ¢ ¢ should be injected under the .-kin.
using the precautions given above.

Theadvantaj this method are: First, thai it produces no reaction;

cond, in dairy cattle there is no suppression of milk: third, the immu-
nity conferred i* slmofil immedii mrth, it' the disease is j sl-
oping, it will often modify IIFe attack, making it much milder in type;
fifth, then' are oo deaths as a result of the raoculi::-; sixth, pregnant
animals << nSt atmrt @ Beventh, the Berum run be prepared in any quan-
tity and it will keep during seven or eighi months,

Tli*' disadvantages are: Kir-i. the s!/]<>n period <r immunity, it avers
ing from two to four monl d, tin- >kill required in preparing the
serum; third. 1 believe sometim< immunity is conferred, as
1 have seen cases in which a small quantity of virulent blood, given from
ten to fifteen days after the inoculation ' ram, would develop a viru-
lent iype of the d

A- , ;1 great many calves received from Hongkong for
vaccine work have shown some " the first symptoms of the 1 ter
upon the day of ad miss inn or within twenty- four hours thereafter. For
this reason we have ill animals which haw shown a tempera-
tore above normal, oo ¢ ¢ of serum upon the day of admission, the
remainder receiving 'simultaneous method" described below.

In these cases where Berum aloxu : [ is desired to
con for permanent immunity, the calf is reinoculated with virulent blood
alone after ten davs. To obtain >n in t. have found it
necessary to give ;t dose of 1o t of virulent blood when \’
given within ten to thirty day? after the primary Inoculation, and even
under these circumstaxti ill show no reaction.

SERUM SW “1:01;S MKTIIOD.

This method, with the modincal on paj the one in
UN at this La bora to at the principal points tiiroughout the
world where rinder; nt. It was first oaed by Kollo and
Turner in their work in South Africa. It rit}' II than the
bile method, a? it is ssary to first prepare serum and then to obtain
virulent hlood from another animal sick with the d -

When we first begin inoculating in this Laboratory «

lent blood, hr found that Kdii thod of pzeservin| !

in a solution of pota- igolatum, was preferable
If the blood is kept in a enol place it I 1 e, be
used for at least - lays with good resultc  Sane authors maintain
that it can for a longer period The hlood is drawn into a
which eonta- . ¢. of a 5 per cent solutiog gf

Trams of potassium citrate tn gach
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lilnod and of serum: second, in order t<i obtain reactions in all animate,

== requix* ond inoculation with virulent blood; third, to do
the work properly it is necessary to take temperatures from the fourth
day ; fourth, the mortality, which is from 'Z to 10 pel Gent, is higher than
by any of the other methods described.

At this Laboratory we use the simultaneous method as modified by
Rogers. The modification consists in taking the temperatures <n and
after the fourth day of all the animals inoculated, and those showu
reaction from the aoeulation are reinoculated after ten days with
[0 ¢ <. of virulent blood.

The advantages of this method are: First, a reaction is obtained more
often than by any other method; second, it is shown in a much larger
percentage of cases; third, those animals having BO reaction after the

’lid inoculation wilt have a longer immunity i apon them
than by the serum or any of the bile met hods, although it is probably not
uf long duration.

The disadvantages are: First, that second inoculatioi - required in
aome ea>'>: second, beginning on >urth day, it is necessary to keep
temperature records of the animals, thus m+==iluting » larger for*

culators; third, the difficulties encountered iu the provi here
the nat ¢ in such marked opposition to the inoculations as to r>
rt almost impossible in the outlying district;-.

Md is to be preferred when practicable, as iimnunr « «« ad-
ing 1 long period is conferred upon the majority of the animals,
while a temporary one is given to all. Rogers states that a
reaction the immunity continues for

Tlie work done at this Laboratory lias been of too recent a dat<
determine the duration of the immunity in this country, but it will
undoubtedly accord with Roger's experiei

N u 1> iu.tu>it METHOD.

This method originally recommended by K<+ n be used [, cattle
owners then

It 13 Bud an animal which lias just recovered from
the rinderpest; it is then blod. with all the precaui: i+ ren on page [I*>.
the hi ug alien' ' flow  into a wi l\-1nithed vessel which has pi+

ously I" rilised. Then with on ordinary egg-b r wire bm.
which has > led for fifteen minutes, the blood should be
whipped for fifteen or Iv 1" mimii. inti 1 th<re is complete sopara-

>n of the fibrin, which forms ‘rragy mns> clinging to thi ..,
The then be u: it will no! 1 t je tz he inj;
under the skin in >i ' 250 § at sh, as
it will a oil. It epnfert an immunitr '« ' g from one to four
month
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\> no treatment )m> an\ effect uyjmri the course <! rinderpest) and :ts it
ha* been proven that, an animal which hai been inoculated and has shown
a good reaction leldom contracts the disense, \\ \> evideni tlint \\ i- noi
only necesaaiy to inoculate all thf aniniais now in the Philippine [elands
but iiko those to be imported. By this means it will be possible to com-
pletely remove rinderpest from the UlamK but if such precautions are
not taken, it will continue, indefinitely, spreading from one point to
another, Kkilling off a large percentage of the yonng anhimlIs. and
working i continual hardship on the people.

LW
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TRYPAXOSOMA AXD TEYPANOSOMIASIS.

I. DEFINITION.

The 4 f many of tin- Lowe* tmiimils. and
eIllv of niiiii. caused l»v TrvpanoHiinrt. It occurs in epidemic form
over laig a of tropica] countries, and « usually mi
the rain; O am\ by a period of incubation, follow
in most animals, by a remittent, intermittout, or, less frequently, relaps-
ing s by the pr< of Trypaoosoma in the etrcnlating bio

which in some animals are numerous in proportion to the temperature;
by progressive anemia and emaciation; by a eatarrhal condition of
mucous niembranccri of the eyes and no&e; by roughn<-- of the hair.
which in many in- Is <>ut; and by subcutaneous edema, n
o imnonly of the pir<e extremit /= oitals, and belly. In the 1
QS of the [Kinterior extremities is \<rv Qommoil. The mor-
tality among most animals of economic importance is 100 per cent.
There are found in most animals ;u post-mortem, in addition to the

rvith re anemia, liia changes in the s> 1 4@

Qt being enlargement and a peculiar mottling. Taken with ==
principal J, snch as lymphatic hyperplasia; peculiar, yellom
nibeataneou8 and suberous infiltrations; an enlarged liver ai
the accumulatioi] <f fluid in tin i. cavities, it makes an anatomic

picture which is rarely excelled in chronic diseases peculiar to mail.
II. NOMENCLATURE AND CLASSIFICATION.

A list of the van ' - .uate Trypanoc:
en! parts <« the world has been compiled from litentuz
Ml) [Vmiu.

An Jin . Dnu in
Anftnir [wnidsiise. 1 , >ue relapcitg f.-vir.
ail. Equine ram,

i b*lkr*nkheit. I

lic. i tale
Ki-1t >urr«.

ra. w de tijiliiiu.

iA. fall.

Iit. Uiliiu.

HUT
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>t appear am valid why any of the nainei that o!
gun OB, the original * of the pathogenicity
of the parasite in aniinnU. should be retain*

Without entering in detail apon a fli m, irhich will be taken

up latex in the report, regarding the >r ttonideatity of Tr.

. r. brucei, Tr. rovgcti (equiperdnm), and Tr. vfami “cqui-

mitni. and henee the identity or nonidentity of surra, oagana, dourine
and mal de caderas, then is lerable difference of Opinion,

also considerable im BBCJ in some of the writin." daily with

* 1 and named since Efa
original report
unerous writers on Trypanosoraiaaia baae their diagnoses on the
presence of Tr. br and. after carefully describing the ps state
that the? do not know whether or not it, is identical with Tr. cransii.
How ean such writers, not having previously studied either of the para-
sites, state that it was not T7r. i rather than Tr. brucei
were working with? If they are positive that the parasite is Tr. brucei.
1 they affirm it to be different from T7. ,. It is obvious that.

if these parasites are identical, Tr. bru. oot . entitled > a place in

the nomenclature of Trypanoeoma, I > was known and de-

scribed years before Bruoe performed bifl work. Bruce himself, in hi

.mal n red his parasite probably identical with Tr.
evansii.

nt authorities eriticiac Koch and many other writers for

Mating that Tr. MNHUM .and. Ir. fon/ci are identical, without olTcrin

tiled pnxif of th< 3udi criticism soeny- unjust.
f demandt that they are different p until

this proof is furnished, writers, in our opinion, are perfectly entit;
consider the Tr of hor?s and a number of other animals

as Wing due to an infection with Tr. 1
The practical importance of deciding this question

home to workers in the Philippn ieh has aln
been emphasized by other writer- to_deal with an I
epii %f TrTpanoeomiasis in of domestic animal
particularly in horses, aiv parasii mg the disease seems I
be in all. This parasite answers the description [
Tr. evansii, Tr. brucei, and i and -it aasarj either to in
dnce a new nan ption. We have
aft “reful review of all available literature pertaining to th«
ith Tr. evansii 1 Bruce a»
B nagana and named 77 'ufTard and Sr
U\ gi\ : irious a

old Ve the only .
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In those f»rius of the disease due t« other species of Trvpnnosoi

>ther - nit] of allowable; but, with the possible e
tion of dmiriiH', we '+ - else met BO much confusion and -
a multiplication of name*? as* is found in the group of which Tr. evan
isthe (iii-

IIT. HISTORIC.

1>lrini, according 1" \ - wrote letters detcrihi
th America, which .uently been deb
be Trypanoaomiasis (mal dc cadents), and since tliat time has beei
die< viirioiiK miims and by several authors.
1 ami Leckr are sai that this disease existed in South

lerica before 1850, while Laivrda states that mal de caderas was im-
por:ma inland about IS 50 from Mara jo, an island at the mouth
of the n River, and from there spread rapidly over Brazil, thenc
to Paraguay, probably about 1860, qnickb ing almost this entii

uitrv and killing thousands of bora

Douriae has been known in various pi « the latter part
th h century, but curiously enough was one of the last varietu

stiology elucidated. In 1858 Living wrote of the ts&ts
fly ‘in Africa, at th*t time old and well known to the n

Surra wt tught prominently [>efot itifio world in a
report published by G. Evans in 1880. 11 described
disease, which had been known for generations to the natives of Indii
and provi causative role of Tr «aa in this infection. Sim
the publication I deal has bees written regardii
Trypano* tt the bibliography will show.

The disease annmtllv destroye millions of dolUrs® worth of anin.
in India. Africa, an. S . 1*  Son the more recently in-

ind of Maurr ' te Philippines,
be [aland of Mauritius was fr irypanosoi up to '
tit African war. but during that conflict many animals mf «
count t " Enica and some of them found their way int
this island. A © » maiiv of t'
animals that the planting and , "f croj an inij**-
hil.
In 1900 surra bt ‘ao. and horses of Jav
~>m as the disease was
di- )| in .lava spread were instituted
id with mark> »sea of that country are com-
par®l wr litful havoc among horses and cattle which have He.
A regi.

In | - la par; bling Tr. farii

whirl) tli ' : : . malarial I
' 1 in the blood of
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Fig. 9 gives a schematic representation of the infected areas, drawn
from Scheube's vUDL 1 irting tiw ->n& of the world in
which malaria prevails. Fig. 3 is reproduced to show tn* relation in

graphic distribution of Trypanoeomiasis and malaria.

The table and maps given above illustrate the wide geographic distri-
bution of Trypanosomiasis and its special prevalence in the tropical and
subtropical zones. New points of infection are being reported from time
to time, Neither the table nor the map are con); iud both may

utain some inaccuracies owing to ti dieting and the tad
that some of the references £1\<«u are not available.

CLIMATIC

All the different form? of this disease are infect inns incident to the
rioda of wet weather. TI nt is made in nil discussions of I
subject, which we have been able to review. The reasons given for the
fact are varied, but rln- true explanation, namely, that biting flies are
much mure numerous during this season than during any other, is con-
firmed by nearly all recent writers. Hot only this, but tin* rainy season
offers another and equally important condition, which will be fully dis-
cussed under modes of transmission—i. ¢s. the dark, cloudy days with
great relative humidity make it possible for the fly mechanically to carry
the infection f&r a much longer time. We have shown conclusively thai
bright sunlight quickly destroys the Trypanosoma; and even if the
proper i .- . re more numerous during dry weather, this factor alono

would greatly limit their abilit try infection.

To sum up, the tr;ni o . 4 vutetlv under
the climatic conditions most favorable to insect lite and to the in-
ability to carry the living inf«: ! - -ditions orettr in law-lying,
marshy lands (hiring the dark, cloudy days of the rainy Mason.

Trvpanosomiasiji pa-vails to a limited under other circum-
stances, but \\v have reason to fear epidemics only wb ee above
described are realized.

We know of no other predispo- - for surra. All species of
animal within certain «ea may contract- the disease by

lerimental mei A- will be shown, natural infection is a mechan-

tbat no reason exists against tin- supposition that all
animals ai the usual methods of trj;

A mim!»., of writers ha 1 that a greater penpemtage of ffoxagn
horses coming into an infected zone than of 1! inimals contract the
disease. Of SO 1.+ rved by Lingard, 16 per rent died during I
first year, and 70 per | luring the first seven years while under ob>:
vation. \u:traliun bones were found by him to be more susceptible
than the native horsos of India-

Ma nila. Australian, Chinese, and American horses
al native ponies. Tn several iiis!
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. hip work being inbeeqpentlj confirmed by a number of

1 in >t gators, . ,
Lankester (1871) discovered a aausage-s!ia]M,l parasite in the Mood

of fro-,, naming it undulina. Oaule (1H80) m ~one further 001

lions on those bodies, which he considered protoplasmic portioi

the blood corpuscles separated for a short period oi independent I

and more prevalent in very dry, warm weather. [*ocoeytee < en
to be converted into flagellate and then back to leucocytes. Blntscnli
and Lankester, commenting on Gauleva work, ad ndently, that

the conversion of ameboid bodies into  fia] a and the reeonY.
flagellates into bodies resembling white corpuscles did n

the latter to be leacoeytes. Gwuw (1888) observed in frogs a ps
which was named paran les-

Blanchard (1890) confirmed Grni .1tk and gave the following syn-
onyms: Panmecmm toricetom 1 Airotatormm M
* hulariu radinta Wedi, 184fi imtrium : cosiatum. 1 | it,

Julina ray Lankest* r. 1871; Fanw
. and Hcmatomoitis Mitraphammy. 1883.

Danilewaky bed at least six varieties ol in
the blood offrogs. He noted the change in the blood at rest from I
flagellate to the ameboid stage, as had already been mention- rthers.
At forma were seen to segment into 64 B] whkfe gradually

-umed nomad forms and divided by longitudinal division, A Trana-

- was occasionally seen. Flogge (1« that
th€«e parasites very closely resembled T7r. lewieO. Mnltiplks] 0-
Btsted in longitudinal and tr. - division and spore formation, the
lar Betimes being pi I "' ™ wneboid
length as 80 micron? and mentioned that the pane
with umlula: embranea and fiagella. Efe said that they wi nd
oAl tUh. birds, o; dudoaaa, and ral

Trypenoaoma. Their snk action «

not known.

Kaminski (1901) sgtin nil tention to Uu ibdrty
in D the occurrence o! mgvim* Gruby with t!

found ai all
in males than in femaks.
ami there was no evidence of th

uimals,
.=, when the] were I oo A i,
rod in tin* in* which
iy ~ bat which in all probability
tri. ias.
I ma |- rilwH] Tr found in tl
of 1 a owxm.l pobltthed in »«e

a] with Tr ' Flujige. and i
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Tap* pdlmtra).  These pararitea were studied by Luatrac | 1>.» who
red them Trvjianosomn.

.nami and Celli (1885) found, in the blood of a patient with
malarial lever, paiasftes ra e sembling Trypanosoma
frogs, birds, and Bah. Kepten (1898) -l. - I Trypanosoma b
cases occur ing in men, six of whom wen sulTering from malarial
Barron is quoted by Laveran as hi flagellates in the Mood of an

anemic woman. During LWS§, Dntton, Ford, Sambon, Mai id
*hers ht scribed the occurrence of Trypanoeoma in human beinj
Datton fin «u»t of the8e P***"**s' fomitl in lh<l Illonsl
of Dr. Ford's patient
Danilewsky (M e»"" I Tiypanofloma in tin- bk
naming it y vm Like Bintachli's parasite it had a long

BageUom and an undulating meml.mne. Division was longitudinal.
e« by segmentation from the ameboid stage. No syu.
W( ..! in the heat Danilewaky thought this wae probably due
the high temperature of tl: or the tolerance acquired by generations
of infection.
Lau-ran and ttesnil (\-“\ > foand Trypanosoma in three kinds of

fish—broehet, Bole, and red* That found in the bn
$olrit ind was nai . them Irii, afl
Bemak, who & = - wed the. panu . The Tr
*in, the sole was alUo of I - ~"""ral type, and th
ran mi il state thai Trypanoeoma
had not previously salt-water Sao, hut in this <
probably mistaken, for Fhigge (1896) rejported finding thorn in I
Mediterranean - »an which they found in the
redeye had a fiagellum at each end; they placed it in at”

which they called Trypa*opk*ma, giving th-

noplosnui l>arr

Etonget (1896) described Trypanosoma found in the bla ho
suffering from dourine (besth bfi), and for two and one-half
I this organism in lible animals. V
It 5 Roogefa work, and determined the

pathogenic action of this Trypanosoma for the horse, passing it tl;
other animal! and Iwck to the horse, repi

1 was*": | ivrat v T =g
; and Hesnil A sesespesese Tr_ ro parAll
of ,dourin July, i Tr_ oy Al Ly wikih s
9
A\e nn 9. 'lion and "

“», in 1901 iii>t cliiTen-ntiat

- - "ith America: vhik

ribed tin- pan ' 1ion
1m.

. ferracc not available.
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A
W1t OTCLE.

Salmon and Stiles write of flagellates as follows:

In general, but eapeciaOy in reference to th<* lower fonna, it may be -;iiJ that
tdo protoplasm is quite liuiauguutmn. ;< initi ly ilnitl endopiasm may Ix- rei."ug'ﬂh'.nd
surrounded liy it peripheral ectoplasm, tin- Ltit< i’ in turn iiiuv_IK- bounded <-‘:}' a
more dense layer, Oka a flellrafrfi cell nenlaaae. Those three <liviHions are,
however, not always very distinct, Imt grade all...< bapareeplihiy titto one
unother. \w pharynx (* a very auperiieiaJ Utfuadibultim; a pennaaent aana
appears to be afcaeat, bal the aMreta appear to bi “* |« 1 from :i law reaiatant
pant o1 the posterii>r ixtitiniiy. without, “fi'r. Uiiviti- any trace of th/Nir
pussape. Th<- Bagellmn represent* aa orgaa <f locomotion, aad there may he one
or men- pteaeat Ifce pulaatibag recnale i- neat tte surface, btri does BO< appear
in pgaaeaa dthex i diatiaH BMiubiane or n permanent pore. The aneleaa |+
n unded and ap:. r« 1 be provided with a Badear DKinoTase arid aueleoliia, If
«I'lulition- beepJBe anfiiTormble, aa when the mediuni becomca too nrmdrtiewi by
evaporation or too toxle by extreme paferdaetion, tae Injellate nay (ttoeard it-*
flngflhini. 1>eeonie round, and form a BarrottBding eyat membrane; upon return
of favorable conditions, it may eaoape from the eyal ami. (brmfaif i new BageUnm,
peene hmllde lifthyo or it may divide daring eacystmeni i ¢ division
w0 the tree lorn in nmltiplyitif: (@ wusually lun”itudin;i]. in BOOM eaaca, the
orgnnisui tiny-‘- l«iore dividing, then by longitudinal (iivision two organisnia
are formed; the latter may then eaoape, form their flagella, and ticcoine ad v«
or wiich (laiijrhter orpaniMn mayv reineyai and divide further: or UM mother
flagellate, when encysted, may divide into a large number of so-culled "«puiios ™
each of which. ii>on escaping, forms it flngellum. There may also be a com-




conjugation oi the two imliviilnals. lolloved \>\ encgrstmeat utd
into numerous young.

The ilhutration (fig. 4) taken from Dofiein u intended to >h.n\ (be
vjiriatiujis in the life cyde of t! '
But little ? known with reference to that of Trypanoeoma, ami the
majority of \vrit< e ! . Son i number hare
rved in the blood, bodies of various kind?, which they haw Icred
it- having to do with the phatea in the cycle of development Vogi - and
ra consider the entire h< ! out in
the blood, and [ - in favor of their i
Sclnit is the only author, among those whom we bav« been able bo rei
who believes in an ii for the parasito
11-
An > to what i-. known ##t be true in malaria, it upponrs that tin- surra

I throuj ol oo Mini <WA >y at tin' tly,
and in that of the In Itd demkeg an \iul den
niont niiiy tv <f two kim!-. one Dy the fyritmlion ad the otli.
(livi-icii.

In the blood of (tones or earn and in tt nr ezpcrimesta]

*i during tlic whole <Pi 1 ation a union
of the parasites, whidi i> eontrarj t'i the obscivaUoni > f Pean&g and Plinuner
nn<i lira it ford, who iiiuki- meatfoa of forms of i km.

In tlii- regard we fwl jpstititnl in supposing that an hypol oilar to
that whi |>nipos«l for malaria bold* tru> rra—
i blood host in tin

.tml that the surra par: :<gated in the body uf t
of ih*- home and cow.

* taken from tlii* author Uhu nratioi

are indined U jea Jt' the " nna
haw not been found living ontaidc the animal for any considerable length
of tinir; th> ren animal ho”t from a locality alw - in
the and attempts permanently to ad
inedia of any kind have usually proved ui iul. We Ua-
for ith biti kaninu
and have fail fpper twinty-fmu
allow { blc animal'-, or by in

»f th.

e juried thr colti of 7V.
. in 1 ni®i
rk-f mention of thi-
nine wj
Sl work i- nd tli< iilil
itflt an interim -nrt

in the Iif« mi







GfcMKU . < HAKACTEB.

eIt ML 4y g in gen milar i 1V
family diagn< by Salmon and Still
= ktforaw with one dhiel flagellum directed auu-riorlv in »
fora emrfarj Sagdhxm directed |, LR el
and wound i |, 1,i the form of a »piml; one tagl« ,f
with an undulating membrane. One rodeos and on., mrtrowme present
I i "2 ffAtly in the sum. ,£ TrypanoaoiM
"'r extent in diflerent <j, - | kL i |
1 to 5 mi( ' ad frr(111
' microns in lengOi, inolndji Hum. They nil rery
eel-like movement* and some motility, 1-
Rt B ondukting with extreme rapidity, b
erw .It a distance as to be easily followed ande* th
wMle in other iiallv V m, the mi
:ly drawn blood thai it is impossible to Iceep th in “sl,,,
field. Some wrritera have need this variation in nwiility w
i In differentiating the organisms, and in general importi
may be attached to it. hut I - condi-
hi(gt. i in differentia] diagni
piirtly IK- die led. Yiir; Iv found in one
-ingle preparation, which a: :
Tiic Qagellnm at tlit >r end of the parnsite, in all forms which we
have studied, varies greatly in length. It is always activolv motile,
point.-d. oniinuoufi, with the thi Q of tlie imdulai
nucleus. It |
‘iliroly . or it ma>
11 out from the body of tli
* umlulat; ! H alon. ..inism

from m-ar thi- £
the p be, from wb ; unu Its brea:!!
il Ferent species of para-
. and alwi. im doubt, to HI nt with tl of the
Tn| ! t that th*' youn” form-
from thifi
Tl "1 in the anterior half te an(j
i a 1 or round, and
! 'iffen'!! 2
The centi illy in the p- and more blunt end, and
i intin i with the flagdlum and undulat-

sinp much im-
portance can ' ' , Awn that the posterior
rnd | clanyyH i




28

from the extremity at which the centroeome \a found and also, to ¢ cer-
tain extent, the degree of bluntncss of tYii* [mrt. a feature which h« T
so much discussed, depend? partly upon it? contraction or elongation at
the time of fixation for staining and study.

he Mptoplesn > homogeneous or granular, depending upon the age




of the | ~avixonment and no doubt, to a certain extent, upon

the species. The granules may vary in number and sue from s fery few

-milll onea situated in the anterior portion of the Trypanoeoana to numer-
- ittered throughout the protoplasm.

Multiplication.- ' three forma of multiplication, i. i
longitudinal and transverse fission and segmentation. He did not ob-
serve conjugation. The chromatin divides into from 3 to 10 pe<nti<:
which assume irregular shapes and locations, and -une of which are

en found well np in the Qagellnm. The nucleus usually divides into

(mil parts, but may break k> rn! segments. After division the
protoplasm may assume various irregular forms. The young m<

arrange themselves in groups, and the parasite twists and by
longitudinal or more often by tnui- '>fn The new division

forms are often bowl-shaped, but gradually assume their regular outline.
» - the appearance of a globular mass; nuclei,
showing a number of flagrila, form around the periphery, and division
mt<> several segments occurs.

Plimmer and Bradford consider longitadinal and fcra -on
the more frequent modes of reproduction, although they observed .
conjugation, which e fusion of the micronsclei, followed
by an ameboid stage and division by segmentation. The ameboid stage
;it times occurred independently eatid"-

Martini, who h ntly worked with Trypanosoma obtained from
an i 11 ftried pony i Berlin from Togo, gives fiv. a of
multiplication, as follows: First stage: Broadening out of the chromatic.

the nucleus; flagellum thi nueleolus ap] « a
thick streak: ehromatin granules I 5 - ehrom
heaps; two nuclei; pairs remain l.inning division of the
undulating membrane. Third stage: Two distinct tnembn
Fourth .11 .age « 11! ii. <«ne slightly Fifth

tang Trypanosoma attached only at the posterior i “me-
in the pro -ion. TTe did not
r forma of multiplication <r conjugation.

Schilling did nol nultipli n the circulating bl<Kxd in
connection with surra in T .. B the mo

influenced by the numb hromal mud in the para-

nd to b tudinal He did n
ujt.jaii'-n. II 1 mode
multip - 1 double undulating membram
«<nd the whole nndulatu
tudinally and gradualh te, the posterior end 1>
the part. Young forma have no undulating membrane. Da
um th-
iveran and Mtsnil have studied the forma of multiplicatio:
e fully. an« ler that with the Try] a of nagana, multi-
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plication in the blood is by longitudinal division only tnd into young
of equal size, which are also nearly as larpc n> the aduita DlFldmg
forma tre ohrsya preeeni in tin- blood, and fud l}_fmmm
the parasite it. -vio-a in size The order »f division is - Hh“ (1)
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Centrosome, (2) Bagellum, and (3) nucleus and protoplasm. The cen-
trosome first elon (fid divides into two round bodies, followed by
8 division of the flagellant. The nucleus increases in size. New nuclei
are then formed liv direct division. The protoplasm follows the nucleus
in separation and may begin at the free end. Two parasites may re main
attached at the posterior ends for sdme time after division, ami both
liuiv iInn divide again befoft separation is complete. These authors have
not yet seen the young forms of Kantlnirk. Durham, and Bhmdford,
or the ameboid forms of Plimtner and Bradford. They #i\ Ha-
tions from the parasite as described by Lewis, but this point will be
moiv fully discussed under ''Differentia] diagnosis of Trypanosoma."

-+<n and Jjeeler agree with Laveran and .Mesml as to the modes oi
multiplication illustrated by figs. Is-->s.

Rosette formations of Trypanosoma have be n * \i- nsively noticed, but
considerable difference of opinion as to their cause has been expressed.
Some consider them as entirely a multiplication phase, others as agglu-

tivatinn. while the tuajori ! e thai such formations may be the
it oi either of tlusc phenomena. There certainly can be no question
that tiv= I 2itrea occasionally resuli as a phase of multiplication. Babi-

Etowitsch anrl Kempner compare them to the segmenting malarial
parasite.

Tlie methods of reproduction described comprise iln-se. of the most
importance and represent the views oi many of the writers whom we
have been able to review. Sehat, as has been seen in the discussion of
the life eyrlc of Trypanosoma. holds M>ne very original opinions. So
far as his work has to do with multiplication, he maintains that the
asexual, longitudinal division oeeurs in the blood of infected animals
and that the sexual reproduction takrs place in certain Hi. -

In our studies we hir r observed conjugation, and in blood under
normal conditions reproduction by transverse division or segmentation
- very rare. Longitudinal division is by far the most frequent form,
and usually takes plaee m the order given by L&veran and Mesnil. This
is not constant, however, for in the same specimen of the parasites taken
from tin- blood of an infected dog, horse, or other animal, we have seen
individuals showing this order and others in which the divi- rtainlv
differed from the ' Fig lus-
trate this point.) Flma-sian. working with tlie South American di-<>ase,
ha? recently repotted results Bimila* to ours.
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The parasite. (1«1 v iice beginning division is evident, usually becomes
thicker, but sometimes this 12 = 10t perceptible. When it occurs it
may proceed to such lin extent tlmi the transverse diameter of the Try-
panofioma will measure from 5 to A microne before any other evideno
division can be observed. (Fig. 35.) From this point tin* picture ia not
constant In many forma the neart change to be noticed ia i division of
the nucleus info fcwo or mow |>nrts. The centroeome usaallj dividi -~ 1+
although in some instances the flagclln show beantifnl division extending
WI down into the undulating membrane, without the slightest anpar
change in cither the centreline or the nock: -

Schilling*! statement that Qu 1! of nniltiplkation depends upon
the number of granule* which the parasite contaiii: #jjwars to u>
serving of careful consideration. Longitudinal division in an indi-
vidual inniaining numerous large granule - = /1 [ ~<n  These para-
sites as&XBfi nnu. 10 ‘hpﬁ and often arrange themselves as if >..-
mentation were in progreae (1.. 11, ftnd in the majority of cases
they are the ones that produce the invelution forms.
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*ilutinatio-n.—Several observers have noted the bunching together
of Trypanosoma under certain conditions, and have described the phe-
nomenon as agglutination. Some, as Ims already been mentioned, con-

r this to be a multiplication phase, while others suppose it to be
the natural position assumed by the parasites just before dying
process has not been seen at all by some of the most careful ini ore.

1 nml Mrsnil regard the agglutination of Trypanosoma as a
phenomenon similar to that produced in bacteria and believe it to be
brought about by a numb as. Among their reasons for
this conclusion they mention the continued motility of the puniMti's after
elmllping and tht) bet that the reaction i* most marked with weak

H. a (rt.*ciilinr of innlti|<ti<

specific seta and - with strongly fortified ones. Rabinowitch ami
Kempner. howc\' tain agglutination with t< tr -
oifie serum. According to Laveran and Ifesnil, the ! be
tained \»>\h with living and with dead : and it does t
tlie motility of either thv individual or the aggregation of parasn
The reaction alwa o;is in the same way. Two parasi!
to join by their posterior - \ and from a number of tl
ire built up, tli- posterior f the individuals poini
toward th. ling outward like the spokes of
A wheel (Figs. 43-46.) Si* - may, under certain conditions,
group th' ud form secondary . - “igs. 4-1 and 47.)
Agglutination often occun tibrinated bliwd containing Trj-pano-
oa and ki*pt o1 rum obtained from a rat partly bam
by tlie injection of bio itaining Trypanoaoma, when mixed with
in : n.
Pai - vhit-h have been killed or paralysed by formoL chloroform,
or 3 . : d by ti- oo voiefl which produce
the reaction in t : an.
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Agglutinations often art! not permanent, and under certain conditions,
according to Laveran and Stesnil, 'disagglomeration' takes place. In
this the secondary fonnationfl are first broken up, ami the primerj rosettes
disunite or lust* a part of their elomeni The} consider this "disag-
glomeration" to be in inverse ratio to the agglutinating value of the
serum employe

V>rni;il rat's blood has no agglutinati :on, but when fortified
by inoculations gain this power. Fi\- if Trypanosomatic
blood injected into a rat will produce a serum capable of agglutinating
Trypoaosoraa in defibrinated blood in a dilution of 1-5 to 1-

One of Lareran and >! siich is months had received
13 inoculations of blond containing Trypanosoma, g m which in
a dilution of 1-10 so paralyzed the Trypanosoma that rosettes were not
formed.

~ rpoaed to a temperature of during one-half
to thm'-fmirths of an hour did s its powex jrlutitmto. but

materially weakened. j for half an hour
apletely desi I its agglutinative propertii

Adult guinea pigs wire iimuuniiU'd by Berera]
blood. Their seram had a feeble agglutinative m for Tr. On-
With a similar serum from von 0 agglutinate ion

The serum of a rog did not show
an agglutinative reaction iorTr.l but that of a sheep, dog, or rabbit
ga\ . for ti a from the horse and tl
thicken agglutinations were m< Inite and i d in dilutions of
1-v 1O

Of all the animals ¢ \;nni: | most

bdeken second, Imt in both of th-

i blood than for Trypanosoma. Human Benin) did

linate Tr. bnua, but the sera of guinea pigs and of pigs, which
have no curative properties, gi utiful agglutinations when mi
with trypanosomatic blood. This would seem to prove that agglutinat-

g antl curative prop stinet Agglutinatio-
on had a disaggltttinate in '
in othez "'mces. In the rabbit this i " lished at 1 of

ral hours. TI; in the sera of the dog and
minimized by rej vf Wir. v
reaction with their o
e ording to ‘-, -urra blood mixed with goat serum in the hang)
drop in a moist chamber killed the Trypaw
minutes, sometimes with agglutinatio: ‘rol parasites were all dead
in twenty-thr re.
= r, in a preparation of h<

uai- ; Y fir DO™I
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radiate figure. The center of the figure was sometimes near a rod cor-
or a leucocyte. The parasites BO united preserved their man
In the blood of a young cat, containing numerous Trypanosonu and
prepared in a hanging drop, there wen* visible at the end of an hon
10, or 12 agglomerated paraaiteB. Many of these agglomerations sep-
arated after a certain Length of tit:
Laveran and Mesnil wri

The Trypanoaoma of nagana sometimes uniic; un.l f iittons they
form primary agglomeration* in n « ! condary agglomerate
which are D in Mood containing Tr. *e observed.

These Trypanoaoaa anited two by two would suggest conjugation, hut this
interpretation U not admissible, :\* the agglomeration is not observed in pure,
fresh bloody and is prndini-d only under condition.-; which may be called abnormal.
The number of individuals which agglomerate is exceedingly variable.

In Tr. brveeii, as in 1 Igii, tin- agglomerations may U- teen I

r varyii is of iituc.
\\> have KCB agglomerations - f Trypanosona in the pare Mood taken from
fter one-half to one hour, in the peritoneal cxndatea, lifter an injection
of blood rich in TrypaBosoma into tlic peritoneum of rats or mice, and in blood

raized with physiologic water after being pn for twenty-four boon on

or bttted for hnlf nn hour at

On mixing, in equal part lefibrisated blood of a rat or ridi in
Tiypanosoma, and the scrum nf n hnr><\ \vr litained beautiful persist fin

omerationa. The TrypaacM paratetl at the end of u few hours.

mixing one part of rum of * horse ami baa parts <f blood no aggtomera-
tion? wen produced. The aenan of the blood also pave beautiful
agglomeration”.

The serum of I mixe<l in eqmi) parts with the blood of & rat or mouse,
rich in Ttypaaoaossa, gave, in one eai uniful agglomeration] in another
the agplomerationa were not W beautiful tad lee -lent. The serum of a

oall iiMiipcr-i-icut RgglomcTati
T)ie x'rum of human blood did ii™ ibon it--li" either agglutinative or
mierobieidal.

The following acm mixed in tH[ual pa its with the blood of a rat or mouse,

rich in Tr. bructii. did not show any agglutinative prop mn of a
rat. normal or immunised agaiosi 7r. leuitH, and agglutinatire for these
Trypanc ic ierm normal chicken, the wnm of a chicken inoculated

rai tinit** with Tr. an of a normal i am of a

era! times with blood rich in Trypnnosonia of nagana.
If tbere i* added to a few drop* of blood rich in Tr. frntoett a drop ol

» tTy acidulated with acetic arid, / <n > iitiriomerate (mj
<‘han”e tlu-ir fonu> rapidly. On addhip a drop of water itifflitly n/\«i \rith
sodn no agglomeration furu

Trrpaaosoina when dead stilt tend to agj te, but the prooes« then takes
ry
Hefferan, commenting on Lavew and kfesnii s 1 mg
+ utinaHoi) of Tr. 'beir ob”n'ations,
: ier rca- doing. |1 - 3. No. 2

[ thai pan [ monl i with



osl their motility in twenty minutes and agglutinated

blood mixed with infected monkey's blood milar results.

