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A fatal equine trypanosomiasiz is endemic on the Isthmus of
Punama. 6 is generally koown throughout ihe Republic as
“Murrina” and “Derrengadera.” It made its first appearance
i the amimals of the Panama Canal Zone i 1909 and was
deseribed by Darling (1) in 1910, He named the pathogenie
agent Trypanosoma hippreum.  The disease was probably not
introduecd from outside sources since its elinical pieture had been
known before the construetion period of the Panama Canal,

Since Dacling's Lime on the Tsthmus very liftle has been done
Lo continue a=earch for o natural veelor or veelors of the disease
and to study wild and domestic animals in regard 1o their sus-
ceplibility to this tryvpanosome.  Our studies concerning these
questions began in December, 1929 when the disease again ap-
peared in an epidemic manner in a breeding herd at the Mira-
flores Furm and at points in the Republie near the Canal Zone,
Our work s #lll in progress bul we have been able to amplify
some of the work of Darling,  Dunn (2) has established the
fact that the local vampire bat (Desmodus rolundus murinus
Wagner) 1= a natural veetor of the disease on the Isthmus,  In
view of his importanl diseovery, we now consider 16 of value to
publish whal information we have assembled on the suscepti-
bality of wild and domestic animals that e found in contacet with
horses and mules on the trails, in the pastures or in the stables
and to indieate any animals that have been Tound with a naturally
acouired infection,

Darling (3) was able to experimentally infeet and kill the
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following animals: Horse, mule, dog, kitten, rabhit, guinea pig,
white rats and mice, wild rate and MHCE, TAGCO0N, OpOssUIT,
coatl and monkeys {Cebus and Nyetipithecus),  He also infeeted
and noted spontancous recovery in a domestie pig, an adult cat,
an agouti and three of his wild rats,  The only refractory animal
reported in his series was the eall in which he failed to recover
the trypancsome or produce elinical evidenee of illness.  He found
no naturally infected animals and eoncluded that the disease was

i, 1, Tee Vasmriee Bar, DESMODTS ROTUNDUS MUAINUS

distinetly a disease of mules and horses and that eattle were not
suseeptible.  We have rechecked his list of animals and also
added some other possible contact animale (table 1), Manv of
these species of animals had naturally aequired harmless typoes
of trypanosomes but none contained a naturally acquired 7.
hippicium infeetion,

A native chicken (cockerel) was given (.8 ce. of hlnod intra-
peritoneally from a guinea pig whose blood stream contained
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many T. hippicum but no trypanosome was ever found in the
blood film of the cockerel. This chicken never showed symp-
toms and is still living and in good health thirteen months after
the inoculation,

TABLE 1
Swgceplible of dnfection and die within a few weeks
Do
Gluines pig
TItabhit

White rata and mice
Wild rets and mice
Squirrel or Ardits, Seiwrns gerrordd morwlus Bangs
Armadille, four toed, Dasypus novemetnefus fenesiraiug Pefers
Sloth, three toed, Bradypus griseus grizeus {(GGray)
Sloth, two toed, Cholespus haffmanni Peters

" Poreupine, Coendoumericonum lasnatum Thomas
Apouti, Neqgul, Dasyprocta punetata dariensis Goldman
Agouti, conejo pintado, Ceniculus poca virgatus (Bangs)
Opossum, IHdslphis marsupiolis clensis Allen
Cloatl, Nasue narice panamensis Allen
Tapir, Topirella bairdii (Gill)
Capvhara or poncho, Hydrockoerus isthmivs Goldman
Bat, Phyllostemus hastatus ponamensis Allen
Ent, Henilderma perspicillatum azfecum Sanzzure
Eat, Rhogeszen fumidae Allen
Bat, Glossephoge soricing Leackid (Gray)
Bat, Artibews jomaicensis jomadeensis, Leach
Bat, Vampire, Desmodus rolundus murtnuws Wagnoer
Monkey, Chiriqui titi, Sedmird drseedii dreledii (Reinhardt)
Monkey, Mono titi, Leentecsbus geaffrond {(Pucheran)
Monkey, night monkey, Astus zonalis Goldman
Monkey, black howler, dlouatte palliota inconsonans Goldman
Monkey, brown howler, Alowaite pallicte pallialo
Monkey, white face, Celus capusinus capucines (Linnacus)
Monkew, white free, Celas capusinus dmitelor Thomas
Monkey, red spider, Ateles geaffroypi Kuhl
Monkev, black apider, Ateles darienzis Goldman
Monkey, old world, Maecacus rhesus

