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SUMMARY

The prevalence of the larvae (hydatid cyst) and adults of the
tapeworm Echinococcus granulosus in more than 3000 Alaskan herbivores
and carnivores, respectively, is reported. In caribou, the hydatid cyst
appears to occur somewhat more commonly in females and is most frequently
seen in older animals.

It appears that the protozoan, coccidial-like parasite, Sarcocystis,
may occur in the cardiac muscle of most (all?) adult caribou. It has
been demonstrated that canids (dogs experimentally) are the final host
in which sporocysts infective for caribou are produced. A moderate
exposure of a short-yearling reindeer to sporocysts produced in a beagle
dog fed on caribou heart did not produce significant pathology.

For the first time serologic indications of infection by Brucella
were seen in two bison from the Delta-Clearwater herd. Relatively high
titres were also seen in a moose on the Colville River. Experimental
infections of indigenous species of Alaskan wild carnivores and rodents
with Brucella suis 4 are reported. Lemmings of the genus Dicrostonyx
may be the most susceptible host for Brucella thus far investigated.
Grizzly bears develop very high serologic titres when fed on food experi-
mentally contaminated with B. suis 4, the rangiferine biotype. Pups
born to experimentally infected wolves were dead at birth or died soon
after. ‘ :

Retention of placental materials is a regular birthing disorder of
comparatively low frequency in caribou of the Western Arctic herd (WAH).
The disorder was seen less frequently in the WAH following the recent
decline in population. Only about 20 percent of the animals retaining
placental materials also had serum antibodies against B. suis 4.

A bibliography on the species of Sarcocystis occurring in wild
animals and certain domestic hosts is presented.

First-draft manuscripts on experimental studies on rangiferine

brucellosis (B. suis 4) infections in Alaskan carnivores and rodents are
presented. '
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BACKGROUND

Caribou (Rangifer tarandus) are important for sport and subsistence
purposes in Alaska. Individual segments of major populations may at
times occupy the same range as that used by commercial reindeer herds.
Thus, disease conditions (including pathogenic infestations of parasites)
in caribou which can be transmitted to man or domestic animals or which
are significantly harmful to the caribou are of obvious concern. The
caribou in some areas are plagued by more potentially serious parasites
or disease conditions than most of the other Alaskan wildlife species.
Brucellosis, foot rot, warble and bot flies, and gastro-intestinal
roundworms, are all prevalent in all North American caribou herds and
either directly cause or contribute to serious disease conditions in
caribou, reindeer, man and/or his animals. Brucellosis is a particularly
significant zoonotic disease of Alaskan caribou whose prevalence is
documented (Neiland et al. 1968) though not well understood.

The present study, a continuation of one in progress since 1962,

was primarily concerned with fully documenting the natural history (i.e.
epidemiology) and pathology of rangiferine brucellosis. It seems likely
that it may be cyclic with an as yet unknown periodicity. We cannot yet
be sure that all of the pathological conditions (e.g. placental retention),
which we suspect to be caused by the disease only, involve this pathogen.
We do not know whether the disease will essentially '"die-out" in caribou
herds, only to be reintroduced from some non-rangiferine reservoir host
species in which it may occur, perhaps in "quiet'" form, or whether rein-
deer and/or caribou serve as both reservoir and secondary hosts. While




these and other questions are of great scientific interest, they also
point the way toward "practical" management goals. If we find that
"rangiferine" brucellosis is indeed a disease of Rangifer spp. and does
not necessarily involve a regular reservoir host system, then we will
also likely find that whereas the disease continues at a low endemic
level in "close herded" reindeer, it will likely disappear in wide-
ranging caribou. A recurrence of epidemic levels of the disease in
caribou could be expected to recur whenever substantial contact between
caribou and infected reindeer occurred, particularly after prolonged
absence of the disease from caribou. If reindeer do play the role of
reservoir for the disease, the management solution is to remove them
from known caribou range. If a non-rangiferine reservoir may also be
involved, as is the case with porcine brucellosis (wild rabbits, Europe)
or bovine brucellosis (wild foxes, Argentina), then effective control is
more difficult. Because of the known involvement of foxes in Argentina,
the proven involvement of dogs on occasion in human brucellosis, and our
scant data on Eskimo sled dogs, one cannot help but wonder whether wild
or semi-domestic canines are possible reservoirs of Alaskan rangiferine
brucellosis.

OBJECTIVES

To determine the incidence and distribution of potential pathogens
in Alaskan caribou and alternate or reservoir hosts.

To determine whenever possible or practical the extent that such
organisms may contribute to mortality'or lowered productivity or
economic value of affected caribou populations.

To determine the extent to which wildlife pathogens depreciate the
value of caribou for use as food by humans or may be a threat to domestic
animal industry.

PROCEDURES

Our primary effort in rangiferine disease studies is focused on the
long-term study of brucellosis in caribou. 1In this respect we are
continuing our close cooperation with the Animal Disease Eradication
Division, U. S. Department of Agriculture, which is monitoring the
disease in reindeer. In these studies the following specific procedures
are emphasized:

1. Serological surveillance of brucellosis prevalence in major
caribou herds, particularly those in the Nelchina and Arctic areas.

