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A previous report (1) by our institution with speeial reference
to eattle as an unharmed host and probable reservoir for Try-
panesoma hippieum, the cause of our loeal equine trypanosomiasis,
has been given further study. It was learned, after our report
was published, that a few Venezuelan cattle were in that herd of
135 Panamanian cattle. All of these were on the same range
with a herd of horses and mules that had suffered an epidemie of
trypanosomiasis. Since our report coneerned native eattle of
Panama and there is no way to identify the cattle earriers we
found in the old herd, we have made another survey and in this
series of cattle we know that they were all born and raised in the
Republic of Panama. We have selected eattle where the horse
disease had not been present for some period of time and other
cattle known to be on ranges where the disease was present. In
addition, we have inoculated six more calves in order to follow
the course of the parasites from a known date of infeetion.

BURVEY METIIOD TISED

Large guinea pigs were selected for use and 3 ee. of whole blood
from the jugular vein of each steer was injected into the peritoneal
cavity. Insome instances more than one pig was used. In order
to favor the guinea pigs as much as possible we did not take them
into the remote cattle ranges since it was possible to identify
each owner's shipment of cattle to the Panama City slaughter-
house and inoculate the pigs at the time of the slaughter. A
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thick blood film was made from a drop of the blood that was to
be injected in the pigs. The total number of cattle handled in
this manner was 310 but we can use for study only 234 of this
number sinee none are to be considered in which the guinea pigs
failed to live at least two weeks after the inoculation. We
selected eattle from three provinces of the Republic. The prov-
ince of Panama had been negative on bload surveys for the disease
for almost two years while the disease was still present, in a low
incidence, in the provinees of Coclé and Herrera.  The period of
time covered was from September, 1932 to August, 1934. The
results are shown in table 1,

TABLE 1
odteersone | smomscrsmie
Tanamg:os e dmir e 5r shasaini | 71 | o
G hndabhe s e e e 145 4 {27 per cont)
] 2050 a0 i U I 15 1 (6.6 per cent)
B e T R P e a e RL Sua d it 5 {21 per cent)

None of the thick-blood-films made from the surveyed cattle
at the time of the guinea pig moculations revealed trypanosomes
(7. hippicum).

These eattle came [rom known ranges where there was contact
with herds of horses but. the ranges were not fenced and, there-
fore, permitted wide excursions as compared to the fenced ranges
of the Canal Zone mentioned in the last report (1). Had this
survey been conducted in 1929 to 1031, we believe the cattle
carrier index would have been higher. Control measures seem
to have greatly reduced the disease among the horses and mules.
We can now state with eertainty that native raized eattle ean
act as unharmed reservoirs for this parasite.

The question of how long they may be carriers could not he
answered by field studies in a satisfactory manner. We selected
six native calves that were old enough to be weaned and kept at
our Veterinary Station. These were subjected to guinea pig
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inoculation and daily thick film examinations until we were
satizfied they were clean animals and then they were given super-
infeetions by injecting into the jugular vein all of the bload we
could get from a guinea pig carrying a strain of T. hippicum.
This provided a known date of infection that would permit a
study of the length of the carrier period. When such large quan-
tities of blood are injected into the jugular vein, it is possible in a
very few moments to take a drop of blood from the ear and find a
few trypanosomes.

This does not last very long for a great many of the parasites
seem to be killed. A period of incubation of five to elght days
must then pass before blood films are apt to reveal the parasite,
and after a few more days it is no longer possible to use this
method. The guinea pig (intraperitoneal injections of 3 ce. of
whole blood) will continue to give results for months and even
after this method fails they respond for some time to the comple-
ment fixation test. We have not kept animals long encugh to
learn the average period of time when this responze fails.  Experi-
ence with horses and mules indieates that it would eventually
fuil to respond.

