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Mice
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SYNOPSIS, In heavily endemic collecting sizes in Panami and Coldn
Trovinces, Republic of Panama, 14.7%% of dwefza ametog and 3.5%
of Hasilices besiliscus were imjectod with Seswoilie daorlingd, Single
infected specimens of A, leploplevs and A, festiva were also taken,
these heing new host species vecords for this parasite. Infections were
found only in the older lizrds.

Tmitially, virvlence of the lizard parasites for white mice was low
but imereased with successive mouse passapes.  Concomitandly, the
cwst-Jorming capacily of Lthe strain diminisbed with successive mouse
passages, Mo relation between initial wiewlence of the Dzard parasites
HE original description  of  Beowedtis  penasicnsis

{Schneider, 1965) was based on data which have been
considerally angmented zsince 1065, The discovery of sev-
eral highly productive sources of natural inflections has
permitted the accnnulation of new information on infec-
tion rates in endemic localities, and on aspects of the
parasite’s biology and on transfer and adaptation to mice,
The present paper presents some of these data.

MATERIALS AND METHODS

Lizzede were ehot and trapped in a number of stes in the provinces
nf Pamama and Colén, In addition, a large nwmber of specimens
preserved in formalin in the field were obtained fvom Mr. Charles
W. Myers, University of Kanzas Herpeiolory Unit, who made all
wlentifications,

Freshly caught lizavds were killed with chlorolorm and the viscera
(heart, Tung, spleen, and kidnev) homomenized it a Ten Broeck ffssue
prinder with abowt 5 ml steedle saline. A drap of the homogenale was
examined for Besrorlis dicectly wnder the microscope, At least 3
minutes, clocked by oa timer, were spent on ocach examination: as
many as 250 fields could be examined in this dme. I oo Bemotis
were recognized the animal was recorded as negative; it is fele that
[ew, T any, true positives went unrecognized with (his methed, Tor
evert a single mature cyst could be expected to releaze many thou-
sandz of the distinctive "bDenl-spindle” cvst organizsme into the syr-
rouniding fluid.

Formalin-fixed lizards were dissected and their Jungs, heart, =pleen
and kidney were embedded in parafiing sectioned and stained rou-
tinely with hematoxylin and eosin for Bistologic cxamination,

*Present address: Research Division, Parke, Davi: & Company,
2800 Plymouth Roud, Ann Arhor, Michizan 48106,

for fice and subsequent virulence afler 16 or 17 mouse pazsazes was
recorded,

The eriginel description of Bl pasemensis (2 svnonven of B, dur-
Fwgr) is cmended on the basis of cxtensive matevial 1o nclude cvst
dismelers of 200-5300 a; also, the liver, mesentery, and tunrica propria
of the Lestis occesionally contain CalE, ﬁ:.':-xt_-'. are fru::que'mlrr MACT-
senpic and on the surface of oegans w0 that they can be seen on
casual Ingpection. .

B. sqwrigwa Garshatm, 1966 35 a2 synonym of B, darlingi.

RESULTS

Cotlection sites. Two localities provided the bulk of the
lizards in these studies: (1) Quebrada Bonita, on the Trans-
isthmizn Highwav, and {2} the site of the Inter American
Highway Bridge over the Pacora River, about 30 miles
cast of Panama City (g 1) The latter site was worled
most extensively since it was casier lo get to from the
city and because infected ameivas and hasilisks could be
foand  there.

Tn the drv season { Janvarv-April), the shoveline of 1he
Pacory River just north of the bridgze consisted of exposed
gravel which supported low brush and tall grass. Much
of the collection area had trails made by people and horses
traversing the bush and dead grass, Both ameivas and
hasilisks were found here on sunny davs, feeding in and
around the human licter left from picnics,

Early in 1966 this excellent site was lost when develop-
ers bulldozed it and began extracting gravel from the river.
A search of nearby areas for infected lizards was finally
successful when it was found that the Viamonte Farm,
less than a mile from the river, had a large ;mpul&timi
of heavily infected Amefve. Further studies were done
ab Viamonte Farm.