Tturbe (4) and others state that in South America spontaneous
infections with an equine trypancsome (T. venesuelense) have
been found in the Capvbara (Hydrocheerus hydrochoeris), the
dog, fox and certain monkeys. The Capybara is not found
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above South America except for the species Hydrochoerus tsthmins
Goldman, that is found in the valley of the Tuira river in the
Province of Darién, R. de P. Here it is known locally as the
Ponche and is believed to be the same species found in the Atrato
valley of Colombia. The boundary line between Panama and
Colombia is the water shed between the valleys of the Tuira and
Atrato rivers, We have examined fen of these animals in the
Tuira river valley, seven killed and three living speeimens. The
latter were brought back in good condition to study at the lahora-
tory. One of the animalz showed a few large trypanosomes

TABLE 2
Suseeptible of infection.  May Hve many montha

Harae

Mule

Cat, domostie

Deer, white-tailed, Gdocoileus chiriguensis Allen

Deer, brocket, Mozoma sarforii reperiicia Coldman

Wild hog, eollared peceary, Pocor! angulaius bangsi Coldman

TABLE 3
Suscepdible of infecHon, Recorsr spontaneously. Corry dnfackHon for a long
pertod wilkoul sympioms

Goat, native

Sheep (Algerian breed)
Hog, native, domestic
Catile

similar to the harmless one so frequently found in cattle. We
could not transfer it to guinea pigs. Two of these animals were
then given a strain of T. kippicum and hoth developed trypano-
somiasis. One of them died in fifteen days and the other in
twenty days following the inoeculation. The third animal that
was not inoculated has grown in weight from 21 to 46 pounds
and has not contracted the disease although living most of the
time in contact with infected animals. There are very few
horses and mules in the Tuira valley near the colonies of these
animals but none of them revealed trypanosomes and no history
of the disease could be obtained. The loeal Capybara is more
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sensitive to 7. hippicum infection than the guinea pig. It
cannot, therefore, remain a reservoir for the parasite for more
than a few weeks.

Our local monkeys (5) die in from fifteen to twenty-eight days
when inoculated with T'. hippicum notwithstanding the fact that
all of our monkey species are subject to spontaneous infections of
their own kind of harmless trypanosomes (6). An adult, old
world, female monkey (Macacus rhesus) that had been given
blood from 62 wild monkeys of local species that were carrying
their own type of naturally acquired trypanosomal infection
failed to show in her blood films any of these parasites. About
one year after this experiment she was given an intraperitoneal
injection of a strain of 7. Mippicum. Her blood films beeame
positive in three days time and she was so ill on the seventh day
with & severe trypanosominsis that she was sacrificed in order to
use her parasites to build an antigen.

We have always taken every opportunity to examine dogs
living in close contact with herds of horses and mules during the
progress of an epidemie of murriana but have never yet found a
dog with a spontancous infection of T'. hippicum although the
dog makes a good laboratory animal for the study of the tryp-
anosome. We do not consider that any of the animals listed
in table 1 ¢an earry the infection over a period lasting longer than
a few weeks. During this period they could of course form a
dangerous reservoir.

The animals listed in table 2 can carry the infection over a
long period of months but their infections are light with the
exception of the horse and mule and mechanical transfers should
be difficult. In the case of the vampire bat, a natural veetor
which consumes a large amount of blood each night, it might be
able to pick up the infeetion. It is possible to examine and
quarantine the solipeds but the other animals can form an un-
protected menace.