CALF RECORDS
Calf number 2

It was given an intrajugular inoculation on March 20, 1933
from puinea pig 554, The dose used was 4 ee. of whole blood.
A thick blood film from this pig averaged about 75 trypanozomes
to the field (570 diameter magnification). All blood films before
the moculation were negative for trypanogomes but at one time,
2 spirochetes and a single piroplasm were found. A blood film
was taken from the ear of the calf fifteen minutes after it was
inoculated and 21 trypanosomes (T, Mppicum) were found. The
blood films of this calf were not taken for a period of two days
following its inoculation, The days on which the films were
positive following that date are as listed in table 2.

(rutnea pig lests. T'wo pigs were inoculated each week from
April 17, 1933 to January 10, 1934. The blood was taken from
the jugular vein and 2 ee. of this whole blood was injected into
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the peritoneal cavity of each pig. The results are shown in

table 3.
TABLE 2
Doye on whieh blood filme Jrom calfl 2 were positive Jollmping inecidation
RUMUER OF | i NTUMBEE O
BATE THTPANOISOMES BATE | TRYPANOSOMES
POEITIVE FOR | | POSITIVE FOR
e ey _, ¥ 1988 . ¥
Mareh Sl s e 3 A e e et 5
MAPChi28: won cnrin > | Mareh 30, ... .. ..., .. 2
IR T e 1 1.1 1, o By Eo s e e 2
March 27, .. . ooooi., 1 APEg v L I
MaroheBE i el 1 September 20, 1

Resulls of tngections of whale bood trio peritoneal eavity of guines pigs

TABLE 3

PLG MUMBER

DATE INGUUTLATED

DATE 'IEITIVE

It waz killed on February 12, 1984, and was fat encugh to be nsed for baby heef-

HEA
BTA
024
LR
9654
OYA
1004
1184
1264
127 A
1544
1564
171A
1824
2454

158
April 25
April 25
May 3
May 3
May 10
May 10
May 18
May 24
June 2
June 2
June 21
June 21
July &
July 12
August 17

1553
May 6
May G
Nlay 12
May 12
May 20
Maxy 20
May 31
June 7
June 10
June 16
June 29
July &
July 17
July 24
Aungust 31

We used 94 pigs on this ealf from April 17, 1933 to January 10,
1934 and 15 of them became positive. The remaining 79 pigs
died within ten days after they were inoculated. From August,
17, 1933 to January 10, 1934, all pigs were negative,
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Calf number 3

This animal was given an intrajugular inoeulation at 3:25
p.m., March 20, 1933, from guinea pig 554, The dose used was
4 cc. of whole blood. A thick blood film from this animal also
averaged about 75 trypancsomes to the field.

This c¢alf had never shown anything in its blood prior to its
inoeulation except a few piroplasma. A film from its ear fifteen
minutes after its inoculation showed 9 ¥, hippicum parasites and
5 piroplasma forms.  No films were taken for two days following
the moeulation. The days when the blood films were positive
after that time are listed in table 4.

TABLE 4
Diage on whick blovd filme from calf § weve positive following fnoculolion
SNUMBEIL OF f HOMBER OF
BATE TRYPANGIOMES LATE TTEY A NDRGM 1S
FORITIVE BOIC | POEITIVE FOR
E—— X =
March 22, . o oo 1 HdMarch 28 ... ... _.... 11
Tvbapel Bl e e o S 2 ([ B i R e 2
JUE: Tyt B 2 Marehealln e s 2
Aareli BT o e 5 R ] B sy 4

Purther filme were all negative up fo the date it was killed, Mareh 14, 1034,

(ruinea pig tests.  Two pigs were inoculated each time at weekly
intervals., The dose of whole blood from the jugular vein was 2
ee. and this was injeeted into the peritoneal cavity., The results
are shown in table 5.

We used 94 pigs in tests on this call from April 17, 1933 to
January 10, 1934, There were 13 that developed the disease
and 81 that were negative or died too soon after inoculation to
pass the incubation period.