2. Confirmation by isolation of suspected brucellar infections.
3. Serological studies on potential reservoir host species.
4, Aerial surveillance of the occurrence of animals displaying

gross symptoms (i.e. limping, retention of afterbirth) of brucellosis
during calving.




5. Surveillance from the ground of concentrations of animals
during the spring and fall migrations through Anaktuvuk Pass in the
Arctic to detect and collect specific animals for bacteriological and/or
other studies.

6. Routine autopsies of animals taken for subsistence purposes by
native or sport hunters or specifically for the purposes of various
scientific studies (e.g. radiation studies, disease and parasite studies,
etc.).

7. Examination of specimens submitted to our laboratory by the
public.

8. Preparation of a definitive bibliography of the 'Diseases,
Parasites, and Disorders of Caribou and Reindeer.”

9. Publication of data at suitable intervals.
FINDINGS

During the past several years we have been concerned with continuing
studies on four major categories of caribou parasite and disease problems.
These problems were analyzed during this time either through data analysis,
laboratory experimentation and/or field studies. Each of these parasite
or disease entities is considered separately in the following sections.

A. Hydatid Infections

The barren—-ground caribou plays an important role as an intermediate
host in the epizootiology of Echinococcus granulosus in Alaska. Over
the years my associates and I have accumulated data on the adult and
larval stages of this cestode parasite in over 3000 animals (11 possible
host species). These unpublished data are summarized for comparative
purposes in Table 1. It can be seen that the principal, wild host to
the adult worm in Alaska is the wolf (Canis Ilupus). However, it should
be noted that wherever domestic dogs run loose (e.g. Matanuska Valley,
see Table 1) or are fed on infected game (e.g. Anaktuvuk Pass), they
also can serve as the final host to the worm., Caribou are the principal
host to the larval stage (i.e. the so-called hydatid cyst) in those
areas where moose (4lces alces) and/or blacktail deer (Odocoileus
hemionus sitkensis) are not present or relatively abundant. In this
respect it should be noted that the negative data reported for blacktail
deer in Table 1 are explained by the fact that the great majority of
deer we have examined have come from areas in Southeastern Alaska where
no wolves are present. At the same time the infected wolves reported in
Table 1 have come from areas where we have not examined deer. Natural
infections in deer and mountain goats (Oreamnos americarus) in
Southeastern Alaska have been reported by Rausch and Williamson (1959).

The prevalence of the hydatid infection in several caribou herds is
summarized in Table 2. The apparent higher prevalence of the parasite
in members of the Alaska Peninsula herd may be due to sampling error or
it may be that the somewhat more mild and also seasonally prolonged,




Table 1. Summary of incidence of adults or larvae of Echinococcus
granulosus in Alaskan animals.

Number Number Percent

Host Species Examined Infected Infected
Alces a. gigas 1116 117 10.5
Bison bison 144 2(nt ?
Canis familiaris 19 1 5.3
C. latrans 5 0 0

C. lupus 90 11 12,2
Lynx lynx 543 0 0
Odocoileus hemionus sitkensis 115 0 0
Oreamnos americanus 6 0 0
Ovibos moschatus wardi 3 0 0
Ovis dalli dalli 84 0 0
Rangifer tarandus granti 1105 69 6.2

1 Diagnoses uncertain. Specimens not taken by assistant.




Table 2. The incidence of larval Echinococcus granulosus (hydatid
cysts) in various Alaskan caribou herds.

Incidencel
Number Percent

Herd Examined? Positive Infection
Arctic 426(18) 20 4.7
Alaska Peninsula 79(7) 8 10.1
Nelchina 593(51) 38 6.4
Delta 1(0) 1 -
Porcupine 3(0) 0 -
Steese-Fortymile 3(0) 2 -

Total 1105 69 6.2

1 a1 age classes including 76 negative calves.

2 Number of calves in parentheses,




favorable climatic conditions (i.e. for Echinococcus eggs) may provide
greater opportunity for infection. We do not think that wolf densities
and therefore Echinococcus egg production are substantially higher on
the Peninsula than elsewhere.

The data presented in Table 3 suggest that the prevalence and
intensity of infection by hydatid cysts in caribou are directly related
to the age of the animal. That is, the older the animal the more likely
it is that: 1) it will be infected (i.e. have been exposed) and 2)
relatively speaking, it will be infected more heavily. Whether or not
there is a significant decline in prevalence or increase in intensity of
infection among the oldest age classes (i.e. 10+ years) cannot be
determined from the relatively small number of old caribou examined.
However, if the data do accurately portray the prevalence of cysts in
older animals, then it does not appear that this parasite is very pathogenic
in caribou. If it were, infected animals would drop out of the population
at some average age and prevalence rates and infection intensities in
animals beyond this age would be proportionately lower. This does not
appear to be the case, but it may be a matter of inadequate sampling.

The data on the relationship between sex of host and prevalence of
infection are considered in Table 4.

It appears that hydatid cysts may occur somewhat more often in
females. But the data are equivocal. The method used to age most of
the caribou (i.e. comparative wear of teeth) is not without error.
Accordingly, if in fact our sample were made up of more older females
and younger males than we suppose to be the case, then one could expect
more infections in females. That is, the rate of infection goes up with
age (see Table 3), and if the average, true age of the female segment of
the sample is older, the prevalence of hydatid cysts should be greater.

