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PREVALENCE OF ANTIBODIES TO Toxoplasma gondii
IN WILD AND DOMESTIC ANIMALS OF NEW MEXICO,
ARIZONA AND COLORADOrn
ALAN A. MARCHIONDO, DONALD W. DUSZYNSKI and GARY O. MAUPINm,
Department of Biology, The University of New Mexico, Albuquerque, New Mexico B7131, USA

A bstract: Using the Sabin-Feldman dye test, sera from wild and domestic animals in
New Mexico, Arizona and Colorado were tested for the prevalence of antibodies to
Toxoplasma gondii. The prevalence of positive titers (::=-1: 8) in animals from these
areas was: New Mexico (178 of 569,31%), Arizona (11 of 56,20%), and Colorado
(2 of 7, 29%). The overall prevalence of antibodies to Toxoplasma was 30% (191
of 632).
Nine of 17 fecal samples from wild zoo felines contained Toxoplasma-like
oocysts which were inoculated per os and intraperitoneally into mice. Mice from six
of these nine inoculations later showed positive dye test titers and tissues from five of
these six groups had tissue cysts when examined histologically.

INTRODUCTION

Results from many serological surveys
confirm the widespread prevalence of
Toxoplasma gondii antibodies in wild and
domestic animals from different areas of
the United States.v': a, 10-17.19,,,,.22 but there
are no reports on this subject from New
Mexico animals. Our primary effort in
this study was to determine the prevalence of Toxoplasma antibodies in wild
and domestic animals from New Mexico
using the Sabin-Feldman dye test. We also
examined fecal material from some cats
for oocysts. Cooperation of colleagues added additional information on animals
from Arizona and Colorado.
MATERIALS AND METHODS

Toxoplasma gondii, RH-strain and M7741 strain, were obtained from Dr. J.
K. Frenkel, Department of Pathology and

Oncology, The University of Kansas Medical Center, Kansas City, Kansas, in
two tubes of human lung tissue cells. The
RH-strain is maintained in our laboratory
by routine intraperitoneal passage twice
weekly in outbred (CF-l, Carworth
Farms, Portage, Michigan) or inbred
(A/J, Jackson Laboratories, Bar Harbor,
Maine) adult, albino mice, Mus musculus. We used organisms from this strain
in the Sabin-Feldman dye test to detect
Toxoplasma antibodies. The M-strain of
T. gondii was injected subcutaneously
into two albino rabbits, Oryctolagus cuniculus, obtained locally. Six hrs after injection, the rabbits were given water and
food ad libitum to which 200 mg/lOO ml
and 200 mg/IOO g, respectively, of sulfadiazine had been added. This was done to
establish a chronic infection to provide
serum of a known titer as the positive
control for the dye test." Rabbits were

:T: Part of a thesis submitted to the Graduate School of the University of New Mexico in partial
fulfillment of the requirements for the Master of Science in Biology. This research was supported. in !Jart, by the Brown-Hazen Fund of Research Corporation, 1290 Bayshore Highway,
Burlingame, California, 94010; in part, by the Sandia University Research Program (SURP)
through Sandia Corporation, Albuquerque, New Mexico; and, in part, by a University of
New Mexico Research Allocations Grant-In-Aid.
l' Present address: CDC, Colorado State University, Fort Collins, Colorado, 80523, USA.
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bled via the marginal ear vein and their
ser a were used as the positive control in
th e dye test. A 0.1 ml aliquot of mou se
peritoneal exud ate containing living To xoplasma or gani sms ( RH -strain) plus accessory fact or was used as the negat ive
control." Accessor y factor is a heat-l abile
substa nce pre sent in no rm al hum an serum
a nd was obta ined via venipuncture from
person s not demonstrating T oxoplasma
antibodies or the hostility factor.v" Accessor y factor was frozen in 5 to 7 ml
qu antit ies at -20 C and stored at -70
C in dry icc.
Blood sa mples an d the d ye test

Blood sa mples were collected in vacu o
tainer tubes or ab sorbed onto filter paper
d iscs (tabs) ." Whole blood samples were
allowed to clot at ambient temperature
for 1 hr, centrifuged at 450xg for 15 min .
and then sto red at - 20 C unti l they could
be tested . When tabs were used , two tabs
were soaked in blood from each host and
then air dried. They were stored at 3 to 5
C and prepared for the dye test as described by Wallace." This method saves
time and stora ge space; however, the lowest possible titer obt ain able is I: 32, com pared to 1:2 using whole serum. All sera
were inacti vated at 56 C for 30 min and
antibodies were determined by the Sabin Feldman dye test" as mod ified by Frenkel
a nd Jacob s" and by Frenkel ( persona l
communication ). Two-fold serum dilu tion s were prep ared, and fin al dilutions of
1:2,1: 8,1 :32 ,1:128,1:512 and 1:2048
were tested and observed. Positi ve titers
~ 1 : 8 are regarded as signific ant ' and
were con sidered by us to represent pre viou s or current infection .
Fecal ex aminatio n

Feces were placed in 3% aqueous
(w! v) pot assium dichromate (K ,Cr,O ,)
and maint ained at room te mperature (2022 C ) for 4 to 5 days. Thi s material was
then proce ssed as described elsewhere to
search for oocysts." Exa minations of processed samples were ma de with a Zeiss
photomicroscope equipped with 100X
achroma tic and apochromatic oil immersion objectives and measurements were
made with an ocular micrometer.