Calf number 4
This calf was given an intrajugular dose of 10 ee. of whole
blood from guinea pig 18B. This was done on February 26,
1934 and a thick blood film of the blood used averaged about 50
trypanosomes to each microscopic field. Fifteen minutes after
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the call was inoculated a blood film was made from its ear that
revealed 15 T. hippicum parasites. No further blood films were
taken for eight days and the results of these are shown in table 6.

TABLE 5
Rezults of injections al whole Hood into peritenenl ity of guinea pigs
GUINEA PIG NIADER | DATE IXOCTLATED PATE POAITIVE
i = Sl = L
Tah April 17 April 25
T4A Apnil 17 April 26
A3 April 24 Mav 5
05A May 3 May 13
O5A Max 10 May 24
04 May 10 May 24
1084 May 18 May 31
1214 May 24 June G
D44 June 2 June 12
1544 June 7 June 20
1354 June 21 June 21
1734 July 5 July 24
2234 August 2 Auggruat, 17
TABLE &
Rezulls from blood filmes Jram ealf 4
| MUMBER OpF NUMBER O
DATE THYE A MOa0n s DATE TEYPANOEOMES
FORITIVE ¥R POEITIVE Fan
=X 1834 e BT 1084 i i
L 1 Marchidasion e, Lo o 1
s pr T R 5 Mareh dd.........._. . .. 1
Murohlg il o o 163 erahitn oim e T 1
Marahigc S e 1 DURFCHT A% . Bl 1

Further blood films were all negative fo the date of death, September 7, 1934,

Guinea pig fests. Three pigs were inoculated each time at
monthly intervals for five months. The record of these pigs is
shown in table 7.

Calf number 5

This animal was given an intrajugular dose of 10 ce. of whole

blood from guinea pig 490A. This was done on February 26,
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1934. A drop of the blood from the pig at the time contained
about 50 trypanosomes to the microscopic field. A drop of
blood from the calf's ear fifteen minutes after its inoculation,
showed 5 trypanosomes. No further hlood films were taken for
five days and the results of those films are given in tahle 8.

TABLE 7
(Futnea pig records

GUINEA
OATE PLG RE&ULY
NUMBER
1934 i 5
DA 2R ot . v e 6B | Hecome positive, April 6
Ay T IR R WU 618 Became pozitive, April 12
i (i H Becume positive, April 21
APCIE R0 s v e 17T Never positive, died, May 4
Aprib 26....___._._._...........| 104B Beeame positive, May 5
Al RB L R e 1naB EBecame positive, My 8
DB e e 1661 Mever positive, dicd, June 18
May28 ... ..eeono....| 166B Mever positive, died, July 9
May: 28 sl iinia s | SRR Never positive, died, August 3
June A e e 24613 Hever positive, died, July 30
June 26, ... e TR Never positive, died, August 17
Wi BT s L 2485 Newver positive, died, August 14
FL ] b RPN B .1 - MNever positive, died, Augnst 27
3 1 et 204H Newver positive, died, September 1

BN Gt R B S s 2058 | Newver positive, died, August §

Guinea pig fests. Three pigs were inoculated each time from
this calf at monthly intervals for five months. The results are
shown in tahle 9.

Call number &

This ealf was given an intrajugular inoculation of 15 ce. of whole
blood from guinea pig 6B and at the time a drop of its blood re-
vealed about 80 trypanosomes to each microscopic field. The
inoculation was performed on February 26, 1934. A drop of
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TARLE &
Regulls from blovd filme from ealf §
e MOMEEN G
DATE TATPANDSGA RS TATE THYPANOAOMES
POSYTIVE FOHE POEITIVE FOE
1838 ) T 1584 -
RN 1§ A e D g 1 I[-Marel 90000 et 4
B e i e 2 | B e e e 3
Marebh G._................ 2 1) £ 11 A1 OOt 3
MapehTs BTy 4 March 12, ... .o, 1
Tl Ao R s i e o n 49 ) B T R R 1