In any event the data were subjected to two statistical tests by
Dr. Samuel Harbo, Division of Life Sciences, University of Alaska. The
Wilcoxon Paired-Sample Test, which is -considered to be the most "powerful"
in this specific instance, suggested that the apparent result could come
about through random chance 10-20 percent of the time. The less '"powerful"
Sign Test indicated less probability (i.e. 7%) of this being a random-
chance event.

If indeed it is true that females are more often infected, I do not
believe that this is due to some inherent difference in susceptibility
to infection between males and females. It seems more likely that this
is a matter of differential exposure. That is, during the summer when
females and fawns are predominantly separated from males into maternity
bands, they may also be more closely attended by wolves than males. As
a consequence there would be greater exposure to fresh, unfrozen, viable
Echinococcus eggs.

Different prevalences of parasites in male and female cervids has
been previously reported. Neiland (1963) observed more frequent infestation




Table 3. The incidence and intensity of infections of larval Echinococcus
granulosus in different age classes of barren-ground caribou.

Incidence Intensity
Number? Number Percent Number

Age Class! Examined Infected Infected of cysts  Average

1 yr. 76 none - - -
1+ yrs. 87 none - - _
2+ yrs. 133 3 2.3 1-2 1.3
3-5 yrs. 394 22 5.6 1-10 2.0
6-9 yrs, 171 19 11.1 ,1_6 2,4
10+ yrs. 30 3 10.0 2-6 3.7

1 Ages determined by tooth replacement and relative wear.

Includes animals of unrecorded sex.




Table 4. The incidence of larval Echinococcus granulosus in male and female
barren-ground caribou of different age classes.

Incidence
Male Female
Herdl Number Number Percent Number Number Percent
Age Class Examined Infected Infected Examined Infected Infected
Arctic
1 yr. 10 none - 8 none -
1+ yrs. 12 none - 12 none -
2+ yrs, 23 1 4.3 34 2 6.0
3-5 yrs. 66 2 3.0 127 7 5.5
6-9 yrs. 13 1 7.7 62 5 8.1
10+ yrs. 1 none - 13 1 7.7
unknown none none - 1 1 -
Total 125 4 3.2 257 16 6.2
Alaska Peninsula
1 yr. 2 none - 5 none -
1+ yrs. 5 none - 4 none -
2+ yrs. 6 none - 8 none —
3-5 yrs. 14 none - 13 none -
6-9 yrs. 3 1 33.0 12 4 3.0
1+ yrs, none - - 1 none -
unknown none none - 3 3 -
Total 30 1 3.3 46 7 15.2
Nelchina
1 yr. 26 none - 25 none -
1+ yrs. 34 none - 20 none -
2+ yrs. 31 none - 31 none -
3-5 yrs. 62 4 5.4 112 9 8.0
6-9 yrs. 25 2 8.0 56 6 10.7
10+ yrs. 3 none - 12 2 16.6
unknown 7 7 - 6 6 -
Total 188 13 6.9 262 23 8.8




Table 4. Continued.

Incidence
Male Female
Herdl Number Number Percent Number Number Percent
Age Class Examined 1Infected Infected Examined Infected Infected
All Herds
1 yr. 38 none - 38 none -
1+ yrs. 51 none - 36 none -
2+ yrs. 60 1 1.7 73 2 2.7
3-5 yrs. 142 6 4.2 252 16 6.3
6-9 yrs. 41 4 9.7 130 15 11.0
10+ yrs. 4 none - 26 3 11.5
unknown 7 7 —— 10 10 -
Total 343 18 5.2 565 46 8.1
1
See Fig. 3.




of male caribou by larvae of the warble fly Oedemagena tarandi and these
observations were confirmed by Kelsall (1968). Prestwood et al. (1971)
have noted that in southeastern United States white-tailed deer.
(Odocotleus virginianus), the young males are most frequently infected
with the lungworm Dictyocaulus viviparus.

B. Sarcocystis

Our work with this parasitic protozoan was initiated less than two
years ago when the work of others revealed that it was not uniformly,
pathologically benign as had been supposed over the past century since
its discovery. We first set out to determine the prevalence of Sarcocystis
spp.(?) in Alaskan big game herbivores (the intermediate host) by histologic
examination of sections of heart and various skeletal muscles collected
from hunter kills. During June 1977 we collected 10 caribou does with
newborn fawns from the Western Arctic herd to use in our prevalence
studies and for investigations on the life cycle and on the occurrence
of the "sarcocyst" in various major muscle systems.

The prevalence data accumulated to date are summarized in Table 5.
It seems noteworthy that all heart tissue samples from caribou thus far
examined histologically have been found infected with this parasite.
And in further comparison with other wild hosts in Alaska, the infections
seen in caribou are substantially heavier. It appears that the opportunity
for infection of caribou by Sarcocystis is high. However, this does not
necessarily suggest that this parasite is of low pathogenicity. For
example, species of this parasite long known to commonly parasitize
domestic animals have been shown to be highly pathogenic when the initial
exposure is high enough (see Fayer et al,, Appendix I). One might
characterize this relationship by the o0ld truism, 'the poison's in the
dose." Whether or not this is true of any of the species occurring in
Alaskan wildlife awaits thorough investigation.