Demon strat ion of Toxoplasma ooeysls in
fe cal sam p les

Toxoplasm a oocysts are sma ll (10 -12
and if present in sma ll numbers can
be overlooked in cat feces. If cleaned particulate material with oocysts is inocul ated into mice the parasite may reproduce
exten sively in the tissues if ooc yst infec tivity has not been altered by K,Cr,O,!
T issue cysts and either chronic or acute
infectio ns may then result and demonstra te the presence of To xoplasma in feca l sa mples in which oocy sts were overlooked . The possible pre sence of To xoplasm a ooc ysts in fecal samples from
eight wild and two zoo-kept cats was
examined by inocul ation into mice either
orally or intraperitoneally (IP) as out lined by Dubey et al? and Miller et al,"
One of th e wild feline samples was fro m
New Mexico and seven were from Mo ntana . T hese wild felines a re strictly carnivorous on ro dents , deer, mountain
sheep and antelope as well as smaller
domestic stock such as sheep and goats .'
Two samples were from cheet ahs in the
Albuquerque Zoo, Albuquerque, New
Mexico. These a nima ls were wild-cau ght ,
but ha ve been fed mostly on zupreem
(Hills Division of Ri viana Foods, P.O.
Box 148, Topeka, Kansas ) , while in captivity.

,um)

Exa mination of mice for T ox oplasma

Mice inoculated with feline feces were
bled 14 days postinoculation and exam ined for To xo plasm a antibody by the dye
test. Serological examination 14 days
post-inoculation is sufficient; however ,
Frenkel (persona l commun ication) suggests th at J 6 to 20 days is a little safer,"
Mice that died soon after inoculation as
well as those surviving were necropsied.
Impression smears of brain, peritoneal
exud ate , lu ngs, liver, spleen , heart and
mesenteric lymph nodes were prepared
and examined after stain ing with Giemsa. If no organisms were found , paraffin
sections of br ain, kidney, liver , lungs,
spleen , heart and mesenteric lymph nodes
were prepared, sta ined with hematoxylin-
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TAB LE 1. Prevalence of ant ibod y titers (~ 1:8 and ~ I :32)' to Toxoplasma gondii in th e sera
of w ild an d dom estic anima ls from New Me xico, Ariz ona, a nd Colorado as d eter mined by the
Sab in-Feld man Dye Te sl.
No. Te sted
Ho st Loc a tion /Specie s Tested

Wh o le se ra

Ne w Mexico
Wild An imals
C arn ivores
Badgers t Tux idea tax us )
Bobca ts ( L ynx ru fus )
Dogs (C allis [amiliarisi "
Mounta in Lions (Felis conco lor)

233

Omnivore s
Co yotes (Ca llis latrans t
Grey Fox es iUrocyon cinercargenteus)
Hog-Nosed skunk ( Co nepat us mesoleucus)
Kit fox ( Vu lpes ma rcot is )
Striped skunk (Meph itis m ephitis )
Domestic/Lab Anima ls
Cats ( F. dom esticus )
Do gs ( C . [am iliaris)
Rhesus monkeys (Macaca mulatta)

TOTALS
1
2

W hole se ra sa mp les o f ~ I : 8 a nd tab sa mples of
Fe ral do gs sa mpled on I nd ian re ser va tion s.

17

27

3
12

2

III
0

18
44
48

46

126

45

I

I

2
2
8

100
20
20
19

63

13

21

87
9

23
3

I
I

5

I
I
I

26
33
100
100
20

103

29

28

91
4

7
3
0

8
75
0

95

10

8

I

0

5

1
10

0
20
20

6

II

20

2

29

191

30

7
319
~ I : 32

0

10
10
42

50
50

Colorad o
Wild Animals
Dog s (C . [am iliaris)"

Posit ive

29
29

Arizona
Wild Animals
Bobcat ( L . rufus)
Coyotes (C . latrans )
D ogs (C. [am iliaris )"

%

Posit ive

233

He rb ivore s
Cotton -Ta il Rabb it tSvl vilagu s sp.)
Jackrabbit (L epus caliior nicus i
Porcupine t Erethrizon dorsatum)
Rod ent s (other than Porcu pines )

N o.

T a bs

313

a re cons ider ed sig nificant.

'E

t:

<l)

"0

<l)

c.

'JJ

a
a

~

'C"

.....

U
<l)

<l)

'r.

+
+
+
+
+

+
+

+

~ .5

-

t3

~

~

""

<l)

0

6]
t

~

"'-

1: 16

1:8
1:8
< 1:2
<1:2

Toxocara sp.
T. [elis

< 1:2

1:64

< 1:2

< 1: 2

!- .::

::::

~

'E ca
.-t: ,-

v .~
u ~

~~
c..::

,;.

Toxocara sp.
Toxocara sp.