Schilling states that in cattle immunised with the peritoneal exudate
doge inoculated witfi infected blood, the serum killed the TryDano-
m un the fourteenth and fifteenth days, and in the hanging dron in
from thirteen to twenty-five minutes; but he has little to Syof a”lu

On reviewing tin work done on the agglutination of Tr. A
11 be seen that resulfe have been uncertain and in, NS i S
teua” in'' an unsatisfactory state. i
an and Mesnil's work in this line and
i-nent of Hal.inowiroh and Kempner that no agglutination .
obtained with their spa rum makes the value of other , ,oubt-

So far our work hat nothing convincing. We have seen

ind other described figures of aggiui a4, but they 1
been too inoonsi have occurred under too many conditions

T = ¥ . e " which these
time appeared have at otl, lirn(hlced no
ills; and the] have even occurred under conditions which are ,,t

supposed to favor agglutination.

Our results in il, : e oLl w by various subsl
n'-1 a> producing this phenomenon ha ariance with
mucli of the recent work done along this line and more in accord
with Rabi b and Kempner's conclusion- not Observed
ition which constantly gave agglutination figur. = 9y
obtained tonally with various substances, but reactions
india ahable from these sometimes occur in infected I»lood withoir

any. additions.
' mmunised up to 3,000

blood ; ikd to produce a serum which would agglutinate T
woma with any degree of constancy. Similar

with chicken and human serum as well as with those secured from

numerous other source- a mixtures of a were likewise

factory. Several chemicals, such as thymol, turpentine and
chlQral, would occasional = re  what appeared to be agglutination-
'mt no regularity could be observed.

agkkg al! ' ae and applying our own resn'-
we must conclude with several others that the Bo-called phenomenon
of agglutinati- of no value from a diagnostic point of t i
& ' ncertai

«« F<f ty or susceptibility.

Inrolutwn "~.rM”.-Involution forms are produced bv surroundings
Aven,p and Mesnil i
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among the conditions which favor their production (1) tin- blood '
" rat rifh in Trvpanosoma, mixed with the serum oi =1 other animal
' Mifl kept for several hours in a hanging drop; (2) blood containing
" Tryp&nosoma ami heated to iI (2 i’ for Aie hour or more; I>>
[ infected blood injected into the abdominal cavity or the conjunctiva
- of birds and withdraws aJ..© «.e to three hoots; i I) parasitic blood
! placed in an be box or in aome other way subjected to breezing, and
(5) ratV blood containing Tryji;i v vi and treated with a -~ 0. etc.
The same authors give the following as the principal type >>r invo-
~ lution forms. Round, fiaek-ah&ped b< ' 1. stained specimens usually
showing nuclei, centrosomes, and ftagella. If dividing forma have
w=mined this shape, two nuclei, Iv© «onrrwo and two flagella may
o= These i'tfdioe w0 (orin small agglutinations, and it is probable
that the latter are what Plimmer and Bradford sailed plaamodic forms.
Flask-shaped Trvpauosonta are n<i always de:. ' « . u not moving, as
they maj still !s: . bk oi conveying the disease i i
Trvpanosoma in dying undergo profound alterations: (1) The pro-
topluedi disaige . md takes no color; (2) the shape is indicated only
by a faint line of countour; (3) the nm.. . . tins faintl; (4) the pro*
uiplasra and nucleu- disappear, leaving nothing hut the flagellmu and
cenirosome and forming a knob at one end, an . 5 (1. ,geUnm may
. .and alone or attached to the oentrosome.

Ll i













sn; itis statement. 1 v rtainly true that the Trypanosoma a:
pr. enly distributed in the body juices and that Minilar forms are
found in all par'
It seems to be a very generally accepted opinion that Trypanosoma
inoculated into the peritoneal cavity undergo a considerable multipliea-
ire entering the circulating blood, and by some this time has
D considered as constituting the true period of incubation.
rattle* in the dead bod;/—Trypanosoma live only ti ahorl time in the
body after death. Within two hours signs of degeneration begin; the
parasites shrink, assume irregular shapes and then disappear. Motile
parasites are not usually found two hours post-mortem. Ample' work
fully demonstrating this important point has bees dune. In exceptional
easts living parasites hav found as la; hours after
ath; hut this condition is rare. Our work in this line has consisted
in determining the longest time post-mortem during which the blood
could he proved infectious by inoculation into ptible animals.
ilts are conclusive that this is rarely greater than twenty-four hour*.
However, in one instance blood 1 n found to convey the iifi
forty-eight hours after death.
When an animal, in the blood of which trypanosoma an
- are then found in all the organs; ami conversely, where
none appear in the f< they are also in tin- latter. They are
generally distributed, and multiplication I *e not appear in ex-
tional numbers in any one organ; however, they an- usually somewhat
more numerous in the spleen, liver, and lympl . han in the
bone marrow, mid are seldom present in the medullary canal. They are
found in the serous iluids and exudates of the joints, but rarely in the
urn
> its wen- somewhat exceptional. lie says that "Try-
pan osom a were not found in the spleen when positive in the blood, and
the peritoneal te and hone marrow 1 parasites of a budding
and again, "that Try].anoscn;i might 1 t from the fluids
and ti- ut were turllly present in the bone marrow. The
number of pirns;’ the spleen varied greatly, but there was never a
great accumulation or multiplication of forms." He draws the eon-
-ion that multiplication of par tain organs, while
oth. - them.

Although Tr\ nia in a natural condition
the body and p a limil in nny known nrtit
meilia. yet uini arable conditions tin ;
arable tim- le the body, a fact whieh lias been believed to afford
1 ' ' therg [rypanas>ma
' M mow from thr<



four days in salt solution. Laveran and MesniJ showed that during
warm weather Living forms of 7r. I onnd in blood which
had been maintained at room temperature for four days. Once during
cold weather motile parasites added to ehi 1+ of pigeon's blood in
a haiiirini: drop were observed after eighteen'days. Kept on ice and in
bloo. d with pi if- water, they were observed during thirty
to fifty-two days, the blood at the end of this time being virulent. They
withstood 41 C. very well, hut when heated to 50° C. for five minut: -
were all killed.

Voges states that outside the body Trvpanosoma of mal de <
disintegrated rapidly, blood usually being noninfeetiona after from thi
to four dayft. However, he noted one exception where infection occui
with blood which had been kept aseptically for ¢ .  Several
writers have tried to attenuate Trypanosoma with formalin, heat, and
several other means, but entirely without success. The parasites
either all killed so that no infection resulted, or they were as virulent

rrol blood. Tr. equiperdum (efanaasianii) continued motile

for Forty-eight hours at a temperature ol I
l.averan and Mesnil state that when human serum and blood can-
tainin-: Tr -oma were mixed in equal parts in a hanging dro;' the
Try; " ahowed action in one-half to one hour, and generallly
n«t motile at the end of two to three hours. Kanthack, burl
and Blandi urmined 7r. MM - ‘""yed by complete dry-
- demons iour days as the gr length of
ing which oold live in aseptically drawn Mood. Laveran ant
anil, Voges, and others have shown that the hi...1 of an animal
»<! with TrypanoBoms was not capable of trai og the

twenty-four hours.
:tim Btatei thai the warm stage does not increase the life of T

panosoma in vitro. He noted a bunch parasites in dead bodies,
and - a form which they assumed on dyii
Laveran and M e °f immune deer mixed in
the ha: drop with in' blood showed no para- AR
and this was found to be true with mos sera. Infections nagn<
blood expoecil to a temperature of 41 C. for one hour si deformed
and nonmotile para ut was still capable ! ' the dis-
ease. Ex]wws ' of 41€ C\ ait ! * e short tin
kill. . | . ‘. blood was no longer infectious.
M.m; .finical - gpackl arasites outside [
1 in atld "1« 1 report that they i v kill. tlic
- Bolntion of Tolnidin blue att<e:
wn by the prolonged im xJ.

sivort and Ls vwuder i life of the parasite in vitro to be variable,
! never reaching f
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Schilling noted that Trypnnosoma were soon destroyed by a 60 per
eent solution of bile.

Bruce showed that dried blood was infectious after twenty-four hours
in one out of three experiments, with an incubation period of sixteen
days. In two cases it was not infectioBfl at the end of forty-eight hours.
Aseptically drawn, virulent blood was infectious for four days, and after
seven did not produce the disease.

Laveran and Mesnil state that the movements of Trypanosorna are
retarded by cooling and accelerated by wanning the blood in which they
are contained. They were not immediately killed by a temperatuv
30° C. to 55° C. below zero. Their experinn s follow-:

Experiment I[.—Rat blood with many 7r. bruceii diluted with pol
sium citrate solution and kept at 18° C. for one-half hour. One a nil
one-half hours after returning to room temperature it si ill showed many
normal looking motile Trypanosoma. nice injected in the conjunctiva
with this blood died in the usual time with Trypanosomiasia.

Experiment Il.—Similar dilutions of blood exposed twenty ininvi;
to 15° C. and eight minutes to 25°-30°. After two hours warmed
blood showed normal looking motile Trypanosoma and was infect!
In the usual time for m>

Experiment [ll.—Similar solution of blood exposed for one-half hour
at 15° C. and five minutes at 50°- 3 After two hours the thawed
and warmed blood contained normal looking and motile Trypsu
and was infectious for mice in the usual time.

Experiment IV.—Same as Xo. 3. except thai ©'ng and thaw-
ing was repeated. It was still pathogenic for mice, but wi Ciuly
slower in its action.

These authors demonstrated that blood infected with 7r.
three hours at 40° C. or one hour at 42° was still virulent. Blood in-
fected with Tr, brucei heat enty miaul i C. killed
nearly all the Trypanosoma. and when 1 ' . all the
pamfiffeefl were quickly destroyed.

Blood takei ticaBy and mixed with citrati- solution at room
temperature, accord]] - ' a and Mesnil, was uruhm for three

>. and Trypanoaoxna lived longer in a mixture of blood and serum
than in blood alone. In < Tina ted blood of a rat mixed with the
serum of I -;. motile Trypanosoi.ua wxw still obeervi

Human serum and that of refractory animals was noi *03s
adapted to the preservation of Try] na than that of more sus*
animal- lived longeron ice than fll rooui temperature; but
this was not true of 7r. brucei. Blood containing Tr. / after b
ktpt on ieo for three to : . 't*n noninfc though it

“iitly motile Trypi a. Involution forms quickly



peered in blood kept on ice, their morphology differing in no respect
from that of the involution forms produced by other causes.

We have experime&ted extensively with the object of determining
the length of life in vitro of the Trypanosoma with which we have
been able to work, and on the whole have obtained results similar to
those arrived at by most recent writers on other Trypanosoma.

Our experiments made to determine the action of heat and cold on
parasites confirm, in the main, the conclusions drawn by Laveran and
Mesnil, including the differentiation of Tr. lewisii by its ability to live
longer than Tr. evansii in the ice box. W#* failed to find any conatan:
in the agglutinations these authors describe. They did occasionally
occur, following exposure to conditions especially adverse to life; but
they were not constant and also took place in the hanging drop.AWe can
not attach to this phenomenon the importance given it by someltathore.

Several specific sera mixed in the hanging drop in equal parts with
Mood rich in Trypanosoma gave no appreciable results, with the possible
exception of the mixtures containing autiplague and antirinderpeet sera.
The Trypanosoma were usually nonmotile in the plague serum at the
end o' v minutos, and in the rinderpest serum sometimes as early
as thirty minutes. In two out of five experiments made with the latter,
the blood was noninfWtious for rat* at the end of one hour. In most
of the experiments made with serum the parasites lived R~ '‘“6i as in
the control drop, and in some instances much longer.

A 1-500 solution of quinine mixed in equal parts with blood con-
taining Trypanosma arrested the motility of the parasites in from five
to ten minute?. With a 1-1,000 solution of methytene blue the Trypano-
soma lost their motility from five to twenty minutes earlier than in the

itrol. TVv ure L-= allect ‘- 'foalcohol, Alveerin. or

* o ptifaie action vu pnilicol M the Trypanosoma by mixing

the infected blood with equal parts of the following substances:il-1,000

itina of acetozono; 1-1.000 solutions of the solul o« nr nhnnh>li»

potassium acetate; potassium chlorate; potassium cyanide; salt solu-

tion ; picric acid; oxalic acid; and the chlorides of magnesium, calcium,

and barium. Indeed, in many of these rotations the parasites remained
woger than in control.

The Trypanoson vere quickly destroyed by mitini inifecie] blood
in the hanging drop »:thi ««i parts of the following substances: A
i1=.1,000 Bolution of mrsomious mol (=1 solution of turpentine; a
1-1,000 solution of «orroeive “iblimate; a 1+ tiQ of chloral

‘rute s 1-500 solution of carbolic acid; a 1-500 solution of formalin *
a 1-1,000 solution of potassium pernuu @it nd a 1-800 solution
of quinine.

pEsl—1
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CLASSIFICATION.

Authors differ considerably in tin- ebkseificatio!) of this family of the
Protozoa.

Doflein (1901) divides the genus Tr. Qruby into three subgenera. i+
follows:

L ‘Major fagrilmn pratani . . ... ... ... ... L e T 2
Major BageUma abeeat, or very short and thick . Tn/panasoma
2. Vmlulating membrane <ontiniic-| posteriorly in a flagdhm so that *
Rubella are present . . . . . £ .. TriifniHniiionat
Posterior HajprThnn afamat, undulatlng membnjte endlag on or before
(51110 (0] i 070 a ) PR s 1 B LR L B TR L R e

Laveran and ICesni] (1901) have shown Doflein's Trypanomotuu to be
a distinct genus and have grtea it the name Trgpanop -, with Try-
pnnoplasma bnnrli U a type BpedflB.

Anlmon and Stiles crii&tiue Doflem'fl classification and divide the
family Trgpanosomida intn two genera—Trypanosoma and Trypano-
plitxuifi. With a few minor ehaagea this chi -« ficutin adopted tenta-
tive] y in this report. However, as will he seen by following the dia
-inns, we i ugly of the opinion that A Leat two of the parasitee of
niamnials and probably others are identical with 7V tii, and in
reality the nanus of these should full as s)Tionym” of Tr. enin-

liiuTozA. dan MasHgophora, sulidas? FlagelUUa, order Monandir
family Trt/jninus'ti/tuhf, gemii Tn/fiannaomii (iruhv.

Trypanimnnn: One iia”elluni present extending from the og"TOBOme
along tbe andolftting membrane and be">uin: free nt the anterior
extremity,

TrgptMopUuma: Two flagellay rtendiDg anteriorly and the other
posteriorly.

TrypattfisoftiQ rotaiorium Mayer, 1S4:1. L. ft M.. 1901.

>tmx.—Amceb* ntmtorta Mayer. iss4i. July: Pmramtaeittm UtHtatum
Mayor. Iftd:i. July: Purnnntrinm nut at um Muvcer, 1848, -Inly; Trypanqgtoma
mn$mfa<a Groby. L84S, SCT—IWT L iloria mdKota wM~nmMIiu Wnall. Is,">o.
/ IM(//DIK] rMinw I-nnkf-ti-r. 1A71; Htrpthnnonns Kent, 1880; Pd
costatum (irtissi. 1SSI ; t'tiramrcivulcs cotUttm @ | 1, lH mVIVIM
Of ].;iiicssnn. bularia rtidtahi Wr.1l. 184»,M of R.
BifiBCfaard, 1°°">: //" "t« Mitrophanow. 1SSH; Tryf>anomonas ranarmn
Danil.w-ky. LS86; "Jtyptrodkofc nf - "B«MO<OM«M**' of Hlamhard,
L E L Trirhomouns  aanffui***" «f ' 'niokshank, 18S6; Tr»(tan"soHin  ntnurtim.
: Trypa DiinilcWfiky. Issit: Trupuno- ftatmm niunrum
DanitewT.kv. 1M . rneAoaunwa raMtontm (l.;uike>t«-r i Danilewaky, issi); Tn
ifAortim Danilewsky. )?s<t; -'Tri/i>anosamv- | of 1 .-ran, |sj
] iiivrat. - TiitiHtMtKomr  (Jriiliy"" of Biiffanl 470
<ok r, 1900; "PtammoflOHHa I[oricatutn Mayer" and "J'tirttmn viuids I
Oraaat" of 1 le-nil. 1001.

Tri ium Danilewsky, 1885, of birds.

J ff—  Trgpomt M+ DasQewtky, Iss,"> = iVijji.jmj.w»m  fust forme
Dtinilvwsic 1==05.  Tvopam>«oiit M wDanilewaky, 1889; Trvpanotoma ma jus



ky. lss:i; Ttyp€Mtoaoma aanguinis »rium Daaitewaky, tssji e Trupano-
soma eontatum Danilrivsky. 1$89; 7 »m major Danitewskv, 1880.

? FrypaJKNNHiM © 'Inrliiii Knit. 1550 >f fowls (intestine).

$>/ii< out ins.—TVyjKMOOONM cbcrthi Kt'iit. 1880; "TVypmOMMM >-bi>-fhi" off 1 an-
. ! tiaortas  (fulliviiritni  Davftine. 1877; (!) Cercomotias gallimr
Kivohn. 1880 Tn/iianoaoma g&ertti nf Lewrlq. L890j Twn/rhomonan eolumbarum

Trypanosoma cobitii Kitrophanow, 1883, of mudfish.

ston&mx.—llama tomonu* cobiiis liitroplumpw, Iss:!; Triekomima* cobiti*
(Mitropli;iu..\\ i Craoksbank, lssn; /» turn Danilewaky, I8E
pmtOBoma (HerpetOBom*) cob&i* i Mitmphanow) of DoDeiB, 1901; Hamate

itth Lut'’he. 1002.

Ttyponosoma eara&sn Mitrophanow, L& ' at fish.

. ; Mitrophanow, 1883; Trivh--
(KQtropbawnr) CrookalMuilc issu: Trypanwtoma i>ix<'itti<> Danilewaky, issft;

i fttxiformr  WunWwxky. 1«81); frypemO90ma i l[> >i-< tomma)  rarnssii
Mitroplianow) 1883, Doflein. If)01.

Trypanosoma ["averan and Mt'snil. 1901, of B
Trypanosoma ball Oertefi, 1888,

vonyuu.—Trypanoaoma  bnibinni  Oartoa, 1882j  Truj,ano»oma  baibianti
1t— I [Italhiiini, 1S88; "Trypavosoma bnlbianii" of Panitewskj*, 1K-%

Trypanoj- s wibvskyi Labbe, 189L
ni/md.—Tr> MM ihmiUtcfikyi Lal)W, 18»1 : Trypanottoma (Ttypan
monas) danileiwkyi (LLabbl) Doflein, 1!>01.
Tnjjwno, o barrelii LilveraB tad Iteanil, 1901,
Tfypemoa i Kent. 1880, of rj -
Synouyms.—Htrpetomona*  Utrini ©+ K«>nt.  [880; "Il < i )>t numaz letrisi Kent,"
1880; WwftomoiMi /. Kent) CrooksJiank 155 omofw teipjag H nf.
55 ,fx winrniut Daoilewaky, 1880; 7V#...
iibt># 1801: 7"Av/""'-""" 'e'"«e Ki-nt: Tri/pfDitrnjiHa Kanthaok, Dur-

ham ami Hhuidford. 18S>8; Trypanottomtt rattorum Boomer. 1901: Ttypan
(Herpvtosoma) letciti (Kent) ppflwH, L90L

Ttyptn Stew], 185 surra,
~ mn.—Spirvrhratr > e $ ! H Stool." 1885.
' 111u1k 18SU; Hermatom ! ~ . -hunk. 1886; Trichomm
t thank, ">d'< '"'Bonwtomoitat " BiaadMrd, 1888:
*Tr ux)ksh”Ak" of Balbiani. 1>-e i
A»ariinan and Vaj. =00 3 3 %el" of Lavpran. 188
Aeel) t'linuvmt. " J o LA
i1 =1 i | nil*
“8l: Trypanotoma f ) -"i-)> Dofleia, 180]
i ni 1. 1001.
Trypanosoni'! i !"imoueer and Bradford. 1+
NN\««—Trtffin ! 3 i nil Bradford, 189!>; '"Trypanoaomt

brucei” 1 ™ ¢iter and Buffard. 1i»00; Tij/ptmoaoma (Hvrpctoton-
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I'linimtr ami Bradford, of Doflein, 1901; Uvrpctomonas brucei (Plimmer and
Bradford) Laveran and Ueuril, 1001.

Trypanosoma nepveui, of man.

Synonyms.—Trypanofomc pambienM Dutton, 1002; Trypam .o fordii Max-
ucll. Adams, 1903; Tr. ugamlu-nsii, 1903.

Trypanosojihi nmgetii Lavenin and ICesnil, of dourine.

Synonyms.—Trypanosoma equipcrdum Dotlein. 1901, July; "Tryjianasoma"

(Herpetosoma) equiperdum Dottt'in, 1901; Trypattosoma (Htrmutomonaa) .-
perdum Dofloin of Lad.. ‘o,

Trypanosoma equinum Voges, 1901, of mal de caderas.

Synonyms.—Trypanosoma equinum Voges, 1901; Trypanosoma . ui«=us Vogea
Of Railliet, 1901; Trypanosoma ehnusxiani, 1902.

Trypanosoma tkcilkrii Laveran and Mesnil, 1901, of cattle.

Trypanosoma transvaaliense Theiler, T*jvoran and Mesnil, 1902, of
cattle.

Trypanosoma rotatorium Mmjrr, 184&—The Length of tlus parasite
including the flagollmn (whitli is 10 to 12 microns long) is usually

Flu. «>—Tr. mtnrpimif Grttby. (After lh.flcin, J901, tig. 32.)

m: -63L- w (Uﬂeert Iftrnw01 FUxellam; m. Undulatin
i' i, = #. Cmntrc«om>s, r'mll Mwnil. il«H _ﬂu»;l -3) ¥
—:'_.'r_ ——'t-;_‘:_z_E.L = !' | £






According to Doflein the mode of transmission is not fully determined,
;iinl tliis statement is confirmed by Laveran and Mesuil. There may
be more than one specie of tlis? parasite, but so much of the work
regarding it is unsatisfactory thm tor the present it seems advisable
to consider it a single species. It apparently has no special pathologic

: niCn-ance. and for that reason is of but little importance in this paper.

We have examined the blood of a large number of several varieties
of frogs here, but hare failed to find this or any other Trifpano&onulL

Trypanosoma avfum Danilewsky, 1SSJ.—Salmon and Stiles give as
its specific diagnosis: "TrypcmosotM 18 to << microns long; body eyliu-
driral. compact, fusiform, and homogeneous; anterior extremity gradu-
ally attenuate, and continuing directly into a long or short fiagellum;
fiagellum intimately united with the andulatixtg membrane, which extends
from the Bagellum to tlie posterior extremity; nucleus spherical in
equator or anterior half of bodv."

There have been found in literature several references reporting 7V//-
ptmoioma in birds, but most of the descriptions arc inadequate VY.
have examined a large number .of birds of several varieties in the Philip-
pine Islands, but we have failed to Sad Trypa*09Qm# in their blood and
have been entirely unable to infect them with the Trypanomma with
whkfc we have worked.

Tnipnnnsomn  fbrrthii  k'rut. 1S80.—Salmon and Stiles and ot!u
doubt the correctness of the classification of tin- «piie Doflein be-
lieve* that two or three species have been confused in i1+ i« it ion.

h is described by Doflena as half-moon in shape, the concave side
being the body of the parasite and the ton vex the undulating membrane,
which has numerous small folds. The protoplasm Is homogeneous and
contains ;i nucleus. One end of foe body is blunt and the oth.
tapering am) continues into a short, motionless projection. Kent
that the membranous border is often spirally convoluted around the
thicker central portion, the entire body under stub conditions assuming-
an auger-like sapt « |

Habitat: Glands of Lieberkuhn, eeeum and ileum of chickens, dov.-

. ducks, and v« . Bivolta and Pfeifler, according to Doflet:
found this organism or a similar one in poultry diphthei
In th. 3, pigeons, and small birds which we have examined
in Manila these parasites have not Iteen found. It seems more than
likely thai ] - en fzr Tri/j
- doubtful thai trict a d p 1 would lvuitd in
Tin- 1i0 1 catial of birds.
Trypano* {250 ~Doflein . v+ [ be length of this
| ] .80 niicront and I - = 1 to 3 microns. 9almm
and Stiles give the length 20 15T microns and the breadtii as 1

0 Eein ite an elongsted
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body and slender undulating membrane. Certes, Lustrac, and others
have observed longitudinal division, winch Lust me says begins in the
undulating membrane. Laveran and Mesnil do not consider this parasite
a member of the family Trypanosomidtt.

Habitat: Intestines of oysters (Ostra edulis, Ostra angulaia, Grypha
angulata) and mussels (Tapes decussata, Tapes paUustra).

thogenesis: Xot known.

-Neither this nor any other Trvpnnosoma has been observed by us
in the examination of a large number of oysters of the Philippine Islands.

Trypanosoma cobitis Mxirophanow, 1883.—A very active and motile
Trvpanosoma, 30 to 40 microns long by 1 to 1.5 microns broad. Doflein

1 that one end tapers abruptly and the other gradually, ending in a
flagellum 10 to 15 microns in length. The undulating membrane is
distinct in prepared specimens. The protoplasm is homogeneous, except,
according to Dofiein, in multiplication and degenerating forms, where
it may l»' granular.

Habitat: Blood of mudfish (Cobilis fos&ilis).

Patho”t'iifM-;: Described experiments have failed to convey the infec-
tion from fish to fish or from fish to animals, by inoculation.

Trypanosoma carasm Mitrophanmy. 1853.—Doflein says that it is
v1v similar to Tr. cobiti-s, but more flattened; that the undulating mem-
brane is better developed and the body more uniformly pointed at both
ends and larger than that of Tr. cobitis.

Habitat: Blood of fish (Carassim vulgaris). Doflein observed it or
a very similar parasite in the tench (Tinea vulgaris).

Pathogenesis: Xot known. The Trypatiosoma which Doflein observed
\ivre found in sick fish.

Tl & thi<- Philippine Islamis an- apparently free from this Try-

<>soma.

Trypanosoma rcmaki Laveran and Mesnil, 1901.—Trypanosoma 78
to 30 microns in length and very slender. Two sizes and possiblv two
va; resembles 7. v motile, with un-
dulating membrane, both ends tapering with a long flagellum at the
anterior end, protoplasm finely granular. The larger forms measure

microns in length and 2 to 2.5 niicronB in breadth, and stain some-
what better than the small variety.

Habitat: Blood of pike (E&ox Jucius).

Pathogenesis: Not infectious by inoculation.

We have not succeeded in finding Trt/inmosoma in the blood of fia
in the Philippine Islands, although several varieties of both Bait and

) fre«<b water fish have been examined.
Tryp< Laveran and '\ 1901.—A Trypano$oma

resoml 10 microns in length, very actively motile, struc-
ture in ceneral like that of the other members of the familv. posterior






end not so sharp, nucleus oval, centrosome present and undulating mom-
brane well developed.

Habitat: Blood at sole (<902M vulgoru I nance.

Pathogenesis: [L&Ya&n wad Mesnil did not succeed in infecting other

with this Tiyponoaema.
losma bcrreH Laveran and M«sn&,1901.—Laveraa and Mesuil

iribe Qua parasite us a Trypamoplasma, with two flagella. both extend-
ing from tin- centrosome and one going to each extremity, the anterior
(OM bordering a well-defined undulating nembrane and extending into
a free flagellum 15 microns in length. The total length of the parasite
with flagrlla is about 50 microns and the breadth ) to 1 micron& One
end 1> more pointed than the other and very inutile. This paxaii!
chat'z+= 7= form, sometime resembling an ameba. Two chroinatin masses
lie (lose together near the junction of the posterior and anterior parts
oi tlie body, one of the.se mas:- -« sibling a nucleus and the other a
oentroaome.

It is to be noted here that Labbe (1891) had already Beem a Trypano-
pHatmo with two flagefla in the blood of leeches and that Xunster (1%~
had mentioned a similar organism found in the blood of a guinea piir.

Fig. Si) is Labbtifa illustration of the paiu-i rved by him in
ha m 189L

Habitat: Found by Uiveran and Sfeenil in the blood of the re<\.
i/.< | {erythroptiuilmus) of Fran.:

Pathogeneais: N”t infectious by inoculstion.

Tiypanoeoma LewiiX h'tnt. 1880.—Gros in 1-+1%, £l n 1810,
and later other authors found remarkable parasite, which for a long
timeweretin if controversy, in tho blood of rats and hamsters.
While sout* itTed them as umrba'. flagell.: ', there wore others
who did n® recognise them as independent OTganiama, but as raennar
taao - -iebold, even considered them small patches that some)

had been torn loose from the walls of the circulatory and lymphatic

After a long pause interest in this organism was again aroused, and
a large numl>er of articles dealt with tin- subject, without mentioning
or recognizing the curlier works. 1+% =19 and 1880), Win
|=81), Robert Koch A*\ QOookahank <is>:) published several
(3 LAY to which Kent in 1882 gave its name; but he
placed it in the genna Ht< -\ which according I+ /i nieia ai
: ! M> undulating membrane. Labbe\ DttnOen
»and Ifitronhanow ait 1 with ti #, while all inwestigalore

of surra Likewise refer to it. (ntaresl was awakened thr-mgh thi
tigatif irra an -c fly disease, and L
(by the observations of Koch, B(_)uget, and others, but Ally by the

important worka of Rabinov Wasiel*wski and Sean,
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and one form of multiplication through segmentation, a division into
numerous rosette-shaped sprouts lying side by side.

Whether conjugation takes place is yet unknown, but to Doflein it
appeared that such a process precedes the multiplication by division
into sprouts. Some pictures of Kabinowitch and Kemgnisr point to
such a course. Tin*, howew r, 1= =nil very problematical, especially since
the life history of Trypanosoma is not fully understood.

Sean, for example, considers the ordinary division as budding, since,
according to his statement, tin- mother parasite is always Larger than
daughters produced by her. The individuals are seen rapidly to increase,
especially after a new infection, impetuously dividing themselves. The
divisions are often multiple, and the mother is seen to separate into
two, three, four, and even eighteen daughters. Senn considers the

-ette formation to be the result of a division into several individuals,
and not as a special form of multiplication; but since the complete
life cycle of the species has not been positively determined, this is
also a mere theory.

In any case, separation into two parts is the typical form of longi-
uulinal divisions; and the apparent deviations in prepared sptriturns
explained by the delicacy of the protoplasm, which on being killed

<iimes the most varied form> \- yet resting forms have not been
observed.

Habitat: This species lives in the blood of rats {Uus raitus. Mm
dtcunanvs, .Uus refuscens) and probably in that of the hamster ('
eel us a r cab’s). Thus far it has been observed in Europe (Germany,

~land, France, Italy, and Russia), in Asia (India, Japan, and'the
Philippines), and in Africa (Dutch East Africa and Algiers).

Pathogenesis: The parasite is found in the blood of animals attacked
by the disease. In the case of rats it sometimes produces sickness and
death, but it is generally found in apparently healthy animals. Wild
rats are often found infected with it, but in tame ones, especially in
the white variety, its occurrence is rare, although these as well as white
mice are susceptible to the disease. In many instances 25 to 29 per
on0. but in others a much smaller percentage, of wild rats has been
found infected. Under certain conditions epidemics seem to break out.

Whether the Trypanosoma which appear in hamsters and tho9e found
in rats are identical can not <-4 be stated positively.

This parasite is very common in rats in numerous localities, both in
the Trypanosomatic zone and in countries which have apparently always
been free from the disease in domestic animals. For the purpose of
study it is one of the most easily obtainable, and because of its non-
pathogenic Bignificance and its wry dose relation to the more virulig:
forms is one of the most important of the genus. The history and
~i1lonyms recognized by leading authors hare been given abo\



i1
Salmon and étiles give as the specific diagﬂosis:

Eight to 10 microns long by 2 to 3 microns broad; 24 to 25 microns long
by 14 microns broad (Laveran and Mesnil, 1901); a very refrangent granule
{near eentrosonit?) in place of whiuh a clear vacuolc is seen iu stained prepara-
tions. ''Animalcule* exceedingly minut:. sroata  and vermicular under normal
conditions hut liL*hly polymorphic »nd capable of assuming a variety of con-
to-UIS; flagellum single, termini, two or three tiroes the length of the extended
body; no contractile vesicle * ¢ * as yet detected.”

e
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its Itnijj JIS tin* body Itself, ami >|irini;® from the posterior end of the
parasiti- with a cent nil nuHeus-tike strtictun nuiridITflfl M ii- origia, tad thrn
continues ;i- a thickening of tin- edge of ilit' undulating membrane, tirsl becoming
free at the anterior end of tin? parasite and wriggling about in the Tiii'ditun sur-
rounding it. In the anterior part of the parasite is found the somewhat large
NMttau, staining deeply and filled with a dense cltrouiutin network. A contractile
va<uoli' lias not lwn seen. The length of 7r. tewitU varies between 8 and 10
microns sad tin* breadth between 2 ami 3 microns.

As is true of other parasites, 7r. Ictrisii undoubtedly shows variations
in size. Individuals aw found not measuring more than 15 to 20
inicrons in length by 1 to 2 microns in breadth. On the other hand.

...... n- are seen which may be fully >» microns long and 3.5 micr
broad. The average measurements of adult para i in Manila
. obtained from htradre* pedmens, microns long bj

microns broad.

On the whole the motility of this parasite in the hanging drop is
probably greater than that of any other Trjfpanotoma. The active.
darting motion observed is not characteristic of all specimens, and m
have bees unable to determine the responsibility of outside influences
for t&eae variations.

In addition to 7r. lewisii Manila rats certainly harbor 7. mum, and
we have not wt satisfied ourselves that there is not n third species in
some of them. This makes observations of Tr. letnsii, based upon
the examination of the Trypanosomc found in rat*, more difficult, and
in the past has probably been responsible for the lack of harmony in
results obtain*

Namerons comparisons of diagnoses made of rat T7Tni >tn by
tnorphologica] characteristicfl and by those determined by animul exper-
iments with the same organisms have fully convinced us of the futility,
in man - pending upon microscopic data for the diiiie- of
Ir. i<y of other Try (HI I)-*

The mod trustworthy and important diagnostic point for this para-
site, besides the animal . 1= the fact already brought out by ot);
particularly by Laveran and MeMiil. that it lives so long in the ice box,
where in solutions of blood in potassium citrate Tr. lewisii retain their
activity for days anil always longer than T\ m which on van

1o as lia\. sted side h ith thorn, Thev not only

n their activity longer. Inn also remain infectious for rats for a
much greater length of time.

Ti not true, r, when compared with the possible third
vari<! rat Tryp a mentioned above, These ore i
motile, remaining so for a long time in the ice box, where they mam-
tain their infect . -apposition that these Trypunozoma
| ' Ueen gradually evolved A perlmental
data There have been times when we have felt confident we Tvrv wi>rk-

ing wit PMIL only to find the parasites infections for dogs,



T —=

%

33

monkeys, ru-.. after two or three days in tiu" ice box. At present tt i«
point baa not been satisfactorily determined jmd most be tefl to A future
diacraaion.

Of this we are gore, thai Trypanosotna corresponding in every respect
to the descriptions given ol 7 V. Irn-isii, including their noninfeetiousness

Flo, 9L— 7V. fcumi Kent. A, Adult nanaite: B. Multijlliuiii7 fonoM in fresh specimen: r. Mai-
; UpUcatloo forms in staintKl sj>ecraci:  « 1+ ¥« H>ky and St-nn.)

{or other niiiMJils, may be found in the AU*n] of Mauila rats. In addi-
tion to thoee Trypanotoma correct in erci: =il for Fr. rione
i in th*>sr rodents, fta wd] as pamrittt whirl) microscopically resemble
Jvo teed>wa Imt AT oo tinus for oth<T iiniuml” prodoeing disease and
death.