In order to determine the distribution of the parasite in the
various major muscles of an animal and also to determine whether prenatal
transmission takes place, we collected 10 does with newborn fawns from
the Western Arctic caribou herd during June 1977. We specifically
selected does with retained placental materials because we also wondered
if this condition might be caused by Sarcocystis infections. The data
on the distribution of sarcocysts in eight different muscle tissues are
summarized in Table 6. It is noteworthy that although all sections of
heart tissue as well as the majority of the other muscle tissues (except
uterine muscle) were infected, neither the heart nor tongue of the
accompanying fawns contained cysts. Furthermore, it appears that esophageal
muscle may also be as commonly infected as heart muscle. It may be that
the sarcocysts seen in esophageal muscle are a distinct species from the
one occurring in heart muscle. This possibility will be investigated by
comparing the morphology of sporocysts produced by feeding esophageal
tissue to beagles with sporocysts derived in this way from heart muscle.

10




Table 5,

March 15, 1978.

Summary of prevalence of Sarcocystis in Alaskan wildlife,

Number Number
Species Area Examined Infected
Bison Big Delta herd 29 1
Blacktail Deer SE Alaska 20 4
Caribou Western Arctic herd 55% 51%
Porcupine herd 6 6
Delta herd 1 1
Carnivores Interior Alaska 2 -
Moose SE Alaska 11 1
Interior Alaska 14 2
Mountain Goats SE Alaska 6 2
Seals N Pacific & Bering Sea 30 -
Sheep Alaska Range, Region IITI 25 14

* All samples of heart tissue infected. Negative results based on
samples of skeletal muscle only. The recently born fawns from
~_infected dams, all negative, not included.

Table 6. Occurrence of Sarcocystis in tissues of 10 adult female
caribou with newborn fawns.*

Tissue Number Infected
Heart 10/10
Esophagus 10/10
Intercostal muscle 8/9
Masseter 7/10
Tongue 6/10
Diaphragm 6/10
Lower hindleg muscle 6/8
Uterus 0/10

* All females with retained placental materials. All fawns free

of sarcocysts, two found dead. Animals collected in early June
1977 on calving grounds of Western Arctic herd.
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Life Cycle

Even though the major intermediate life-cycle stage of Sarcocystis,
i.e. the sarcocyst, was first discovered over a century ago, it was not
until recent years that the two-host nature of the life cycle was
determined. In all the species thus far studied in detail, it has been
shown that the cycle follows a typical predator-prey plan. That is, the
sexual stages occur in a carnivore (which therefore is termed the defini-
tive host) and the asexual stages occur in a prey species (which is
termed the intermediate host).

We have shown (and our work has been corroborated by Dr. R. L.
Fayer, U.S.D.A., Beltsville) that canids (beagles experimentally, no
doubt wolves under natural conditions) can be infected by feeding them
fresh caribou heart. For this purpose we used heart tissue from the
animals we collected on the fawning grounds of the Western Arctic herd
in June 1977. About 12-30 days after feeding on the fresh caribou
heart, typical sporulated sporocysts were demonstrated in the feces of
the experimental beagles.

In order to complete the life cycle it was only necessary to feed
these sporocysts to a susceptible caribou. For this purpose we used a
suspension of about 150,000 sporocysts prepared by our collaborator Dr.
Fayer. The number used was judged to be sufficient to cause pathologic
symptoms, but not to kill the experimental animal during the 90-day
observation period. During this time various regular observations on
the health of the animal were made (e.g. weight change, temperature, and
several blood chemistry parameters). No significant signs of ill health
were seen, but when the animal was sacrificed at the end of the experi-
mental period, examination of frozen tissue sections revealed numerous
sarcocysts. (We have not yet prepared permanent stained sections of the
tissues collected at necropsy.)

Our findings in this preliminary investigation of the pathologic
potential of this rangiferine species of Sarcocystis must be qualified
as follows. The only animal we had available for the experiment was a
five-month-old reindeer fawn which had been held in an outside pen. We
cannot rule out the possibility that the animal might have been previously
exposed to Sarcocystis (i.e. a species from domestic animals in dogs)
which had an immunizing effect. We collected a serum sample at the
start of the experiment to serologically evaluate this possibility but
the Beltsville Laboratory, U.S.D.A., has not completed the analysis. It
also may be that the experimental dose (i.e. about 150,000 sporocysts)
was too low. And it may be that this rangiferine species of Sarcocystis
is well adapted to its '"normal host" and causes significant pathologic
responses only when first exposures are severely high.

Discussion

The first report of Sarcocystis in Rangifer, which I have at hand
is that of Hadwen (1922) who worked with Alaskan reindeer. He stated that,
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"Reindeer, especially older animals, are very commonly infested with
Sarcosporidia. It is quite usual to find numerous cysts in the

esophagus and other muscles of reindeer killed for meat, which otherwise
seemed to be in the best of health and condition." He further noted

that esophageal cysts were distinctly larger than those seen in heart

or skeletal muscle. He also described another sarcosporidian as the
causative agent of so-called "corn-meal" disease of connective tissues

in reindeer. He named it Fibrocystis tarandi although it is now known

as Besnoitia tarandi. Regarding the "probable effects" of this latter
parasite on caribou and reindeer he stated, "The massive infections

found in the two cases examined leave little doubt that the animals

were adversely affected.... It is probable that in addition to mechanical
effects the parasite may also cause injury by their secretions and
excretions." We have commonly seen Besnoitia tarandi in caribou, but
have not as yet made any attempt to demonstrate its life cycle or measure
its pathologic potential. (Apparently Bergman, 1913, working in Sweden,
was the first to note Sarcocystis in Rangifer but I do not have his

paper and cannot determine from other sources what he reported.)