Infection rates, A total of 634 lizards belonging to 9
specics was examined (Table 1. More than hali of thege
{3200 were Ameive emeivg, the species with the highest
infection rate (14.7%). The next highest rate (8.5%)
was for Basifiscus basiliscus. A single positive Awmeiva

Coprright 1967 by the Sociery of Protosoologists
I. Prorozoce. 14040, A84-575 {19659,



Lrzann Brsmorrmsrs in Pamava

,
kﬁ OUESRALE BOMITS
ey
VT \\
T CARIBBEAN SEA
ELMIRENTE .“-"Tg .
L =8 % LageRTe FIVERGS:
T
Sl .
% e
3 : |!I' -
S NN A
"-'\. oY 1 E
\11 b "o I)I ..:3.-' H
| SR x Lo o
3 Ir"- B 3 ] r SN
N 3 -q*»fi g ! -
II,l. A Pikaat )
s
Pl |
SN
: i f\}
3 - AN
s PACIFIC OCE
Fig, 1. Map of Republic of Panama, showing localion ol principsl collscting sites for Sesweidia-infocted lizgrds,

Tanln 1. fefection refes of 9 species of Papawanice Foards with Besnaoitia,

Stiined
Fxamine:d fresh zeciinn: Tulal

Tixtal Percent

Species exivmined Weg.  Pos. MNeg Pos, Meg,  Pos. positive
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Toezl [RE) 393 g 179 1 574 nk

fepdopheys was taken in the small stand of forest remaining
at Cebrada Bonita. One positive Aweedve fesiive, taken
near Almirante, Bocas del Toro Province, was found in
a =eries of 180 specimens rvepresenting # species which
were formalin-fixzed in the field, These last 2 species were
new host records for Hesmodfie. The map (Fiz. 1) also in-
dicates the site of the Lagarto River where an infected
Basifiscus basiliscws had been token by Sneider{12).

It is of interest that 40% of 23 A, amefve captured at
Viamonte Farm were positive, a rale considerahly higher
than the overall rate of 14.7% from all areas collected.

Eleven Basilizows plusifrons and 28 B, witiates from
Buocas del Toro Provinee were negative. Tikewise, 19 Scelo-
Porys malachitices from Chirigqul Province and 42 Cremi-
doplkors Iemmizcatus {rom the neighborhood of Fl Real,
Drarien Provinee, were negative by thiz method,

Relgbionship of kosl size to infection with Beanoitia,
Early in the work the impression was gained that only
the larzer (and older) lizards were infected with Besnodtia,

To prowve this, a amall series of Amefve was taken from
the heavily infected site at Viamonte Tarm and weights
were recorded,  Since lizards have frequently lost or are
regenerating parls of the tail, length could not be used
Az a measurement of aze. Very small lizacds (less than
L0 g1 were not iocluded in the data altho they were uni-
formly negative. It is seen in Table 2 that in a series of
22 lizards shot at random around the zrounds of the
tenant farmer’s house, positive individuals of either zex
fell into a higher weight group than did negzative ones.
Theze fgures supported the impression that, altho all large
lizards in an endemic area are not necessarily infacted
infected lizards are generally larse,

Virwlence. The behavior of lizard Besmoitie when first
transferred to white mice proved variable. Virnlence for mice,
measured in terms of the time (davs) clapsing between
inoculation and death, varied considerahly with several
izolates bul could be described in zeneral terms as low,

To male initial transfers, lzard tissues (usually one or 2
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number of organisms in such inocula varied in 3 positive
lizards, 025,000 to 2900000, The fact

OF AT '_.-C:'l'f-C _~.-||'|'|.'Iir'|'-:-~: I|:I| 1ot

oculated intraperitoneally with 0.5 ml of homogenate,

laree numbers of

that such
fatal
an indication of their relatively low virulence,

illll'-l.
toy mice s

A successive mouse passages were made, virulence in-
This was incidentally noted in terms of the pro-

gressively greater dilutions of mouse peritoneal Quid required

credsed

when translerring steains routinely at 4
It could al
made on 3

05 ||;|_'. '=|!|'I"-.'.'1.-
i be measured: Keed-Muench LI, calculations
solates at the 16th or [Tth mouse passages