Tryi*ano$oM<i evnmii Si'-.. 1++".—A motile Tn/panonouia 20 to

|

Fto.W.-7V.<T<nwf. Two of them In proc«i .if divWon. (AfterCr«iistani

microns in length by 1 to ‘I mi o+ nraadth, = what blunt at 1
posterior end and gmiiually tapering at the ‘tinteri Thn‘iinduls?:i'
in.inltr;;10 « wfined, beginning at or near a small bo<i: (conin
S in e pusterior Portism of the jucusite and ixKuding forward

as a#{.-mni. |
| = - — i



This Trypanosotna is provided with a nucleus and a granular proto-
plasm. :

We have classified the parasite causing Trypanosomiasiti in the' Philip-
pine Islands as 7Tr. evansii. This is the name adopted for the original
organism causing the disease in domestu animals, and the one in tha
Philippine Islands answers the descriptions of this Trypavosoma as well
as those of some of the other parasites later to be discussed.

It is a Trypanosoma from 20 to 35 microns long by 1 to 3.5 or 4
broad, including the flagellum. The gradually tapering anterior end is
provided with a long flagellum, which in the living parasite has a very
active motion and is a free continuation of the thickened border of the
undulating membrane. It extends buck ward along this membrane to its
end, about one-third to three-fourths the length of the parasite, and
terminates at or near the eentrosome (micronucleus). The undulat-
ing membrane extends from the posterior portion of the parasite along
one border to the anterior, where it gradually tapers into the free flagel-
lum. This membrane, active in the living parasite, in fixed specimens
is found to be more or less folded, giving it a ruffled or fluted appearance.
It is usually homogeneous, but sometimes contains granular matter ap-
parently identical with that found in other parts of the parasite. The
posterior end of the parasite is more or less blunt. In the living state
this part is undoubtedly contractile, a fuel which accounts at least in
part for the varying degrees of bluntness seen in fixed specimens. Too
great importance has been attached to the shape of this extremity, which
in the parasites observed by us varies too much to be very significant as
a diagnostic poiiu.

Thf protoplasm of the parasite alters considerably with conditions,
one of which is probably the age of the organism. In some it is almost
homogeneous, as viewed with a Z«:= 1 '.i objective, ocular 4. It is
usually granular, especially in the anterior portion, the granules being
either small or large but more of tea a mixture of the two kinds. A
number of the larger chroma tin granules, which may measure as much
as 1 micron, are often seen near the eentrosome, again in the anterior
portion, and sometimes well up into the fiagollum. We have observed
them a few times in the undulating membra

The nucleus is situated somewhat anteriorly to the center and is oval
or round and of good size. A nueleolus is not usually observed. The
nucleus takes a c¢ ha . rattori: /| imogeneous or slightly irregu-
lar in structure; but we have been unable to bring out the beautiful

>f karyoki 1 ! ‘rutel by some authors.

The eentrosome is situated in the posterior rotion, te isiimee from
the poeterior end varying from one-fourth to one-third the length of 1.
parasite, depending no doubt upon I (lv:riv of contraction of this part
at tl.e B ‘wine. 10 e, hromatie, and within small limits varies in

it 18 inkimat o 1 ' the beginning of th- wndulattng
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membrane and Bagellum, and while difficult to demonstrate satisfactorily,
» probably the head of the llagcllum.

In fresh specimens the parasite has an eel-like motion, owing to the
vibration of the undulating membrane and flagellum and to a '+ * nt
the action of the entire parasite The actual mutility rariee in BO

specimens, and while it is generally not great, it may be quite exfc
These variations arc difficult to explain, the more so >iil-o they occur

in specimens prepared from the animal but at differed times.
For the si structure, fixation and staining are necessary. The
various methods which ha D published for showing the motion

the living pa i« t a way as to reveal the structure are
unsatisfactory.

Habitat: The habitat of this Trypanosoma has already '+« _ran,
but we wish & add Manila rate e list This fad m '+ ~special
emphasis in the consideration of it a for the control of ihe incur-
able malady caused by the parasite.

Pathi pathogenic for nearly all animals, as will be seen

when the discussion of susceptible animals is reached.
Trypanotoma hruvci Plimmer ami Bradford, 1889.—Laveran and

Uesni] describe it as a Trypanosoma, El microns long by 1 to
H microns broad. In ml asses it may reach 2(i to 30 microns
in length. The size, however, varies but little. It is a motile, worm-
like organism, with an undulating membnu :© ¢ i*n 1ing into a long
Hagelhim at the anterior end The posterior end is variable—round,
tapering, or conoshiipod. The motility is not great. T ucture
is not well market! in fresh specimens, but in stained ones it closely
resembles that of 7V. [> It contains large, deeply staining gran-

ules, especially in the anterior end. The nucleus Dear the middle of
the body is elongated and contains deeply staining granules. The a
trosome is nev the posterior end, and is a round corpuscle staining
more intensely than the nucleus and often surrounded b

in & o!l;-.  The flagellum, free in the anterior end, con-
tinues along the undulating membrane and near the eentrosome,
appearing, howc from it by the clear zone above

mentioned. In involution forms flagella often appear to have di:
conn

Bruce says that this parasite as found in th- . > thick tier,
and the j r end more rounded than in other animals. In the
horse the dim - arly double, with t>

Plimmer and Bradford i ' arv in size an*
with the period a' 1« ‘Hsease and the species of the animal, being the
largest in the rat at me of death.

= == nive as the specific diagnosis of this Trypanvnovta:

wewiy B« to 1 long, 1 micron* broad. &e rompuril

V. lcK%*ii It (»e-e iity of IV. hrveci in not so sharp, the unduUUng






Ps&hogeneszs: It is infectious upon inoculation for nearly all animals.

Trypanosoma rowj>lii Laveran and MesnU, 1902; Trypanosoma equip-
erdum Dofiein, 1901.—Rouget describes this parasite as a motile, worm-
like Trypanosoma, 18 to 86 microns long and 2 to 85 microns Dmi<l,
with KD u ml n hit ing membrane and a long anterior' najMhun. The
posterior end is tapering or blunt and contains a small, shining globule
which does not stain. The protoplasm is granular. lie considers it
identical with other Trypanosoma of domestic animals.

N'"ocard, who worked with this parasite, considers it and the disease
produced by it identical with other Tri/jinnosoma and Trypanosomatie
infections.

Buffard and Schneider maintain a close relationship between this
parasite and the others, but they are not sure of their identity.

Habitat: Blood and lesions of horses and assos suffering from dourine.

Pathogenesis: Naturally infected animals are horses and asses. In-
fection may be transferred by inoculation to dogs, rabbits, white mice,
and several other animals.

Trypanosoma nepveui.—Whether or not this is a distinct species is
hardly determinate from the descriptions thus far given, but the work
of those baying cases of Trvpanosomiasis in man under observation will
probably aettle this point. All Trgpanoioma described as occurring in
cases of human Trvpanosomiasis are included tentatively in this Bpe
for convenient

Nepveu first described a Trypanosoma in human blood a? fulln®

This Trypanosoma presents ail the characteristics of the genus. It has a homo-
geneous colorless membrane, one border of which ifl thinner than the other, and
hyaline, with thHrnctt>ri*tie undulating movements. This membrane Udurs a
nucleus and a fine flagcllum, situated Ulteriorly, the tuuluhitions of which follow
in rapid succession. ¢ ¢

In conclusion, Trypanosoma must be classed among the parasites of human
blood. I am unaMs at pitaent to give a more complete fescriptiOD of this vari--is
and therefore refrain from giving it a special nine. It will therefore be best
first to establish the similarities and differences between thi* parasite and the

congeneric parasites of animals and also to complete the observations on its
morphology and life history.

Dutton, who has found a Trypanosoma in Forde's case in South Africa.
describes the parasite as follows:

In contrasting the parasite with similar parasites in animals it approaches
most nearly in its morphology 7r. brucci. It is the smallest of all described
niitniinaliaii TnjpanosomQ.; its average length bl *2 microns. Including the fiagel-
lum; its breadth is srnitpr in |jrcijKution to its length than in other parasites.
The posterior part as measured from the micromiclcua to the wctrwne tip is
short and characteristic for this para-ii:

The micronucl(Mis and ita associated vacuoles nit* abreya large ami well marked.
The "set" in fixed sp*-lme=ns | liffers from that of other spe<is« we« has already
been pointed m*

Dr. Laveran, wis hins very kindly examined some blood films taken from the
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patient, informs DM iliat if the morphological characters are alone con>ili

he would regard my specimen as a new ; it differs from T7r. bruoci in
the length of the nagellum and in the small number of cliruniatin granule* in
the protopln>tn.

Having as yet not had the opportunity of transferring the parasite in the
blood from man to other animal* a a has been HO completely doM In BfigfTii
by Bruce in Africa; Kanthaek. Durham ami Wandford, and Plinmier and Brad-
ford in England; 1*averan and Mesiiil in Fran.*!, and to a latt extdtt in surra
by Eva; . Lingard. Van Dyke Carter; and in dourine by Ronuet. % ard,
and others; 1 am quite unable to contrasi the pathogenicity ami the morpho-
It is to ha remembered that no case lia* mr bees reeordetl in man in the
district®* in which animal inftviion i- M common, although man i- «1; 1 to
the same riak in infection; for instance, the t*tt>,6 fly (Qlossina mortitans W
wood), which was proved by Bruce to oarry the infection of nagana from animal
to animal. Intel travelers, natives, and others, as well as aninia ;

The consideration of these facts and the discovery of a parasite—evidently of
the genus Trypunosuma—in the blood of a patient presenting symptoms markedly
similar in very many points to those of the two or more dJ [ lower animal*®
which have been definitely proved to be caused by the presence of different ip
of the genus IYyjJKMMMM forces one to the conclusion that the parasite found
in this patient is a new specie*, and is also the cause of the iHtWMt from which
the patient is suffering. I would therefore BUggesi the name Trypnnmoma
pambiense.

Until more wof”has been done, it is advisable to use caution in classi-
fying tliis Trtfpmotoma as a aeparati S. h '- done in thu report
t. ntativt-1 v. but the chanc* ~/r | reful work will decidr it to In-
identical with son”e of the others. There are several reasons for this
assumption. The easee BO far reported are from areas where the di>
is prevalent in animals, and these cases are few in number and somewhat
scattered. There arc probably many cases which have not been d
hut we c;in not believe them sufficiently numerous to pcrpetuati |
without u host in some of the lower animals. It Mem much more likely

that tit' 7B in the patients which =1 luiw interfere with the
natural resistance for the well-known para sit: -
Trypanosomu equinum ' . 1901; Trypanosoma Wuasninit, 1902.

The lenpth of this parasite, acconlin<: to Vbgea, u two or three time*
and its width one-third to one-half the diameter of a red blood i
The anterior end is provided with a fiagrUum about as long as the body

of the parasite and extends backwar' it fun « 11 length of the
body as a somewhat thiek»iu-d margin of a distinct undulatini: nu'inbrane.
The ptBterior end of the pant- : about one-third the h-ngth of the
flag-ellum and is contractile and somewhat beak-ehap

IU motion resembles that of an eel, but the actual motility |- 1@ ~-rcat.
the whole body taking part in an « i rrigglii. = ».1ion and
the flagflhim and In-ak ends moving in O] dire<-tions. The nn

is dm- to the undulations of the membrane, which run in both directions.
rtagvllimi treanty, ~but the parasite mi



direction. The* ii « «*less H>TME #1 1A «*j L "'f

w Qew the posterior end, -MU\ the Uunn U granular, ‘n
young MS (raidy found) a larg.© I;-fm-Hlé) ii Been near”e
“ﬂl @ wnallei dutmlatm ‘ma« MHT the postenor end. Iho 1‘
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chromatin mass in stained specimens i- Bometimoa surrounded by a bright
area, which in turn is surrounded by a nomtaining border.

Habitat: Similar to that of Tr. brttcei and Tr. evanm, vovji for
vl tie, which 2! tu: be i in mane.

Pathogenesifi: Pathogenic for domestic and certain wild animal!?.
Voges considers the cattle of South America immune.

Tryi>wnvsom>i dlwila'ti (lir vee, (7000 \—Bruce has published a note re-
garding a new Trypanosovna discovered by Theiler in the cattle of South
Africa. The mw parasite is to be distinguished by its size, being aim
twice JI lnroe 0= any of the others. It i- pathogenic only for cattle.

Lftveras and tfe&nil have studied this TrypanoBotna in specimens fur-
nished by Theiler" and they agree that it is a new species. They give its
length n- 30 to $0 microns and its breadth as 2 to 4 microns. In its

i Fin. 105— T a of null di- CHdenu Mnin—<I nci-ordtng tu Lavvrnn. (After Lignlerm, Kwwil
» Ve, 10, FL 1) B

general structure and m =  division H' - not differ materially from
other Trypanosoma. Thi+ toneides cne of its diagnostic points-the pres-
vrice of blood cells with basophilk- granules in the infected blood.

Habitat: Blood of cattle .
Pathogenesis: Horses, dogs, goats, th<«i:, l«r. rabbits, guinea Jigs,
; rats, and mice are said to be immune to tl‘h m—. but Theiler was
¢+ able to infect calves by inoculation.
I Trypanosoma tratisvualiense (Laveran and IferatZ 190S).—This Try-
T panosoma was discovered by Theiler in the cows of the Transvaal. Its
d1mens10 s are variable, the averaﬁe bei alg 30 microns in length by 4 to 5
1 mm breadth. Its Chﬁi | pastins 1agnosis is, according to La-.
A and Mesnil, who Ili“‘I 1s submitted by Theiler, is the

presence of t‘!‘? S o near the i U f the parasite and near and

i
1
i
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urtimes united to the nucleus. The altred <orpusclea seen in blood

infected with Tr. theihrii have not been seen with tins parasite,
I |{ubitat: Blood of Transvaal cati

T T BT i ,1 Tnjpnnosoma of mammals.—Regarding the
dittVmUK.I 10 ne of the Trypanosoma which are of the greatest im-
portance in the disease of domestic animals, th« o be considerable

difference of opinion; and the work will probabaly not be satisfaetorilv

completed until aU the supposed varieties are studied in one country
in similar environments.

cording to U aad Mesnil the distinction between Tr. brucei
Al e b i ia thinner and more tapering, and

mdulating, membrane is smaller and less folded. Its protoplasm
color Its chromatin granules are not so large and numerous.
[ta . potterioi .itv is always thin and tapering and never has the
appearance of a truncated cone. It lives longer on ice than does Tr.
- individuals showing no material differences are found
in both var I n ivih blood without Hie presence of dividing forms

, are differentiated with great difficulty. In 7r. brucei the centro-
. ahravs divides first, following which the flagellum. nucleus, and
protoplasm separate in the order named. In Tr. lewisii divisionyRpay,
gin in the nucleus, and before it takes place the parasite Bomaetiges
lies 5 microns or more in breadth.
Tr. equip.nlum, according to the same authors, closely resembles 7r.
brucei, but the morphologic differences between the two are apprecial.
brucei has much greater dimensions; its protoplasm. colors more
deeply and nearly always contains large chromatin granules, which are
absent in Tr. equiperdum, which is never more than 20 micron, in length
However, we have, in the blood of animals, seen Tr. equxperdum whic"
so closely ‘resembled 77. bnuei that methods of differential diagnosis we

unsatlsfactory
Tr ST 'eqmmim,' according to Laveran and Mesnil, have
almost the M "ngth' and form. The protoplasm, the nu< the
undulating ' membrane, and the flagellum have the grea: -ambiance
in (he two /" '<*, but this is not true of the centrosomes.
ttosome: of \ Tr. ‘brucei colors easily and deeply and measures about
] Nl ' ,at Of Tr. equiwjm does not measure more

thfficunlotodexd mtHat
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rule. Large divisions into three or four parts, which are Bomewhat more
common in Tr. equinum than in Tr. brucei, are sonntijncs observed.

Martini considers the posterior end of 7r. brucm more blunt than that
of Tr. fevtm, Tr. equinum, or Tr. tii.

Buffard and Schneider and several others believe Tr. rougetii to be
identiu.il with other Tri/panosoma \nodx\cing Trypanoeomiasifl in domi
tic animals.

-heube, Bruce, Kost, Koch, and many others consider 7r. evatuni. Tr.
brucei, and some of the other parasites probably identical.

Ligneres has recently written elaborately regarding the distinctions
between the various Trfpanosomu of mammals. In the main hi* results
agree with those of Laveran and Jlesnil already given.

A consideration of this subject resolves itself into two headings:

*t. a differentiation based upon microscopic observations of the para-

B, and. secondly, that based upon their pathogenic action. A* might
be expected, the more two parasites differ when compared by one of these
methods the greater will be the difference between the two as determined
by the other.

Tr. huisii differs morphologically from the parasite of nagann. surra,

. had these differences are confirmed by their pathogenic action. Con-
currence of opinion on the individuality of 7r. tewlsii as found in dif-
ferent countries is so m:ivvr=0 1 that further attention need not be paid
to it.

When we come to consider the identity or nonidentitv of T7. ewuu

Tr. briuei, Tr. equipcrdum (roug>ii<). and Tr. etmatsicum (equinum),
we are compelled to obtain our data for all of these parasites except Tr.
i from the work of other autho]

Taking up first the study of morphologic differences, we fail to “"
any justification for the extremely careful and guarded conclusions
of Laveran and Mesnil or the ?ery sweeping ones of several more recent
authors. They have disregarded the fact of the variability of i
organisms in the same species of animal in the same country, th<ir
greater variability and different species of animals in the same and in dif-
ferent countries, and other conditions requisite to identity of environment
and to a conclusive comparative study- It must be remembered that we
are dealing with organized animal life and that environment lias an
important influence on its physical condition.

The most important differences which con- “"\e writers generally
p01nt out between these organisms are variations in the shape of the

' . the centrosome and the undulating- membrane and
;nular condition of the parasite itsolf.

From careful observations we are confident that the postirior end
of Tr. - contractile, a condition which a few writers ha\
in other parji This results in a variation of the shape of this



in Tr. evansii, and doubtlessly in other parasites, as great as
that given for any two members of the group.
The same statement applies to some of the other difference!, such
as variations in the undulating membrane and the general morphok
- of the parasit".
Another important factor which has not been given due considera-
tion is the age of the parasite, as ia also the condition with rei
to life, of the media from which the preparatione are taken for study.
In Tr. evansii and probably in some of the other parasites the number
esze and to a certain extent the location of the granules depend
upon the conditions mentioned. The difference in the staining of the
eentrosome in 7Tr. Itnuei and Tr. eimaniami (agtnfttim), first empha-
sized by Laveran and Mesnil, we are not in a position to comment upon.
Laveran and -Mesnil have written very carefully regarding the dif-
"titiation of these parasites, and are most conservative in considering
differences in pathogenic action, regarding the latter as secondary in
importance to the morphologic dil! - of the organisms. More
effusive and less careful writers have drawn emphatic conclusions from
pathogenic manifestations alone. There is undoubtedly A simi-
larity in the pathogenic action of the vari-ms Trtfpanosoma, in general
the same animals D ml showing similar symptoms and
'post-mortem lesions. The chief differences are those of degree, and they
vary almost as nnieh in different animals of the same species when |
inoculated with the same Trgpemosoma as with different Trypanosot
Civ! s example, Da- '« used to show differences in the pa
<>n as a matter of fact in Manila these animals, when inoculated
with Tr, evansii, show variations as great those noted in literal
for an\ two diseases. ' have seen a cow die in twenty-four days
roin surra (see fig. 1%27). and all degrees of '~ above this to
an almost complete natural immunity have been observed.
After carefully reviewing literature and taking onr own observations

into a> not feel justified in forming a pS~i lusion;
but it seems to us that proof sufficient ' the individuality
of the Trypanosoma causing Trypanosoi “ 1 “omestic animals has

not vet been advanced.

V. MODES OF TRANSMISSION AND INFECTION.

Be) i 1 the transmission of Trypanosoma by biting
and si i ot only method : e
practi ! il harmony with tin
lit. L 0 be that this is the <m
method +irea (1) < A of a host constantly |

of trai “on from this host to the healthy
animal, ami that in tl : of >ither the host or the

disease 18 not cominunieat'
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With reference to the presence of the host, we have ample evidence
that it is constantly present in the different countries afflicted with
Trypanosoma, It has been shown that in Africa elephants, camels, cattle,
and other animals live for months and sometimes years with this
disease, certainly long enough to carry the source of infection from
njie rainy season to another. Poa, Bruce, and others in this same country
have shown conclusively that a curiain percentage of the wild animals are
infected and that they harbor the parasites, with little or no incon-
venience to themselves. They have further shown that when these ani-
mals are driven from a community the biting (lies to a large extent
follow them, and in this inanner the epidemic which may be raging at
the time 1?7 almost completely suppresed. In India camels, cattle, and
other animals live long enough with this infection to carry the disease
from one season to another; in fact, the camel may live for more than
time years. Rogers and others believe that in India the cattle, whit})
live for months with Trypanosoma in the blood and often completely
recover, principally act as the hosts. In South America wild animals
and certain species of cattle when infected live for a considerable time
and act as hosts in the propagation of the disease. Some of the rec*
writers in that country have concluded that horses are infected in suf-
ficient numbers to act as hoe: .

In the Philippine Islands with an epidemic of two years' duration
it has not been found necessary to go ol of the horse family to
find a host constantly present. In Manila infected horses are found
during the entire year, during the dry season, of course, in small numb -
The wild animals of this country have not been examined, and -cattle,
while susceptible to the infection, are rarely found to be naturally so.

In literature there is an abundance of incontrovertible evidence to
prove the disease to be transmitted from sick to healthy animals by
Kiting and this has been fully confirmed by our work, as will be

wu. There is also sufficient evidence to show that, in the absence
of either the host or the biting insects, the disease does not spread.

BY CONTAGIOX.

There is nothing in the nature of the disease or in the manner of its
spread that in the slightest degree indicates transmission by contagion.
The same may lie -aid also of congenital transmission. Observ. =
unanimous in the opinion thai tin- fetus in utero is not infected. We
have performed a number of experiments in this line on dogs, monkeys,
rabbits, guinea pigs, ami rats. In one dog infected with TrypOk:. .

by inoculai >out two weeks before delivery, mi scar:ii. [ollowed on
eighth day. In none of our other animals was gestation intcrf*
with and the young « : rer found to h 1./ 1. although !«

to infection, h: 1 o Eourexperiments two puppies were allowed t' nur.



from an infected mother in an insect-proof stable, and at the time of the
death of their taoi'ir. «;i:ht days after thai birth, they « ree from
infection.

BY COITION*.

Almost all writers, referring to dourine, state that it is transmitted

coition, and a considerable number believe this to be the only method
of transmission for this chwu=. while others believe it to be the excep-
tion, even in this form of Trypanosomiaeis. This method of transmission
lias been given little consideration in relation to the other form;*.

Recently some writers up - have offered at least Bug-
gestive explanations. Schilling believes that transmission by coition
occurs in those regions free from the usual infecting insects and from
other conditions favorable to the propagation of the disease; and the
»-ographic distribution of dourine tends to support Schilling's con-
clusions. In infected countries, if the infection takes place by coition
it is lust sight of in the more frequent methods and could be determined
only by careful experimentation.

\\>- bave performed a number of experiments looking to the eluci-
dation of this point in the epidemic now raging in this country. Con-
siderable difficulty has been experienced in obtaining direct evidence.
Ilorses are not available for the work, and with the native ponies it has
~vn almost impossible to find at the same time infected animals and
those desiring intercourse. In several instances infected blood has been
introduced into the vagina of female dogs by the use of a catheter. All
these experiments except one have given negative results, and in the
positive one infection is attributed to a lesion of the vagina. In ti
eases in which the mucous membrane of the vagina was injured pur-
posely, infection following the introduction of virulent blood occu;
in every case, with an incubation period equal to that following infec-
tion through the injured niucosa of the mouth.

We have not observed an absolutely conclusive result following coition.
One male dog contracted the disease after intercourse with an infected

but a small number of biting and Binzi1. insects were present

at_the same time, so that it was probably transmitted by them. \

T ‘her » ;in infected male goat was seen to copulate with a
healthy female, but no infection followed. This was hardly the n
«able kind of an experiment, since at in question rarely $h<

>ites by microscopic examination, though his blood was infectious
by animal experiment. Again, the manner in which goats effect -
ulation would be much less likely to result in infection than in the case
of the horse, provided, as has been suggest*."*!, it depended upon trauma-
tism. 1 um probable, however, that in many animals,

and ally in the case of -rse, infection might o1 llow
1al intercourse as the re<ult of traumatic iniurv of the
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li is not uncommon to see a few drops of blood aft*T sexual intercourse
between these animals, and it would certainly require no stretch of
the imagination to suggest the possible presence of small injuries in
the mueosa of the genitals of both animals. It does not appear, how-

»;, that much importance should be given to this as a practical means
of transmission of i/l .ase. Any hones transmitted only
by coition could, of course, be eradicated with the greatest eat

RATS I- RIMBS OF THE H 0S.

In referring to tin' part played bj oe to a much more
important subject To bring out its full significance necessitati
brief consideration of the natural infection of rats with Tr. evansii,
a point which will be thoroughly discussed under ''Trypanosomiasia of
rats/' and a consideration of the bearing such infection has upon the
transmission of surra in animals of economic importance.

Rats tn an indefinite way have been blamed for the trsnsn
(he disease. Lin pud has made elaborate ezperinu show that

iin soiled with the excremeni of these little pests and eaten by horn
played an important part in the spread of the infection. He dem-
onstrated that rat surra was transferable to horses by inoculation; but,
owing to his failure properly to protect his animals from insects, fa
swork lias received hut little consideration. MusgraYO and Williamson
have shown conclusively that a certain percentage of rafi in Manila
harbor 7r. evansii.

In a preliminary report they say:

A I raying known to harbor a Trt/fKittosoma somewhat

*mblinjj Hit' one farad in UM uvod it has been eonehtaively shown thai

ertftin aanibw of rut- in Manila harbor the WM Trfpamomma wbHh mam
the <li*ea«> in other animal*. These parasite have been determined both

MQrphoto”eaUj «nd in their psthogcaie action to IM> iil.-nti.nl with UM parasites
causing TrypaaoflOBdiasii la ben

With this information wo are prepared to consider the part i
play in transmitting the die domestic animnls and in perpetuating
the epidemic. Mats frequently fight, and it 1 n shown that the
infection pa”“es from one to another in this way. In addition, the
wotmdi fo caused attract biting insects, particularly fleas, which ai

kn 1 transmit Tfjfpanoaoma from rat to rat, and, as will be seen
later, from rats to other animals. In Manila the number of rats in-
1 with Tr. [li'insii makes it necessary seriously to . r them
of controlling the i B city.
IS - i“. FOOD, AND WATER.
In! ! jli the sound mucoea and through the injured nun
nienibrauiv | s I large «#+ 10 as its source infected food and

drink, liingnrd. the groat champion of this method of transmission.
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considers the ingeetion of stagnant water and of grass .Sub-
ject to inundation a source of infection, the latter being a favorable

eeding place for Low forma of animal life and possibly of Trifp

- mon and StOea believe that there is nothing at present known
L in Wwith the liiV history of any Trypanomma to lead us to
look srriou.lv upon grass as a source of infection. We know that
TrvvaMioma die very rapidly under all usual eondit.mis outside
J[». In -dv. If they are to be found in either food or (tank, th,
1M |y in gome phi the Life cycle with which we an- unacquainted
If food and water should bo infected, a, Lingard maintains, they would

;1 be harmless in the presence of the demonstrated fact Oat I

a we know it is not tranamittsble through the sound .,

of the alimentary canal.

m 2 prdimmarj report  tft"*** and Williamson mata the following
statement regarding this subject:

TI1s of an extraeorponal i ZWTM* g >"

«

iinimilIN tttfeg ana linking in these looal.t.o, and from Ofe orj
« part Of the animal ,o«,v ,-1", Wo B»H . 1 *e *e

4 . Fky -
li71. 1s without s,m,i.,;; - ! wmnteoi tio» " Ota
11(>sa(- 1(-vin, ,hi. -ulgcct, how, : a fuller. A1 figh ==
it u pwp« «t Trypancsoma qu.ckly die un-l,r aH
2,5, !, uf the body of «ome living creature, and no evidence of
eae aes aees. o5 oOffcer CFEFIFE Sk «« be advance,!. Both

¢+ L L« J]i;v, be« toocuUted with lar.; n.nnh.-r
wm\mt HU f,i»

tailed to wmvy  th*  dfeeue, *«« *3
msecvtiblc aatiwdi when | injected und.i

, of Trypa,0*0,,a and
wwks+ or months., when fed to

m.
MA2n.is.imHarto'., EoR T e deo S Y ér. " MK
pwraknt in low-lying, marshy land* and during
for age* attributed to the air. the water, €tc.; of h.rn.1
to nmko tho public underhand thai
in ssts»lu, in- dit. proridrf the pati-nt (a pv
AMEASIE . ST ishcti,
b % { aft,rw,r,ls. it n. cenflned to the city. Ik,
gh « the bor*« wn. OH which had been fed for md no
[ied.

m of infection and spread dlrchj with exposure
1 lmected animals, and attacked alike animals fed exduaively on ha;

ate
g O W dUense i> pwralMit in Manila ai .me
and has l«*n introductfc '
havjijl: 4 Mslyer 0ar oWrva60B for the pa«t four months had been
fiM . o1t [rely on hay and oats.
.- stable, with hoih Anarkaa and sativc 1
horses a1 By {1 entirely on dry feed] and rwo of I Fve
disa o oie u1 one of the two ponies was the only horse of this clan
i vhich received dry >y
i .nade that certain - in India are avoided by caval
os th< because of the danger in these dii from food and drink

=5

158 m ire found
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in South America, but in addition it lias been shown that Infected ilMricts on
this continent are just as dangerous to horses provided with dry food and pure
water while [Kissing through them as they are to animals onting forage grown
on the spot.

It has been shown hy a number of observers* that an infected animal taken
to a new place becomes a focus for the spread of the disease, provided biting
flies are present, no matter whether the territory U marsh; or dry.

Since that time the work has been continued, but no evidence lias been
obtained to show that food, water, or pastures arc over factors in the
spread of the dis« ii*

Attempts artificially to infect water and grass \mw always tailed. It
is true that when these substances are used us culture media parasites
may live for a short time un<i'r virtain conditions, but multiplication
to an appreciable extent does not occur. It is of course possible that
Infection may occasionally take place in Localities where sick and healthy
hones graze on the same ground or drink water from the Baffle place,
provided both - of animals have lesions of the mucous membranes
or cutaneous wounds on those parts of the legs which come in contact
with the grass or the water. It is absolutely certain, however, that if
food and water are ever infected to an; it must be with some form
of the parasite not yet known. Even if such places served as culture
media for Trypanosoma, as we know them, they would still be compara-
tively hail /i<« to those animals having sound mucous membranes and
free from cutaneous wounds.

INFECTION THROUGH THE SOUND MI* COS A.

There is some difference of opinion, especially among recent wrii::
in regard to infection by food and drink through the sound mucosa of
the alimentary canal. Lingard affirms emphatically that the disease is
so transmitted, but the great majority of recent investigators state with
equal posit i+ - that the disease can not be so produced.

Kanthuek. Durham, and Bland ford attempted to transmit Trypano-

*i by feeding, performing a number of experiments- At times they
Wi os e&ful, but in most eases they failed. They concluded that the
lity of infection depends upon accidental ].«i ,f the mucous

me ml) ram's of the upper portion of the alimentary canal. Continuing,

Of a number of rats fed on the orpans of iiaganp animals only H fiw weqiired
the disease, and those invariably showed superficial lesions of the snout and ears.
due to lice. When fed upon infected material, thty buried their snouts in it
and scratched tlnir wi with their blood-stained forcpaws. Furthermore, in
rala which acquired tin = through feeding, the cervical gland- \UT<? n) ®
enlarged most, a fact which proves that hematozoal infection must h» . 1l
place in the head, for, as we shall show, the primary infeiiinn tsiivela by the
lymphatic*.

\ eai [+ rwieatedly on the [l tissie - of bodies of infoeted dogs and «uis
and subsequently on the bodies of dead rats, died at a time correspond itis



Mhnl period m an Infection al the ftnl meal on »t*
ihui mne aplinte* of bone i

enabled to ‘e

\ mbbit, i tally by myu>< ol * pip«tte with large quantities oi int.
blood, did not show the alighted rig* ol Hw .1.- Kouget i tailed
to infect auiiiml? by tht> mouth.

Evans and Steel believe that stum ran be transmitted eithea
tion or by inoculation in do* ot ML IINCES p el 4 Sl £

in sed. With blond kept twenty-four hours or mote ti
dill init succeed in conveying the di-

Wriiin- in 1899, Ungard considered that natural infection wit]

W« regard it M pwbaMe
mperfidal i.-i.n*. through nfeicfa the ban*

might occur in one of four wa I a” and other v«|?
fcation grown upon land mbj anndai Irinking
ynl water during certain n, "' b Ty 4
afc g . probably as earners of the vims; and (4) from
1yl  Wiled w.th the excrement of rat, and \r,
Having determined thai ta 7>, gl
cause of Trypanosomiaa rtain percental nimals, sueh
the horse, he experimented to whether th practical
unportance in the spread of the disease.  He mb f rats
withgrain, whici Fed tot remigh

hom surra, with n. Witt similar experimente, howey,
under favorable conditions of moisture and heat, he claims to have ob-
tain,,! nea, With re* he writes as fnllr,

., later date, dun.* tbe hu,,,- half of the hot season and the mi

hirthei wend in viewwer, carried
J,0 dimat, is f*vor«ble Emm it- humidity tnd U
i !iultA tWin<1 Pymg four mont»tyg
. tat the inc«IK,Uon period of the ih«*m will prnV
fmini: BOUII of MOBture m Q ~phorc and the
amount of mat rbi ingested by the
tl(t » 1UL - in Bombay were contracted through the
or bandko r«ta mixed with the w>m.
Salmon and Stilea doubt the aocn iy that
T found in 1
roid <1 used the necessary precautions to
in his experimenta, and that if rate
iljvruIvil a from them would have be ble
. Vogea fed animals with several

liters of infected b

m

ntn a paste, without results, Lareran

aund mucosa.
but |

ping i 1 blood into the conjunctiva. B
i through t) d muc that in



those casea in which infection occurred by feeding then* were injuries'
of the mucous membrai!
Rost writes that grass, grain infected by rafa excreta, and flies must
be considered in the etiology. Salmon and Stiles consider tngeetion
a possible means of infection, hut state thai it can deserve no special
consideration as u means of transferring the disease from hone to horse.
It appears to us thai our of the strongest arguments again*! the bunt
mission of the disease through food and drink is furnished by Lingard

himself. He states that a -ir--u company which had lost hnndredfl
of «fa- '-om surra finally provided their animals with boiled drinking
water only and with grass brought from an elevation ol './' t, pro-

hihitvd the feeding of green vegetables, and also ordered the amimals to
be isolated, without success. It is to be noted thai these stables «
situated on a street along which infected horses were traveling, so that the
isolation of the nmipnnvV animals did ool protect the healthy ones from
flies. The manner of feeding did exclude infection by this means, anil
- s strong point in determining ilnit Pood and drink play abso-

lutely no part in the trans:i- of the di- as*.
The numerous citations of uu 'iiie in which ontracted Tryp-
anosoniiasu by rating the carcasses of animals dead of the dii em

to us to he no argument in favor of its transmission through the sound

mucosa. Such animals are a I Mays fighting, and the infection might
lily take place through wounds, and in addition these animals

usually well provided with Siting insects. Curry states thai it is not

known whether the d << Q the Philippines can be transmitted by food
and drink.

Our investigations have failed to produce the slightest evidence thai
infection by food, drink, or otherwia on through the sound
mucosa. Bfusj; ind Williamson, diaenssing this mode of transit
gion, ,

The prcat majority of wi thai infection enn* not take place through
the BOtrad nmeoaa of the alimont -t, and that the occasionul infection

following the administration hy month of the virulent hlood and organs of
animals recently dead of the disease are probably due to the fact that 1'
animals had damaged mucooa membrane! of the mouth or upper part of the

alimentary canal, which would, of course, resali in inf - would o<
in any other part of the body Dy )>riil: & I injured -lirfa*-e into enntad with
bafectiona material, or rice versa.

In nearly nil feeding experiments larjn* e i1 infective a”“fnt have l«fn
vii. and in li ive not bed natural inf(« L. rhicb, I::
the nnturi' of tliinjis and vhether administered throng the nm niltrane

or the «kin. would t* in >tn:il!