Griuner (1927) reported on the occurrence of Sarcocystis in heart
muscle of reindeer in the Tobolsk Region of the Soviet Union. He
studied three animals that had been infected and in each he noted
"macroscopic abnormality'" of the heart. He evidently saw no other
pathologic changes, but suggested that such infections were "possibly
lethal." Babudieri (1932), in his monographic treatment of the genus
Sarcocystis, stated that the species reported in reindeer (and various
African antelopes as well) is S. fusiformis Railliet, 1897. Yakimoff
and Sokoloff (1934) described the species of Sarcocystis originally
reported from Soviet reindeer by Griuner (1927) as S. griuneri new
species. They examined sections of heart muscle from 100 animals and
saw sarcocysts in all sections, but made no comments on pathogenicity.
Murie (1935), in his report on caribou in Alaska and the Yukon, noted
Hadwen's earlier report (1922) on rangiferine sarcosporidia but did not
offer any original observations. Yakimoff (1936) reported further
studies on Sarcocystis griuneri Yakimoff and Sokoloff, 1934, using
material from 15 reindeer from Lapland. He described the anatomy of
the cysts and spores in detail and concluded: "I in no manner doubt
that severe infections of Sarcocystis in reindeer has sure significance
for the health of this animal."

Justoff (1937) presented views regarding the pathogenicity of
Sarcocystis in reindeer which are opposed to those of Yakimoff and
others. Based upon his histologic studies of infected esophageal and
diaphragmatic tissue from reindeer and in consideration of this work on
this parasite in swine he concluded: "Sarcocystis do not change the
normal structure of the muscle tissue, the change of the muscle tissue
infected with Sarcocystis, as it was described by some other investigators,
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namely by Koselkin, Kononoff, Petroff and Etremoff--is due not to
Sarcocystis, but to the general disease of organism." 1In view of our
modern understanding of the life cycle and pathogenic mechanism of
Sarcocystis infections, Justoff's opinions have little validity except
in regard to the final, non-pathogenic cyst—stage itself.

Gibbs (1960) reported on the apparent occurrence of Sarcocystis in
Canadian barren-ground caribou. He stated: '"Although no gross lesions
were seen on post-mortem examination, spores of a species of Sarcocystis
were found in the blood smears. The pathogenicity of this organism is
doubtful and unless the infestation was a very heavy one it would cause
little trouble." Aside from the uncertainty regarding the true identity
of the spores reported by Gibbs, it should be kept in mind that it
wasn't until around 1974 that the life cycle and pathogenicity of some
common species of Sarcocystis in domestic animals became known. All
older claims discounting the pathologic potential of Sarcocystis must
be viewed with reserve. I am not aware of any other publications on
Sarcocystis in reindeer or caribou.

However, recent studies on Sarcocystis hemionilatrantis n. sp. by
Hudkins and Kistner (1977) appear to have direct and significant applica-
bility to our current interests in this kind of parasite. This species
of Sarcocystis was commonly seen in mule deer fawns in eastern Oregon in
1974 where the herd had declined in recent years. And it is probably
identical to the species described from 68 percent of 877 yearling and
adult mule deer in California by Sayama (1952). It was first established
by Hudkins and Kistner (loc. cit.) that coyotes serve as the definitive
host for further development of the sarcocyst-stage occurring in mule
deer fawns. They completed the full cycle by feeding sporocysts produced
in fawn-fed coyotes to mule deer fawns taken into isolation 2-7 days
after birth. They summarized the extremely interesting results of their
experiments as follows:

Fifteen coyotes (Canis latrans) shed sporulated
sporocysts in their feces after eating freshly ground
skeletal muscles from a mule deer (Odocoileus hemionus
hemionus) infected with microscopic-sized cysts of
Sarcocystis. Sporocysts were shed intermittently from
12 to 36 days after ingestion of the infected meat.
Sporocyst size averaged 14.4 x 9.3 microns.

Eleven mule deer fawns orally inoculated with these
sporocysts became infected and 9 of 11 died between post-
inoculation days (PID) 27 and 63. Clinical signs of
anorexia, weight loss, pyrexia and weakness were evident
prior to death...uninoculated control animals consisting
of three mule deer fawns, two lambs and one calf remained
healthy during the experiment.... Mortality ratgs for the 5
dosage levels...(i.e. of sporocysts)... 1.0 x 10", 2.5 x 10
and 5.0 x 10" were 100 percent, 75 percent and 75 percent,
respectively.... Developing or mature muscle cysts...
(i.e. sarcocysts)...wefe not found in fawn tissue
until PID 60.