2,104 16,200,

Were
In the
47th mouse

a5 folliws: 3,500 85,7005 13,700 and
aone strain (Lgz). by

the L1,

case of the time of the

prassage had fallen to less than 30 organisms

Cyst-formation. The cyst-forming capacity of B

mensis tended to disappear soon after the initiation of
wis the site of
It is seen in Table 3 that the number

of surviving mice |>|--i|ix'|' fior CVELs when che

repeiated mouse passages, Tlerine muscle
_II{'T-I."".'II.'I' T Cyala.

-l.l.'ll i muonths

later fel after the 6th or 7th mouse passage. altho there
|

|

limited cyst-forming capacity after only the 3rd passage,

was considerable variation (strain seemed 1o have a
whereas the capacity of Lo was still strong after the 8th)
At 5|'||,' IZ,‘!r|~. [0

during routing maintenance,

12th passage, few or no mice survived
In order to azcertain whether
|'_'-L'-1-I'|-|'|'.|i'.|'_-_ :.|i'-:li'i|_'-.' had been lost, mice were made im
mune by the chemotherapy method of Frenkel{4), in which
ol mg of sodium sulfadiazine per 100 ml of drinking water
infected mice. Such

laree inoculations of

is riven Lo the newly treatment per-
virulent Bes

nortia bul when the uterine muscle was examined & months

mitted mice tn survive

later {represented by the figures in parentheses in Table 3)
they were uniformly nezative for Besnoitic.

the data
lizard

Curiously, in a few where all
corded, the initial virulence of the organisms
found 1o have little or no relation to the virulence of the
same isolate after a number of mouse passages (Tahle 4).
For example, strain Lagy was initially rather virulent and
an initial ineculum o ol ifrom pul
monary Ccysts) was fatal to all of 5 mice; vet this strain
later had an L1k, of 16,200
strain Lgge in which a larper

[ el o wereg re-

Was

13535000 organisms
Fhis mav be compared with
original inoculum killed none
of 5 mice, but whose subsequent LT, was approximately
+.50K).

In zeneral, the most outstanding feature of the sirains
with regard to imiual virulence, subsequent virulence and
their wvariability.

cvst-forming  capacity  was

wiotse  paaaces of Hesnoita
it to Lhe el saroiped

- paitigl infection.

immune aiter 4 |'!:'I'|'|:l||'|.'|':=.'i|:-'.
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Fmendation of B. panamenzis. In the original descrip-
tion of B. peramensis (Schneider, 1963), evst measure-
ments were stated to be 177 30 140 u in the myocardium
(with ranges of 115 % 90 to 254 % 1536 p) and 134
#0109 poin the kidney (with ranges of 66 % 62 to 221
X 148w Subsequent captures of numerous  infected
Awmeiva ameiva and Bosifiscus basiliscws showed that these
figures were small and that, in many cases, B, panamensis
cysts which are easily visible to the unaided eye can be
found on the surface of tissues such as lung and mesentery
(Fig. 2}, In such cases, cysts were as large as 300-5300
microns in diameter,

Moreover. altho the original paper described cysts as
being found only in lung, heart, spleen and kidney (and
these organs remain the most commonly affected. in my
experience}. cysts were found in several heavy infections
in liver, mesentery and the tunica propriz of the testis.
Thus the original description of B. pamamensis must he
emended to include these new limitations.

DISCUSSI0N

Ureographic distribmtion. In Panama, Besnoitiz has heen
found in lzards(12) and opossums(13). Tn addition. this
parasite had been reported from the following hosts and
Latin American countries: in rodents from Peru(9), in 2
cows from Venezuela{ 151, in lizards from British Honduras
(3,16) and in burros from Mexico(10.7). Dr. Bryvce Walton
of the Middle America Research Unit recently told me
that 1 of 2 dmeiva ameiva captured by him in the Canal
Zone was positive for Besnoita. Tt is to be anticipated that
other lizards and opossums will be found infected in areas
thruout this large geographic range,