Lingard attemptwl iirfwli n«h tlic digestive caaal liy the administrate
<f very Btnall i [ <! blood gi [Uently in Urge dil e it water.
One of liU iiat had reoeiTfd nwh treatment, and in addition # i i
I'ir. p. of infest ped tin' on the one hundred thirtieth

day after th f 1!f ft ‘ f 10 minin



fresh virulent blood ti one dose, with an incubation ** : aty are
He <. itate thai these horses were protected from msects during th<- periods
of the experiments, which were made in an infected country, and it is more ="'
probable, eonsidering the incubation periods of one hundred thirty and seventy-
tivc days, thai his animals were infected in some other wi

s e have beca abk to discover, then- is not in literature any absolute
stool of infection through the sound Bnieoss by feedinj

1,, this preliminary report 1>ut one of our many feeding exparinMnts wiU 1*

given,
126-*ealthy adult male monkey—«as isolated, temperature taken

and blood examined daily I The temperature remained normal
the blood negative for Trypanovm*  After nv.lv,- hours' fating he was fed
weekly for six weeks on cooked rice (the usual did with frexh WK,
virulent blood, rich in Trppmmomm”" from different animals at different feedings,
Ontw. d«k infected blood in weak potassium eft
M.h.ti.n. in which fryiNMoaomd live longer than in any other known solution
out-i.i.- of the body.

U the end of six weaka the animal was .pparently in good health, temperature

had remained normal. an.l tbe blood free fro* S» « Fe -Jy
to exclude the existence of ini e drop of Wood was inj«t*d subcutantouMy
into another monkey, which remained well and wai - proved suseepti

DuriBg the feeding the Infected rice would often be stored in his ehops and remain
then- for hour-.

.,. proving the animal woi infected at tl* end of ks, B small
e o 1 " (IN month and he was again fed as before. The
eloped on the fourth day, « evidenced by rise in temperature

qml the rf rrwpmamm® in the blood. He ran the regular course
ud .lied on the eighteenth day aft*r infectton.

XhU work hu ww Batmoed for more than a year, involving tbe
hundi anhnala, We b perimented with
'~. rabbits, gnina piga, monl BAAES T SiP or a viemiprt tITL
la small doees of virulent blood and all kind, of prepamtt
! ml inf. All «painx»ciiia perfomed under
e 1 R ... whirh tontai infection impossible. Particular

to this part of the subject was deemed 1 1+ in order ini
li. mmend m« .l ,

absolute® oonvindng pro
eur through I td mucous membranefi b <i>i»s<>n,<,. no matter

in wiiui form administered-

svnn\ DHBOUGH Tin: Iv.iriai' HUOOUS MEMBK-W

U stated bv LI Will . a preliminary rrn
I tran- trooghb tbe inju-
mi Hin in,
with it. When int' BIB throug
through a wounded mucoaa memlaam
o B ted upon to (ktennine this j2int a? wWI fts
ttl> - igh th. » Of

ir through an injur



Burfece; but definitely to -li"\v of what importance this would Pr in the
practical transmission <f Trypanosomiasis required more work.

It wag HIT- vsin 11T to determine what percentage of a number of
imimal.s in the natural course of events have sufficient injuries to make

able as infection in ;i given period of nine Naturally this was
found to vary greatly. In dogs and nil* injuries ar<- quent that
in order to obtain animals without lesions to be used in.determining the
possibility of transmission through the pound mucosa, we were com-
pelled to confine each animal by itself fox some tune. In horses, cattle,
and other animals of economic importance natural Lesions u\' the mucous

membranes an rarely found. In (torses used for carriage and
draft purposes, a the corner of the mouth caused by the bridle
bit are ijiiite frequent In On - of cattle and cai lesions

Been in the nose around the ring which is placed through the septum and
which usually has a rope e . d to it. Small wounds might occa-
oajly be produced in the nmuth by eating rough dry food.
With injuries present in the mucous membranes, the to
aider was the manner in which infectious material may be brought in
contact with these wounds; and from a practical standpoint (excluding
flies) then are not many possibilities. All Mich means are of co
mechanical and readily suggest then . changing bridle
 from sick animals to healthy ones, allowing healthy anim lick
a suk ones, placing <minmU to graxe upon the same ground,
allowing them to drink the same \
Merc may be introduced a strong argument against the theory that
i and water play a serious par4 in the transmission of the
If such were the case, animals with wounds Mould contract the dia
from eating and drinking food and water which hud been alia
stand just they do when freshly infected material is
them; but this We 1 lerimented on animals with
fresh wounds, feeding them water and grass h from fortyn
boors ti) three months previously and kept under all kinds of °
but have failed to eonv< in this manner.
PI Of the biting insects that play a purl in the transmission of
the du tin var aificant
Of Hi lited with playing an etiologic role in this
is among the mos trtant.'
- hilling Jipalpit ilent in T
waU as Stomc s and ft bani. He regards all

W introduce 1. ! ticm of i
of fclw Ika wliith [; oo onKiitP'J with pUjiag ;< tola In n>i
Tryponittutpa; but the jirfssare of otlior work bfts prvrented the *ntomo).
Ll Gis tted from completing tho nnl- ! r 'line
futu i we hope to be able to A Inn «< AaU also Iir;
I open in tI>i-
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able to iraiwnit the In

s tlirse fn, cu, transfer the mfectujr. in d -
Martlm found normal Ty.i..*»m twenty-three houn alter teed
the Stomoxys aQdtrans on ini d, to iasect itseli bang kept

a « TOOM Ti a temperate ' LU TR L LEE
tea,, Onth >wing d*y the blood ww
could not be observed. On doge biting experiment with these B» failed

Healthy ho A aU covered with
J y s caldtra** did not contract the d Martini's work wa.

performed in Berlin.

Working in Manila, Cnrrj considered th< i
principa agent of transmission and found eno o aumbers of them
feedingon sick animals. H Trypanoxm*, in

;111 rtomachs of these flies twenty-four houn
infected bl...I. Be was unable to find Trypa»o*
flieas RoOst found r*poH«w»« in juk» squee”

* eakitams »J*
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hours after feeding on infected blood, lie placed five muzzled horses
in areas containing flies, and notwithstanding the fact that they were
all prevented from using the food and water found there, they eon-
tracted the disease. Suspected flies transferred to a district free from
nagana conveyed Trypanosomiasis by biting two dogs after four to
seven hours. He found living Trypanosoma in the proboscides of these
insects forty-six hours after they had fed on infected blood, and in their
stomachs one hundred eighteen hours after feeding; but at the end of
one hundred forty hours no parasites were present.

Schilling noticed that at a certain place in Africa on one side of a
lagoon three kilometers in width, surra and tsetsé flies were prevalent,
while on the other side neither could be found.

Without going into further detail, there is an abundance of incontro-
vertible evidence that the disease is transmitted by a number of species
of biting flies, as was the opinion of the natives of India and Africa long
before science demonstrated the fact. It has thus far been conclusively
shown that the tsétsé fly (Glossina morsiians), at least one other variety
of Glossina, Stomoxys calcitrans, Musca brava ( ?7), Taon, and at least one
variety of Tabani transmit the disease. All other biting insects have
been looked upon with suspicion, but absolute proof of transmission by
them has not been furnished.

Is it a mechanical action or is it one phase of the life cycle of the
parasite which takes place in these insects ? The time limit of infection
in all conclusive experiments has been too small to admit of any other
construction than that the action is mechanical. .This is the conclusion
of nearly all modern writers. Schat, whose work has been mentioned
above, is the only exception, but his experiments do not confirm his theory
that a phase of the life cycle of the parasite takes place in the fly. The
time limit of infection for these insects is given by most authors at
twenty-four hours, and a few place it as high as forty-eight. Agreeing
with Salmon and Stiles, we must say that a phase of the life cycle in
insects is certainly not inecessary to a definite continuation of the infec-
tion, and it is extremely doubtful that it exists.

We have transferred the infection to monkeys by biting flies in experi-
ments so guarded as to make the results absolutely conclusive. We
have also transmitted it by means of the common house fly from an
infected dog having a wound to a healthy one in a similar condition.
Monkeys are difficult to experiment with, for the reason that they take
pleasure in destroying all flies coming near them; but we succeeded
in performing our experiments bv placing one of the animal's legs
in a test tube containing flies which had recently been fed on infected
blood. These experiments have been repeated, and the transmission
of the disease to the horse, dog, monkey, rat. and guinea pig by biting
flies has been®confirmed. Our work has been conducted with the great-
est care and in all cases controlled by animal experiment. In short,



the transmission <Of the infection in tl
shown that further demonstration hardly appears neccss

With these facts before us. however, we h. to discuss the very
important part of the subject which refers to ihe role which these
insects play in the practical dissemination of the disease. This of course

liffieull to prove by dired experiment without great expense and
trouble; but the evidence showing this ' ml method of tr.
misaioD is euelusive a* to render such experiments unnecessary.

Summarised, this evidence is «s follows: It has been r
shown that biting flies can transmit the infection. It has been proved
that animals protected from insects do not contract the di but
I hat when protected from < uree of infection but this
Trypanosomiaaifl occurs with the usual regularity. Finally, no other
suspected method of transmission explains why tliey are found in zones
where tin- disease is epidemic.

Fleas.—Pliminer and Bradford and Rabinowitch and Kempnei have
shown conclusively that fleas may transmit 77, lewim from rat
rat; and it lias been suspected that they may play a similar role in
the more important aninnds. although tin- picion had not at the
time this work was taken up been demonstrat'

Witli reference t' the transmission of the disease by fleas, our own
work has been absolutely convincing. Surra has boon transferred by
these insects from dog to dog, fronurat to rat, and from rat to dog.
Norses ha en used for this work because of their cost and
the apparent use o>f wasting expensive animals without material
gain in information.

- - of error in thi> work were eliminated in the following man-
ner: The dogs wore placed in an are; ed with sand aud protected
from nif-ects ! - yit hut one of the dogs were then taken from
the stable, and this one we proved to be free from Tri/ptt]
animal experiment A surra-infected dog was then placed near by,
hut separated from the other one by a screen to prevent them from

liini: each other but at the same time allowing free passage to the
fleas. The healthy dog developed the disease on the sixth &

deuced In . of temperature and the presence of puy,. .. in th"
blood. T! ceriment was repeated a number of times with positive
results. The time inter . tweea the adn. . of a dog'and the
first [tovitiv.- evid.net* of disease <es nearly as the incubation pe?.
could be esti] I from five and one-half to twelve da

All aninu '~ i . tiea-infected area and only

healthy ones introduced after periods of time varying from twenty-
four hours to four week-. Although the fleas in the sand cemaii !
quite plentiful, no infection occurred.

Rats, in screened cages placed in this flea-infected area in close prox-




imity to nn infected dog. contracted the disease. The dog waa then
removed and a cage of healthy rats substituted, some of which con-
tracted the d
These observations have removed Seas from the doubtful means of
trai i and proved them to be a factor to b< carefully considi
in our efforts at prevention. Fleas axe very oumeroufl in Muni]:!
ially so during the wet season, when Trypanoaomiaeifl is most prevalent.
MotquiPoes.—Beyond the bare mention of the possibility thai tl
- may transmit Trypanosoma, we have been unable to find any
ords in literature; ami because of the lack of time our experiments

in this direction have not beon a> thorough Bf£ red.
A number of experiments have been performed, nil of which I[;
live iintl were curried out with young moi and guinea

pige in the following manner: A young guinea pig with parasites in

its blood and a healthy one were placed in a large mosquito-proof

and separated from ecach other by a < reen. MOB

were then placed in the cage in targe numbers, ami more wen' added
* u necessary. The experiment was continued for a month without
Us.

Mosquitoes were allows! to feed upon infected blood and then placed
in n large t'->t tube, into which a monkey's arm was introduced and
allowed to remain for three hours at a time. The experiment
peated daily for a week, but no infection occurred.

Tin' mosquitoes used in these experiments were A nof/hales, Btegonyia,
aiii! | i ties are all very prevalent in Manila, but do not
appear to disturb i Mninuils greatly; and for that reason, even if
tin «+ carry the infection, a- is likely, they deserve onlv
ondary consideration in discussing the spread of surra in ho; It is

v than likely that the I g Found in swampy places and which
attack large anima important i of

L«ce.—These little \»'<t< repeatedly are mentioned in literatim
possible agents in the transmission of the different forms of loso-
miaais; bn e have been able
evidence furnished that such is the case. 1 ,inly ap{>ears
that t may In- i red by lice, i |t
animals, siuh as rats and other small animate, suffering from woui
but as far as the larger an hardly consider i
n.sevt - nination for the have

!-famu-< -irji piu
lit. but eo far they have failed & give ptwitive
: nor 1 n al>le to find Trypenosoma in lice cauglit on the
< inf<o Mimals.
It hafl -almldy been pointed on* that Uo numerous on rats



anda bdp to M. amall wound. on tna* «m,

-lly around T,
19ss »™ also exceedingly

...... «* cMMcao* tat do not
(JIUKI- iinv ijlu v In 9999 ,l,Ht.killll,.l annuals.

(.,_\siutb,;",nfl,,,! g
agents in the tranamia of ft.
ay an important rote, for the -tat ¢ tick.....,,,,,
s th'.. kin tha, it ataorta the blooa of *I " M m s |[ta» *
SEIM L il A s At TN («*%* Uh to the ,-n,.n.]  The
;_ ’ :,,fti,. « <<tft- P 0'-,"" K g Ty M =
,, from on, animalto an..th.,-. TOs logic « « » to «

99999 caniy 1IN Ny aie 9lt ,0”t -X,,11n,,N .
ysssssle.rynf ik, in-imwnt in .e.o««.

K7 a by vee o T = i

%
m,nt very careful conaidentioB.

1XFWT1"X IHBODOH 0 N WOCSOia.
mim WUt has already I.. n «id in a e X
Ad mms.a. 1t will nAlilv h, - >, k-
5, -¢ i«npr during the *«h . .
" .. m,.. whbh can nndonl,t,dly infect woond. with grert
""fttan they can uninjured .km «urt Wasthy “ t 207 el
J* Uss,; ar, nmny adiilisiosu; °-<e
whlch . P«aed in dealing with >M,aU. Th«e ,na.
v .

;,vh,t,i.1, ,nvironu,,n..l.«tinno I
,sv . Mu”rav and Willia.nson mention an,.. ,,
"1

2 ,’ ,,l. .',, k ann

3 =J5 4l inihir on bealthj
W ,, a fuller underinding of rat Beral 1 set Dl 1 e SRl TR
»sy ¥ B3 Tais;d hyT,. Thiah, o VNS R
> Lincds y of tl»- tn.n«..- * e«
1

rtranitie.
»r1 b thU way it would »
,,», ,.I't in tnin.n.i-

J hlf w C ai'or inj-iri,, to I
NUMErous.

/\

ly m a country Lk

o oF ("

u

» m»»u»1 has brougl the point thai the itacaae n»y

Picking on inl u,,»l, and following

i";«d; and when ther h

yh,v ,,,ak. ,,ee

"
,t,l’ d"




90

tnin.<mi.-sinn deserving consideration from a practical point nf view in
the Philippines, the possibility ii \TTV remote.

Theik'r believes thai in Sooth Africa the propagation of the disease
to a limited extent is influenced by the immunization of cattle against
rinderpest with deflbrinated blood. In Manila we have had a striking
example of this possibility. 1VA Jobling, Director of the Serum Labora-
tory, received horn Java a number of cattle For serum work. One of
thi'sc developed rinderpest and was bled to death, the blood obtai]
being used on four so rum animals, three of which promptly develo]
surra and of nun- une useleSB for scrum purposes. The infection in

eases undoubtedly came from the Java eow and illustrates too well
ted by Theiler, no doubt frequently happens.

In following tin' disenssion of the modes of transmission and infec-

. it is seen that hut fow of the headings whieh have been chosen really
have any practical significance; and we may well close this part of the
iject with the statement, already emphasised, that Trypa . It is
ntidtly a wound and that infection takes place when n
morbi are browjht in ronfurf. irifh nn injured surface and in no other
way. The most common agents in bringing this condition about
Iriting and stinging inserts, and of tin tin ilio and t<i a less extent
fleas arc tin.' most important
The manner of perpetuation,—The manner of perpetuation of « dia-
thie kind is interesting, since it has a practical bearing upon
methods for its control. The eradication of the disease may with pro-
he discii*+ at this point

Ifuagrave and Williamson in a preliminary report referring to
question say:

The manner of perpetuation of mi epidemic of TrypUKMoniaais in any
is a very important point in eoii;<i<U*rmg the j>r*-viiiti>n and eradicatiofl "f the
disease.

By the v<TJ tuitiire of pt v =i mi of parasitic dfneaaea in general, w> know
that, unles* the dtacaaa i- eontiaaoaa, the pnm”iic nm-i have a natural Im*t, or
there ttitist Ix- a BtSf's in ii* life cycle En which it can exist for an indefinite
period outside the living body; otherwise thp infection will Uisapjwar.

Many of the Inr». = i are absolu; i tatote oi sie anin
timl probably some of them bare never had on*? within their hi i
the dies in ih>-< dt/ti: thle of infecting domestic uniinuU.  \- it him

a quite eoinln>i\Hy ibowa that the tiy I pable of *!iriving the infection
at iim-4 Inn ii -lunt time it oeeeaaarflj means that ihen ' JI Boorce of infection
from which the tii. - tppiied, ami the natnml iafensee would lie that the

>urec of Infection i- the wild anininN in which the eountiy tboaada. It
ilready been shown tha @ il ‘niinials ur*' susceptible \" the di*-
am! that others harbor the parasite* with little or no laconvenienee. It |
for (likKno.-iii- ptu i mneh target [KT.u i vve =.UI . (niinals
would I* found Infected than has generally been auppowd.
Conditions in wiu el . | iv much like thn*e in






animals soon become important I ba it- perpetuatioD in certain
zones. In tfantts the annual destruction of thousands of rats with the
purpose of preventing the spread of plague will also have a beneficial
effect in limiting one ageni in the transmission ami perpetuation of
surra.

VIi. GENERAIL PATHOLOGIC ANATOMY.

i< n. r;il\ speaking, writers have been very brief in their duapription of
the anatomical !e of the different forma of Trypanoeoniiasis, the
majority agreeing that th«y are not constant or pathognomic Some,
however, have held different neve ami bare given excellent descriptions

their poBt-mortem findings, particular!) Vogea and Sivori and Lecler.

!-sii-ran and nfesnil aay that ''magana is certainly one of the dis
in which, at the autopsies of animals dead from the disease, there are
slight hsinn>. \r;irly all authors agree in giving as a constani lesion
hypertrophy of the spleen. At the autopsy of one horse Lesions of the
internal o”aii:- vere insignificant™"

-tatc* that i1 nml de cadei -mortem examinations show
edema and roughened hair, j> they arc present during life. The
skin is removed with difficulty, and when taken otr a vn-\ dry fie&h sim-
ilar to that Been in cholera is observed. Cloudy » rous thuds are visually
Found in the serous cavities /. the chest, which may contain

era! liter*. There are fibrous layers on the pleura and oi ous
surfao ecially marked <m the abdominal organs. The subplei
lymphatic glande ten enlarged. The spleen is enormously enlarged,
sometimes hard and firm and in otln - soft and friable. The fol-
lii-!- ;i increased in size until they resemble grains of "i;:"- The
nlarged. The kidney? are pale and *on enlarged, the
. lymphatics are Blightly 0. Fluids are often found in the larger
, joi
Schilling, writii ~ ‘raixa  in Africa that poet-mortem exaniirm-
* tioaa show marked generaJ anemia, and numerous discrete, dark-red E
'pleural spots, enlarged soft spleen, enlarged Follicles, and slight swelling
‘and softness of the lymphatks of the neck, which contains a small amount
,of yellowish, opaque fluid, No special changes are d in the I
land ki>li)'
9 ori and Lecler, writing of 'surra tmericain," state that the adi
eplaced by a gelatinous mass. The mulcles havi
but are pale and in parel say atrophy. Qit hiid
sent in th- il cavity. Hie 1 ne increase in
> and is darker in color. The spleen i* enlarged and the
ntminent and red; in rhv paraplegic form il atly
'im and the lesions intensii metimes producing acute
splenic tumor. ! ut of ili<" raalpighian corpu»
art' yftfi *) 1 etl in volui v ~tand out in relief un tin-
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consistency. A like condition \> found throughout the body in
tin- regions where adipose <T areolax tissues we located, and especially
is thifl iruc of tin- hi around the heart and the subperitoneal tissues.
The muscles are pak\ wasted, coarse, and granular looking. The serous
membranes, particularly the peritoneum and the pleura, often show Bakes
of plastic fibrous material. These are particularly numerous over !l
curbuee ol tit* liver and sometimes the spleen. All the tissues and
vriiins have a peculiar dry. pale appearance, which has been so aptly

.

t = 2 | i Miaerse el S1TT C v iiiE =ilerged s o WLl P nprrive gee

SOt o Voo o tin'ir condition in cholera.  There aw anmei

- hemorrhages, particularly on th*' right -\ ' the heart and
o over the Jower portions of the lungs. The lymplutics are in general
F_- ‘newhat enli = ;in*l often marked « ' and in a certaii] | 1 tage
: s aroas of bronel D-pnemnoma are present The heart muscle shows
tparenchymatoud eha ‘renins =naewhat on the duration of the
(disease. It> ehﬂaneW usually contain <« n-fat clots, which oi'



ieml for a foot or more into the aortit. The appearance of the spleen
raxies Bomewhfit, but in the majority of cases it is considerably enlarged,
friable, and somewhat soft. The surface is uneven, due to the enormously
swollen corpuscles, which stand out prominently. On section a typical
«—;iL'n" spleen is often seen, while in other cases a typical acute splenic
tumor rach as is present ia infectious diseases of man. In a lew rases
the spleen is but slightly swollen, but the dotted aj>[>earanee, due to the
swelling of the corpuscles, \* a constant lesion anil gives to this organ,
regardless of its size, a most rharaeteristie picture.

Tlic liver is visually somewhat enlarged, pale, and cloudy. The intestine
shov ns due to anemia with now and then small ulcerations in the
upper portion and sometimes in the eeenm. The aqueous humor is often
cloudy and contains Tnjpatwsoma. The urticaria! eruption observed
during life is no longer evident. In some of the lower animals the

nun and even tb le in the male and the vulva in the fern
are gn rotten, and in the male rnhbit the tension may be so great
as to rupture the scrotum. Small prcpucial or Labial ulcers are not
uncommon.

VII. GENERAL REMARKS ON SYMPTOMATOLOGY.

Before proceeding to the study of Trypano-.>jni;isN in the various
animals, it might be well to make a few remarks on the symptomatology
of the disease.

There is considerable variation in the clinical picture of surra in
the same class of animals, even when the in'i | mrusites are known
- iiel it 1- fore not surprising thai variations should
exist in different species. In reviewing the literature relating to
doctrine, nagana, surra, and mal de eaderas, one is struck with the

similarity in I ons intercut diseases.
A 1 of th- ptions of any one of them as given by dif-

¢ \vriterf shows as great a divergence as may be found with those
of 1 Mases acknowledged to be different. In all of them, howe

re are a number of practically eoi mptome
the well-established infection such as to make, when taken tog
a clinical picture e it ccuridtelv even without tin
of tli«

in incubation period, which varies in the same class of animal
and in those of O/ viut «on : with the conditions o
infl ami during which the animal remains p» well, th
firsi ssmpitor be D@ IS a rise of i

\ <ol <t fever may be the only eridi
illness. Later on the animal becomes somewhat stupid; i
turrhal du from the nose and eyes aptx-nr; the hair 1

e | fall-; out in plai. nnlly I
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discharges become more profuse ;md the tion more tenacious and
oven purnlenti marked emaciation develops; edema of the genitals and
dependent part.- appean : o .ii. particularly of the hind

parts, comes on, and i> followed by death.
Voges divides the symptoms of nuil de caderaa into two stages, a>
follows: Mn the fourth or fifth di r inoculation the temperature
ipidly, sometimes to 4.0° or 41° (‘.. and then suddenly falls
normal or near] uvsually on fchiad day. Within five days
'u is another rapid rise, reaching 40" C, followed by am wid-
fiill. These reactions may be repeated from two to eight times
during the course of the disease. This is called by Voges the first
During this period the appetite is good ami there i- no ema-
ciation. The thirst is increased. The - normal, but in rare
instances nun' Bhow a little dotted blood. Transient bemoglobinuria.
The reflexes are normal. The cosi a smooth, and the hearing and sight
nonnal. Toward the end of tin-—- ' 1&
In the second stage thi becomi intermittent, anil exaeerba-
10 C. or over coeptional. Tin? remissions arc also less
marked. The animal becomes inactive and sluggish and allows the
head to drop ey, P tion takes p]
thirst; pro reakening. Edema, particularly of the hind ; .
belly, and scrotum. The hair loses ! i osibilii
-pimtifm remain good. The gait b©
I (mall | the animal to fall over. S .vnimals die Bnd-
ilv during the. Inter - of the disease. Just before death the
temperature variations usually become greater, vacillating He 34°
A ] ¢ d death generally oeettrs when the temperature

T: r is not continuous nr characteristic in anv of these d -
It may be intermittent, remittent, or. according to some writers, re-
lapsing in eh: . varying from 39 » . It is nearly always
higher in the afternooj
In describing the epidemic of Borra which visited Java in 1! - lat
gives among the symptom* fte which are remarkable
in thar they differ radically in many respects from those described
truck by ti
they form a very clear description of rinderpest in He found
Trjfpam il it woald appear to us thai he was work
with "1 combination of the two 'dia :
\ work 1 by 'various ‘wr
ihe relation <f thi ' parasites’ in' 1
cnlating blood, some maintaining 'that ‘ortion
! - that no relation \vhat«
irhuck, Durham, and"'Blandford say that the para-
1 early in the ' and continue I



until death-

cubic : o Vn,,,,!0- J thea to enter
tho shor( hllent p(ensul
ti o A e AL e i
swTTrZ3 4 b which
has been suggested, that tWy exist in the
UCKWK Voo o 4 at least a portion * !
of the para-
length 1 191 **N* on
i, he satisfactorily e
'ered with but little eriuwve i« »-,,
Shihe il b aae to be the most plpnaihte. He states that the

aie nuuimni? during the 1" W u»)» »ie— —

following which tin ‘e rionsly disappear; and this appearance and
disappearance may take place a  rnnnl  mies during the course of tl

diseaae. He eoosideics n due to a certain amount of immunity, which
acquired bj all animals in the earl

ad wkkh may be repeated
a Dumber of tin

v re the animal becomes too weakened. This view

is advanced in preference fc6 the opinion that the temperature plays ar

part in this phenomenon. In the later stages of the disease parasites
be found in the blood in larger num! = '

urn than at any time- previous

fTicalt lanation is the ane-
mia, which is progi mm o cells and in< irith
?;l ir manilnfzccl:z::ecj:y' o o e Jinally that on accomr
£ i "msi b ! 1llooa
2 9 them&l:;’ll’opbagi = A
are taken up by the large \

. ren. rdin:
important explanatbns have been g SVCC_O ging
« «rmct«Tit. Prominenit symptom
red blood cells in the

ACEM inT.aTheW t,,, ha, ,, tl,
moglobini . . U. proportion to the dimi-
it The- fAdhlood cells; from the nornu.l. :

J1 to 3 nr 1 pec,
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Several observers have spoken of the mechanical destruction of red
blood t-clls by the parasiti.-.  Yoges saw Trypanosoma hold erythrocytes
against the body by their fixed ends until the cells disappeared. Crook-
shank, on the other hand, was unable to satisfy himself that they attack
the red blood cells.

Laveran and ICesnil do not consider anemia sufficient to account for
the death of animals. They say that the manner in which the parasites
act is still unknown.

There is certainly something very curious about the presence at anemia
in ill is disease and in the action of the parasites in producing it as well
as bringing about death. The mechanical destruction of the red blood
cells is not of the importance many writers attach to it. It seems to us
that there is some factor in addition to mechanical action, which cam
goch profound changes, and strong evidence in favor of this is found in
the peculiarity of the gelatinous deposits. The parasites appear in some
manner to produce, <r cause some part of the animal economy to liberate,
this peculiar substance, which is not a simple infiltration of fatty tissue
but is of different character. The deposit undoubtedly is formed grad-
ually, as is inferred from the slow change in the secretions. The dis-
charges from the nose and t first watery, gradually take on the
same character, and before death become very tenacious and solidified in
the nose and corners of the eyes.

Referring to the action of Typanosoma in the animal economy. Tjaveran
and Mesnil state:

in the presence of an infection so intense as that which is shown at
the moment of death of rats, mice, and other animals, the mechanical action of
sueti * number of parasites is to be considered. This alone, however, in our
opinion, does not suffice to explain the cause of death. Rats infected with TV.

IMBM may have a great number of parasites and yet feel no inconvenience. In
certain attempts at treatment, of which we shall speak later, a rat tin* lind for
more than tiftom d nmny parasites in thi? blood as red cells.

One U led to think of a toxic action of the parasites and of the intervention
of the soluble products excreted by them. The observations of the course of the
disease in rabbits, guinea pigs, and cows, in which the parasites are not so large

as in other animals, pven at the time of death, and the profound dejection of
certain anininU when infeoted. as the ass, plainly corroborate this viow.

Strong thought that it was perhaps chiefly through its mechanical
destruction of the red blood corpuscles that the Trypnnosoma caused
harm. Kxperim> re performed to show whether the parasite el:
ore tod any fcj-~tanee which acted injuriously upon its host

Large amounts of blood taken from monkey- --iilVring with experimentally
I>rodueed Trypanosomiatsis of severe type were passed through a BorkeMl Ufa

and the filtnit.- (injected into other monkey*. N toms of Trypanosomiasis
were produced, [large ceHoidin capsules containing blood with many parasites

e placed in the abdominal cavities of sheep, but the results were also negative.

V11 jF S  a toxin have proved futile. It does not seem



to us that a toxin can enter into consideration; but, as has already been
said, the character of the action which results in the formation of tin-
peculiar gelatinous deposits will probably lead to a solution of the
problem.

Voges believes that in mal de caderas death usually results from
a gradually progressive heart failure, and in some cases occurs suddenly

su the Bame cause- He says that death usually comes on with a fall
of the temperature, rarely at its height.

This statement is true, but does not go far enough; an explanation
ol the cause of heart failure is what is desired. The condition described
above may offer some solution, in that the gelatinous deposits are often
abundant around the heart; and a microscopic examination of the tis-
sues shows that a similar condition is present in the myocardium.

The incubation period of the disease in different animals has an
important bearing upon tin.' application of methods for the control of
epidemics. It will be discussed in detail as the study of the disease
in different animals is taken up. The evidence of previous workers
and out owfl observations show that it varies with the manner of inoc-
ulation as well as with other conditions.

In all the forms of Trypanosomiasis the infection seems to involve
particularly the genitalia, the skin, and the organs of special sense.
The skin symptoms consist in a roughening of the hair, which also falls
out in places; a thickening of the epidermis, often with exfoliation,
and in some stages of the disease various skin eruptions. These may
be simple erythema, and more rarely they may assume the severer forms,
as urt'cari or in extreme cases a distinct localized ulceration may

crotnm and penis in the male and the vulva in the female
are often swollen, and. ulcerations of the penis or vulva are frequent
symptoms, especially in dourine.

VIII. TRYPANOSOMIASIS OF VARIOUS SPECIES.

TRY1IWNOSUMUSIS OF IOBt-

UV shall begin the discuteion of trypanosomiasis in the different sj
>f animals with'that of the horse, which from an economic standpoint
',e most important animal natural <. ptible to the disease in the
Philippine I shin
Host of tin  writings relating to Trypanosomiasis deal particularly with
the infection in equides, and as a consequence literature is rich in descrip-

tions which in many points can not be improved upon. 11 r inten-
tion brir'th the most important writings on surra, nagana,
dourinc and mai . ..deras in each species of animal, following this

with our own observations, and finally, when through with the species
- to the diseoflftion of the individus
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Sumi. according to Lingard, manifesto itself, after it period of incuba-
tion, in fever, a stumbling gait, and general or Localized eruptions with
presence of Trypanotoma in the blood. A period of apyrexia may
here supervene lasting for a day or so, during which the animal nJ>J-
better. These apyrexia] periods may occur a number of times daring the
course of the disease.
In every instance, however, they are followed by » fever usually from
to 40° C; thirst, slight loss of appetite, ecchymoses of the conjune-
ttvee, wit)] increased lachrymation and mucous discharge from the nos-
trils. The submitvillary glands may be enlarged, and edema beginning
on the legs or sheath may develop. Emaciation is rapid and progressive.
With eaeii Nation* of fever the other symptoms become intensified,
and the animal is made weaker. The edema spreads, the mucous .-un.
MIH> very pale ami tinged with yellow, and the respiration is quickened.
The appetite remains good. Toward the end paresta of the innd ijuar-
mes noticeable Paralyau of the sphincter ani is frequent
Shortly before the end the hea tion in many > - violent,
and death may result suddenly from heart failure. When thifl does not
iir. tli- animal finally falls to the ground and dies from exhaustion.
gang i* carefully described by Bruce, who gives as the priii-
'ms: Fever of a remittent or intermittent [ itarrhal m
tions from tin- nose and eyes; staring of the coat; and edema of the
abdominal . I\ prepuce and the posterior extremities. The ani-
mal becomea markedly emaciated and hai a dejected apearath.. the I
hangs, the hair becomes very rough and in places falls out. the mm
membranes of th< nitals become very pale, and tli-
1 rally a slight opacity of the oornea, Just before death the animal falls
to the ground and dies apparently without suffering.
K anthuek. Durham, and Blandford inoculated two Im” - ... >f which,
a well-fed Russian cart horse, lived seven weeks, and the other eight dfl -
wasting « conapicwmE. The period of incubation was follpt
by a smart risr in h-injierature and by the appearance of parasites in the
circulating blood. A sudden ri*' of temperature immediately foliow

ise in tiie number of pari+i+ in the bK Lot time of

death there was marked fever.
e ran and Mesnil report two eases as follows: The |+ inptoine
leatance of > in the blood and fever. 0. «! the

horns, which was not in a good condition at the time of inoeulati<:,
in sixteen days; the other in forty-three days. With

tion> parasites were always found in the blood by mi< e iina-
tiou. The red blood eellfl gradually diminished and at death wert
dnced to half their original number. <e less. Parasit* carel in

the blood in le<* than four davs after snbentaneoin ipoculation, and .
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rrwespending reduction of the number of parasites in the circulation.
With the second rise of temperature to 40° C, where it remained oscil-
lating between 30° and 40° until the day of death, the parasites again
worone numerous and remained so throughout the disease. Beginning
about the fifteenth day after inoculation, there was edema of the pen -
.gradually involving the belly but not the posterior extremities. Lesions
of the nose and eyes were not noticed. The appetite, except at the height
of the fever, was good. There was no apparent emaciation and no serious
loss of weight.

During the incubation period of mal de caderas, according to Voges, no
symptoms are noticed; but as the disease progresses, the animal becomes
inactive and heedless of what is going on about it. It allows the head
te drop car |\« + tnd the whole body loses its firmness and becomes more
and more sluggish. On being ordered it respond- very lazily, and "‘even
the wildest and meanest horses no longer balk and bite." At this
period of the disease the animal may fall to the ground and die sud-
denly. *)n the other hand, if assisted to rise, it may live for as BUKI
as two weeks.

Following the incubation period, which varies in duration, the temper-
ature rises rapidly, often to 40° and 41° C; and on the following day
falls to normal or nearly so. It then goes up again, and within five
days reaches 40° C. or more. The period of apyrexia between these
elevations is of uncertain length. This Voges calls the first stage of the
disease, the important symptoms being the intermittent fever.

In t1v «ooomil sinee ihe fever is prominent, but the intermissions become

less marked as the disease advances, the temperature varying from 38.5°
to 39.8° C.

Before death great variations, sometimes fron ! to 39° C. from
morning until evening, mav occur, the curve being as irregular as a
“ipic one.

l
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I Hemoglobin u na may occur temporarily in the first stage of the disease.
Red blood cells are usually present in the stools, which as a rule are nor-
mal in consistency and number, hut in rare instances may be covered with
a mixture of coagulated blood. Tliirst increases and becomes marked
as the disease progresses. The pulse is at first normal, but the heart
k{il;ows weaker with the course of the illness, finally allowing the edema
dch is seen in later stages. Sudden death from heart failure some-

times occurs.