The films on all other days to the date it was killed, August 30, 1934, were

neEative,

RESLLTS

Mewver pozitive, died, August &

Newver positive, died, August 11
Newver positive, died, September 4

TABLE 9
(fuinaa pig records
GUINEA
DATE FELT]
HIMBER

1934 5
I G3H Became positive, April 12
Mareh28. . ... ................] ©G4B Beeame positive, April 14
Mareh: 28 it iRt g GBI Beeame positive, April 6
LT 11 o s TSRS RPPRUSR SO 1105 Became pozitive, May §
e B e R D Bl Became pozitive, May &
AP BRI e 2R Beeame pogitive, May 8
MRp=3R e s e TR Never positive, died, June 17
D e (¥ ) e Never positive, died, July 21
May 2R AR e R e O Beeame positive, June 9
TG R e e 2431
LT R e e L s s BB ) MNever poaitive, died, July 20
A A s e 2458 Mewver pogitive, died, July 24

]

Ty 2 e e 2061 |
H |} e R R e e e Win |
Ol G R ee] BERERY )

Newver positive, died, S3eptember 4

blood taken from the ealf’s ear fifteen minutes later revealed 5

trypanozomes,

film results are shown in table 10,

No other films were made for five days. Daily
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(ruinea pig fests. Three pigs were inoculated each time from
this animal at monthly intervals for eight consecutive months.
The results are shown in table 11.

Calf number 7

This calf was given an intrajugular inoeulation of 12 ee. of
whole blood from guinea pig 463A on February 26, 1934. The
pig's blood revealed an average of 150 trypanosomes to each
microscopice field. A blood film fifteen minutes after inoeulation
taken from the ear of the calf showed 12 trypancsomes. No

TABLE 10
ftezulle from blood films from calf 8

HuMBERL OF | NUMIEEL OF
BATE TEYFANDOZDMES DATE TRYPANDROMES
OEITIVE FOR POSITIVE FOIC
1854 FET
Mareb 8. ... .. ... .. 3 I ] (T e T e 3
Mereli- O 00 1 March 16,.............., 1
LTS T B e e 1 [

The blood films were negative on other davs to the date it was killed, Decem-
ber 14, 1934,

further films were made for five days and the results of these films
are shown in table 12,

(Fuinea piy lests, Three pigs were inoculated each time from
this call at monthly intervals for five conseeutive months, The
results are shown in table 13.

COMPLEMENT FIXATION THEST

Specimens of blood were taken from calves 4, 5, 6 and 7 August,
1934 and were sent to the Burcau of Animal Industry where a
complement fixation test for trypanosomiasiz was applied and
all were reported as positive. These specimens on numbers 3, 5,
and 7 were taken after they had become negative to blood films
and guinea pig tests but number 6 was still positive to the pig
inoculations,

At the same time that these sera were sent to Washington we
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colleeted blood serum from 16 horses that represented cured cases
of trypanosomiasis (1930 to 1931) that have been in use sinee

LATE

LMY pit L P et e R R
371 1.7 1 D, e BT b s e o
BTG B s v e = 5 e

LY 1 I Py e R L
PR B e e R e
L

AT ] e i et e et P
R T T
U e e e oL i o e e

1 Ly e e P i |

TR AT 2R e R
AV BT 2 s v o e e v
L T L T e e e e e v

September 26, oo oo isia
Beptember 26.. ...l iaiaia
ZaphEmber 8. e e

B T oy e
Oetober 86, ., 0o e
L BTE ] o Teh e e R e et

TABLE 11

Guinen g vocords

GUINEA
L ie]
NOMBER

Ll
67D
65T

1138
1141
1158

I71E
17256
1730

408
24113
2418

2951
J00T
01T

a6Th
bi]5H4
3608

4241
4301
4311

153C
16C
17C

The calf was killed Deeember 10, 1934,

then as saddle animals and brood mares.