nitially, it was thought to be of some significance
that, in Panama, the sites of heaviest endemicity were all
places of human activity, whether door-yvards, picnic argas,
or cow pastures. For example, the Quebrada Bonita area
is now largely fenced pasture uzed by grazing cattle, with
1 small stand of unfenced original forest ocoupying one hill.
tops infected Ameivg and Bosilisews were laken near isolated
houses and along the gravel road. It must be noted that
one infected A. leptophrys was trapped in the Quebrada
Bonita forest which is. so far as known. little used by
either people or farm animals. Again. the heavily endemic
site at the Pacora River (now destroved by bulldozing and
flooding) had heen used as a picnic ground; here Ameiva
amerva, A leptophrys, and B, basiliscus were captured
feeding among human trash and detritus, Trails in the tall
grasz were made by browsing horses from a nearby farm,

Lizswn Besnortiosis v PaNama

and were also vsed by people looking for privacy. The
captures at Viamonte Farm, not far from the Pacora River,
were made mostly near the farmbouse, altho many in-
fected Ameivg ameiva were captured in the pastures, prin-
cipally under wire fences where their holes may have been
somewhat protected from damage by hovine hooves. The
proximity of all these captures to areas of human activity
was striking,

On the other hand. a few infected lizards were taken
in areas which did not share these characteristics. The
single infected hasilisk taken on the Lasarto River was
found in a heavily forested area away from houses. The
pne infected A, festiva was taken 3 miles west of Almirante
{Bocas del Toro Province) in a cacao plantation where
the only domestic animals noticed were pigs altho horses
had access to the area. Finally, the infected lizard caught
in the Canal Zone was taken in the town of Gamboa. at
the mouth of the Chagres River, where no farm animals are
known,

Thus, the original hvpothesis of an association between
lizard infections and large animal (or even human) activity
has not always been supported by field experience,

Nomenclature. A recent report(14) states that the opos-
sum and lizard strains of Besneitia appear to be conspecific
and that B. panamensis Schneider, 1963, is a svnonym of
B. darlingi (Brumpt, 1913). Tt is not possible to make
a decision regarding the validity of the American murine,
equine and hovine strains which have been reported in
the literature without new experimental evidence. But
it would seem likely that the lizard strain from British
Honduras iz identical with the Panamanian strains, Garn-
ham (6) gave the name Beswoitia sawriang to the British
Honduran strain. separating it from B, panamensis because
of its larzer cyst size. But on thiz basiz the present emen-
dation of B. papemensis (or more correctly B, darlingi)
relegates B samriang 10 synonyvmy.

The svnonymy at present stands as follows:

Besnoitia darlingi { Brumpt, 1913} Mandour, 1963

Synonyms: Sarcecystis sp. Darling, 1910
Sarcocystis darlingi Brumpt. 1913
Filrocystis darlingi Babudieri, 1932
Besnoitia panamensis Schneider, 1963
Brsunitia sawrfana Garnham, 1966

In view of the reported presence of infections in Basdivcus
vittatus from British Honduraz, the failure to find Besnoitia
in one collection of B. vittatus in Panama may reflect the
relative inefficiency of searching for cysts in stained =ec-
tions, where only the heavier infections are likely to be
revealed, Tn the present stwdy only a single infected lizard
was discovered by this method out of 180 examined.

Tronsmission. The fact that natural infections were re-
stricted to the older and heavier lizards suzoests that the
infections were assoviated with the passage of time, Perhaps
infective stages are ingested by the host rather than trans-
mitted by blood contamination from a blood-sucking arthro-
pel. Using mice, Jellison et al.(8) found that hoth cyvstic
and proliferative stages from mice can produce experi-
mental infections when given by mouth. Another possibility
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is that both blood transmission and ingestion are natural
methods of transmission,
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tie Veterimary Laboratory, Ministry of Agriculture, Commerce andd
Imdustry, Republic of Panama, who took an active and constructive
intereat in the figld work. Fimally, thanks are due to Mr, Charles W
Myers, University of Kansas Herpetology Unit, for providing many
field specimens of lizards and for helpiul assistance with ecoloeical
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