Date 1] [al=] T de ot ofunls shadenllio “fzala |- ot lh sl s
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LigniiTi-* in Kecnefl d. Med. Vet. vol. 10, % & ¥5b. 28. 1903. [*. 117.
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Aui mals with mal Q caderas show no evidence of pain. During the
first stage the ret'vxi+ ure normal, but even as early as this there may
be a diminished sensibility, which later on becomes marked, so much
so that animals pay no attention to swarms of fties. Incoordinate on
4 looling particularly the hind parts becomes so severe that the animal
reela as if drunken.

The hair remains smooth and glossy during the first stage, and shed-
ding, if present, is normal. In the second stage it losea its gloss and lies

TRBl——8




114

smooth. Knuieiatinn is not noticeable daring the early part of the

and with good bod animals often gain in weight, but during

the later periods this symptom is marked ami the loss ma] 100

kilos or move before death. The appetite as a rule is not disturbed, but
continues good to the end, and in 1 iticeablv in

Dourine is a recognised Cora of Tryponosomiasu in horses, but clinical

[>tions are nor the other types. It is usually re-
-tlil)liii ther forms. The emphasized symp*
. in addition to the ones already giwn. consist in phlegmonons
aken of the genitaiui and to a the various part* of the
skiu. The tempt raturt? a- A nil' ran so high in this fora of
* lisease as in the <>th>r-. and ps are modi eTolis in
seriphcral circulation. On the whole the com 'd more
chronic than that of surra AIM] the variety of - ible animals is
smaller.
Al ireneral dec symptomatology of the disease as
in the Philippines, we have nothing to add to the classical
"f the various wrii India. South America, and Afr"

With the ultimati* object of d ing methods of prevention and
cure, toward which all of our work if ed, one of | -! important
question! eide and one which so far has not been definitely di
mined is tin- incubation period in naturally contracted ' Authors
writing of the disease under the same and different names give for i
various lJenj»'th> <f time, and not a I that it is unknown.

fed two hi each "f surra-infected blood, obtaining
- “ad an incubation period of six days. lie did not pro
his animals free from infection at the time of feeding, does not state that
biting insects uvrc excluded, and of course can not say that there were
no i ti the mouth.

[ingard fed a horsd frequently with email gn of infected bl
! diluted in - incubation peri- me hundred and
thirty days or less, depending upon which f , tht inf-
a. To another hors*- he fed 800 minim* of infected blood at o
the incubation jn-riod Iwin"'. according authoi
; as (hose of

u—In twelve horsi'* inoculal
by Ungard. the ivei ulration )H*i>* was five ami
the lonpt'st \* Mowing the ii i of L1 Jgauch BiIshi
! but f&w Try r«a, and the t four da
irred in four of r inoculation of 1 I
J. Trtji*i in larjje numhors. In threo horses inj v - lih-
taken daring the intermissions of the disease and
micro* ' from : lijre in cr>d was
nji ten days and I test {ovor.
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It Js.ubuuH_'- from four g seven days, although il Xy

may be more. Iy one o animals, hie

plete, it was elever’ davs, & e
The incubatio

what with the o

acter of the

‘ptional cases it
.1 evidence was 0N -

mfected by us varied some
e of inoculation, the char-

infecting mnt.rial. and p.,,.../ with 1,,, canses: but from
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tion period in exposed animals. The temperature as a rule rises very
rapidly and during the first few days a 1 Cy after which
it becomes irregularly intermittent, remittent, or, in rare instant
lapsing in type always being higher in the afternoon.
Thf especial value of the b itnre in diagm
in connection wi( mptonw, Th< ry littli
ranatione which is char 'nough to be very uj nt; but
tak' a lonj: ta course, while not coastant, makes & euggec
tiw picture,
The illustration- b 115-1-48 m idea of the course of
fever in horses in Manila.
Simple observatiom of a horse suffering with this d'** = ‘lo not affon
sufficiently data during the very early stages, but as the di>
- they become of I ! stic value.
The hair. normal, s<»on becomes rough and shov Bfty
fall out in places, especially the long hair around the nose and
eyes, though this never pan - to the same - it 1is seei
do in some of the smaller animals. The skin becomes dry an vvny
and rnptiona in pi hich 1 erythemat
macular, or urticarial. We have occasionally noted in well-advai
iiuehes of maeules, somewhat 1 in form, which became
pustular and finally 1 with a scaly imid: by the dr:
purulent-looking discharge from the pn
tarrhal sympl L1 yes particularly and less n
the nose. mai: rather early in I 'though
may come on hite and in - ;ises are almost wholly ah
throughoui ' -nt and
-' prog- ‘- *? abundant and mu
like, and finally takes on a yelli :0, become- >ma and <e
coagulates in :thi of the
- marked, k& mptom,
but +atr .l vo in the time of its appearai In some cases it
aily in the di& liing a
while in othc I on late and
- not appear t relation to the duration of the disease. In
it is first noticed around the genitalia (fig. 120),
which remain in the majority JJved p
-heath it ~ rward along
.1 alba in two well-define<!
Mffwn the for- re they then unite and pass on to t
pod. t Wh
mai he bell
1 [>olow {]
>ier place*
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occasionally show this swelling are the nose and the loose tissues around
the ryes, the base of the jaw, the throat, and the base of the ears; but
it is rare to see these parts involved to any considerable extent.

One of the earliest symptoms following a rise in temperature is
the pallor of the mucous membranes, which (irsi become pearly white
and then take on a d« yellowish tinge. In u well-marki
this symptom alone is ahnoaJ sufficient to make a diagnosis. The mm
of the mouth, tongu< . and nose assume I ghastly whiteness, which
is out of all proportion to the pleural anemia. Before death these
membranes h somewhat yellowish, a chan”r which gives a jaundice-
like appearance but is of the same ehaxacb ! that seen 1 e of
the otiier tissues of the body and described as a gelatinous infiltration.

Symptoms of the organs of special sense are important. Tn mum
cases vision is impaired and total blindness may be brought about,
usually by the clouding of the aqueous humor, which in such C

a rule contains parasites. Ti K o] hearing is also invohed.
but generally to a much lea tit.

Enlargement of the sub maxillary and to a less degree of the other
subcutaneous glai a frequent symptom. En some instances the
submaxillary glands may lie greatly sivollti and very sensitive to the
touch; and again we have seen animals without at at enl;
ment or tenderness of these organs during the entire course of the
disease. When Tn is once w-ll .stablished, respiiM
is usually quickened and in ninny instances more or less labored,
is evidenced by the bellows-like movement of the abdominal walls.
These symptoms are intensified whenever broneho-pneunionia compli-
cates the disease.

There are usually no gastrointestinal symptoms of importance, but
in many eas«s a res ee diarrhea develops during the later stages,
generally ten or twelve days before death.

The nervous symptoms vary considerably in the horse. In the larger

number of cases  tin i ribed a .nation of movement and the
partial parah the hind quarter to a certain extent,
while cases are met with in which t' B do not at any tini>-

manifest themsel
The morbid anatomy has already been considered in the chap
devoted to . -ion of this subject.
1R - ¢ IIP MILES.

in regard to Trypan. ++'< mules is found in literatm
' bare statement that these amimals are susceptible and
have a long period of illness. Xof i+ - That the dunit
may b a vemr more but that often the p»- ¢ ‘ound
microscopic examination for days or wei*: ut o Lo, and that he
would not IM' surpristd at some future time to iind an immune animal.
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The disease in these animals in the Philippine I si a ink ia of longer
duration, just as is true in other infected zones. This fact might be
taken advantage of in bettering conditions in countries when surra is
prevalent and where means of eradication and prevention are not appli-
cable, because these animals may be. used for a long time without becom-
ing a through exhaustion incident to the disease. Mul:s are largely
used as draft animals by the Military and Civil Governments of the
Philippine Islands and axe being introduced to an increasing extent in
private enterprises.

By inoculation they are just a- ntible to Trypanosomatic ii
tion as horses, but they appear to be less frequently attacked by natural
infection; this is no doubt partly owing to the fact that flies disturb
them Lesa

The symptoms in general are similar to those di i i for the 1
but there are certain slight differences. Tin- temperature is I mittent
and more rarely intermittent, and we have*not seen a single case in which
the fever was of a relapsing type Edema, weakness, and anemia arc
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slower in their appearance, but when once well established show no sug-
lifferencea (See figures in preliminary report)

% as determined by microscopic examination, as a rule are
not so numerous in the peripheral circulation a? ‘i ‘ire in that of the
horse, and the periods during which they are not found at all are more
frequent and of longer duration. However, just as in horses, the blood

;antlv infectious by inoculation throughout the course of the
The incubation period - - the horse, the duration
from four to tw» <ks or even longer, and the mortality 100 per
cent
“- a general rule, skin lesions are more constant and i« '« i than
in the case of the horse, although of the same general chara i The
localization of Byuptons in the skin ami genitals is more noticeable in
nnimals showing son. ‘e to the infection than in others, so that
in some of the lower animals, such as the rabbi becro a very sal
factory picture of dourit



The morbid anatomy in mules is very similar to that of the horse,
which has al>:l1 leen discussed.

TCYIANOSHMIASIS OF ASSES.

According to Lave ran and Mi-snil, migana shows the same general
character of infection in these animals as it does in the horse. The course
of the temperature is more irregular and the relation of the number of

'vs in the peripheral circulation to the temperature is more con-
stant At a rule, they are less numerous in the blood and may be entirely
absent for longer periods of time. The local symptons, particularly

~in;l. are said to be scarcely noticeable in these animals. The average
duration of the disease is given by these authors as fifteen days.

Yoges states that asses are invariably susceptible to mal de caderas,
and that the symptoms of the disease in them do not differ from those
described for mules, Koch found the asses of Bfassai immune to the
infection. He does not appear, however, to have demonstrated the
immunity of these animals by inoculation; and as all other writers,
referring to the susceptibility of the various species of asses, have always
found them to be capable of contracting the disease, we can not but feel
sceptical about Koch's conclusion:?. Lingard mentions particularly the
chronic course of surra in the donk. \. There are no asses in the Philip-
pines, so that we have been unable to perform any work on these animals.

NOSOHIASIS OF OTHKIt 8QUI1 ! =

“varly all other eifuidea, including hybrids, have been shown to be
susceptible by various writers, although very little on the course of the
disease in these animals is given in detail. As they are not of any

vromic importance in these Islands, no consideration will be g;v

TRYPAXOSOM1ASIS OP CATTLE.

‘'The gTeat variations in results obtained in the study of this family of
animals and their undoubted great importance in perpetuating epidemics.
make it one of the most important to be considered. In nearly all eoun-
' whend the infection is prevalent, cattle have been found to be
susceptible.

With reference to the i+« <! [rypanosomiasis in cattle and the
mortality of these animals. \orv i witle difference of opinion in the same
country as well as in diffor«at ones. So far as we know, Voges in South
America is the only writer win' =1 positively that some cattle are not

susceptible. ll« is certain the cattle of that country do not contract the
disease after being inoculated.

Certain writers in Africa maintain that cattle are very susceptible to
nagana, with a high mortality (/thore ae —ehnliong shown the
- ' to be invariably virulent for these animals. ! urse of
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e Hms * long and the mortality tew, some cases of com)
eported. Uveran and ifesnU worlrii,
som lagana in Prance obtained a long con: the disease in in
animals, and the mortality \\u- feainly much than tht
reports usually received from Africa would indi . that country.
Writers In India practically all agree that cattle are ~ptible 1
disease, but mention its long course, lower mortality, an. cases of
ThiE 'Very.
2 tae duration of nagana varies from i 0 SIX
months or more. I nptoms are much less marked than in horses
dogs. Emaciation is rapid: the hair becomes rough and falls i 1sid
runs from the nose and eyes; and there is a tend. diarrhea. The
dewlap " matous, but the edema is not so prominent on the
nor extremities BJ in the in
Fei onstant, but not so high as in th. laioaaliy
' Parai !
Sehat, working with the surra of -lava, maintains that the dp

rulent in that country for these animals, stating

st ormous, the 13 timesbi ate and of short dura-
and, at others chronic with a longer course. II already
ntion of the diai e can not bul
that t!, - some other element preaeni many of his cases.
He um wbly worked with Tr
il acripfion of the symptomatology and
Tl mt of rinderpest It seems more than
N PR erJdng with a combination of the*
' rvedinthecati - th Africa an acut me-
mia with ->nly elighi, fever, which 1 A Tny
t _ eran and kfeanil Tiypamm rti
, Bk particularly of recurrent transient urtiearial er>
| uiTcriil. evperns Sommp doV ATIALO TS L in, the
ten

‘ation ' was usually marked.” I it - lit-

IK-ripheral circulation; lie:gi usual ineuha-
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usually remains good, but there are transient periods of anorexia in
almost all cases and some animals refuse food for days at a time. The
bowels remain normal or show a tendency to constipation.
Emaciation is rapid and as a rule begins earlier than in the horse.
Anemia, as shown by the pallor of the mucous membrane, is probably
less marked than in the horse. The catarrhal symptoms of the nose
and eyes are slight in most animals, but in those cases which prove fatal
may become a prominent symptom. Edema is decidedly less marked
than in the horse and in some animals is scarcely perceptible, while
in others it appears particularly in the dewlap and less so on the
abdomen and hind legs. The hair becomes rough and in places falls
out. Urticarial eruptions are quite frequent. .
On the whole the picture is similar to that seen in other animals,
| and in well-advanced cases a diagnosis should be easy. Owing to the
5 scarcity of parasites in the circulating blood and their apparent inter-
| missions, the laboratory diagnosis of these animals should include animal
X experiment.
| The course of the disease is usually chronic, and in animals observed
here the mortality is low. In some cases the disease may be very
acute; one of our inoculated animals, for example, lived only twenty-
four days. (Pig. 127.) We have not been able to examine a suffi-
ciently large number of cases, and for that reason do not desire to
give definite figures as to the mortality.
E  Several varieties of cattle are found in the Philippine Islands in
addition to the native ones, these including Australian, Chinese, Amer-
ican,. Straits Settlement, and Javanese.

[

%

T11YPANOSOMIASIS OP CARABAO.

REORL) OF & —ENT UK, FUDE 3no ) hAEe
Ui g~

The Indian buffalo, of which the so-called carabao of the Philippine
Islands is a species, has been proved susceptible to surra by Lingard.

The course of the disease in his animals very closely resembled that
of the cow. The incubation period was about five days in inoculated
animals; and the duration in two of his animals was forty-six- and
one hundred and twenty days, respectively, followed in each case by
death. According to his description, there were very distinct exacerba-
tions and remissions of temperature in both cases. The appetite re-
mained good, but emaciation was marked and progressive. Nothing
of especial interest was noted at post-mortem examination.
1 Curry mentions Trypanosomiasis of carabaos in the Philippine
Islands, but does not give any data of importance.

TRYPANOSOMIASIS OP MONKEYS.

Monkeys, where available, are among the most valuable animals for
the study of Trypanosomiasis. They are seldlom naturally infected,
but are very* susceptible to inoculation and run a regular course.









111

progressive. The appetite remains good. Toward the end there is som<?
dronreinesB, followed by death in coma. The post-mortem examination
shows an enlarged spleen with dark-red pulp, edema of the lungs, and
a small quantity of citrine liquid in the serous sacs.

Voges says that monkeys (Nictipitechus felinns) inoculated with Tr.
cqttinum succumbed to the disease. Several observers in India have
showll monkeyB to be susceptible by inoculation to the surra of that
country : the] have also been proved capable of contracting do urine.

BUREAU OF GOVERNMENT LABORATORIES.
plieLasi A L. LAIKHIATOtIV.

ANIMAL RECORD.

Monksy 66
October 21 L
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Pro. J!(*— 'I'i-iit|i'-riiinri' record otttiirniin a monkey,

Monkiers have been eartensively used in our work, and the foUoving
st;it<mriiirf are based upon the clinical and post-mortem study of a large
number of 'these animals. In the course of this investigation the
blood of hundreds of monkeys from all parts of the Islands, from in-
fected areas and from those not infected, has been examined ; and onlv
once has ;i naturally infected animal been i'mtud, althoujjl' fchej are \ery
susceptible to thf disease, which, when given by inoculation, invariably

pf&\;es fatal.
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The Lncubatign period in these animals varies with the manner of
inoculation, being on the average one to three days by subcutaneous or
scratch inoculation, whether by syringe or insect, and somewhat shorter
by inter-abdominal inoculation. The duration is from five to thirty-five
days and the mortality 100 per cent.

Monkeys are the only animals that show nmlouljtrd D\ iilcnce of having
pain caused by the infection. The manner in which for hours at a time

BUREAU OF GOVERNMENT LABORATORIES.
B1OMMJ1CAL LA1HIRATORY.

ANIMAL RECORD.
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Maveh §. 190%
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FIG. 181.—Temperature record of surra in u monk.'*;

t lity bold their heads between their hands leaves little doubt but that they
sufl'cr I'roni headache.

The character of the fever varies considerably. (See figs. 129-132.)
It is generally qitermitteni 01 markedly remittent, and always higher
in the afternoons, hi some eases it may be nearly continuous, especially
in the later stages of the disease. Just before death there may be hyper-
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intermissions of short duration; and in one case we found parasites
only once in daily examinations for seven days, though the blood was
infectious by animal experiment during this time.

Edema as a rule is not a prominent symptom, but is sometimes
noticeable about the face and genitals. Anemia is rapid and severe,
but the emaciation is not so great as that observed in other animals.
Some interference with the gait is occasionally noticed, but it is neither
constant nor very severe. Gastro-intestinal symptoms are absent in most
cases, but diarrhea is sometimes noticed toward the end.

Necropsy shows the general lesions seen in other animals. In addition
to the evidence of severe anemia, the most constant changes are an
enlarged mottled spleen, enlarged lymphatics, fluid in the serous cavities,
and flakes of fibrin over the surfaces of the organs.

TRYPANOSOMIASIS OF DOGS.

Dogs are susceptible to surra in India, and show the same general
symptoms as those seen in other animals. The incubation period is short
and the course rapid.

Lingard mentions as the principal symptoms: Paroxysmal fever, ano-
rexia, later a swelling of the skin about the head and throat, injec-
tion of the conjunctiva, increased lachrymation, in some cases effusions
into the joints, marked edema of the limbs and the belly, extravasa-
tion of the blood into the anterior chambers, opacity of the cornea and
later total blindness. He gives as the principal anatomic lesions sub-
pleural extravasations and sometimes localized consolidation of the lungs,
enlarged spleen and kidneys with subcapsular petechiae.

Rouget proved dogs susceptible to dourine. The symptoms were
edema, particularly marked in the genitals, paralysis of the hind quar-
ters, and conjunctivitis, sometimes followed by keratitis.

Dogs, according to Voges, contract mal de caderas by eating the flesh
of animals dead of the disease, not, however, through the sound mucosa,
but through injuries, which are always found to be present on examina-
tion and are caused by fighting. The incubation period is short, and the
duration of the illness varies from two to three months.

He describes the symptoms as follows:

The animal becomes stupid, emaciates, no longer responds when called, sleeps,
hides in dark corners, and its head becomes swollen (bulldog appearance) as a
result of the edema, which affects particularly the eyelids. The conjunctiva are
involved to a pitiful extent and secretions similar to those seen in the rabbit
are observed. The hair aboi.* the eyes falls out. The vision is likewise impaired
by the chronic conjunctivitis. There is marked edema of the scrotum, which is
first revealed by the swelling of the testicles. * * * The penis-is not involved.

On section enlarged spleen and serous exudates are observed. * * * There are
days when Trypanosoma are not found in the blood.

Nagana, according to Bruce, has a rapid course in these animals (eight
to sixteen days) and is invariably fatal. He mentions as the principal
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symptoms continuous fever (rarely intermittent), with elevations to 40°
and 41° C, extreme emaciation, pustular eruptions near the extremities,
and a milky aspect of the cornea.

Kan tl tuck. Durham, and Bland ford give the period of incubation as
from four to six days, and the average duration of the disease as eight-
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FIQ. 1S6.—Tempeature raoord oi iarmliiftdog. tnoeolated on Jannary 5, 1903 -.....oitaa«nul;
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Dead in 10 daya (After LignleraB, In Itccueil d. Med. Vet. Vol. m. v. i IPebruMy 28, 1908, p. UQ i
ivn (,i\>. Fever ie a constant symptom, the temperature becoming sub-
normal in M-'loath. Kfli., , i .., uraonand more toarked about thehead]
h'gs, belly, and genitalin. Turbidity of tin; aqueons hnmor, fibrinoua
plaques in the anterior chamber and cornea] opacities are occasionally
sri-n.  Corneal u = nad conjunctivitis are frequently associated with
the edema of the eyelids and face. Parasites may be absent from the
blond fn ID four to six days, but continue to increase in number, and
before death may reach 100,000 to 800,000 per cubic millimeter. Ter-
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minal bacterial infections are apt to occur in these animals, thus accel-
erating death.

Anatomically, muscular wasting is well marked, but the fatty tissues
are less affected, except at the base of the heart, where the fat may
undergo edematous degeneration. Lymphatic hyperplasia is well marked,
the glands being congested or hemorrhagic. The spleen is enlarged,
granular, firm, and friable. ~Serous effusions and subserous hemorrhages
arc present.

Laveran and Mesnil state that the virus was frequently more active in
their experience than in that of others. Their dogs lived from six and
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I'lit, 130.—Temperature record of surra “n a dog,

one-half to twelve days. The incubation period from subcutaneous inoc-
ulation varied between two and four days. Parasites could always bo
demonstrated to be present in the blood by microscopic examination, and
from the time of their firBt appearance until death they usually increased
in number; but in the dogs which lived for twelve days there were remis-
sions on tin; eighth and ninth days, followed by augmentation. Parasite-
were always numerous at the time of death.

The principal symptoms, according to fcheae authors, are edema of the
genital organs and hypertrophy of the inguinal lymphatics, ilthough
these symptoms may bo absent Less frequently edema of the head and
slight and transient paresis of the posterior extremities may occur, Im-
[nit nut lesions of the nose and eyes are found only occasionally. Tin'
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is also present, but sometimes where the course is very rapid it mav
A-lively In' noticeable.

Urtiearial eruptions on varioijs parts of the body are hardly a promi-
"'mt symptom; they do occur, however, and occasionally are ven marked.
As in other animals, the hair becomes rough and falls out: ;p. -
especially true of the eyelashes and the long hairs about the nose.

Catarrhal symptoms accompanied by watery discharges from the nose
and eyes are noticed early, and later become severe. The discharges
become muco-purulent and acrid, excoriating the sides of tlie nose.
Clouding of the fluid in the anterior chamber is of Erequeni occurrence
and may lead to total blindness. Partial deafness also occurs. In
"'my eases the partial paralysis of the hindquaaH ;. .een in other
animals ia also observed. Parasites as a rule are constantly present
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Fio, 139.—Nagann in o gont. (After Uveran and Mama, 1W2; Pljr. &)

"1 e blood fr.. .. .the time of their first appearance until death. Post-
mortem examinations show lesions closely resembling the ones found
'» other animals.

TUYPAXOSOMIASIS OF GOATS.

Phis species of animals is apparently not susceptible to natural in-
fection, and on inoculation the disease runs so chronic a course that
some authors consider them immune. The duration and the mortal ;.
"ot apprar to be well defined. :

Bost says that #oats inoculated with surra blood have fever, but soon
recover, and subsequent doses do but ven' little harm. They arc refri,,..
tory to the disease and parasites are not generally found in the Mood.

Voges considers them susceptible to mal de eaderas by inoculation
and says the disease lasts for several months. The animals at lirst
show no symptoms, and often do not do so for months; hut emaciation
finally begins, and death is usually sudden. Trypanosoma are periodically

abseni from the blood.

~Bruce considers goats susceptible to nfigiimi by inoculation, but says
IM:C Bl giseai o runs a chronic course, often lasting for several months.

ll“’ (U and Mesnil inoculated a goal with 7V. bruoei, and it was
b alive a the e of publication of their article three months later.
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They say that the |Hjginning of the dis<jase in these iinimals is much
the same as in horses, the incubation period being frotn three to eight
days, followed by a rise of ternperature lto about 41° (1  Parasites are
only temporarily piesent and are not ageain found, but the blood con-
tinues to be infectious by inoculation.

In our experience goats have always pr/ved susceptib]e by inoculation.

BUREAU OF GO VERNMENT LABORATORIES*
BIOIJOGICAJL LABORATOBY.

ANIM AL RECORD.
Coat Yo 143 &

January 3, , 1903
HVaflW Age Sex 1Y «,, CoUrr Inoc.)dattm 3'TT?
History Healthy 7m\imX under obt/°*rv«tion A wmth,
TREATMENT m | M| max 37 | 3| m | M 41 d |Due. KHIULTB.
Jon
2 fi.c, aurra. blood 2 | Trjp. net.
= 3
-
% ¢
C 1 6
E Try P. _ne»r
= < 6
> it
. 7
~ H
e i -
o 8 | Ty p. pos.
- * -
" - —-
= 10
— LI
. IS Tryp. pos.
= - 13
= = 14
- 15 | Tryp. po3.
= 16
. F 17
g ! -
IS
19
= 1 20 | Dead.

Fio. 140.—TeiiiiKTiiinri! ivaord of surra in a trout.

Parasites arc usually scarce in the peripheral circulation, and indeed
in some of our animate weie not found at any time during the disease,
but the blood was always infectious by inoculation and the disease
invariably proved fatal.

The incubation period varies in length and is difficult to determine
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to be somewhat refractory. The disease in these animals, he says, runs
a very chronic course and some of them live for five months.

Laveran and Memil inoculated a sheep with 7r. Irucei, and in
an article published three months later stated that it was still living.
They consider the beginning of the disease much the same as in horses.
There is generally an incubation period of three days, followed by”the
appearance of parasites and an elevation of the temperature to 41° C.
Trypanosoma then become so rare that they are not found in the blood
by microscopic examination, although the blood is constantly infectious
when injected into mice. The temperature remains near 40° C. with
occasional intermissions, although it sometimes' rises to 41° C.

Regarding one sheep, which lived exactly one hundred and ninety-
seven days, they write as follows:

On the sixth day after inoculation it showed a temperature of about 41° C,
which shortly afterwards fell to between 39° and 40° C; on the twenty-fourth
day there was another rise to 41.5° C; after which the temperature remalned for
a long time in the neighborhood of 41° C, taking thirty days to return to 40 .C;
multiple edematous areas appeared in the face and eyes and then in the, testlcles
It was only during this period that Trypanosoma could be found by microscopic
examination, and for eight days there were several in the field. The edema in-
creased and extended to the neck and shoulders (end of the third month). Its
disappearance was rapid; the animal (during the fourth and fifth months and
the first half of the sixth) appeared well (the temperature being between 39 _
and 40° C.); but the blood was still virulent. During the last month the animal

emaciated rapidly and died with profound lesions of cachexia and gelatinous
exudates of the throat, the pericardium, and the lips.

As with some of the other animals, neither the study nor the descrip-
tion of the infection in sheep is as accurate as might be desired for pur-
poses of comparison. In the Philippine Islands they do not appear to
be naturally susceptible to the disease. We have kept a sheep in the
same ground with surra animals for several months, but no infection
has resulted.

The symptoms, the course, and the duration of the disease m these
animals are so similar to those observed in the goat that a descrlptlon
of them is considered unnecessary.

TRYPANOSOMIASIS OF GUINEA PIGS.

There arc on record a few instances in which guinea pigs have been
found naturally infected with Trypanosoma, but literature affords little
detailed study of any of the forms of the disease in these animals. It
is admitted that they are susceptible by inoculation to Tr. cvansn, fr.
brucci, and Tr. elmassianii, while some of them show a transient infec-
tion from 7r. lewisii.

Laveran and Mesnil noticed multiplication forms on the second and
fifth days after inoculating one of these animals in the abdominal cavity
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americain in these animals, although it varies from twenty-five to one
hundred sixty days. In pregnant females parasites are more numerous
than in other cases, and almost constantly present.

Voges says that one-half to two-thirds of these animals when inocu-
lated with mal de caderas die of the disease] the duration in those which
finally succumb being from two to five months. He has some guinea
pigs that have been alive for a year, have grown fat, and have had young.
The generative power of the male suffers from the infection more than
does that of the female;

We have succeeded, as did Laveran and Mesnil, in producing a slight
infection with Tr. lewisii, but it is always transient and devoid of symp-
toms.

Guinea pigs do not naturally contract any form of Trypanosomiasis in
this country, but when inoculated with the Trypanosoma of the present
epidemic always show a long chronic infection.

As nearly as can be determined, the incubation period varies from two
to eleven days. The duration of the disease is from one to four months,
and but few animals recover from it.

The appearance of parasites in the circulating blood is very intermit-
tent, not always in sufficient numbers for microscopic diagnosis, although
the blood is constantly infectious by animal experiment. Sometimes para-
sites arc not found by the usual microscopic technique for days and even
weeks.

The temperature curve (see fig. 145) is very irregular, more so than
in any other class of animal with which we have worked. The symptoms
in general resemble those of the rabbit. Edema of the genitals is marked,
but in the rest of the body is less prominent than in the case of other
animals. Anemia and emaciation develop slowly, but reach an extreme
degree before death. The hair falls out in places, and small ulcers may
appear on the belly and prepuce or vulva. Partial paralysis of the
hind parts occurs but is not constant, being absent in some cases while
well marked in others.

Post-mortem examination reveals a condition similar to that observed
in many other animals. There is as a rule less fluid than is ordinarily
found in the serous cavities of other animals, and the changes in the
spleen are often slight. The gelatinous infiltrations in the subserous and
subcutaneous tissues closely resemble those seen in the horse.

TRYPANOSOMIASIS OF RABBITS.

Rabbits are susceptible by inoculation to all the important forms of
Trypanosomiasis, but we have read of no reported cases of natural infec-
tion in these animals.

Bouget very irregularly found the parasites in the blood of rabbits
suffering from dourine, but their presence in the peripheral circulation
was intermittent and bore no relation to the temperature of the animals.
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us i rilie, followed by a sharp rise of temperature and the app “runce of
purns=ites in the blood, a fact which probably accounts for the great
variations in length of time assigned to it In fact, there does not
appear to be a distinct incubation peri oil in all cases, for in some cases
animal experiment may prove the blood infectious as early as eight
hours after inoculation, while in others it doeB not become so until the
fourth or fifth day. The course of the disease is Somewhat chronic, last-
ing from fifteen days to three months or more, with a mortality of 100
per cent.

It is seldom that parasites are numerous in the peripheral circulation;
and determinations by simple microscopic examination shom thai inter*®

- I, I-Ill.'l.-rlhvhv:lng mneo-paittUmi dtoduucge from eyes, fulling ol I<nig hairs, blepharitis and'nu-r:
junctiviits in nshliii-
missions uiv frequent, lasting from one or two days to several we:s,
during which pirusito- are no! found. As in other animals, tiowei r,
the blood is continuously infectious by animal inoculation. The tempera-
ture T-oe fgs 145, 111) throughout the disease is less markedly remit-
tcni than is usual in most animals, while exacerbations and remissions
are rare. -
Anemia and emaciation come on rather slowly, but develop to an
extreme degree before death. Water] discharges from the nose and eyes
appear early, gradually becoming mueo-purulent and tenacious, solidi-
fying on the margins ol the eyeli/|- 11i nose, and encrusting and entan-
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wling the long hairs, which fall out ami leave excoriated surfaces.
Edema occurs around the base of the ears, the nose, and the abdomen,
involving especially the scrotum, which becomes enormously distended
and in;n- break "pen and rappttrate. (Sir Bg. 151.)  There i* a dis-
charge from the prepuce similar to that from the eyes and nose. In
the female the external genitals are scarcely k&< affected than in the
male. Orticaral eruptions ami foiling out. of the hair are common
symptoms. lameness of the hind parts occurs iu most cases, and may
reach to such a degree that the posterior extremities become useless.
The subcutaneous lymphatics are often palpable, ami in some instances
swelling of the joints occurs.

Fjii, 1.'ii.—Showing enormous BweHtag oJ gonitab Is rullile

Necropsy reveals lesions similar to those observed in other animals.
The lymphatics, particularly of the inguinal and postperitoneal regions,
are somewhat enlarged and red in color. The serous sacs contain llnid
and often show Sbrinous Hakes over the surfaces and adjacent organs.
The spleen la usually enlarged and friable, but a typical acute splenic
tumor is often seen, while "sago spleen" occasionally occurs.

TRYI'ANOSOMIASIS OF CATS.

Cuts wre reported susceptible by inoculation to surra, oagana, dourine,
and mal de caderas; but the course of the disease does uoi Beem to have
been carefullv studied m them.
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Fig. 150 illustrates the temperature record in surra as given by
Lingard and fig. 151 that of "surra americain" as given by Sivori and
Lecler.

In the Philippine Islands they are susceptible to the infection by any
of the usual forms of inoculation. The incubation period is from two
to five days, the course rapid, varying from three to fifteen days, and the
mortality 100 per cent.

Parasites are constantly present in the blood, but vary considerably
in numbers at different times. The temperature curve is illustrated in
figs. 154 and 155.
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FIG. 1IM.—Temperature reeoKl of surra in a cat.

Skin lesions in these animals are very prominent and are similar i"
those described for dourine. Urticarial and nuuular eruptiona axe eom-
mon, and not a few animals show phlegmanous ulcers, particularly on
{li> abdomen and Hanks. Edema is slight :

'Flic hair, particularly about the nose and «v:, becomes rough and falls
out. Profuse dischargee from the nose and eyes, resembling those in tin-
rase of rabbits, are usual symptoms. Cloudiness of the fluid in the
anti-riiir thamluT and opacity of the cornea may occur in one or both eyes.
Anemia is profound and emaciation moderate. Tin- appetite is usually
poor, but the bowels remain normal. Tendency to paralysis in the hind

quai i wu: noticed in only one animal.
Secrapay peweal= the usual lesions, in addition to the changes alre;uls
men* il ns preaent during life.  The acuteness of the disease in these

animals probably accounts for the fact thai the Lesions axe tees pro-
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nounced. The spleen is enlarged, but assumes more nearly the type
of acute splenic tumor, while subserous hemorrhages are numerous.

TEYPANOSOMIASIS OF RATS AND MICE.

Tr. lewisii, the common Trypanosoma of rats, has already been
described. Most writers agree that it is harmless for rats and nonin-
fectious, by inoculation or otherwise, for other animals.

Large numbers of rats have been found naturally infected in various
parts of the world; a partial list of the regions is as follows: Lewis in
Calcutta found 29 per cent infected; in Bombay Carter found 12 per
cent infected and Lingard 30 per cent; Koch in Africa, 41.7 per cent;
Crookshank in London, 25 per cent; Rabinowitsch and Kempner in
Berlin, 41.8 per cent; Laveran and Mesnil in Paris, 4.6 per cent; Raillet
in Alfort, a large percentage; Chemette at Lille, a large percentage;
Sivori and Lecler at Buenos Ayres, 3 per cent; and Chalachnikaw and
Danilewsky in Russia found the infection present. In Togo eight rats
examined were negative (Luman). Voges in South America did not
find these animals naturally infected. In a personal letter Kitasato in
Japan states that many of the rats there harbor the parasite.

In Manila rats Tr. lewisii has been found in from 20 to 65 per cent
of the individuals examined, varying according to the season and the
locality from which they were received.

Van Dyke Carter inoculated dogs, cats, horses, and monkeys with rat
Trypanosoma, and always obtained negative results. Koch failed per-
manently to transfer the infection to other animals. He gave a rat Tr.
lewisii and Tr. evansii and afterwards found both in its blood. He
then inoculated a dog with some of this rat's blood and the animal
contracted the disease, but its blood was found to contain only 7r. evansii.
The efforts of Rabinowitsch and Kempner to inoculate other animals
with Tr. lewisii proved unsuccessful. In their experiments they used
white and gray mice, field mice, guinea pigs, rabbits, dogs, goats, horses,
and hamsters.

Lingard, on the other hand, inoculated twelve horses with infected
rat blood, and four of them, after an average of seven days, died of a
virulent form of surra. He argues that some 7r. lewisii are infectious
for other animals, as demonstrated by his experiments. This statement
has caused considerable confusion and his work has been questioned.
Judging from our observations in Manila, it would appear, however, that
Lingard's mistake consisted in considering these pathogenic parasites
Tr. lewisil.