EEROLTA

Eecame positive, April 18
Became positive, April 9
Biecame positive, April 16

Beeame pozitive, May 7
MNewver positive, died, May 4
Beeame positive, Maxy &

Became positive, Jone 15
Became positive, June ¥
Became posilive, June §

Beeame positive, July 9
Never positive, died, July 31
Never positive, died, July 13

| Mever pusitive, dicd, August 16
| Newver positive, died, Augnst 6

Becams positive, August 11

Never positive, died, Oetober 7
Became poaitive, September 11
Never positive, died, September 1

Mever positive, died, November 27
Never poaitive, died, November 30
Never positive, died, October 15

Wever positive, died, November 28
Newver positive, died, December 31
Never positive, died, Deccember 31

These all gave a nega-

tive response to the complement fixation test and it is believed
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TAEBLE 12
faaults from Mood filme from colf 7

KUMBER OF NUMBER OF
DATE TICY 3 A ORI B DATE TILE A ROSEOMES
PORITIVE FOR POSITIVE FOR
1254 1054
L0 [ | St e S 1 Nlareh A0 oo sm 1
RO T e e n e e e Mareh 12 . . oo 1
Marebh 8 ... . ... ...._... B March 18 .. 2
Il riehi=0 s el i 2 L ni [ el R R e 1

August 25, 1934,

Mo ather Glms were Tound positive up to the date of its Killing which occurred

TABLE 13
Guinen pig resulis

GUINEA
DATE PLi
NUMBER
it A
Mareh Bl s RS (i)
Marel 28 s v et e OB
Mareh 28, .. ...oooiniiininnrnen 71B
N e R i S e 1166
AT R s o ns oo syt 1176
by 0] ot TGRS S L 5 11886
L L e el ] e
1% E e e S S e [ o
6 % TR e R e S el R ]
T o i i e ZATH
B R T e R R SR B E S 2338
A B e e R s R e 2398
JUBERT G b o e | 1 U
o T T P e e e [y
il S s AN4T3

REBULTS

Mever positive, died, April 2
Beeame positive, April &
Never positive, died, April 21

Recame positive, May 3
Became positive, May §
Became positive, May 7

MNever positive, died, July @
MNever positive, died, July 19
MNaver positive, died, June 15

Mever positive, died, July 21
Mever positive, died, August. 3
Mever positive, dicd, Augost 10

Never positive, died, Auguat 21
Mever positive, died, September 17
Mever positive, died, August 27

A1l six of these calves grew as rapidly as any range animals and they had more
fat than the sverppe anunal one sces killed for beel.  These were killed and used
a5 heef by the laboratory and veterinary personnel.
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that the ealves would eventually have given a negative response,
No doubt the application of thiz test to a herd of eattle would
reveal a greater carrier index than the method we used but our
interest centers abouf the cattle carrier that is able to infect
vampire hats.

Catlle strains of Trypanosoma kippicum

The five strains recovered [rom range cattle were all used on
healthy horses.  Acute attacks of trypanosomiasis resulted, the
parasites beeame very abundant and all the horses responded to
the complement fixation test.