14




Thus it is clear that a commonly occurring, cervine species of
Sarcocystis will cause severe pathology, including death, in its regular
intermediate host. That S. hemionilatrantis is specifically adapted to
mule deer is proven by the failure of attempts by these workers to
experimentally infect cattle and sheep with the same coyote-reared
sporocysts with which they fatally infected mule deer fawns. Thus it
would seem that the mere fact that a parasite occurs quite commonly in a
given host is, at least in some cases, insufficient reason to conclude
that'the parasite is of low or no pathogenicity. The poison's in the
dose.

The only interesting question remaining unanswered about Sarcocystis
hemionilatrantis involves the degree to which it reduces annual recruit-

ment of mule deer fawns under natural conditions. Indeed, it is interesting

to speculate that fawns weakened by infections of this parasite are more
susceptible to predation by coyotes. And this would be of importance

to the welfare of the parasite. If the parasite were so pathogenic that
it killed the intermediate host soon after exposure and before adequate
development of obligatory life cycle stages, then the life cycle would
be broken. However, if the pathogenicity of the parasite is such that
average, natural levels of infections are not rapidly fatal, but only
debilitating to the point of favoring predator-induced mortality, then
completion of the life cycle is also favored. And it should be noted
that in an evolutionary frame of reference, it is the completion of the
life cycle and survival of the species that is most important, not the
long-term survival of the individual parasite.

We hope to investigate in similar detail the species of Sarcocystis
occurring in Alaskan caribou and reindeer. The form we see in caribou
heart tissue may be identical to the one called S. griuneri Yakimoff and
Sokoloff, 1934.

C. Brucellosis

Members of the genus Rangifer (reindeer and caribou) are generally
known to be infected with Brucella suis biotype 4 throughout their
circumpolar distribution wherever adequate serologic testing has been
done. The disease is generally chronic, but can assume an acute form
during first pregnancies resulting in abortion. In its chronic form it
causes joint infections and sterility (orchitis) in males. It also
gometimes is the cause of placental retention which will be considered
in detail in section D of this report.

In Alaska the disease is well documented in the Western Arctic and
Nelchina caribou herds (Neiland et al. 1968, and various administrative
reports) and is also known to occur in the Delta herd and various herds
of reindeer.

The disease is generally notorious as a potentially serious disease
of humans, particularly the non-rangiferine strains of Brucella suis,
and also B. abortus and B. melitensis. Humans contract the disease by
eating or handling uncooked infected material (e.g. milk, meat, etc.).
The disease can also be contracted by various non-human carnivores and
it has been well documented in Alaska in naturally infected sled dogs,
grizzly bears (Ursus arctos), wolves, and red foxes (Vulpes vulpes) by
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Neiland (1970, 1975). The interested reader can refer to the literature
cited in Neiland (1973) for documentation on rangiferine brucellosis in
Eurasian hosts,

In order to evaluate the effects of the disease on wild carnivores
in Alaska and to better understand its epizootiology, we carried out
extensive laboratory experimentation during the early part of this
report period., At that time I had access to the microbiologic facilities
of the now defunct Arctic Health Research Center and I worked in close
collaboration with Mr. Lawrence G. Miller, chief bacteriologist of the
facility.

The results of our work in preliminary draft form for publication
are included as Appendices II and III to this report. Our findings may
be briefly summarized as follows. TFor full details and discussion the
reader should refer to the draft manuscripts.

Carnivores (Appendix II)

We infected two grizzly bears in a natural way by contaminating a
single daily food ration with a laboratory culture of B. suis 4 first
isolated from a sled dog (Neiland 1970). Both bears rapidly developed
extremely high antibody titres (1:10,000). Because these bears were to
be used in a rabies experiment we had no further contact with them.

We infected two gravid wolves by intraperitoneal and conjunctival
routes, respectively. About 24 days later they gave birth, apparently
at full-term, to two (both alive) and six (two alive and four dead)
pups, respectively. Those pups born alive died within 24 hours in both
cases. Trauma may have played a part in the death of all pups. However,
seven of the eight pups were infected by B. suis 4. One pup eaten
shortly after birth was not available for examination.

Experimental infections of a black bear (Ursus americanus) and
several beagle dogs yielded serologic and bacteriologic data similar to
these seen in the wolves and in infections - of dogs by other species of
Brucella.

Rodents (Appendix III).

We studied experimental infections of B. suig 4 in nine species of
rodents and also a lagomorph (varying hare). All of these were readily
infected by intraperitoneal inoculation of various 'challenge-levels" of
organisms. Brucellae were routinely isolated at necropsy from liver and
spleen, or other tissues, but pathologic responses in most of these
hosts were not marked. However, infections in two species of varying
lemmings (i.e. Dicrostonyx stevensoni and D. rubricatus) always produced
severe pathology even when initial challenge-levels involved less than
10 colony-forming units (C.F.U., might be as few as 1 cell per C.F.U.).
All those animals not sacrificed early in the experiment inevitably
developed massive, lethal infections. It seems safe to conclude that
any individual specimen of D. stevensoni or D. rubricatus exposed to
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nature, infected Dicrostonyx could well be a source of infection for
rodent eaters. It might also be noted that wherever Dicrostonyx shares
habitat with infected Rangifer spp., brucellosis (other diseases?) might
well play a significant role in the population dynamics of varying
lemmings.

even very few (less than 10) C.F.U. will become infected and die. 1In
|

Serologic Surveys

Most of the serologic data accumulated during this report period on
the prevalence of Brucella antibodies in Alaskan wildlife involve
potential host species other than Rangifer. Nevertheless, this seems to
be an appropriate place to present them, The data summarized in Table 7
do not include test results on sera collected from 10 caribou taken on
the Western Arctic caribou fawning grounds in June 1977, nor on the
samples collected from bison (Bison bison) during the annual fall hunt
(1977) at Delta Junction. These have not been reported yet by the
consulting laboratory that does the tests. Samples collected during
NPR~-A studies on grizzlies in 1977 are not yet available.