Kanthuck, Durham, and Blandford showed rats to be refractory to
a second inoculation with T7r. lewisii. Rabinowitsch and Kempner
noticed that some rats are absolutely refractory to these parasites, but
that most of them are susceptible. After inoculations into the abdom-
inal cavity, Trypanosoma were found to be present in the blood after
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from three to seven days, and occasionally at the end of twenty-four
hours. In rats inoculated in the abdominal cavity they found multi-
plication forms to be numerous in the exudate during twenty-four to
thirty-six hours, at the end of which they disappeared permanently
from the abdominal cavity to reappear in the blood. Rats could not
be given a second infection, no matter how large the dose of infected
blood used; and they employed the important fact that some of the
animals are refractory as a basis for the preparation of a specific serum.

Laveran and Mesnil in general confirmed Rabinowitsch and Kemp-
ner's work and in addition showed that the young born of immune
mothers are very slightly if at all immune. They also demonstrated
that the agglutinating properties of the blood are not transferred to
young. In immune rats Trypanosoma are destroyed in the abdominal
cavity, and the agglutinative power of the blood lasts no longer than
the preventive. In their opinion the treatment of rats with serum
is unsuccessful. They state that as a rule the parasites appear in the
blood at the end of twenty-four hours, and that in not a few cases,
especially in young rats, they are found in considerable numbers before
this time. However, many cases came under their observation in which
the parasites did not appear in the blood until two to seven days after
inoculation, and, indeed, in a few instances no infection resulted at all.

Adult parasites are the first to be seen in the blood, then there is a
period, rarely extending beyond the eighth day, when multiplication forms
may be observed, after which adult parasites are visible throughout the
course of the disease. They believe multiplication to take place in the
abdominal cavity during the period from the first to the fourth day, and
in the blood between the fourth and the eighth days, after which time
multiplication forms are no longer present.

Infection of these animals with Tr. lewisii lasts from twenty days to
four months or more. In old ones the Trypanosoma often disappear in
two to ten days, and in these no active immunity is established. Subcu-
taneous inoculations, according to these authors, give infections which
are less severe than those produced by other methods.

Blood infected with Tr. lewisii and kept on ice does not give an in-
creased incubation period or produce any alteration of the infection, as
long as motile parasites are found to be present. If, however, the blood
is allowed to remain for a considerable length of time (forty-seven days),
the incubation period is increased from six to nine days, and the infection
is less severe. After fifty-one days or more on ice the blood no longer
contains living parasites, but is still infectious for rats, with an incuba-
tion period of twenty-seven days. All writers agree that rats infected
with Tr. hivisii show no symptoms of illness. The constant anatomic
lesion is hypertrophy of the spleen.

Our work as a whole has been in conformity with that of others. In
the tlinnsnnds of rats found to be naturally infected with Tr. lewisii and
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in th'ose inoculated, we have never observed either apparent illness or
death which could positively be attributed to infection with this para-
site, although it was present in enormous numbers in the circulating
blood. Our observations have been exceptionally easy on account of the
great number of rats furnished the Laboratory for examination to deter-
mine the possibility of their infection with plague, since this disease has
become endemic in Manila.

Very little is found in literature relating to the clinical manifestations
and morbid anatomy of surra in rats. We have not seen a specific refer-
ence to the natural infection of these animals by 7r. evansii, though from
our experience, which is to be described later, it is believed that Lingard
must in some of his experiments have been working with such an
infection.

Lingard states that the latent period in Mus decumanus as developed by
the subcutaneous inoculation of 0.1 to 0.2 c. c. of virulent blood varies
from one to two days; and in Nesokia providens, by subcutaneous inocu-
lation of 0.2 c. ¢, from two to five days.

Kanthuck, Durham, and Bland ford state that rats, when inoculated
with nagana-infected blood, often exhibit convulsive seizures just before
death, but otherwise show no symptoms of the disease, except dullness in
the later stages. Transmission from one animal to another by coition,
by suckling, or by any other method than by direct inoculation was not
observed. Infected mice lived from eight to twenty-five days and r«t<
from six to twenty-six days.

As the morbid anatomy of nagana in rats and mice they describe lym-
phatic hyperplasia, most noticeable near the point of inoculation, conges-
tion, edema, and occasionally hemorrhages of the glands, great enlarge-
ment of the spleen, which is generally firm, friable and dark in color,
enlargement and fattiness of the liver, and occasionally a small amount
of fluid in the pleural cavity.

Laveran and Mesnil state that in rats and mice of all varieties, includ-
ing white ones, nagana has a perfectly regular course. No symptoms are
manifest, the animal appearing well until near death. Mice -appear
sleepy and die without suffering from dyspnea. One mouse had convul-
sions two hours before death. Some rats die with the same symptoms as
mice, but most of them show great agitation just before death, crying out
and dying in severe convulsions. There are no sensible variations of
temperature in these animals. Parasites appear in the blood twenty-four
hours or more after inoculation in the abdominal cavity, and on the
second or third day after subcutaneous inoculation; they progressively
increase in number until death. In white rats and mice death occurs in
two and one-half to three days after intraperitoneal inoculations, and
after three and one-half to five days following subcutaneous inoculations.
Wharf rats (Mus decumanus) die in about the same length of time as
white rats (Mus rattus).
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According to Eouget, mice inoculated with Trypanosoma of dourine
show no symptoms until near death, when the hair becomes rough and
the cornea cloudy. The post-mortem changes observed are hyperemia
of the abdominal layers, inflammation of the liver and spleen and of
the lymphatics near the point of inoculation. Parasites are found in
all of the organs and fluids, except the intestines and the urine.

Voges says that death may occur without any preceding signs of
illness. In rats and mice inoculated with the Trypanosoma of mal
de caderas there may be a few hours of comatose condition. The dura-
tion of the disease in these animals is given at about four weeks.

As has been stated above, the natural infection of rats with the Try-
panosoma which cause the disease in domestic animals has not before
been reported, except perhaps by Lingard, who, if such was the case
in his work, misinterpreted his results.

In a preliminary report on Trypanosomiasis in the Philippine Islands,
published as Bulletin No. 3 of the Bureau of Government Laboratories,
1903, Musgrave and Williamson reported that a certain number of rats
in Manila were found to be infected with the Trypanosoma which in
this country causes surra in horses. This discovery was brought about
by accident, while the authors were attempting to immunize a monkey
with a parasite supposed to be 7r. lewisii. As a result the animal
contracted surra and died. At first, following Lingard, we thought this
to be a pathogenic 7r. lewisii, or supposed accidental infection with
Tr. evansii to have occurred; but more careful study and the repetition
of the experiment with the greatest precautions has demonstrated that
a small percentage of these rats harbor the parasite causing the disease
in the horse. This Trypanosoma has the same. morphologic character-
istics, and upon inoculation is infectious for the same animals, producing
the same disease with the same incubation period, course, termination,
and lesions.

Wild rats are very unsatisfactory material to work with, because so
many die after being in captivity a short time. The duration of life
ip so uncertain that but little confidence can be placed in results, even
when control animals are used. The ones which live for a week or
more after caging are likely to survive for some time, and, in order
to obtain the best results, these have been employed as far as possible:
in our experiments.

As has been shown in other countries during the study of the disease
in these animals, the infection is not evidenced by any symptoms of
moment until just before death, when convulsions often occur. Too
much importance should not be attached to this symptom, for time
and again we have seen our control animals die in the same manner.
Wild rats suffer such great excitement during the taking of tempera-
ture that no conclusions can be based upon the results. We must there-
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fore believe that rats and mice infecjpd with surra show no constant
symptoms of practical significance. Some of the rare manifestations
are cloudiness of the fluid in the anterior chamber, falling out of the
long hairs about the head, and in a few cases edema and a tendency
to paralysis of the hind parts. The incubation period, as determined
by the appearance of parasites in the peripheral circulation, varies
from a few hours to five days or more, and the duration is from two
to twelve days.

The post-mortem examination shows an enlarged spleen, which may
be hard and friable or more nearly approach acute splenic tumor with
the organ usually dark in color; and there is generally enlargement
of the lymphatics, especially of the inguinal regions, which may be
hemorrhagic. The changes in the other organs are not significant,
except in a small number of cases which show gelatinous infiltration
of the subcutaneous and subserous tissues.

These lesions, particularly the enlarged spleen, are found in rats dying
from Tr. lewisii, which is considered harmless. After discovering that
a number of rats harbor Tr. evansii, we suspected the ones which died
supposedly from 7r. lewisii and showed enlarged spleen, etc., on post-
mortem to be in reality infected with 7r. evansii; but animal experiment
absolutely disproved this theory.

The study of Trypanosomiasis in rats has not been completed. It
1?7 certain that rats in Manila may be infected both with a Trypanosoma
harmless by inoculation to other animals and with one pathogenic for
them. These parasites correspond microscopically to the descriptions
respectively of Tr. lewisii and of Tr. evansii. We are not fully con-
vinced that 7r. lewisii is always harmless for rats, or that some of
the rats in Manila do not even harbor a third species of parasite.

TKYPAXOSOMIASIS OF FROGS, FISH, AND FOWLS.

Trypanosoma have been found in frogs obtained from points scattered
over a large area of the world, but they are usually considered harmless in
these animals. The infection, so far as we have been able to determine, is
not artificially transferable from frog to frog or from frogs to other
animals. As already mentioned, we have not been able to find Trypano-
soma in the blood of frogs in this country, and these batrachians have not
been proved to be susceptible by inoculation with any of the Trypano-
soma we have studied.

A number of observers have found fish harboring Trypanosoma, but
all agree that no symptoms arc produced. The species reported as infected
are mudfish, trout, pike, redeyes, soles, and salt-water fish of the Medi-
terranean (species not given). The different specios of these parasites
have already been discussed.

Laveran and Mesnil, whose work is the most important in this line,
found the infection of the redeye with Trypanoplasma to be very com-
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nion, but proved the young rareljfcto be infected. In the sole, however,
Trypanosomiasis is Uncommon, being found in only four cases out of a
large number of fish examined. They did not observe any symptoms
of disease in fish caused by Trypanosoma, and were unable to transfer
the infection by inoculation. Doflein, during a fatal epidemic in fish,
found Trypanosoma in a number of the diseased ones, but he was not
sure of any pathogenic action of the parasites.

We have examined a number of fresh and salt water species of fish
in Manila, but have been unable to find Trypanosoma in any of them, nor
have we been able to infect them with Tr. lewisii or Tr. evansii.

It has already been shown in the discussion of Trypanosoma that
some birds are occasionally found to harbor a specific Trypanosoma,
which, however, does not appear harmful to them. With reference to the
inoculation of Tr. evansii, Tr. bruceii, Tr. rongetii, and Tr. elmassianii
into birds, the evidence is somewhat contradictory for the different
species. Most writers agree that birds are not susceptible to infection,
but Voges, writing of mal de caderas, considers turkeys, ducks, and
chickens susceptible by inoculation. He says that chickens die in from
two to three weeks in great agony, from either subcutaneous or intra-
peritonoal injections. The only symptom noticed is emaciation, and
parasites are very few in number in the circulation.

We have so far experimented with several varieties of birds, including
maya, pigeons, doves, and chickens, but have been unable to infect them.
No symptoms are produced, parasites are not found, and the blood proves
noninfcctious when inoculated into susceptible animals.

TRYPANOSOMIASIS OF MAN.

In 1898 Nepveu published an account of the occurrence of Trypano-
soma in human beings. An extract from his article, translated, reads
as follows:

So far Trypanosoma have been found only in the blood of animals. In India
they have been found in the blood of the rat (Lewis), the horse (surra epi-
demics), the dog, and the domesticated elephant. In Africa they have been
discovered in the disease caused by the tsetse* fly, and in Europe in the blood of
the rat, the rabbit, various birds, and the frog. No one seems to have as yet
observed them in man, although Laveran states that Barron found certain flagel-
lated protozoa of an undetermined genus in the blood of an anemic woman. In
1890, while making researches on malarial parasites in Algiers, I found flagellates
in the blood of a patient, besides Laveranii, and 1 was able to count three to
each preparation of 18 square millimeters. At about that time (see Nepveu,
Etudes sur les Parasites du Sang chez les Paludiques, 21, 1891, in Bulletin et
Memo ires de la Socete* de Biologie) I published some of the drawings I had so
far collected. I hoped then that I might be able to complete my first observa-
tions by a more detailed study, but since then I have rarely been able to find
the parasites. 1 have therefore decided to publish the following facts in the
hope of drawing the attention of such naturalists and physicians as will have
the opportunity of completing these researches. * * *
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In over 200 patients, mostly malarial, of whom I have examined the blood, I
have found these various forms of Trypanosoma in only six, three of whom
were suffering from quotidian fever (Khill, Langevelle, and Bichielli), one from
double tertian (Hendriek), and two from pernicious comatose fever (Cabane and
Ginestet), while the seventh observation was made on Dr. X., who was apparently
in good health. In none of these patients have I been able to observe any symp-
toms characteristic of this special parasitic invasion. They were almost all
suffering from the effects of Laverania, which prevailed everywhere in its various
forms. This seems, therefore, purely a coincidence, which has appeared to me
worthy of notice.

His article attracted very little attention, some writers mentioning
his work with the remark that his descriptions were inaccurate, and many
overlooking it entirely. He did not attach clinical importance to the
appearance of these parasites in the blood, but his remarks regarding
them seem to us perfectly clear as to the occurrence of Trypanosoma
in the blood, sufficiently so as to entitle him to the credit for priority in
the discovery of Trypanosoma in the human blood. His description
does not appear sufficiently ample to designate the species of his parasite,
but when one considers the confusion which exists even at the present
time regarding the classification of these organisms, Nepveu can not
be denied credit because in 1898 he failed to classify his Trypanosoma.
The parasites more recently discovered in human blood, as in his case,
have not been clearly classified. Nepveu observed seven cases.

The eighth case of Trypanosomiasis in man is published in the British
Medical Journal for January 1, 1902, in an editorial and telegram
from Dutton, in which he announces the discovery of a Trypanosoma
in a European, who displayed peculiar symptoms. 7’he same Journal
for January 11, 1902, contains a letter from Ross, in which he gives
Dutton credit for the following clinical data:

The patient has been suffering from a form of relapsing fever with peculiar
edema of the eyelids and puffiness of the face, also edema of the legs, general
weakness, abnormal frequency of pulse and respiration, and enlarged spleen.
There was no organic lesions of the heart and kidneys, and no malarial parasites
were found after repeated examination. The relapsing fever recalls that of horses
suffering from the same parasite. It is not yet certain whether the parasite
approximates 7r. bruceit or Tr. lewisii.

Dutton considers the most valuable features presented by his case as
(1) its chronic course, (2) the general wasting and weakness, (3) the
irregular rise of temperature, which is never very high, and of a relapsing
type, (4) the local edemas, (5) the congested areas of the skin, (6) the
enlargement of the spleen, and (7) the constant increased frequency of
pulse and respiration (hurried breathing).

He examined the blood of one hundred and fifty healthy children
between the ages of one and 'fifteen years, natives of Gambia, and says
that he found Trypanosoma apparently identical with those observed -in
the European in the ninth case. The child is reported as showing no
clinical evidence of the disease.
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Forde (Journal Tropical Medicine, September 1, 1903) publishes t!:
case already described by Dutton. He deals particularly with its \w>\<>:
and symptoms previous to Button's persona! observations.

The patient was a European, F¥ years old, and at the tune he cam
under Dr. Forde's can-. May in. 1901, at the Colonial Hospital, Batlmrst,
was a man of robust constitution, living a regular and steady life.

He was at first thought to be suffering from malarial fever, but quinine
produced very little change in the course of the temperature. His bio:«|
was examined and malarial parasites were not found, but in nearly o
specimen Forde found "small worm-like bodies," which he at first con-
sidered a species of Fikma. After repeated observations, however, the
diagnosis became doubtful, and he associated these bodies with the symp-
toms of the disease.

The patient was invalided to Europe and returned to Bathursi in
December, 1901. At this time Dr. Dutton, being informed of the case
and examining the patient's blood, again found parasites, mt<l immedi-
ately recognized them as Trypanosoma.

Forde gives as the chief characteristics of this case: (1) The Irregular
intermittent temperature, (2) the edemaftms condition of the Eace and
lower extremities, (3) the rapid and variable pulse and respiration,
unaccompanied by any evident cause, (4) the loss of weight with marked
debility, wasting and lassitude, (5) the persistence of these symptoms
and their resistance to treatment.

In the Join-mil of Tropical Mnlicino £+ November L, 1902, \e publisl !
"A Case of TrypanosomiasiB in a European/' under the rare of Dr. Man-
son—the tenth case. Hanson had been siruck by the peculiar clinical
features of Forde's case, its chronic irregular fever, the enlargement of
the spleen, the edema, especially of the face, and the rary well-marked
erythema multiforma scattered over the trunk and limbs.

The patient under Mausinvs observation was the wife of a missionary,
who bad resided on the Upper Oongo for about, a year and had been sent
to Manson bj Habershon. She bad been suffering while MM Hie Congo
from an irregular fever, which was still present when she came under
observation, though she had been living in England for the past eight
..... nthfl and had been drugged with quinine and arsenic.

On examining her Manson no<niized the same grouping of symptoms
he had seen in Forde's ami Dutton'a case. The (uiliist was admitted to
iln' hospital anrl bej blood was examined daily for two weeks, Imt no
Trypanosoma were found. While arrangements were being made to test
Hie tentative diagnosis by injiciingz blood into animals, Dr. Daniels,
while making a blood count, found a Trypanosoma, and on subseq !
examinations more parasites were observed. In the British Medical
Journal, May 30, 1903, this case is accurately described by Manson
and Daniels.

7S81——12
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Manson published the eleventh case of Trypanosomiasis in human
beings. The patieni was a European ILady who had resided on the Congo.
In this case an erythema tous rash was a prominent symptom, preceding
or accompanying the attacks of fever, which occurred every ten days and
lasted cadi time lor about three. The cause of the disease is attributed to
the bite of some insect on the foot. Manson is inclined to attribute sig-
nificance to a tick (Argas movbaia) as a transmitter of the infection.

Broeden, according to a letter received by Dr. Manson, has discovered
two more eases in human beings—the twelfth and thirteenth. Both of
these were Europeans. Baker has recently reported three more cases in
human subjects in Uganda.

Of the sixteen cases of Trypanosomiasis in man, two have been in
apparently healthy persons, six associated with malarial fever, and ei*hi
have shown clinical symptoms apparently entirely due to the infection
with Trypanosoma. In these five cases the clinical picture, which has
already hcen reviewed, was peculiar and quite similar.

CasteUaxri has reported h< discovery of a Trypanosoma in the cerebro-
spinal fluid of twenty out of thirty-four cases of sleeping sickness. He
has described the parasite and proposed the name TV. ugandense.

Bruce has continued Oastellani's work and has reported to the Royal
Society the discovery of Trypanosoma in the fluid obtained by lumbar
punctures in all of the thirty-eight cases examined, and in twelve out of
thirteen of these cases he found the Trypanosoma also in the blood. The
importance of this discovery can hardly be estimated at the present time,
but it is certainly additional evidence of the increasing importance of
this subject. Liesbman has also recently reported the possible appearance
of Trypanosoma in the blood of patients suffering with "dumdum" fever .
in India.

Since the beginning of the present work in Manila constant vi.irilance
1= been observed in order to discover the infection in man, but so far
with negative results. Neither the clinical symptoms nor Ilie parasites
have been found. The blood of hundreds of cases of pir#onsMIl and in
health has been examined, particularly that of persons who have come in
close and frequent contact with animals suffering from the disease. Both
writers of this article have repeatedly performed post-mortem examina-
limis OB animal? which had been but a few minutes dead of the disease,
and have been bitten by flies covering the infected organs, but without the
slightest inconvenience. A number of assislants during the course of the
work have often exposed open skin wounds to infection both by bloo
diréctly -attd' by’ biting' fliesybulalt 'with' negative Yesults.

Tiir reported cases show conclusively that human beings may Income
infected, and we shall continue our observatinn. in fchjg country, where
the constant presence of the disease in animals, the sanitary conditions
and the anemic state of most of the inhabitants would lead to exped a
case eventually <" occur in a human hoi i
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TRYPANOSOMA OF MISCELLANEOUS ANIMALS.

Here we shall briefly mention the notes found in literature relating to
such animals as have contracted the disease but in the case of which the
clinical manifestations have been given but little detailed discussion and
on which, owing to the lack of animals, no observations can be made by us.

Bruce proved by animal experiments nine out of thirty-five wild ani-
mals examined in South Africa to be infected with Tr. brucei. The posi-
tive ones included one buffalo, three niedbeuste, three koodoo (Sirepsi-
ceros kudu), one buch-buck, and one hyena. Many of these animals
showed no clinical evidence of disease.

Laveran and Mesnil, in mentioning the animals susceptible to nagana,
give several species of antelopes, the dromedary, the hare, the mullet, the
hyena, the lapian, the hedgehog, the racque. Bruce mentions the babale
and Brumpt the chamois. Lingard and others say that buffaloes and
elephants are susceptible. Sivori and Lecler refer to the carpincho and
Voges to the nutria [Myopotamus coypus) among animals subject to the
infection.

Voges considers the nutria extremely susceptible. Death occurs sud-
denly about ten days after inoculation, without symptoms.

Laveran and Mesnil say that wolves have an incubation period of two
to three days and that death takes place in from five to twelve days after
inoculation. Parasites vary in number, but are usually to be found
throughout the disease by microscopic examination of the blood. Cach-
exia and irregular fever are the prominent symptoms.

In strong, healthy animals the course of the disease is much longer,
being twelve to fourteen days or more, and the period of incubation is.
from four to five days. The blood is always infectious, but parasites are
not usually found in it by microscopic examination. Local symptoms
appear in twenty to thirty days. Emaciation is not noticed until just
before death.

The prominent symptoms when once established are conjunctivitis,
coryza; edema, particularly of the head, the legs, and the genitals; conges-
tion of the testicles, or even a true orchitis; falling out of the hair about
the eyes, nose, and base of the ears; opacity of the cornea, sometimes puru-
lent conjunctivitis and blindness in the late stages; ulcers around the
eyes, nose, and other parts of the body, similar to those seen in dourine.
In animals dying from twenty to thirty days after inoculation the marked
clinical symptoms are not observoc]. English writers give the incubation
period at eight days and the duration of the disease at twelve to fifty-eight
(average, thirty) days.

Several writers mention hamsters as susceptible.

Hagger states that surra runs a very chronic course in camels and that
the natives believe that a small portion of those surviving for three years
to recover. He gives as the principal symptoms fever, swelling of the
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right side of the chest, in the scrotum, and sheath of males and in the
udder of females, frequent abscess formations in these regions, progressive
anemia, and rapid emaciation. The appetite remains good. Parasites
are present in the blood during fever, which sometimes reaches 42° C,
and are absent during intermissions.

The several forms of the disease are said to run a chronic course, some-
what similar to that of the goat and the deer.

IX. COURSE, DURATION, AND PROGNOSIS.

The course of the disease varies in the same and considerably more
so in different species of animals. In the language of Laveran and
Mesnil, "it always shows the general characteristics of blood infection."

A temperature of remittent, intermittent, or relapsing type is present
in nearly all animals, including man. Progressive anemia and ema-
ciation arc also constant manifestations. It is rarely a very acute
infection, although in exceptional cases it becomes so intense as to
suggest septicemia.

The duration is also variable both in like and unlike animals. Schil-
ling says that the surra of South Africa lasts from thirty-six days to
eight months in horses. He considers the acuteness of the disease to
be influenced somewhat by the number of parasites in the blood. Bruce
says that horses live for weeks and months with nagana.

In the Philippine Islands the duration of the disease in horses does
not show a greater variation than it does in other countries. It is from
fourteen days to three months, and is about the same for American,
Australian, Chinese and native horses.

The length of time the disease lasts in cattle is usually somewhat
longer. Bruce had a cow sick with nagana under observation during
eighteen months.

The prognosis is influenced to a certain extent by the species of the
animal infected. Most writers agree that it is invariably fatal in horses,
but there are some exceptions. Schilling believes that some horses
recover; and Laveran and Mesnil say that recoveries have been reported
in South America, although they hate seen none. A varying percentage
of cattle, according to careful observers, recover. Bruce says that cattle
occasionally recover from nagana, and Laveran and Mesnil have had
similar results. Lingard believes that a large proportion of cattle recover.
Voges, on the other hand, considers the”cattle of South America immune.

The annual report of the Division of the Chief Quartermaster of
the Philippine Islands for the year ending June 30, 1902, records the
death of 13693 horses and mules out of a total of 17,220 on hand. Ho
adds that most of this havoc was produced by surra and glanders.

The courjse, duration, and prognosis of the disease have been con-
sidered somewhat in detail under the discussion of the different species
of animals.
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The duration in particular varies so much with environment, the
constitution of the animal, and probably with other conditions which
we do not understand, that it can not be fixed except within wide limits.
The prognosis is always grave, the mortality in most species of animals
being 100 per cent. The only exception to this fact among domestic-
_animals of economic importance is found in cattle, a varying percentage
of which recover.

X. COMPLICATIONS.

Broncho-pneumonia, observed especially in h< rses, has been men-
tioned by writers as a frequent complication. In this country edema
and congestion of the lungs is common, while broncho-pneumonia, moro
or less extensive in character, is occasionally Been.

Nephritis, hydropericardium, and hydrothorax sometimes explain
unusual symptoms. Tuberculosis and surra are not infrequently asso-
ciated, especially in monkeys. We have had two cases of surra and
glanders in the same animals. Filariasis and surra often occur together
in dogs. Einderpest sometimes develops in cattle suffering with surra.

Other diseases which we have found associated with surra are foot-
and-mouth disease, pseudoactinomycosis, pseudofarcy, malignant neo-
plasms, and at least two septicemic conditions not fully understood.

XI. DIAGNOSIS.

In order to carry into effect methods looking to prevention an early
diagnosis is very desirable in all cases. Fortunately, in the horse, the
most frequently infected of all animals, this is in the majority of cases
easily done by a microscopic examination of the blood, which consists in
examining a specimen prepared in the same manner as one to be examined
for malarial parasites. The Trypanosoma are readily observed with a
Zeiss DD or AA and ocular 4, and are usually in sufficient numbers to be
quickly seen. In many cases, however, they may be so few as to require
considerable time and the examination of several specimens before they
are found; and as has already been said, they may not be observed at all
for several days at a time by this method.

When infection is suspected and parasites are not found in the blood,
there are two courses open. First, microscopic examination, carried on
for several days if necessary, will usually suffice for making the diagnosis
in horses and in several other animals in which the parasites are but
rarely absent for more than a few days at a time in the early stages of the
disease. The second course is to test the blood by animal experiment.
For this determination any of the smaller animals, particularly dogs,
monkeys, and white rats and mice, are satisfactory. A few drops to 1 c. c.
of blood from the suspected animal may be injected under the skin, or,
preferably, into the abdominal cavity on account of the shorter incubation
period, after which the parasites may be demonstrated in the usual way.
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The objection to the latter method is the expense of the animal and the
length of time necessary for the appearance of the parasites. On the
other hand, results are certain, and in the case of some animals time is
saved. This method, however, is absolutely necessary in many cases of
infection in cattle, goats, sheep, and some other animals, and should be
employed in all cases of doubt from any cause.

Whatever the method used, a determination of the blood infection is
absolutely the only way to make an early positive diagnosis of the disease
in any species of animal, and it is well constantly to bear this in mind in
performing work which means so much in suppressing an epidemic.

As has already been said, the early clinical manifestations are slight.
The temperature, always highest in the afternoon, is constant in most
animals immediately after the incubation period, but may drop to normal
again very quickly and remain so for days. When present during an
epidemic it is significant, but its frequent absence leaves much to be
desired. The next symptoms to appear are catarrhal discharges from the
nose and eyes and a beginning pallor of the mucous membranes. Even
with all of these symptoms, which may not be fully developed for a week,
the diagnosis is still not absolutely certain without a determination of
parasites in the blood.

With the development of other symptoms, such as edema and incoordi-
nations, in addition to those already mentioned, a diagnosis upon appear-
ance alone is justifiable.

XII. DIFFERENTIAL DIAGNOSIS OF SURRA, NAGANA,
DOURINE, AND MAL DE CADERAS.

Very little convincing work has been done to solve this important ques-
tion, for the reason that very few workers have had the opportunity of
studying more than one of the affections. In most cases authors have con-
tented themselves with the conclusion that if not identical they are closely
allied. Koch, who worked particularly with surra and nagana, considered
the parasites and the resulting infections identical, and many others have
formed similar conclusions, while Voges and Laveran and Mesnil and
others maintain certain differences to exist.

Writing of nagana and mal de caderas, Laveran and Mesnil consider
them distinct morbid entities, which can not be separated by their clinical
symptoms, and they further maintain that species of animals which arc
susceptible to one can also be infected by the other. They classify their
reasons for considering the two diseases to be distinct under three head-
ings: (1) Constant morphologic differences between Tr. brucei and Tr.
equinum; (2) animals immunized against nagana do not have for Tr.
pquinum the same activity that they possess for 7r. brucei, and (3) ani-
mals iinTTiiiTiized against nagana arc susceptible to mal de caderas.
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The morphologic differences between the two Trypanosoma have
already been considered, and regarding the other points of difference
Lavcran and Mesnil explain themselves in substance as follows:

A deer recovered from nagana at the end of eight months, and,
having received during the interval fifteen inoculations of 10 to 60
c. ¢. of the blood of a dog affected with nagana, without contracting
the infection again, was inoculated in the skin with 1 c. c. of dilute
blood of a rat suffering with mal de cad eras. Blood taken from the
deer five days after this inoculation was infectious for mice by intra-
peritoneal injection.

A sheep cured from nagana after a period of one month and which
had received during this time inoculations of 10 c. c¢. to 20 c. c. of
blood from a dog suffering with nagana, was inoculated subcutaneously
with 0.5 c. c. of diluted blood from a mouse sick with mal de caderas.
The blood of this sheep, obtained five days after the last inoculation
and injected into the peritoneum of a rat (with a dose of 3 c. c.) and
of two mice (with doses of 0.25 c. c.) gave to them an infection
caused by the Trypanosoma of mal de caderas with an incubation period
of less than four days.

Blood taken again after fifteen days from mal de caderas and injected
into the peritoneum of a rat and a mouse conveyed the disease with an in-
cubation period of four to six days. The blood of a control sheep, which
had not yet received an injection of Trypanosoma of nagana, examined
on the fifth and thirteenth days after an inoculation of mal de caderas,
showed the same virulence as the blood of sheep recovered from nagana
and infected with mal de caderas.

The question as to whether the serum of animals immunized against
nagana is active for Tr. brucei and without action for 7r. equinum,
is discussed by Laveran and Mesnil as follows:

I. The serum of a deer immunized against nagana, when given in a dose of
1 c. c. containing from one-fifth to one-twentieth c. c. of blood of mal de coder as,
showed no action on the incubation period or on the progress of the infection
in mice inoculated with the mixture. The same quantity of this serum, mixed
with corresponding doses of blood of nagana, prolonged the incubation period of
the disease about five days.

II. The serum of a sheep which had recovered from nragana, when given in a
dose of 1 c. c. or even 2 c. c. mixed with doses varying from one-tenth to one-
twentieth c. c. of diluted blood of a dog having mal de caderas, had no action
on the incubation period or on the progress of the infection in mice inoculated
with the mixture. The same serum, in a dose of 0.5 c. c. mixed with one-tenth
¢. ¢. of diluted blood of a dog, prevented all infection in the rats inoculated with

this mixture. We also experimented with a mixture of 1 c. c. of the scrum
with 0.5 c. c. of the same diluted blood.

Bruce considers nagana and surra analogous, if not homologous, dis-
eases. Weber and BTocard have concluded that surra, nagana, and dowine
are the same disease with slightly different symptoms. Schilling con-
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siders them all closely related or identical. Curry believes surra and
nag ana probably to be the same, but does not know with which to
place the Philippine epidemic.

Salmon and Stiles state that the majority of writers consider surra
and nagana the same disease, but that they maintain dourine to be
different. Sivori and Lecler from their studies think that the para-
sites of surra and nagana are identical.

Voges will not venture a decision as to whether mal de caderas and
dourine are the same disease. He points out in detail their great sim-
ilarity. He considers these diseases different from surra for the fol-
lowing reasons:

(1) "Dourine and mal de caderas can not be transmitted to cattle,
which animals are directly attacked by surra” (2) "In regions where
mal de caderas exists cattle do not die from surra.” (3) "We have
no reason to believe that Trypanosoma show the same irregularities
of virulence as bacteria, so that the different forms of the disease may
be said to be produced by different degrees of virulence in the same
Trypanosoma. On the contrary, during our four years of experimenta-
tion, the latter have shown a constant virulence." The fourth reason,
which he considers decisive, is based upon the morphologic differences
in the parasites, which have already been discussed. In conclusion
he says: "I think these four proofs are entirely sufficient to establish
for all time the difference between surra and dourine as well as be-
tween surra and mal de caderas."

In another article Laveran and Mesnil give extensive consideration
to the differences between surra and nagana, wdiich in substance is as
follows:

The same animals are susceptible to both of them: the horse, the ass (except
perhaps certain races), the mule, the goat (in the Dutch East Indies they are
refractory to surra), the sheep, the cow, the camel, the dog, the cat, the monkey
(long-tailed macayo), the rabbit, the guinea pig, and the rat. In the horse, the
course of the disease is the same, whether surra or nagana. The animal dies at
the end of the same time (30 days on the average). In the case of experimental
inoculation, the incubation period is the same, there are the same lesions of
the eye and lids, the same edema, the same degree of anemia, the same emacia-
tion, followed by final paresis preceding death. The fever is of the same type,
except that it is perhaps more clearly intermittent in the case of surra; besides,
during the intermissions, which may last from one to six days, the parasites are
not seen in surra by microscopical examination, whereas they are very rarely
absent in nagana (Lingard insists particularly on this difference). In short, the
differences are minimum.

The other equides, the goat, the sheep, and the dog die of the two diseases in
the same length of time and with practically the same symptoms. * * * Rab-
bits, guinea pigs, and rats {Mus dcoumanus) succumb to surra with about the
same symptoms as to nagana.

Cows remain to be considered. Few survive nagana (according to Bruce, Koch,

and African explorers in general). On the contrary, they generally recover from
surra. According to Lingard, doath from tin* rti<*en<«o is in fact exceptional. The
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itiiimnl beeomea considerably emaciated, but recovers its health; and a second
inoculation does no harm. 'J'his appears to be a sharply marked difference
between the two diseases. Perhaps this is owing to a difference of race, as Rogers
has supposed, recalling the experience of Koch relating to the asses of ICassai.
In any case tin- question should be settled by experimental methods. If the
supposition of Rogers is considered incorrect, the question may be determined
Dy proving whether cows inoculated with several doaes of xitmt blood are siis-
ceptible to nagana. Not until these experiments have been made can a positive
conclusion be given.

Mai de caderas.—Passing next to mat de cadents. Laveran and M =i
I'ieve that in most of its principal symptoms—

h does not differ at :i!l from surra and nagana] bui hematuria is frequently
present. Paralysis of the posterior extremities, * * * a marked symptom of
the South American disease, * * * is undoubtedly more pronounced than
in surra or nagana.

The dog, lite sheep, the goat, the cat, the monkey, the rabbit. Ilie guinea pi~.
iIn- rat) and the mouse succumbed at the end of various periods, at-cording to
the species of the animal (five to twelve days for the rat, four to eight days
for the mouse, ten to fifteen days for the monkey, and three months or more far
11ic goat and the sheep). In the rabbit the course is slow, mid the animal presents
the same symptoms oi the eyes and genital organs as we have noted in nagana.

Cows are absolutely refractory; Argentine scientists mention a bull which was
inoculated every eight days fur n year and a half with 200 tu 300 C. C. of blood
from a sick horse, witlimit, sbmvinji any si< ns of (lie disease. They ilo not -=uy
whether an examination of the blood was made nr a susceptible animal inoeuhi: !
will) it,, especially during the month which fallowed the first injection.

In short, Laveran and Mesnil consider mat de caderas very -closely
rielieted to surra and nagana.