Viampire bal feedings on caltle carriers

In another article (2) we discussed the probability of the vam-
pire bat, Desmodus rotundus murinus, being able fo aequire the
disease by feeding on cattle carriers. Dunn (L. I.) has been
able to experiment with three of these bats on some of the calves
considered in this article. I"urther studies of this nature are
desired but we wish to record here the progress with this experi-
ment., He liberated two male vampire bats {nos. 33 and 34) in
the sereened stall with calf 2 on March 28 1933. Bat 33 re-
mained with this calf until February 7, 1934 when it was brought
back to the Gorgas Memaorial Laboratory. Bat 34, on April 22,
1933, was removed from the stall of calf 2 and put in the stall
with calf 3 until August 12, 1933 when it was again placed in the
gtall with calf 2 until February 7, 1934. These bats had no
other access to food than the blood meals they took from the
calves and a shallow dish of water. These bats fed on these
calves a total of 315 nights. DBat 33 was with calf 2 on six nights
when the blood films of the ealf contained a few trypanosomes
and guinea pig inoculations all proved positive until August 17,
1933. Bat 34 did not feed on calf 3 at any time when its blood
films were positive for trypanosomes but the guinea pig mocula-
tions from the calf all proved positive during this time the hat
was feeding on it. DBats 33 and 34 never acquired the disease.
Bat 31 was placed in the stall with ealf 3 on Mareh 28, 1933 and
on this date the calf revealed 10 trypanosomes in its blood film
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and continued to show a very few for the next two days and again
on April 1, Guinea pigs inoculated from the ealf during the stay
of the bat also developed the disease. We dare not handle these
bats too much so daily blood fillns were not made from it but its
blood was negative on April 5. The next film taken was on
April 13, and this was positive for T. kippicum. There was an
average of 2 trypanosomes to the field (570 diameters). The bat
was brought back to the laboratory on April 15, Tt fed on guinea
pig 75A on April 17 and the pig's blood film was found positive
on May 2. No blood films were taken on the guines pig between
the time of the bat feeding and May 2, so we can not report its
first appearance in the blood. Bat 31 died on April 19, 1933.
The oral secretion sceured by gently applying a wire loop to the
membrane was prepared in films that eould be stained and these
films revealed 28 7. hippicum parasites in the saliva, The experi-
ment ended with but one of the three bats acquiring the diseases
from a light cattle earrier and this oceurred at a time when the
blood films were positive for a few trypanosomes. It would
appear that these bats require a fair number of trypancsomes in
the peripheral blood if they are to acquire the disease in any high
incidence. Undoubtedly the alimentary tract of the bat succeeds
in killing off many of the ingested parasites because guinea pigs
receiving 2 to 3 ce. of blood from the ealves into their peritoneal
cavities did acquire the disease during intervals when it can he
said that the bats each averaged 16 ce. of blood every night at
their feedings. Considering the vast number of bats that regu-
larly attack cattle, horses and mules it, nevertheless, is possible
for an oceasional bat to acquire the disease from a cattle earrier,

BUMMARY

1. Native cattle of the Republic of Panama can act as an
important rveservoir for T. hippicum, the cause of equine try-
panosomiasis. Our survey methods indicate that the eattle
carrier index will range from 2 fo 6 per eent where the horse
dizease is present.

2. Length of the carrier state. Thick blood films will reveal a
scant number of trypanosomes from the time of inoculation for
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about two weeks. The six calves ranged from eleven to eighteen
days. One film from calf 2 was positive on a day about six
months after its inoculation but there were none positive between
the twelfth day and that remote period.

Guinea pig tests show that the six calves failed to infect any-
where from two to six months after they acquired the infeetion.
The complement fixation test applied to four of the ealves showed
a positive response at the end of six months in three and at the
end of nine months in one. The ealves were killed and we ean
not state with eertainty when this response might have failed.
We know it failed to respond in 16 horses eured of the disease in
1930 to 1831 and tested in August, 1934,

3. The complement fixation test should be of practical use in
surveying a herd of cattle for earriers.

4. Physical condition of the calves. The ealves grew in a nor-
mal manner and were fatter than cattle of a similar age left on
the range.

5. The 5 strains of T. hippicum recovered from range cattle
were injected into healthy horses. An acute trypanosomiasis
developed similar in all respects to the strains formerly recovered
from horses.

6. Three vampire bats (Desmodus rofundus murinus) were fed
on cattle earviers. One acquired the disease and transferred it
to a guinea pig. Two failed to acquire the disease. It is quite
evident that the peripheral blood of an animal must eontain 4
fair number of the trypanosomes at the time the bat feeds on it.
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