Both the positive and some of the negative results presented in
Table 7 are worthy of special consideration.

Bison

For about the past 15 years we have been concerned about the

possibility of introduction of the rangiferine strain of Brucella

from the infected Delta caribou herd into the Delta bison herd. We
also have considered that a strain of Brucella abortus which has been
found at least once in a local milk cow might also infect the bison
herd. Elsewhere (e.g. Yellowstone Park and Utah) bison have been known
for many years to be infected with B. abortus. The two suspect reactors
reported in Table 7 are the first that we have seen in several hundred
which have been tested. Whether these two animals had any gross signs
of infection is not known. None were reported by the hunters or the
field biologists (ADF&G) who guided them.

Now that an attempt is being made to start up a large-scale dairy
operation in the Delta-Clearwater agricultural area, there is even more
reason to view the infection of bison as a distinct possibility.

Moose

The high-titred serum sample taken from a moose near Umiat on the
Colville River is the first unequivocal evidence of a naturally infected
moose in Alaska. Neiland et al. (1968) reported the somewhat suspicious
occurrence of a serologically positive moose hit by a car on the Seward
Highway not far from pens where experiments on Brucella suig 4 in reindeer
were being conducted. Otherwise, a substantial amount of negative data
has been collected on animals from areas where moose don't have close
contact with infected caribou. However, moose along the Colville River
occupy habitat also commonly frequented by caribou from the infected
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Table 7. Prevalence of brucella antibodies in wvarious Alaskan wildlife.l

Species Loca}ity Sample Size Number Positive Titres

Grizzly bear  Brooks Range 3 - 0

Brown bear Alaskaland Zoo 1 0 -

Bison Delta Junction 34 2 1:50(AG)

Moose Tanana Flats 92 0 -
Colville River 8 1 1:200(AG)3

Muskox Nunivak Island 7 0 -

Dall sheep Dry Creek 8 0 -

Wolf Glennallen 4 0 -
Tanana Flats 49 0 -

L a1z samples tested by tube agglutination (AG), mercapto ethanol (ME),
U.S.D.A. card (CT), and compelment fixation (CF) tests.

2 Titre values equaling or exceeding the following values were considered

positive: AG(1l:50); ME(1:25); CT(+); CF(1:20).

3 1:200(AG); 1:200(ME); +(CT); 1:100(CF).
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Western Arctic herd. It seems quite likely that this is the reservoir
of infection from which this first natural infection of an Alaskan moose
was derived.

Brucellosis has been only rarely reported in moose in other areas.
Jellison et al. (1953) reported a case in a moose in Montana and Corner
and Connell (1958) reported a case or two in animals from Elk Island
National Park, Alberta, Canada. I am not aware of any reports of this
disease in European moose.

Wolf

It is interesting to note that all sera from wolves taken on the
Tanana Flats were negative. Elsewhere in Alaska, where wolves feed
extensively on caribou, serologic evidence suggests that infection by
Brucella suis 4 is common. Neiland (1975) reported that 11 of 28 samples
of serum taken from wolves killed by Inupiat subsistence hunters of
Anaktuvuk Pass were positive in the sensitive, complement fixation test.
The negative data on wolves from the Tanana Flats strongly suggest that
these animals do not regularly prey on the infected Delta caribou herd.
However, infected animals may now be rare in the Delta population.

D. Placental Retention

Retention of placental components for an abnormal time following
birth is widely seen in various mammals. Our early knowledge of this
condition in Alaskan caribou was summarized by Neiland et al. (1968).

I noted in 1963 that a substantial percentage of does (25%) with retained
placentas may lose their fawns within a day or so of birth, And Neiland

(1974) reported an eyewitness account of the birth of a fawn followed by

placental retention. Accordingly, we have made a special effort over

the years to monitor the prevalence of placental retention, particularly

in the western Arctic, and under favorable conditions to determine early

postpartum loss of fawns. These data are summarized in Table 8.

It is quite clear that placental retention is a regularly occurring
birthing disorder in the Western Arctic herd. In some years (i.e. when
survey conditions were favorable and in one instance the weather was
comparatively harsh) relatively high proportions of fawns born to affected
does were lost within a few days postpartum. Of greatest possible
interest is the apparent decrease in the prevalence of the disorder in
the years 1975-77 following the crash of the herd. Assuming for sake of
discussion that the decrease is real, and not just a product of sampling
error, it is not surprising or unexpected that this might occur.

Placental retention is caused in various animals by a variety of
factors which may act singly or in concert. A number of infectious
agents can cause retention. Of these agents, species of Brucella,
particularly B. suis 4 which is known to occur in the Western Arctic
herd, are noteworthy. During the years 1969-71 we had a helicopter at
our disposal on the fawning grounds for the purpose of collecting does




Table 8.