Continuing the discussion with reference to nagana. Laveran and
Mc-nil say:

We have already shown * * * that the TrypUfUMKmta "t doiirint; presents
morphological differences from that of nagana. This Is an important argument
in favor of the nonidentity (if the two diseases. * * * The etiology is com-
pletely different. Contagion by coition seems to be the only natural mode of
infection fur dourine, us n>< spnnuu.....us eases are known in geldings and mules.
Inserts, then, piny no part in the jnopagation of dourim:

May mutjtintt be extracted by coition? It is not probable, as BO contagion
reatilts from depositing the virus on an unbroken mucous membrane. Neverthe-
less tile c\|u-iiinent should be made, especially in (lie case of the rabbit.

The first symptoms (in the horse) appear ten to twenty days alter the infecting
eoition. * * * n the male there is edematous enlargement of the foreskin,
then of tin* extremity of the penis, and a slight imieo-purulent oozing from the
urethra! mucous membrane, which is Inflanwdi In the female (here i* an enlarge-
ment of the two lips, or of one alone, with a nim-o-purulent fiisely - MM tin-
Inflamed vagina] mucous membranes.

When thi> hu | per-isted tof ii short lime, other phenomena arc manifested, as
edema of the limbs and abdominal regionSj progressive anemia, conslant ennuta-
tion in spite of good appetite, weakness of the muscles, especially oi the posterior
extremities, and often sharp flexions of the joints. Certain symptoms are patho-
grimonic so tu speak, as the cutaneous patches seen on various parts of the body.
There is hardly any fever; the temperature rarely passes 30° C.
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The disease generally lasts from four to ten months, ;iul liu® uvevrr iiic acute
character of naguna or surru.

Toward the end of life ocular troubles (conjunctivitis, tileerative kcratitis) nre
sometimes noticed; the pareses are accentuated; there may be pronounced or very
nearly complete paraplegia; and at autopsy foci of softening of the medulla may
in- observed, which U never the case in nagana or surra * * *

The common symptoms of dourine and nagana then are striking. As to the
special symptoms <>f dourine (cutaneous plaques, foci of softening of the medulla),
they are not constant (the cutaneous plaques, for example, generally being absent
in the ass) and may be considered in accord with the slower course of the disease.
Nocard "has been able to kill horses in four, six, and eight weeks, with a tem-
perature curve identical to that which characterizes surra and nagana."

Considering dourine in their animals, they say:

The dog, the rabbit, the rat, and the mouse are soeeeptibta, but with exceptions
and degrees of illness that show variations in the virulence of the infecting agent.
e * * Rouget killed white mice in five to ten days with a general infection
like nagana in its €OfMW, Only a small number of s«wer rats succumbed, others
recovered after having a sanguinary infection, while some were absolutely re-
fractory. In the beginning of their studies, Buffard and Schneider had the same
experience as Rouget on rats and mice: but Sn<;ml, who their Trypanoaoma after
passage through a dog, found rats and mice almost absolutely refractory, and
it was only with the greatest difficulty thai the virulence was sufficiently in-
creased to make rats sensitiw. In the rabbit and the dog the course of the
disease ia much the same as in the horse, and contagion may take place by
coition.

We wish to call particular attent“gn to the lesions in the infected rabbit, already
well (Irscrihid by the authors we have cited. They are much Hke those of rabbits
infected with nagana, * *  With nagana, however, they never live longer
than two months after inoculation, while in the case of dourine they may survive
for more than six months with characteristic lesions. Experimental methods,
therefore, do not show a sharp difference between dourine aud naff ana. * * *
Cows are scarcely susceptible to surra find absolutely refractory to mal de cadcras,
the two diseases which we have shown to be so closely related to nagana.

Finally, a recent experiment of Nocard shows that there is a difference between
dourine and nagana, * * * which corroborates our morphological observa-
tions. A number of dogs highly immunized against dourine were Inoculated with
a very small quantity of blood taken from one of our mice and rich in Trypano-
aoma of nagana at the same time as ft control. The two immunized dogs died of
nagana in eleven days, the control in fourteen days.

The statement of Weber and JSTocad and others thai dun tine is found
11 :1 in rally only in horsea and donkeys has been used as an argument, for the
indiviiiiinlilv of this disease. In looking over the work of these writers,
however, it will be noticed, as has been, pointed out by others, that their
statements are based upon observations made in localities free from
other forms o!" fche disease, and in at least one case in a country free
from the known insects of transmission. When donrim- is transferred
to a country fenere surra is prevalent, it has recently been shown that
transmission fcajces place just as it dots in this di=sus:; 30 that it appears
that Schilli i = r.'mark that coition i> the natural mode of transmission

only in ilm nlisence of the usual insects and other necessary environments,



187

is rational and goes a long way toward refuting one of the arguments for
the individuality of this disease.

We have studied surra with special reference to the particular points
brought out by writers in various other countries and have been unable
to find any clinical evidence that it is materially different from the
description of any one of the other diseases already described or that they
differ sufficiently from each other to justify the continuation of so many
names.

A comparative study of the Trypanosoma has already been discussed
in a chapter devoted to that subject and it is unnecessary to repeat con-
elusions here.

In summing up the whole matter it appears to us, when we take into
consideration the work done by others and add our own results, that we
are justified in believing surm, nagana, mal de cadcras, and probably
dourine the same disease, and that all are caused by Tr. evansii.

We recently received from Java a cow suffering with surra when
it arrived. Einderpest also developed in this animal shortly after land-
ing, and the surra not yet having been discovered, the blood of this animal
was used by Dr. Jobling, Director of the Serum Laboratory, in the im-
munization of three other cattle, two of which promptly developed Try-
panosomiasis. We have studied the parasites in these animals and the
course of the infection in different animals, and have satisfied ourselves
that it is the same disease with which we are working in Manila. Jf
the transfer of surra from Java to this country causes such a changé
in the nature of the infection in cattle, it is not at all surprising that
similar ones may be brought about by transferring it in other countries.

Laveran and Mesnil found that the parasite of nagana is not so viru-
lent for their cattle in France as it is usually reported to be for those of
Africa.

The immunization of animals against one form of the disease with
attempts to prove them susceptible to another has been undertaken by
several authors, and most flattering results have been reported; but on
going over the work it does not appear that the presence of the first
disease was disapproved by animal experiment in some of the so-called
immune animals before the second one was administered.

A discussion of the very interesting and important question of the
identity or difference of these various diseases, to be of any great value,
must take into consideration two factors: (1) The morphology of the
parasites and (2) their pathogenesis in full.

It is the old story of parasitic infections over again, the zoologist pay-
ing particular attention to the first of these considerations without full
investigation of the second, and the strictly medical men doing the
opposite.

In this case both points deserve careful consideration, but as the value
of conclusions in sanitation and therapeutics are enhanced more by what
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‘he parade does than by what it is, we acknowledge the pathogen,s,
to be nt £h, ,,,, v Importance and shall so apply it in our discussion
Anumber-if not all, of these diseases show a special tendency to lesions
'S<1-:e P'nita's and if, as asserted, dourine is transmitted only bv coition
this tact wouhl serve merely to emphasize a symptom shown as a tendency
" jlee others and therefore doe, not place the diseases so far aparl M
might apgear a, a glance. Egmpeient observers have showh; hmiwer

t.nat B ., $ifkase as in all ofhers of Trypanosomatic origin the infection'
- ML, *nsfynv,! by inoculation and the typical disL, reproduced

lie supposed natural transmission of dourine onlv through coition
has been explained by a recent writer as probably owing to the absence of
ttw asua] transmitting insects in th, .-i,,.;. affected- In 248 Y
does no, appear to have been demonstrated that insects are not ,,,,ble
ot. tetnsmitting the infection. The other described characteristic mam-
festal ions of the disease—the peculiar skin lesions-are found bv |,
surefnl r.,1., of [iterate not to be confined entirely to dourine and
not to be constant ,, tbis disease, especially when produced by inocula-
te.. So far unfortunately, hut little work appears to have been done
with a vmv to determining the probability of transmission f th, other
Forms through coition and the study of the disease , produced
In the early reports on surra by Bvans and others it was stated that the
disease w,, ry fatal for cattle as wf as for horses. lyn; 1, iate vears
most of th. tmters say that these animals are somewhat more resistant
and that man; of them recover. So, too, with nuganas in certain parts of
Africa the disease is reported to be very fatal for cattle, but in other sec
tions of that country and in other countries a greater resistance has been
shown, and, as unl, sum, a certain number recover. "'When we look over
carefully the literature relating to those disease i, cattle we fail to find
»!"e marked diligences so strongly emphasized by some authors as beinc
diagnostic pointe in differentiating the u-o diseases; and indeed there are
'« greal rariations reported Car th, action of either of th.-., diseases'in
cattle as there are reported for amy iuo ,r the diseases in them so th,,
we are justified in concluding that there LS nothing in the- course of the
various forms of trypanosomiasis in th, same or different animals to
warrant considering them distinct pathologic entities; in fact th, con-
trary would appear reasonable.' '
Absolute proof of the identity or individuality of these infections a,
ih,v exist in various countries can be obtained only by importing infected
animals For each individual disease into one place and carrying on the
“HT Tjke environment. Until this is done we are iin-lined a>
" we M»t,d, to regard »urra; hagana, mal de caderas, and probably doitr
ror A< LI S e B This i L pepy jnteresting question and one
which =" " settled; hut as far as providing means to combat the
infection \s concerned, a solution ,f this problem would not he likely to
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add anything of value. Means which prove efficacious Eoi one Eorm *r
‘1 disease will probably do so for all.

XIII. SUSCEPTIBILITY AND NATURAL IMMUNITY.

A i'ull discussion of this subject would involve a greai deal of repeti-
tion, bat owing to its importance in dealing with epidemics it will be
briefly reviewed.

On the whole then: is a most remarkable similarity in i verrie of
susceptibility and immunity of various animals to surra, aagana, :iml mal
fie caderas. Thm- are imli\iilual differences, Imt it must be remembered
that many factors contribute to such differences, since experimentation is
irlied on in various parts of the world.

Schilling mentions pigs as the only animals refractory to African
surra: others, however, have shown that they may contract this di»=i=
find they are considered to be susceptible to the other forms of Trypanoso-
miasis sis well. Penning says that the cattle of Java do not contract
surra, white Bchat considers them susceptible. The chronic course of
surra and nagana in cattle and the reported natural immunity of these
animals to mal de caderas are not sufficiently at variance to justify the
statement that the difference is diagnostic.

Lingnrd considers buffaloes susceptible, but Bays they may recover fi
the infection. These results do not differ from those reported in relation
to the same animals in other countries. He also cites the case of a horse
«Inch he cured of surra with arsenic, iodide of arsenic."and mercury : Imt
twelve months aTier the cure the animal died < the disease I'nnn the
inoculation of one drop of virulent blood.

Sivori and Lecler were unable to find Trypanosoma in carpinchos,
tapirs, peccaries, stags, small deer, pumas, tigers, and the Lutra brasilim*.

Birds, according to Foa, are absolutely refractory to largo il =s
injected subcutaneous]y, abdominally, or through the eye. Voges, on the
other hand, claims that chickens, ducks, and turkeys are susceptible >\
inoculation to mal de caderas, Later reports state thai tin' birds of South
America are immune.

Vuges believes thai the cow is die only animal naturally imnrani

mal de caderas. ffe proved horses, mule-;, donkeys, sheep, 1iii=. rabbits,
dogs, guinea pigs, white and g rute. MM white and grey mice to be
isceptible,

Kouget determined binls, bats, and guinea pigs to be reeistani to 7r.

(uiperdum. Sewer rats also showed a pariiiill immunity. Kantluick,

Durham, and Blandiord consider the sheep and deei of Africa -5t

i» nagana, and Koch says that the asses of Massai and the erosses of these
asses with those of ftfosket arc immune to the same di-

Salmon and Stiles mention horses, asses, mules, camels, elephant;, </~

ogs, cattle, buffaloes, sheep, goats, rabbits, guinea pigs, rats ( Mm /-

K’”mis and Nesohia gqrovidem), and monkeys as Buseeptib = 1o v
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They say that birds, reptiles, amphibia, and fish are immune to the Try-
panosoma of mammals. The gaur (Indian bison) and the tsaing, accord-
ing to Evans, have never been observed to have surra.

Ducks, roosters, doves, sucking pigs, and kids (a short-legged variety
of goat found in Togo) were inoculated by Ziemann and recovered per-
manently from the disease.

Curry considers chickens immune by inoculation. He found horses,
cows, carabaos, monkeys, dogs, cats, and rats susceptible to infection with
Tr. evansii of the Philippines.

The only animals naturally susceptible to Tr. lewisii are wild and grey
rats and mice; white rats and mice and tachetes may acquire the disease
by inoculation. Laveran and Mesnil and others have shown that guinea
pigs inoculated in the abdominal cavity are temporarily infected in a
certain percentage of cases. To these may be added monkeys and puppies.

Eouget showed that white and grey rats and mice, rabbits, and dogs
inoculated subcutaneously, intraperitoneally, in the abdominal cavity or
by dropping infected blood into the conjunctiva), are susceptible to 7r.
equiperdum. Wasielewski and Senn found Tr. equiperdum in horses and
asses, and successfully inoculated horses and dogs with it.

Voges mentions dogs, horses, rabbits, rats, mice, and guinea pigs as
susceptible by inoculation to dourine. Weber and Nocard say that this
disease may be inoculated subcutaneously, abdominally, or in the serotum
or vagina in the case of the dog, the horse, the donkey, the rabbit, and the
mouse.

Bruce proved the horse, mule, ass, cow, dog, cat, buffalo, hyena,
bobale, and several other animals susceptible to nagana.

Lavcran and Mesnil mention among the animals which may contract
mal de caderas horses, asses, mules, cattle, sheep, goats, rabbits, guinea
pigs, dogs, cats, rats, camels, elephants, and monkeys. Brumpt found
the chamois susceptible.

There is no doubt that cattle have a relative natural immunity, which
seems to vary somewhat in different countries; but this variation is
not great enough to be of especial diagnostic significance.

The value of keeping in view the relative immunity of certain animals,
in addition to its scientific interest, lies in its practical significance
in providing measures for the suppression of an epidemic. The animals
showing this tendency in the greatest degree are those which also give
the least physical evidence of infection, and consequently are dangerous
in that they provide hosts for its perpetuation. It is in these animals
that parasites are often present only in small numbers in the peripheral
circulation, necessitating animal experiment fully to establish a diagnosis.

XIV. PROPHYLAXIS.

The question of prophylaxis constitutes the next important part of
this subject. All efforts to cure the disease having failed and there
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>eing but slight prospect of working out methods which will be suc-
cessful in the treatment of an animal once infected, our highest hope
lies in being able to bring about a practical and at the same time
efficient condition of prevention.

A curative treatment of animals suffering with this disease is not
at all necessary to the welfare of the community which has the infec-
tion in its midst. It is a disease belonging to the class readily controlled
by preventive measures, just as the case with many of the infectious
diseases of man for which we have no cure. Practical rules for the
control and even for the suppression of an epidemic may be prepared
and enforced with no great difficulty; and the failure to do so shows
a lack of progress in proportion to that evidenced in the control of
the less important diseases.

With the aggregate of the findings on the nature and mode of trans-
mission of this disease before us and considering the practicable manner
in which this knowledge may be applied efficiently to control the in-
fection, one can not help wondering that the annual loss of millions?
of animals from this scourge is permitted.

With the possible exception of rinderpest, it is the most important
disease of animals with which a large part of the tropical world is
infected. From an economic standpoint, measures looking to its con-
trol are of greater importance to the public welfare than are many
of the diseases of man on which annually are spent millions of dollars.

Quarantine regulations governing the importation of animals are
obviously the first point to consider in the discussion of preventive
measures. Very few countries have efficient quarantine laws. Prance
prohibits the importation of animals from infected countries and the
United States does not allow animals to be imported from the Phil-
ippines. Kecently a few other countries have been considering sim-
ilar steps.

Leveran and Mesnil state that "the importation of animals from
infected countries should be prohibited or greatly restricted. All ani-
mals arriving at a port should be examined, and if any are found to
be infected, these should be killed and the others isolated. If the dis-
ease gains entrance to a new country, preventive measures, if established
early, should prove efficient."

In a preliminary report, Bulletin No. 3, Bureau of Government
Laboratories, Musgrave and Williamson in part say as follows:

1. Prevention of reinfection of the country by proper quarantine laws.

2. Eradication of the present infection by enforcing efficient sanitary regulations.

It is believed that the methods to be described are practicable and, if adopted,
will prove sufficient to control the epidemic and eventually to eradicate it from
the country, but to give the best results work should be begun at once, during
the dry season, while the cases are comparatively rare and before the wet season

comes with its great increase in the number of biting flies and the consequent
spread of infection.
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Had vigorous methods been adopted when the disease first appeared in this
country in 1901, there would not have been an epidemic, and even now, were
proper procedure followed persistently, the disease should be eradicated from
the Islands. If, however, no more efficient course is adopted than the one in
use now, the disease will go on spreading until the whole country is involved
and the epidemic becomes perpetuated, as it has been in Africa, South America,
India, and other countries.

The subject is an all-important one to the country, and it is imperative that
facts and suggestions as to remedies be placed before our legislators. Without
legal authority, municipal sanitation (as history so well demonstrates) must
always be a failure, but with the authority given by proper ordinances, a disease
such as Trypanosomiasis of horses should be controlled from the start and finally
eradicated from any country in which it has obtained a foothold.

In considering quarantine regulations against the introduction of Trypanoso-
miasis into a noninfected country, a safe but hardly justifiable procedure would
be to forbid the entrance of any animals from an infected port, as was so promptly
done by the United States against the Philippine Islands when the disease was
first reported here. Whether our home country enforces the same stringent laws
against all others infected with'Trypanosomiasis and against all animals which
have been in infected countries but are shipped to America from noninfected ports,
can not, without full knowledge of the quarantine laws, be stated, but, granting
this to be so, there still remain reasons for stating that there must be forces
other than quarantine laws which prevent the introduction of Trypanosomiasis
into the United States. Wild animals for circuses and other purposes are cer-
tainly admitted in considerable numbers from infected countries,, and when we
consider the fact that many of these animals harbor the parasite without incon-
venience, the introduction of the infecting agent into America at some time or
other seems very probable. Not alone quarantine laws, but other factors, such
as possibly conditions of temperature, moisture, and carrying agents, probably
play a part in preventing the spread of the disease.

However, Trypanosomiasis has gained admission to the Philippine Islands, and
so far as we are concerned, there is no need of discussing the quarantine laws
necessary to prevent infection in a virgin country. It would have been entirely
feasible, as is shown by accumulated experience, to have prevented the introduc-
tion of the disease into the Philippine Islands with its subsequent disastrous
results by the enforcement of proper quarantine regulations without actually
prohibiting the importation of animals. That this was not done is owing to
the fact that the disease Was not recognized until after its introduction and to
our inexperience in dealing with tropical conditions, but it would appear in place
to sound a note of warning to other countries, especially those within the geo-
graphically infected zone, and which are as yet without the disease. It is a
question of economic importance second to none in a large area of the world,
and deserves the closest attention and prompt action of the sanitary guardians
of the public welfare.

In framing quarantine laws particular attention should be paid to
circus animals and to wild animals in general.

It has already been shown in discussing the etiology and modes of
transmission of the disease, that every case of infection Is entirely
dependent upon exposure to biting insects, and that this brings us in the
outset face to face with the necessity of (1) destroying all infected ani-
mals, (2) destroying biting insects, (3) employing a combination of these
methods, or (4) rendering susceptible animals immune.
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Before beginning a discussion of these points, we shall review some-
what fully the recommendations of Voges, of South America, and Schat,
of Java, who have written in detail upon this subject.

Voges considers preventive measures under two headings—general
means and specific means. The burning of cadavers need no longer be
recommended, since we know that twenty-four hours after death the
tissues and fluids are no longer infectious. It is sufficient to protect the
bodies from biting insects during twenty-four hours. When the disease
breaks out in pastures, the animals should be transferred to high dry
grounds, and those already infected should be killed. Animals should
not be allowed to run at large, but should be kept in stalls; and especially
valuable ones may be protected from biting flies by screens.

Voges compares mal de caderas to malaria in the manner of its spread;
etc., and suggests preventive measures along the lines used for the latter.
He states that there are two methods of preventing malaria, that of the
Italian school, which bases its work upon the destruction of the inter-
mediate host, and the other, that of the German school, as recommended
by Koch. Continuing, he writes as follows:

Quite different is Koch's system, which strikes the evil at its roots. Koch
fights the cause of the disease, the plasmodium; he seeks to remove it, and in
effecting his purpose does essentially nothing different from what has been done
with considerable success in other infectious diseases.

If I am working in the laboratory with a culture and wish to transmit it, I
use a platinum point. If the platinum point is taken away from me, for the
time being I can make no inoculations, for I must first make a new point. If,
on the other hand, my cultures are taken away from me and every crack and
corner where these might be is ransacked and I am deprived of every possible
opportunity to make a new culture, then my inoculations are at an end and I
can not proceed with them even with the best of points.

I always use this illustration when I wish to explain Koch's malaria theory.
In malaria the mosquito serves as the point; and I no sooner Kkill thousands of
them, than hundreds of thousands again appear.

The reagent glass, the holder of the culture, is the person; the nourishment
(agar, bouillon., etc.*) is the blood. R. Koch puts into the reagent glass—the
human being—a disinfectant, quinine, and the culture is destroyed. If, then, I
disinfect everybody who has been inoculated with the virus of malaria, all the
cultures are destroyed, and no matter how much virus (blood) the point (mos-
quito) takes from the reagent glass (human being), the transmission of the
disease is no longer possible. Could anything be simpler and at the same time
more effective? Is it not, therefore, an outrage and a shame that even in our
day civilized nations place their hands in their laps, at the most raising them-
selves to a few efforts, while they allow their subjects to die before their eyes?

Should not Koch's results, then, be applicable to mal de caderas? * We know that
the bloodyof horses suffering with mal de caderas harbors parasites. We know
further that the infection is transmitted only through the bite of a blood-sucking
insect. We also know that the infection occurs during times of rain and flood.
And finally, we know that the virus maintains its vitality in horses for from
two to five months and in donkeys and mules as long as one year, and can nearly
always be detected during this time.

7881—18
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In malaria the conditions are such that we must seek the proper host in the
human being, and in the mosquito the intermediate host. In the human being
the virus maintains its vitality for years, but in the mosquito only a short time.
Evidently the conditions are veiy similar in mal de caderas. We have not yet
discovered the intermediate host, but we presume that it is a blood-sucking insect,
while the horse is the proper host. I draw this conclusion from the fact that
in the case of the horse, and especially in that of the donkey and mule, sick
animals are found throughout the year. Virus can be obtained at all seasons,
although the disease occurs periodically, a fact which can be attributed only to
the periodical appearance of the intermediate host (insect). With a knowledge
of the intermediate host this would be still more evident, but for our object we
really do not need this. Its periodical appearance is one of the most favorable
preliminary conditions possible for a successful fight against the epidemic.

We shall next state that there are certain periods, dependent upon the rains,
during which the transmission of the disease through the intermediate host does
not occur. The virus exists then only in the proper host. * * * The rainless
reason is the period of which we should take advantage to destroy the Trypano-
soma, for it is then that their distribution is most confined.

For our purpose we need only two things—first, a means of detecting the
presence of the Tmyjpanosoma, and, secondly, a disinfectant with which to destroy
them. The second thing we do not yet possess, at least not one that will work
in the same manner as quinine does in malaria. There remains only one possible
solution, that is to destroy the Trypanosoma cultures; in other words, to kill the
diseased horses.

This measure is radical and yet very practicable, for such horses are of no
value, and this is almost universally true with native horses, for when once sick
a horse may as well be considered lost, and it is useless to continue feeding him.
Thus, if we have Kkilled all the diseased horses, mules, and donkeys during the
season which is free from the epidemic, when, with the beginning of the rainy
-season, the intermediate hosts return, there will be no more Trypano&oma, and
the disease will at once have been stamped out. just as Koch exterminated
malaria by poisoning the plasmodia with quinine. This is not only possible but
absolutely certain. It depends on searching out all the animals having Trypano-
soma. If the rainy season were longer, most of the animals affected with mal
de caderas, at least horses, would die. Donkeys and mules, however, would con-
tinue to live; but they show signs of weakness so early that it would be easy
to .pick them out and render them harmless.

Kimmerich, according to Voges, successfully combated the disease
on his estate by converting the marshy regions into open ponds. He
considered running water harmless. A South American company using
a large number of horses lost annually the larger part of them for
two years, the animals being kept in the fields, as is the custom there.
Stalls were then built and the horses were kept and fed in them, as
a result of which the epidemic disappeared. If infected herds are
removed to high, dry grounds, the disease generally ceases. Horses
quartered in stalls seldom contract it. The influence of stalling animals
on the suppression of the infection is mentioned also by writers in India
and Africa.

So far as we have been able to determine, Java is the only country
which has adopted and enforced regulations for the suppression of the
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infection, and as a result the disease is well under control in that
country.

Referring to the statement that it is impossible to destroy biting
insects, Schat (Java) says:

It is the opinion of Voges that blood-sucking insects are the carriers of the
infection, but he has not proved it, probably because he considers the destruction
of the insects as impracticable. Contrary to his opinion, we think it both
desirable and possible to do so, nor is the measure to be left out of consideration.
To search out all the hosts, that is the animals suffering with chronic surra,
is, in the Tropics, where sufficient expert assistance is lacking, not yet entirely
feasible; the more so, since Dr. Bruce, of South Africa, has found that the tsetse"
fly may become infected by sucking the blood of wild animals. The detection
and destruction of all infected animals is therefore under the -circumstances
almost impossible in the Tropics. We should look for other measures, such as
to insure the covoperation of the owners of cattle and in general of all laymen;
we should make warfare on all flies found on horses and cattle.

In the prevention of an epidemic of surra by veterinary means, the three
following measures should, in our opinion, be particularly observed.

1. Limit the extent of influence of the flies which carry the infection.

2. Protect the sick as well as the healthy animals from the bites of flies in
places infected with the disease.

3. Destroy the hosts, that is the diseased animals, or else render them harmless.

These measures alone should have a good chance of success, if the following
rule of preventing the spread of an infectious disease at its first appearance is
observed. The rule may be given as follows: Whenever an infectious disease
appears, the cases of sicknes sand death should be reported as soon as possible.
This applies to all infectious diseases in general, but it is particularly necessary
in the case of surra, because its detection is often difficult and requires a great
deal of time.

Let us now, with special reference to surra, discuss the three above-mentioned
measures one by one and with more detail.

First measure.—To limit the extent of influence of the flies'which carry the
infection. Whenever a case of surra is determined by the clinical symptoms or
by the discovery of Trypanosoma in an examination of the blood, or by animal
experiment, the sick animal should first of all be isolated, or killed and buried.
The animals which are kept on the same ground, as suspects, should not be
transferred to any other place. In this way a spread of the disease as well as
of the flies found on the animals will be prevented; for, as is known, flies swarm
with horses and cattle when they are quickly removed. .

For the purpose of making it as certain as possible that no infected flies shall
be transferred to other places in this manner, the transfer of cattle from grounds
bordering on those where surra has been discovered should be forbidden. This
measure may,'according to the circumstances, be extended to the entire inhabited
part of a district or to a portion of it. In short we would recommend the
prohibition of the importation, exportation, and transference of cattle, etc., in
the inhabited part of a whole district or in portions of it.

Second measure.—To try to protect the sick as well as the sound animals
against the bits of flies.

The sick and the healthy animals should be separated as quickly as possible
and transferred to dark, spacious, well-ventilated stalls, since experience proves
that in dark places few, if any, flies are found.

This precaution the inland cattle owner can take without great trouble.
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Furthermore, "the greatest cleanliness should be observed in the stalls, although
this would appear to be very difficult in the villages here, even with the greatest
perseverance. The fecal matter should immediately be removed and collected in
one place, not too close to the cattle stalls, in order to combat not only the flies
but also the larva; we know that the larvae of the Sfomoxys live mostly in
manure, where they develop into a light reddish-brown chrysalis, from which
after from four to six weeks the young fly appears.

It might perhaps be recommended that the leaves, pieces of wood, etc., found
on the spot where a case has occurred be collected and burned. This should be
done in the morning, on the wind side of the kraal, so that the smoke will drive
away the flies, which appear on the animals just at this time of the day, in
order to suck themselves full of blood.

Whenever, in the rainy season, the smoking of the stalls in this manner
becomes difficult or impossible, the same purpose may be accomplished by placing
earthen or iron pans in them, burning damp wood, leaves, etc., in the containers;
the cattle owner may also easily make use of ash-water, with which he will be
able to keep the flies from his cattle. In catching flies the inlander can without
much trouble make use of sticky twigs, there will always be found on his ground
a plant which produces one or another kind of gum or other viscous substance
(getah). Getah, mixed with some kind of a treacle (t€te*s), smeared on a piece
of paper or stick of wood and hung up in the cattle stall, serves the purpose
very well.

Third measure.—To destroy or render harmless the hosts of the infection, i. e.,
the sick animals. * * *

Thus far we are obliged to resort to * * * a very radical measure, that
of destroying the infectious material in as short a time as possible, i. e., Killing
the sick animals.

On the outbreak of an epidemic of surra, so long as another and less costly
measure is wanting, authority should be requested from the head of the provin-
cial government to take possession of animals sick with the disease and to kill
them, in the hope of checking its spread from the very beginning. If, however,
too large a proportion of the animals have become infected, so harsh a measure
could hardly be carried out; but we would suggest in that event that the spread
of the infection may to a large extent be prevented by a strict isolation of
animals in spacious, dark stalls, where great cleanliness is observed.

I wish also to call attention to the following point. In the blood of emaciated
animals we repeatedly found Trypanosoma, while clinically individuals suffer
with emaciation for a considerable time, without showing, however, any other
single definite* symptom. It is just these animals from which a spread of the
disease through flies should be feared, since we have been able to determine
that whenever such chronic sufferers from surra die their blood contains lar“c
quantities of parasites. In the eradication as well as in the prevention of surra
it is therefore of great importance to know this fact, in order that the emaciated
animals in the district may be looked after. Since this is so and since in the
examination of the blood of these animals surra parasites appear to be present,
these hosts of the infection should first of all be rendered harmless.

Our purpose iS only to put these rules in such a form that they may best
be applied to the purpose in view, that is the prevention of surra.

Some of the earlier recommendations for the suppression of the
epidemic in the Philippine Islands were not only unsatisfactory but
dangerous. Smith recommended isolation of sick animals at a distance
of one-half mile.



197

Curry, in his original communication, recommended (1) the isola-
tion (at least one-half mole) of infected animals, (2) the protection
of infected animals from flies, (3) the protection of healthy animals,
and (4) the keeping of flies out of the stables.

However, early in 1902 proper advice in regard to measures for the
control of the epidemic were prepared by the Director of the Biological
Laboratory and given to the public in a popular article in the Spanish
press. In a later publication Curry realized fully the weakness of his
first recommendations, and made additional suggestions. Had the direc-
tions of both these observers been followed at that time, the saving of
millions of dollars to the country would have resulted. In substance
these were the destruction of all infected animals and of as many flies
as possible, and the protection of healthy animals.

Considerable delay in carrying out rules which will control the infec-
tion here has been occasioned by the efforts of some to minimize the
importance of the agency which flies constitute in the transmission of
the disease and to push forward the untenable theory that food and
water are the principal transmitting agents.

Misguided local efforts have been made in communities, causing un-
necessary expense and trouble and utterly failing to accomplish the
purpose for which they were intended. Several municipalities have
absolutely forbidden the use of native food for animals and have pro-
mulgated long, useless rules for isolation, etc.

A set of rules which was adopted by one of the provincial boards
of health and which was sent to us for remarks is as follows:

1. All sick horses must be isolated to a pasture separate from the rest of,
the herd.

2. Inspections must be made daily and sick horses transferred to isolated
pastures.

3. The bodies of dead horses must be burned or buried in trenches at least
ten feet in depth.

4. Those who attend to diseased horses must not take care of other horses.

5. No efforts must be made to_preserve the hides of diseased horses, for thei*
sale will not be permitted.

6. The pasture used for diseased horses shall not be used for other horses or
cattle for a period of two years after the epidemic.

7. Diseased horses shall not be watered in running streams, nor shall they
be bathed in streams or rivers used for other horses.

Of course such rules need no comment. They show, on the other hand,
that the intelligent element of the country is aroused to the necessity of
doing something, and not knowing just what is best, follows out the dan-
gerous suggestions of some of the earlier writers in regard to the epidemic
in these Islands. These are, however, in substance, the antiquated ones of
literature. In the face of all this, it behooves us to reach the root of this
subject for the information of the better classes and to suggest regulations
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which will place the execution of efficient measures in the hands of the
proper officials.

We have already dealt with the methods for preventing infection in a
virgin country and reinfection in countries where the disease is already
prevalent, and will now take up the discussion of methods looking to the
control and suppression of surra in our own country. To be fully efficient
recommendations must, of course, be practicable and of such a nature
that the codperation of the public may be obtained. The necessary con-
siderations are:

1. The destruction of all infected animals; (a) animals of economic
importance; (6) rats and mice; (c) game and other wild animals.

2. The destruction of biting insects.

3. The protection of contact animals from flies during the incubation
period.

4. Miscellaneous measures.

First. The destruction of all infected animals would make other meas-
ures unnecessary, but this offers so many difficulties, especially in the
provinces and outlying districts, that it will be found advisable to rein-
force this measure by the other methods discussed.

(a) Animals of economic importance.—In Manila and other cities
with organized sanitary corps, diseased animals should be located without
any difficulty. To do this to the best advantage and to make the work
systematic necessitates that the whole matter be placed in the hands of a
single bureau, and that bureau should, of course, be the Insular Board of
Health. Other points in the accomplishment of this task are matters of
detail, which may readily be solved by the Board of Health. There can
be no question that this matter properly belongs under the control of the
sanitary bureau, just as do the infectious diseases of man. In fact, as
already shown, there have been many cases of trypanosomiasis in man
and the chances are that many more will be found.

The work of detecting all diseased animals will necessitate some kind
of a systematic inspection, which may easily be carried out in Manila and
other cities by those charged with such duties in guarding the public
welfare. In addition to the daily inspection by sanitary inspectors of all
horses found in stables, all other officials, such as medical, veterinary, and
police officers, might be required to report all sick animals coming under
their cognizance to an official of the board of health.

How best to secure the cooperation of the general public in reporting
sick animals is a problem open for discussion. Several officials interested
in this work have suggested the advisability of the Government's buying
all sick animals, arguing that a reasonable offer would cause all such to
be brought in and thus prove economical in the end, whereas, if coercion
were attempted, "the more ignorant people would hide their animals for
days and probdbly for weeks before they could be found by the authorities,
thus adding materially to the spread of the disease. This argument has
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something in its favor, but it seems to us on the whole a dangerous
policy—the purchase of good citizenship—which, although it might give
immediate results of a temporary nature, would in the end prove unsatis-
factory. The purchase of superstitution or malice, whether it be with
candy in the case of children or with money in that of adults and whether
in the schoolroom or in the municipal office, invariably leads to disaster.

It appears to us that the recommendations made should be just and
equible, and such as will be supported by the intelligent part of the com-
munity and in the end will result in the elevation of the standard of citi-
zenship of the ignorant. Undoubtedly right demands the cooperation of
the public in such an undertaking, and we believe that the law should
require owners, agents, and custodians of animals to report those sick, and
that the failure to do so should be punishable by law.

The manner and time of inspections and the reporting of sick animals
in cities are matters of detail which need no discussion here, while rules
applicable to the provinces and outlying districts may be drawn up to
meet conditions. The methods best adapted for searching out the infected
animals may be subject to discussion, but the disposition of them when
once found does not admit of argument. There is only ona thing to do
with a horse suffering from trypanosomiasis, and that is to destroy him
immediately. To do this, efficiently and quickly necessitates the placing
of authority in such a manner as to avoid the loss of time.