Table 3 contains the list of domestic animals that form the
greatest menace as a reservoir in contact with horses and mules.
In our particular region goats and sheep are not numerous and
hogs are seldom found in large herds on the same range with
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horses and mules. Cattle and horzes do range together all over
the Republic and it is probable that the more resistant individuals
among the solipeds and the cattle carriers of T. hippicum keep
the disease endemie.

roaf expersmend.  This was o male, juvenile, native animal in good
condition and whose bleod films were negative for trypanosomes. A
guinea pig inoculated from its blood also proved to be negative.

January 13, 1932, it was given intraperitoneally 1.5 ce. of jugular
vein blood from horse 200 that was positive for abundant T hippicim
at the time. Tt never did show a large number of trypanocsomes in its
blood films. It heeame negative to guinea pig tests in June, 1932 and
was killed and examined. Tt was fat and had run the complete eourge
without syvmpioms.

Sheep erperiment.  This was o fat, female, adult Algerian sheep
raised on the Isthmus, Guinea pig fests and blood Glm examination
revenled no T hippicum infection.  On November 6, 1931, it was given
an intraperiloneal injection of 1 ce. of heari’s blood from guinea pig
189, This pig had an abundance of T. kippicums in ite blood at the time.
The blood of the sheep became positive to Glm examination on Wowvem-
ber 8 and remained positive to blood film examinations almost daily
for a period of three months.

The sheep never developed symptoms of the disease and was killed
and cxamined in June, 1932. It was fat and revealed no Iesions that
eould be attributed to trypanosomiasis,

Daomestic hog experiment. A male juvenile pig, weizghing forty-eight
pounds. Born on the Isthmus, Guinea pig and bleod film tests re-
vealed no trypanosomes. On November 6, 1931, it was given a sub-
eutaneous inoculation of 1 ee. of blood from guinea pig 159 that was posi-
tive for 1", hippicum at the fime. Eight days later the hog's blood film
revezled the presence of T heppicum.  Its blood films were never posi-
tive after the month of November but puines pigs inoculated from the
hog as late as December 18, 1931, still developed the infection. It never
showed symptoms and wag killed in February, 1932, and examined. It
was very fat, had gained 28 pounds in weight. It revealed no lesions
attributable to the trypanosome.

Calf expertment. This was a bull ealf about eight months old. It
was born on the Isthmus.  An examination revealed no trypanosomes
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but its blood film did show that it had piroplasmosis and its hide con-
tained several dozens of fly larvae (Dermatobic hominds). On Aungust
21, 1931, it was given an intrajugular inoeulation of 2 ee. of blood from
guinea pig 149. This guinea pig's blood was abundantly positive for
T. hippicum at the time. The blood film of the ealf first showed 7.
hippicum on September 4 (fourteen days after the inoculation). The
films of September 5 and 6 and November 5 and 26 also showed a few
trypanosomes but none were found in other daily films. Guinea pigs
imoculated once & week from this ealf developed trypancsomiasis until
January 13, 1932, a period of almest four months. The calf recovered
from its piroplasmosis and grew in a normal manner. It never showed
symptoms of trypancsomiasis. It was castrated in July, 1932, but
there was no reappearance of the trypanosomes. It was then placed on
pasture and allowed to range there until Beptember 26, 1932, when it
was again placed in the Veterinary Station for observation. At this
time it was suffering from a broken horn but its blood films and guinea
pig inoculations have failed to reveal a trypanosomal infection. It was
given an intrajugular inoculation of 2.5 ee. of blood from guines pig
440 which carried a T. hippicum infection on October 1, 1932, but it
has not thus far (October 21) developed & new infection.