Toxocara sp.
Toxocara sp.
Isospora [elis

Toxocara sp.

(5

.::

<l)

h

c.
'"

.~
E

~

C.

<l)

~

i:

t

Mouse sera were dye tested 14 days postinoculation.
" T he following tissues were fixed. sectioned, stained and examined histologically for each mouse :
br ain, he art. kidney, liver, lungs, mesenteric lymph node (MLN) and spleen,

Montana
Wild Animals
Bobcat (L. rufus)
2
Bobcat (L. rufus)
1
Bobcat (L. rufus)
1
Bobcat (L. rufus)
1
Mountain lion (Felis concolor) 1
Mountain lion (F. con color ) 1

Zoo Animals
Cheetah (Acinonyx [ubatus )
Cheetah (A. [ubatus )

0
Z

<l)

f-

~

<l)

"0

~

~

UJ

New Mexico
Wild Animals
Bobcat (Lynx rufus)

;I

:6

....J

a

u

" 'u'"

,9

t:

<,

sr:
.>,
u

~

TABLE 2. Fecal samples of felines from New Mexico and Montana examined for Toxoplasma
oocysts and dye tested for Toxoplasma activity after inoculation into mice.

1: 16
1:8
<1:2

<1:2

1:2
1: 32

1:8
1 :256

<1:2

c.

I-.

:.i:

~I

u

~

%'

none
brain, MLN
brain
brain, liver, MLN
none
none

brain, spleen
brain

none

f:'::

~.

~

:Il~

"g §.

"=

~ ~

.8

l !g

..,

~

-o

~

»

,'"

~

<

'"

ll:
CI>

CI>

in'

o

it

~

;;;

s,

'"

:;

oc"-
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eosin and periodic acid Schiff's-hernatoxylin (PASH), and examined with the
light microscope.
RESULTS
Serology

Sera from all animals were tested for
antibodies to T. gondii by the SabinFeldman dye test and the overall prevalence was 30% (191 of 632, Table 1).
Of 445 wild animals tested from New
Mexico, 45% of the carnivores, 21 % of
the herbivores, and 28% of the omnivores were seropositive (titers :==, 1: 8 or
:=='1:32). Feral dogs, often found in packs
on Indian reservations, had a low (20%),
intermediate (29%), and high (48%)
prevalence of infection in Arizona, Colorado and New Mexico, respectively. A
titer of :==, 1: 8 is considered to be significant in humans' and we used this value as
our lowest endpoint for positive titers
(Table 1). However, we have little information as to the significance of 1: 8 in the
animals we tested. Thirty-two of the animals we tested had titers of 1: 2 or 1: 4
and these are not included in our results
(Table 1). These values would change the
percent prevalence in Table 1 as follows:
dogs from New Mexico Indian reservations 55% (128 of 233), dogs from Arizona Indian reservations 48% (24 of
50) and coyotes from Arizona 40% (2 of
5). All 29 primates tested, whether wildcaught or laboratory-adapted, were negative.
Fecal samples

Feces from 9 bobcats, 5 mountain
lions, 2 cheetahs, and 1 bengal tiger were
examined for oocysts. Portions of 10 of
these samples, nine of which had oocysts
similar to those described for T. gondii,
were inoculated into mice (Table 2).
Mice from six of these nine inoculations
later showed positive dye test titers and
tissues from five of these six groups had
tissue cysts when examined histologically.

DISCUSSION

Only species of the cat family (Felidae) are capable of producing oocysts.":
11," If sporulated oocysts are ingested,
Toxoplasma infection may result in humans and other animals. The majority of
Toxoplasma infections are asymptomatic
with immunity resulting in the formation
of tissue cysts which can transfer the infection if ingested by carnivores or cannibals. Yilmaz and Hopkins" showed that
oocysts remain infective up to 334 days
in potted, shaded and moist soil and Frenkel and Dubey" found drying moderately
deleterious to oocysts in cat feces. Thus
the semi-arid environment of New Mexico should be relatively hostile to oocysts
and result in a lower prevalence than
would occur in animals living in more
humid surroundings. When comparing the
prevalence of domestic (=household)
cats from New Mexico (Table 1) to the
prevalence in domestic cats from Missouri and Iowa (38%), North Dakota
(45%) and the region around Memphis,
Tennessee (49% to 57%), the idea of
higher prevalence in more hot and humid
areas of the United States is supported."
7,1;:; , 1'j"

Transmission to non-carnivores such
as rabbits and some rodents requires ingestion of the oocyst stage. On the other
hand, although carnivorous and omnivorous animals may become infected by ingesting oocysts, it is more probable that
Toxoplasma has become incorporated
into the natural food chain, and smaller
animals become vectors of Toxoplasma
infection to predators such as bobcats,
coyotes, foxes and badgers. The prevalence figures given (Table 1) support the
view that such cyclical carnivorism is responsible for a major part of the transmission of toxoplasmosis in New Mexico,
whereas oocyst shedding is apparently of
lesser importance. Therefore, these results
are consistent with the views that animals with persisting cysts are the main
source of infection for carnivores.":"
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