Immediately after the death or destruction of an animal suffering froin
this disease, the body should be protected from flies and other insects and
disposed of as soon as possible. This may be done in one of several ways.
In cities probably the most satisfactory way is to take the body to the
crematory in a fly-proof wagon and have it burned at once. Where means
for such disposition are not at hand, which is generally the case in rural
districts, the body may be buried at a sufficient depth to keep dogs and
flies away from the carcass for forty-eight hours, or it may simply be pro-
tected by mosquito netting or otherwise for the same length of time, and
then disposed of in any sanitary manner.

It is well to call attention to the care which should be exercised in per-
forming necropsies on animals dead of the disease. They should either be
done under protection from flies, or, if this is not practicable, all living
animals should be removed from the immediate vicinity and kept away
for forty-eight hours. In any event, the blood, organs, etc., should be
protected from flies and dogs, in the same manner as the whole body, for'
from twenty-four to forty-eight hours.

(6) Destruction of rats.—There is no longer any doubt that a certain
number of these pests harbor 7r. evansii and that they have a practical
significance in the spread of the disease. The annual destruction of thou:
sands of them in Manila on account of the plague, as already mentioned;
will no doubt reduce the danger of the spread of surra from this cause to
a minimum. In the provinces and other cities, however, wheré this
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wholesale destruction is not carried on, the importance of looking after
this work with special reference to surra is more urgent.

Fortunately, whether in the city or in the country, great difficulty is
rarely experienced in destroying large numbers of rats by poisoning, and
it is recommended that such a procedure be carried out as a matter of
routine in methods adopted for the control of the disease under dis-
cussion.

(¢) Destruction of game and other wild animals.—In other countries
the spread and perpetuation of the infection is undoubtedly carried on by
wild animals, and if our work in stamping out the infection here is not
prompt and vigorous it will in all probability become one of the condi-
tions that we shall have to face here later on, if it does not already exist
to a limited extent. This is a matter to be kept constantly in mind in
dealing with this disease, and our plans might well be broad enough to
cover this point. This source of danger will, even under the most favor-
able conditions, rarely become a great menace in cities, but some precau-
tions are nevertheless necessary.

A law which will prevent the reinfection of the country by such animals
is of the highest importance. With the prohibition of the admission of
circus and other wild animals, except under certain regulated conditions,
there still remain for consideration the public animals of our parks.
While the disease is constantly prevalent in Manila there is nothing to
prevent some of the animals in the Zoological Garden from contracting it,
and, on account of the harmlessness of the infection of these animals,
they might become an indefinite focus for the diffusion of the disease. It
seems to us that the easiest and most practical way of avoiding this danger
would be to inclose all such animals in fly and mosquito proof screened
areas, as is now being done in many of the large zoological gardens in
other countries. Researches of recent years have shown the necessity of
this precaution, since many wild animals act as hosts for other parasitic
diseases communicable to man, which need not here be discussed.

2. Destruction of stinging and biting insects.—As has already been
stated, if the destruction of infected animals (the hosts) were carried out
systematically and with thoroughness, flies and other insects_as carriers of
the infection would be harmless. While we have sacrificed the ideal in
the disposition of infected animals to the practical, as far as possible
within the limits of efficiency, we fully realize that conditions may make
still further sacrifices necessary. It is principally for this reason that we
have taken up the consideration of auxiliary measures to supply what may
necessarily be lost in the efficiency of the more desirable ones.

Insects are becoming of so much importance in the propagation of
other diseases, both of man and of animals, especially in the Tropics, that
we are urged to recommend their partial destruction on account of surra
with more assurance, knowing that the fulfillment of our hopes would
be a distinct step in advance in preventive medicine in general.
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To illustrate what we shall some day be compelled to face here, thu
best medical thought of Europe and America is already concerning itself
with the effect which fast travel to the Orient is likely to have upon the
introduction of yellow fever to this part of the world. The proposed
interoceanic canal has brought this subject afresh before the world.
The mosquito of yellow fever is one of the most common in the Philip-
pine Islands, and with the shortening of the voyage from fever-infected
countries by the proposed canal, and for that matter without the canal
by the increased speed of our modem ocean-going vessels, the time
required to travel from those countries to the Orient ,will be brought
within the limit in which the disease may be transmitted. Without deal-
ing further with present and prospective problems, depending to a cer-
tain extent upon the disposition of certain insects for their solution, we
shall resume the discussion in hand.

The most important insects to be destroyed because of the part they
play in carrying surra are the biting flies. To accomplish this, in the
most extensive manner and with the least amount of work, resolves itself
into the destruction of their breeding places by the proper disposition of
fecal matter. As has been recommended by various writers, this may
best be done by burning all offal during the dry season. Methods upon
a smaller scale looking to the same end are too well known to need dis-
cussion here. Cleanliness around livery stables and large corrals belong-
ing to the Government and to other persons is particularly desirable,
because it is naturally in such places that the danger is the greatest on
account of the close proximity of the animals and the large number of
flies usually found there.

Eecommendations and methods for the destruction of mosquitoes are
so recent and so well known that this part of the subject may be omitted.

The destruction of fleas, which are second in importance to flies in
the transmission of surra, is so far as we are informed an unsolved
problem.

3. Treatment of contact animals.—The blood of an infected animal
is infectious before the symptons are present or parasites found in the
blood by microscopic examination, so that the necessity of protecting
contact animals during the incubation period of the disease is evident.

There are several ways of accomplishing this. When surra is found
in a stable, contact animals should be quarantined where they are, for
at least seven days. The contact horse, after removal, should be pro-
tected from flies during the first forty-eight hours, and if several are
present they should be protected from each other. Where there are only
one or two contact animals, they may be protected by mosquito bars, by
smearing with iodoform ointment, washing with solution of creolin,
burning smudges in the stables, or by other well-known means. Where
there is a large number, as in a livery stable, it will be found easier to
destroy or remove the flies by smudges, darkening of the stalls, etc.
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All rats around such places should be poisoned and the general sanita-
tion, especially with reference to breeding insects, should be improved.

Temperatures of all such contact animals should of course be taken
twice daily during the incubation period, and the animals should be
carefully examined for other symptons. It is hardly necessary to repeat
here that as soon as an infected animal is found it should be destroyed.

4. Miscellaneous measures.—Musgrave and Williamson, in a prelimi-
nary report, offered the following suggestions to owners of private stables
or individual horses:

When using the animals in the daytime, as much as possible avoid allowing
a horse to stand in a group of other horses. To illustrate: Only a few days
ago we observed standing in front of a Government building some thirty or
forty horses, and one of them, hitched to a public carromata, had a well-advanced
case of Trypanosomiasis. Should such a th\ing happen during the season of
biting flies, the danger of infection to all would be very great.

Stables should be kept scrupulously clean and well ventilated and excreta
and waste should be promptly removed.

All sores of whatever character on horses should be kept covered with n
suitable ointment to keep off the flies.

Especially valuable horses may be provided with screened stalls.

There is no conclusive evidence, so far as Trypanosomiasis is concerned, of
any danger from allowing horses to drink the city water or to eat iood supplied
in the Manila market.

Upon the appearance of illness in a horse, a competent observer should be
asked to examine the animal.

All kinds of sores on animals should be kept covered with tar, iodo-
form ointment, or some other substance disagreeable to insects. The legs
and edges of the hoofs should be carefully looked after. Eats should be
kept away from stables by systematic poisoning or should be caught with
traps. Other little points worth looking after will suggest themselves
to the thoughf ul mind.

That from which the public in general will derive the greatest benefit
and which will give results to every stock owner is the moral support of
the officials entrusted with the handling of this problem.

XV. SERUM THERAPY.

In this day of scientific advance in medicine, the trained mind nat-
urally turns to the possibility of preparing prophylactic or curative sera
for disease, and as all other remedial measures have proved a failure
in surra, this seems to be the only hope. Considerable work in this
direction has been done during the past few years, and while as yet
not successful, the outlook is not altogether discouraging.

Koch professed to have established a successful method of preventive
inoculation based upon the attenuation of the parasites by succesive
passages through other animals. His experiments are given as follows:

On the 8th of September, 1897, there were inoculated with the defibrinated
blood of an ox. rich in Trypanosoma, the following animals: One ass of Massai,
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1 cow, 2 calves, 2 monkeys, 2 guinea pigs, 2 rats, and 1 dog. The ass of Massai,
the monkeys, and the guinea pigs remained in good health; no sign of infection
was observed in them. The cow died at the end of thirty-nine days, the calves
at the end of forty-one and forty-nine days, the rats at the end of thirty-four
and fifty-two days, and the dog at the end of nineteen days.

On the 15th of October, 1897, the blood of one of the rats inoculated on the
6th of September was injected into 2 rats and 1 dog. One of these rats was
found dead six days after inoculation, showing the appearance of Trypanosoma
in the blood; the second rat showed Trypanosoma thirteen days after inoculation,
but did not die until sixty-eight days thereafter. The dog died at the end of
forty-two days, and its blood was utilized for the third passage.

On the 30th of October there were inoculated with the blood of the dog 2 dogs,
2 oxen, 4 asses of Massai, and 3 rats. The dogs died after nineteen and twenty-
six days, the rats at the end of sixty-seven, seventy-three, and eighty days, and
the asses were not infected.

Laveran and Mesnil criticise Koch's work, stating that a certain per-
centage of cows are known to recover from both nagana and surra and
that the attenuation of Trypanosoma by successive passages through
different species of animals is very slight.

Nocard immunized a calf that had recovered from nagana with increas-
ing doses of virulent blood until it had received 850 c. c. in all. The
animal was then proved free from infection by animal experiment, but
its serum had neither preventive nor curative properties in mice, and
mixed with infected blood produced the disease with a prolonged incu-
bation. This serum was very agglutinative for Trypanosoma.

Host gave a pony sick with surra 10 drops of normal goat blood
subcutaneously, and 10 more drops four days afterwards in the same
manner. A temporary dimunition of the parasites and a fall of the
temperature followed each injection.

Another pony, which had the disease in an advanced form, was given
20 drops of mule's blood by subcutaneous injection. The parasites
temporarily disappeared, but returned in greater numbers, and the
animal died on the fifth day after inoculation.

Another pony infected with surra and the blood of which was rich
in Trypanosoma was given subcutaneously 30 drops of the blood of
a goat which had recovered from a single injection of surra blood. The
parasites temporarily disappeared. Another injection was given on the
twenty-third day and a temporary disappearance of the parasites again
resulted. On the twenty-eighth the parasites were again numerous;
and another dose of goat serum, which had been highly fortified by
injections of surra blood, was given, followed by another fall of tem-
perature and the permanent disappearance of the parasites. The animal
continued to grow fat, but on the twenty-third day after the last injec-
tion the temperature again rose and death finally occurred from
tuberculosis.

Sterilized filtered goat serum caused a temporary disappearance of
the Trypanosoma in a horse sick with surra, but the disease followed
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its regular course and the animal was shot before death. Ten mules
were treated with serum without encouraging results; in fact, the con-
trary was true, for Host concluded that the sterilized serum of immunized
goats produced exacerbations of the disease in mules.

His best results were obtained from normal or slightly fortified goat's
serum, for the more highly he immunized his goats the worse were
the results obtained. He immunized a goat with suria blood taken
from the same species of ‘animals which he afterwards treated with
the serum, and during a period of eight days he sterilized it daily for
four hours at 57° C. He says that the immunized goat's serum killed
surra parasites under the microscope.

Voges inoculated a cow for eighteen successive months with virulent
blood, but the serum obtained from the animal was worthless either
as a preventive or curative measure.

In Schat's work the serum obtained from cows which had recovered
from surra was injected into other cattle and into rabbits, and in some
cases it seemed to exercise certain preventive and curative influences
on the disease.

He immunized a cow against Trypanosoma by increasing doses of
defibrinated blood during a period of two months. The serum obtained
from this cow waS injected in doses of 10 c. c. into two calves known to
be nonimmune. Twenty-four hours after the last injection of serum the
animals were inoculated with surra blood; a control was inoculated at
the same time. On the sixth day parasites appeared in the blood of all
the three animals, disappearing from that of the immunized calves,at
the end of four days and from the control at the end of five days. The
protected calves returned to health, but parasites again appeared in the
case of the control and the latter went through the regular course of the
disease.

A rabbit was protected by 5 c. c. of the same serum, with only a
temporary appearance of the parasites. Three rabbits were inoculated
with mixtures of cow's serum and blood containing Trypanosoma. One
of them developed the disease, while the other two, where the mixture
was kept from five to fifteen minutes before injection, did not contract the
disease.

Laveran and Mesnil, experimenting with mice and rats and a few
dogs, state that human serum injected in sufficient quantities shows
manifest action on the disease. Trypanosoma disappear from the blood
at least temporarily, the evolution of the disease is retarded, and some-
times a complete cure results in the case of mice and rats. The scrum of
adults is more active than that of children, and maintains its activity for
a considerable time when preserved aseptically. Pleural effusions are
less active than the serum from the blood, while the activity of ascetic
fluid is still loss. Tn infected mice they used doses of 0.5 to 1 c. ¢. and
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in rats doses of 1 to 2 c. ¢, which caused a disappearance of the para-
sites in eighteen to twenty-four hours after infection.

They had four successful cures out of a very large number of rats and
mice so treated) and in all of these cases it was obtained after one or two
injections. In those animals from the blood of which the parasites dis-
appeared only temporarily, they were caused to disappear time after time
by repeating the injection, and if they recurred after the first injection
a complete cure was never produced.

By alternating the injections of human serum with arsenic the influ-
ence exercised on the longevity of animals was still more favorable, but
there were no complete cures. One rat so treated lived for one hundred
and twenty-seven days and a mouse for one hundred and three days.

Human serum was determined to be just as active for mal de caderas
as for nagana, but 7r. lewisii were unaffected by the treatment. The
sera of birds, chickens, and geese highly fortified with Trypanosoma
blood had no curative power. Large numbers of sheep, cows, and deer
recover from nagana, but their sera fail to show either preventive or cura-
tive properties, and do not acquire them when immune animals are
further protected by large doses of virulent blood.

According to these authors, sheep, deer, and cattle which have recovered
from nagana possess an active immunity to this disease.

Human serum has a very weak preventive power. Mice given 1 c. c.
of blood mixed with 4 c. c. of human serum show no infection. Some-
times this result may be obtained by injecting serum and blood simul-
taneously in different parts of the body. If, however, the serum is given
twenty-four hours after the virulent blood, the disease appears, the only
result noticed being an increase of from five to nine days in the length
of the incubation period. If human serum is injected first and infected
blood twenty-four hours later, the infection, as before, takes place with
a prolonged incubation. In those mammals which do not contract the
disease by the injection of human serum and infected blood an active
immunity is established.

The sera of dogs, sheep, deer, horses, geese, and chickens, when mixed
with Trypanosomatic blood, are still infectious and the disease runs the
regular course with a normal incubation. The sera of animals that have
recovered from nagana are without value as either preventive or cura-
tive agents in the disease. The serum of sheep which have recovered from
nagana and have afterwards been further immunized shows neither pre-
ventive nor curative properties. Fortified sera from the chicken and the
goose are worthless as a means of prevention. Chicken's serum mixed
with equal parts of infected blood killed a mouse in fifteen days, while
a control lived seven days.

Strong, commenting on Laveran and MesniPs earlier work, writes:

We had already previously tried injections of human blood into monkeys
suffering from experimentally produced Trypanosomiasis from injections of 7.
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cvand8ii, but found, while the parasites disappeared temporarily, after a few
days they were always again present in the circulating blood. Goat's blood and
bile from monkeys that had died of the disease were also tried, but with like
results. Goat's serum was used, as these animals are relatively immune to the
parasite. Experiments with the intravenous injection of benzoyl-acetyl peroxide
will be performed as soon as the animals for experimental purposes can be
secured.

Laveran and Mesnil also showed that infected blood kept on ice or at
the temperature of the room until the death of the parasites has almost
resulted is still infectious, producing no change in the course or the
duration of the disease excepting a prolongation of the incubation period.
Similar results were obtained with blood heated to different temperatures
for different periods of time. The addition of toluidin blue to infectious
blood, in the proportion of 1 to 100 parts, did not modify the virulence,
except to prolong the incubation.

They passed Trypanosoma through sheep six times and then through a
dog, but the blood remained just as virulent for rats and mice as the
original control. They failed to confirm Schilling's and Koch's work.
The difference in action between their 7r. brucei and that of South Africa
may be owing to the difference in species of the cattle or to an attenua-
tion of their virus. They suggest the possibility of obtaining practical
good by infecting the South African cattle with the milder 7r. brucei,
from which a large percentage of Paris cattle recover. .

Laveran and Mesnil come to the conclusion that all attempts at preven-
tion or cure have, for practical purposes, been negative, and that prophy-
lactic measures which may be found of service in one form of Trypanoso-
miasis will probably prove equally efficacious for all.

Schilling states that he had attempted to attenuante the parasites by
passing them through different animals. He inoculated three horses with
Trypanosoma which had passed through five dogs; they all contracted the
disease and died. He then inoculated two horses with Trypanosoma after
eight passages through dogs, as a result of which they both contracted the
disease and died. Parasites which had been passed through four cows
were still virulent for the horse.

In a second paper Schilling writes that he immunized a bull which had
recovered from surra. Parasites were found in the blood from nine to
twelve days after the first injection of 10 c. ¢, but none were found after
the second of 19 c. ¢, which was given in the abdominal cavity a month
later. A month after this injection the serum in thirty-one minutes
killed the parasites in the hanging drop. Further immunization for two
and one-half months did not make it more effective in vitro, and when
employed in treatment it was useless. After about eight months the
animal died of hemorrhagic enterocolitis, but Trypanosoma were not
present.,

Schilling simultaneously inoculated three calves with the peritoneal
exudate of a dog which had been infected by an abdominal inoculation of
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Trypanosoma after they had been passed through the peritoneum of other
dogs. After twenty-one, twelve, and fifteen days, respectively, parasites
were no longer found in these calves. The serum showed no reaction with
Trypanosoma. These animals were then transferred to an infected
region, one dying during transportation, while the other two were well at
the end of three months.

The same author immunized a steer in a similar manner, except that as
a first inoculation the peritoneal exudate of a dog inoculated directly
from a horse was used, and a like injection was given sixteen days after
the first. Five days after the first injection the serum showed no reaction
with the Trypanosoma, but four days aftfer the second one it agglutinated
them, only a few motile ones being left at the end of thirty minutes.

Two young steers were immunized with doses consisting of from 3 to
10 c. c. of the peritoneal exudate of dogs, which seven days before had
been inoculated in the abdominal cavity with virulent blood. On tho
fourteenth and fifteenth days after the last injection the serum of both
these steers showed marked antiparasitic action on the Trypanosoma, kill-
ihg them in thirteen to twenty-five minutes. Parasites were absent in
both of these animals.

Schilling later immunized thirty-six cattle with the peritoneal exudate
of dogs which had been given intraperitoneal inoculations of Trypano-
soma attenuated by passing them through seven dogs and rats and then
through eighteen to twenty-one dogs. The peritoneal exudate of dogs
used-on cattle always showed numerous Trypanosoma.

Of twenty-four cattle twelve showed parasites in the blood on the tenth
day after inoculation. The number in all of these cases, however, was
very small, and in ten animals they disappeared in from one to two days.
In one out of nine cows one Trypanosoma was found in a preparation
made on the ninth day after the second inoculation, while the others were
negative. The temperature rose to 40.3° C. on the fifth day after the first
injection in the case of one of these animals, but it fell to normal within
three days. On the same day a single parasite was seen, but after that
none were to be found; indeed, following the second injection of large
numbers of Trypanosoma the temperature remained normal and para-
sites were constantly absent from the blood.

Eight of the animals previously used were examined (subsequently to
the last injection) to determine the parasiticidal power of the blood
serum. In five cases the parasites were killed in twenty minutes, in one
the reaction was very weak, while in two there was no reaction whatever.
What the factors in the production of such differences were he could not
then say, because of the limited time and the small amount of material
at his disposal. He believed, however, that the cause lay neither in the
quantity of injected parasites nor in the time which had elapsed between
the first and second inoculations.
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Of the animals used 19 remained in Sokode, 9 were taken to the station
of Ataxpane, and 8 to Mishche and the experimental station of the cotton
expedition of the Colonial Scientific Committee in Tove—all places at
which, during the year before, animals had died of surra. According to
reports, at the beginning of October the inoculated animals were well and
in Tove five oxen were doing their usual work in the fields. The time had
not been sufficiently extended for him to come to any definite conclusions.

In Sokode Schilling found a naturally infected ass, which he watched
for twenty-five days. It has already been stated that the ass of Soudan
is susceptible to surra. Attention should here be called to the fact that
there are some racial differences between these asses and those of east
Africa, with which *Koch worked and which he did not succeed in infect-
ing. In one of his experiments, however, the inoculation of surra blood
into a small wound in the skin of the ear proved negative. Passages of
blood taken from the naturally infected animals mentioned above were
made through several asses by the subcutaneous injection of large doses.
Altogether five animals died between the eleventh and fifteenth days
after inoculation, with all the symptoms of a severe general infection
(fever of remittent type.) Post-mortem showed nothing that might be
called typical. The parasites increased very rapidly (incubation about
four days), reaching enormous numbers. From this we may conclude
that the Soudan ass is even more susceptible than the horse.

This writer inoculated the parasites obtained after passages through
five asses into a small, healthy horse. The animal suffered an acute attack
of surra, but the course was somewhat unusual. According to a letter
received from Dr. Kersting, the animal was fairly well on the twenty-first
day after inoculation. On the eighteenth day no parasites could be found.

He believed that the principle of successfully immunizing animals
against the African tsétsé-fly disease (nagana) had been discovered. The
peculiarities of the nagana parasite with reference to its ever-present host
were utilized in weakening its virulence for certain kinds of animals.

In looking over literature carefully one is struck by the relative immu-
nity to surra of certain animals that are susceptible to other diseases.

Mr. Harford, British consul to the Philippine Islands, informs us
that when he was stationed in Africa it was a recognized fact that
"salted" animals were less susceptible to the bite of the tsétsé fly than
others and that the Government paid increased prices for such animals
for the African service. By ''salted'" horses are meant those that have
recovered from a peculiar disease of horses prevalent in Africa and by
"salted' cattle those that had recovered from rinderpest.

G. H. Evans, quoted by Lingard, says:

The gaur (Indian bison) and tsaing suffer from rinderpest and foot-and-mouth
disease, yet -these animals have not up to the present time been observed with
surra, although a careful search for the disease has been made. They live in
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a jungle where the flies are so annoying to them that they have to go into the
open to escape their attacks.

In India a large percentage of cattle are "salted"; that is, they have
recovered from rinderpest or from the "serum simultaneous-inocula-
tion method" against rinderpest, which, when successful, results in a
mild attack of the disease.

These points and the fact that the injection of, rinderpest blood into
dogs prolongs the incubation period somewhat suggest a possible antip-
athy between surra and rinderpest. We have performed a number
of experiments fully to determine this matter and have come to the
conclusion that animals suffering from rinderpest or recovered from
it are just as susceptible to surra as others.

The attempts of Schilling, Koch, and others to attenuate the parasites
by methods already described, in which they believe they have succeeded,
have been repeated by us, but we have been unable to verify their
conclusions. In fact, we have failed to attenuate Trypanosoma by any
of the methods employed. Attempts of all conceivable kinds have been
made to immunize animals, but usually without success.

In the beginning of our work, when we were less familiar with our
subject, we believed that we had immunized a goat, because parasites
could not be found in the blood, but it was later discovered that the
blood was infectious by inoculation.

We have succeeded in bringing a cow up to the point where the
injection of 3,000 c. c. of blood produced but little effect, although
it contained large numbers of Trypanosoma. This animal was infected
and ran a chronic course after the first injection of 10 c. c, and the
blood remained infectious until about one month after the last injection
of 3,000 c. c.; but since that time, now three months, the blood of
this animal has not been infectious by inoculation, and it has fat-
tened and appears to be in perfect health. Serum taken from this cow
at different times has been absolutely valueless either as preventive or
curative in several species of animals.

Similar negative results have attended all our extensive work. We
have followed the suggestions of others and have conducted many orig-
inal experiments, but we have had no results which seem to offer hope
for either a preventive or a curative serum.

XVI. TREATMENT.

Many drugs have been used in attempts to cure this disease, but
so far without results offering any hope for future work along this
line.

Braid, in a letter written in 1858 to the British Medical Journal,
suggested the use of one to two grains of arsenic daily in cattle suffering

7881——14
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from the bite of the ts6tsé fly. This letter was called to the attention
of Dr. Livingstone and he agreed to follow out the suggestion at the
next opportunity.

In a letter to the British Medical Journal, published March 13, 1858,
Balfour indorses Btaid's suggestion as to the use of arsenic but rec-
ommends Fowler's solution as a more desirable preparation, provided
it is used in large doses.

Eeferring to the letters mentioned, Livingstone himself writes in
the British Medical Journal, May 1, 1858, as follows:

The very same idea with respect to the employment of arsenic in the disease
which follows the bite of the tsetse* occurred to my own mind about the year
1847 or 1848. A mare belonging to Mr. Gordon dimming was brought to Kolo-
bong, after prolonged exposure to the bite of the insect; and, as it was unable
to proceed on the journey southward, its owner left it to die. I gave it 2 grains
of arsenic in a little barley daily for about a week, when an eruption resembling
smallpox occurred. This induced me to discontinue the medicine, and when the
eruption disappeared the animal's coat became so smooth and glossy that I
imagined that I had cured the complaint; for, after the bite is inflicted, the
coat stares as if the animal were cold.

The mare, though apparently cured, continued lean. This I was rather glad of,
as it is well known between the latitudes of 20° to 27° south that, when a horse
becomes fat, he is almost sure to be cut off by a species of pnetlmonia commonly
called "horse sickness." About two months after this apparent cure, the coat
began to stare again; but this time it had remarkable harshness and dryness.
I tried the arsenic again; but the mare became like a skeleton, and refused to
touch the barley. When I tried to coax her, she turned her mild eye so implor-
ingly, and so evidently meaning, "My dear fellow, I would rather die of the
disease than of the doctor," that I could not force her. I got her lifted every
morning to feed, and saw her at last perish through sheer exhaustion; and this
was nearly six months after the bite was inflicted.

Since that time the treatment of Trypanosomiasis by arsenic has
frequently been mentioned in literature. It has been given in various
ways and in all reasonably sized doses, by mouth, subcutaneously, and
intravenously. The pure acid as well as many of the salts have been
used. Some writers mention its previous use in the treatment of the
disease, while others, judging from their writings, thought that they
were trying something new.

In a circular letter from the headquarters of the Division of the
Philippines, as late as January 11, 1902, we read as follows:

The board ordered to inquire into and to investigate the disease of animals
called surra have found Fowler's solution of arsenic, given intravenously, to

destroy the parasite in nearly every case, and animals so treated are doing well,
but such treatment is not as yet conclusive as to cure.

Lingard has given minute directions for the use of arsenic to accom-
plish the best results. Some writers assert that arsenic delays the course
of . the disease and a few that cures may result, but the concensus of
opinion is against this, and without doyubt justly so. The statement that
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arsenic destroys the parasite in circulation is without 'a particle of evi-
dence to support it. That the parasite may not be found by microscopical
examination after such an injection is true, but the same results are just
as likely to happen after the injection of any other substance; or for
that matter, it is occasionally difficult or even impossible to find the para-
site for days at the time, when no treatment whatever has been given.
However, it has been shown by others, and the observations have been
confirmed by us, that the blood at this time is infectious when injected
into susceptible animals, and that in such cases the parasites always
reappear.

Laveran and Mesnil conclude that human serum and arsenic are the
only substances that have shown any definite activity, and that under
certain conditions arsenic may be used to prolong life.

They treated animals sick from nagana with arsenious acid, arsenite
of soda, arrhenal, corrosive sublimate, Donovan's solution of arsenic and
mercury, potassium iodide, quinine, a solution of arsenious acid, tolu-
idan blue, methylene blue, and several of the newer silver salts, as silver
lactate, fluoride, or trachiol, and carseinatc of silver, or argonin, with-
out curative results. )

They quote Edington as having caused a disappearance of the parasites
in animals by injecting one part of the bile of animals dead of the disease
mixed with two parts of glycerine, and state that he obtained immunity
in healthy ones. Laveran and Mesnil used this treatment on dogs with
negative results. In rats and mice it did not influence the course or
duration of the disease.

Bruce used arsenite of sodium intravenously in large doses. He con-
cluded that this treatment would cause a temporary disappearance of the
parasites and somewhat prolong life, but that it would not cure the
disease.

Lesur employed subcutaneous and intravenous injections of Fowler's
solution, cacodylate of sodium, and arrhenal without definite results.

Deixome made use of arsenic, cacodylate of sodium, arrhenal, and cor-
rosive sublimate, but to no purpose.

Curry tried quinine subcutaneously and intravenously, methylene blue
and salt solution intravenously, arsenic subcutaneously and by mouth, as
well as various tonics, iron, cinchona, etc., but the animals died with
the usual regularity in spite of treatment.

Schilling determined quinine, corrosive sublimate, and bile to be use-
less.

Voges used intravenous injections of large doses of quinine and meth-
ylene blue with negative results. He also employed the following (with-
out any benefit: Enteral, sodium salicytate, turpentine, potassium per-
manganate, potassium iodide, and corrosive sublimate. He observed, as
have so many others, a temporary improvement under the treatment of
arsenic, life being prolonged, but no cures effected.
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Three native ponies were treated with daily intravenous injections of
large quantities of 1-1,000 solution of acetozone. A temporary drop
of the temperature often followed treatment, and, as in the case of
almost any kind of an injection, the parasites sometimes disappeared
for a short time from the circulation, but definite or permanent results
were not obtained, although the course of the disease was somewhat
shortened.

As has already been shown, several substances have a destructive action
for Trypanosoma in the hanging drop, but no such favorable action was
obtained from any of them in treatment, whether by mouth, subcutane-
ously, or intravenously. The following have been used by us in the treat-
ment ‘of animals ill of the disease, but in none of them with hopeful
results:

Lysol, creolin, infusion of pepo granatum, santonin in the form of
freshly prepared santonate of soda, strychnine arsenate, Fowler's solution,
spigellia, copper arsenite, pelleterine, eucalyptus, quinine hydrochlorate
and urea, and combinations of several other salts and quinine, thymol,
chloral hydrate, glycerine, methyl alcohol, acetic alcohol, barium chloride,
calcium chloride, magnesium chloride, picric acid, oxalic acid, and vari-
ous strengths of salt solutions alone and in combination with other drugs,
carbolic acid, formalin, potassium permanganate, cyanide of potassium,
urotropin, turpentine, cuprous sulphate, cupric sulphate, eosin water
soluble, eosin alcohol soluble, potassium acetate, potassium chlorate, cor-
rosive sublimate, arsenious acid, methylene blue, and several other aniline
dyes.

The following serums have also been used: Antidiptheritic, antistrep-
tococcic, antirinderpestic, antiplague, antidysenteric, antitetanic, and all
available prophylactic preparations.

Toxins, toxic cultures, and fresh cultures of numerous organisms have
been used, including plague, dysentery, typhoid, paracolon, malta fever,
streptococcus cholera, and several strains of colon bacilli.

Blood parasites have been inoculated, including malaria and two
varieties of filaria.

Extensive use has been made of human blood taken from fresh necrop-
sies and in the following diseases: Cholera, dysentery, plague, malaria,
typhoid, Bright's disease, leprosy, and malignant neoplasms.

Blood from the lower animals, both in health and in disease, has
been employed; from healthy cows, as well as those suffering from rin-
derpest and foot-and-mouth disease; from sheep, goats, deer, rabbits,
guinea pigs, frogs, chickens, ducks, pigeons, and several other species
of animals.

Bile and other excretions and secretions, including urine from both
healthy and diseased animals as well as from those dead of surra, have
been used.

Use has been made of the extracts from the lymphatics, the adrenal,
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and the thymus, as well as from organs of animals affected with surra
and other diseases.

Recourse has been had to X-ray and other light treatments, various
emulsions and preparations of blood, and attempted attenuations of
parasites.

As already mentioned under serum therapy, considerable time has
been devoted to the preparation of specific sera; and numerous injec-
tions of aspirated serous fluids and the contents of collodion sacs have
been kept in the abdominal cavity of susceptible animals for varying
lengths of time.

In all this work we have not obtained a single recovery, nor have
we been able to bring about conditions that would indicate the slightest
hope of effecting a cure in animals when once they have contracted
the disease.

In conclusion, we see no hope whatever for curative treatment along
lines so far investigated, and the outlook for preventive treatment is
hardly more encouraging.

From a casual observation the conditions seem unfavorable, but if
we go more deeply into the matter we find that they are not so bad
after all. The disease is one which can certainly be prevented in a
country not yet infected and can as surely be eradicated from one where
it is already epidemic by means which are thoroughly practicable. There
is presented to us in the Philippine Islands to-day an opportunity to.
accomplish results which will be gratifying to the scientific world and
which should save the country from the annual loss of thousands of
dollars.

XVII. SUMMARY AND CONCLUSIONS.

Trypanosomiasis is considered to be a general infection caused by
Trypanosoma. The term Trypanosomiasis in a general sense is used
to designate all varieties of the infection as found in different animals.
The long list of vernacular names now in use, except surra, should be
discarded or else allowed to fall merely as synonyms, save in those
cases where the infecting parasite is shown to be a species distinct
from that of 7r. evansii.

A study of the history of the disease shows it to be of remote origin,
records of it in some countries dating back for centuries.

It is distributed over large areas of the tropical and subtropical world,
corresponding closely in its dissemination to the malarial zones.

Trypanosoma in general are discussed with reference to history;
methods of study; general characteristics, including modes of multi-
plication, agglutination and involution forms; distribution in the body
and outside the body; life cycle.

The life cycle is as yet unknown, but is believed to be acted out
entirely within the animal economy.
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A tentative classification has been adopted for purposes of study,
and each Trypanosoma of importance has been discussed with refer-
ence to its principal characteristics, habitat, and pathogenesis.

The differential diagnosis of Trypanosoma of mammals, like the life
cycle, is left an open question, but the weight of evidence in literature
and our own observations tend to the conclusion that at least three
of the species to which separate names have been given are in reality
identical with Tr. evansii.

Under the discussion of modes of transmission and infection, the only
point upon which emphasis need be placed is the conveyance of the disease
through wounded surfaces, in which biting insects, particularly flies and
fleas, serve as the principal agencies. It is clear that the prevalence of
the disease is dependent upon the presence of a host for the Trypanosoma
and of insects for their transmission. The animals which serve as hosts
for the perpetuation of the disease through the dry season vary in differ-
ent countries. In Manila sick horses exist in sufficient numbers to carry
the infection from one rainy season to another. Cows and rats may also
aid in its perpetuation.

Statements concerning the infection of pastures and water and the
transmission of the Trypanosoma through sound mucouslnembranes have
nothing to support them.

After describing the general pathologic anatomy and symptomatology
we have taken up the discussion of the infection in various species of
animals, paying particular attention to the disease in those of economic
importance. The manner in which the Symptoms vary in different ani-
mals has made this necessary, in order to enable us to make satisfactory
diagnoses and intelligently to control the epidemic.

The course, the duration, the prognosis, the complications, and the
diagnosis have all received a general consideration.

A chapter has been devoted to the consideration of the identity or indi-
viduality of surra, nagana, dourine, and mal de caderas. This is an
important subject from a scientific standpoint, but as an aid to the evolu-
tion of means of prevention or cure it is of little consequence. As in the
case of the parasite, we have with most other writers left the subject open,
but we are strongly inclined to believe them the same disease, in which
case surra would be the only vernacular name allowable. There is cer-
tainly nothing in the clinical study of these diseases to differentiate them.
The only real arguments in favor of their individuality are based upon
morphologic differences in the parasites, and, as has already been said,
these appear to us to be so slight that a positive classification can not be
founded on them.

The study of prophylaxis has included the consideration of quarantine
laws intended to prevent the infection or reinfection of a country, as the
case may be, and of methods for the control and eradication of the disease
in territories where it already has a foothold. In discussing this matter
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we have limited ourselves almost entirely to the consideration of means
adapted for destroying the hosts and supplemented by those suitable for
combating the carrying agents. It has been thought necessary to go into
this subject with considerable detail, and miscellaneous conditions have
been givéen full consideration.

Prophylactic and curative serum therapy have thus far failed to give
successful results, but if recent reports from Africa are to be trusted,
preventive inoculation is not wholly without promise of success.

All methods tried for the treatment of the disease have been without
results of practical importance or significance.
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