The results obtained with this calf upset the view we have held sinee
1909 that cattle were refractory to this form of trypanosomiasis, Near
the close of this experiment, an opportunity came to survey some cattle
that had been on the same range with a herd of horses and mules that
had suffered an epidemic of murrina or equine trypanosomiasis. No
horse or mule in this herd had been positive for a few months prior to
the time these 135 head of cattle were taken from the pasture to the
packing house.  On December 20, 1931, these cattle were slaughtered
and we were permitted to make thick blood films and to inoeulate a
guinea pig from each animal. None of the blood films revealed try-
PANOSOMES.

I'rom 2 to 4 ce. of blood was taken from the jugular vein of each ani-
mal and injected into the peritoneal eavity of o guinea piz. It was
necessary to transport these guinea pigs a distance of 50 miles by truck
and train at the end of the day’s work at the packing house and 68 of
them died before a satisfactory period of incubation had passed so we
do not know what the cattle they represented may have shown. The
remainder of the guines pige (67) lived for a few weeks and three of
them (4.5 per cent) developed T. hippicum infections. The firsi pig
beeame positive thirteen days after inoculation, the seeond became
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positive on the fourteenth day and the third one on the twenty-seventh
day.

These strains killed the guinea pigs in the usual period of time (about
a month) that a strain taken from the horse requires. We used these
cattle strains on iwo horses and these animals developed the regular
clinieal picture and died of the diseasze.

We have thus far been unable to secure enough unharmed
vampire bats and a spontancous eattle carrier of the trypanosome
to learn what the chances are for infecting a bat from such a
light carrier of T. hippicum but efforts are under way to secure
this information. Undoubtedly the rapid spread of this disease
depends on animals, such as the horse and mule, with a peripheral
blood containing an abundance of the frypanosome. The
disease is frequently present in a herd for two or three months
before its character impresses itself on an owner. Cattle ranging
with such a herd ean conceivably acquire the infection through
the bite of the vampire bat and since eattle can carry the infec-
tion for months they are probably the main reservoir that holds
the disease in a locality and allows it to gain another foothold
among equines,

BUMMARY

1. A study has been made of animal susceptibility to the
equine trypancsome of Panama (T. hippicum) using as many
wild and domestic animals as could be collected that are found
in contact with horses and mules in the stable, pastures or on the
trails.

2. The only animals in the series studied that disclosed a
spentaneous infeetion with 7. hippicum were the horse, mule
and cattle,

3. Cattle that had ranged with a herd of horses and mules
during an epidemic of this equine trypanosomiasis were ex-
amined a few months after the last case had appeared. The
blood films of the cattle did not reveal trypanosomes but the
use of 2 to 4 ee. of blood injected into the peritoneal cavity of a
guinea pig disclosed the fact that 4.5 per cent of the cattle were
light carriers of T. hippicwm. The strain recovered from the
cattle developed the usual clinieal pieture of murrina in the two
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horses tested and killed them in the usual period of time. A
calf was experimentally given the infection and was positive to
guinea pig inoeulation over a period of about four months, 1t
developed no symptoms and recovered spontaneously.

4. Other susceptible animals in the series ecapable of carrying
a light infection a long time and ending in a spontaneous recovery
were the hog, sheep and goat.

5. Susceptible animals in the list that ran a prolonged course
ending in death were the domestic eat, the white tailed deer,
the brocket deer, the collared peccary or wild hog,

6. Most, wild and domestic animals can be experimentally
infected and killed in a few wecks. The chicken was the only
refractory experiment in the series,

7. This form of trypanosomiasis is distinctly a discase of the
solipeds, particularly of the horse and mule. The fact that eattle
can carry I. hippicum for a long period of time without injury
and that cattle range in large numbers with horses and mules
at night as well as day throughout the Republic makes these
animals probably the most important reservoir in maintaining
the presence of the disease in our region. The vampire bat
feeds with equal freedom on equine and bovine animals and they
live for almost a month after they acquire the infection and
sufler no loss of appetite for blood meals until within a few hours
of death.
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