Prevalence of placental retention in the Western Arctic

caribou herd.

Sample Retained Lost*
Year Size Placentas Fawns
1963 2,130 107(5.0%) 27(25%)
1965 787 25(3.4%) -
1966 2,075 33(1.6%) 1
1967 2,846 6(0.27) 2
1968%%* 2,037 52(2.6%) 30(57.7%)
1969 4,357 44(0.9%) 9
1970 2,217 28(1.3%) -
1971 3,331 67(2.0%) 29(43%)
Total 19,780 362(1.8%) 86 (387%) ***%
1975 180 5(2.8%) -
1976 1,847 9(0.5%) -
1977 1,483 14(0.9%) 2
Total 3,510 28(0.8%) -

* Fawns lost by does with retained placentas.
%% Relatively severe weather conditions.
**%*Three-year average (1963, 1968 and 1971).
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with retained placentas. Of 42 affected does only 8 (19%) showed
Brucella titres of 1:40 or higher (Neiland 1972). While some active
Brucella infections may not stimulate the production of agglutinating
antibodies, one would not expect this to happen in 80 percent of the
cases of concern. Serologic indications of past exposure to one or more
serotypes of the bacterial genus Leptospira were also seen, but the
results of attempts to isolate leptospires were all negative.

It seems likely that some cases of placental retention are directly
related to the specific nutritional state of the affected doe (which
also could affect susceptibility to infectious agents). Reduction in
herd size might be expected to result in some improvement in average
nutrition, and, also at the same time, reduced transmission of infectious
agents. While the etiology of placental retention remains largely an
enigma, its effect on the Western Arctic herd (and other Alaskan herds)
apparently has been small in the past and is evidently smaller now,

LITERATURE CITED

Babudieri, B. 1932. 1 sarcosporidi e le sarcosporiosi (Studio
monogratico). Arch. Protistenk. 76(3): 41-580.

Bergman, A. 1913, Beitrag zur kenntnis des vorkommens der
sarkosporidien bei den haustieren. Z. f. Fleisch u. Milchhyg. 15
23(4):169-180.

Corner, A. H. and R. Connell. 1958, Brucellosis in bison, elk, and
moose in Elk Island National Park, Alberta, Canada. Can. J.
Comp. Med. 22(1):9-20.

Gibbs, H. C. 1960. Disease investigation of barren-ground caribou.
Wwildl. Manage. Bull., Can. Wildl. Serv., Ottawa 1(15):119-135.

Griuner, S. A. 1927. Sarcosporidiosis in reindeer. Vet. Truzhenik
3:27-30.

Hadwen, S. 1922, Cyst-forming protozoa in reindeer and caribou, and
a sarcosporidian parasite of the seal (Phoca vitulina). J. Am.
Vet. Med. Assoc. 16:374-382,

Hudkins, G. and T. P. Kistner. 1977. Sarcocystis hemionilatrantis
(sp. n.) life cycle in mule deer and coyotes. J. Wildl, Dis.
13:80-84.,

Jellison, W. L., C. W, Fishell and E. L. Cheatum, 1953. Brucellosis
in moose, Alces americanus. J. Wildl. Manage. 17(2):217-218.

Justoff, N. L. 1937. Histological investigation of reindeer muscles
infected with sarcocystis. Arctica, Leningr. 9:115-118.

21




Kelsall, J. P. 1968, The migratory barren-ground caribou of Canada.
Dept. Indian Affairs and N. Develop., Can. Wildl. Serv. Queen's
Printer, Ottawa. 340pp.

Murie, O. J. 1935. Alaska-Yukon caribou. N. Am. Fauna No. 54,
pp. 9-11.

Neiland, K. A. 1963. Disease studies. Alaska Fed. Aid Wildl. Rest.,
Progress Rept. Vol. 3.

, J. A. King, B. E. Huntley and R. 0. Skoog. 1968. The
diseases and parasites of Alaskan wildlife populations, Part 1.
Some observations on brucellosis in caribou. Bull, Wildl. Dis.
Assoc. 4:27-36.

1970. Rangiferine brucellosis in Alaskan canids. J.
Wildl. Dis. 6:136-139.

1972. Caribou disease studies. Final report, Fed. Aid
Wildl, Rest. Proj. W-17-2 and W-17-3. 42pp.

1974, Caribou disease report. Alaska Fed. Aid Wildl.
Rest. 15:31pp.

1975, Further observations on rangiferine brucellosis
in Alaskan carnivores. J. Wildl. Dis. 11:45-53.

Prestwood, A. K., J. F. Smith and J. Brown. 1971. Lungworms in
white-tailed deer of the southeastern United States. J. Wildl.
Dis. 7:149-154.

Rausch, R. L. and F. S. L. Williamson. 1959. Studies on the helminth
fauna of Alaska. XXXIV. The parasites of wolves, Canis lupus.
J. Parasitol. 45:395-403.

Sayama, K. 1952. Sarcocystis in deer and elk of California. Calif,
Fish and Game 38(1):99-104.

Yakimoff, W.L. 1936. Zur frage der sarkozysten der renntiere. 2Z.
Infektionkr. Haustiere 15(2): 217-223.

. and I. I. Sokoloff. 1934. Die sarkozysten des renntieres
und des maral (Sarcocystis gruneri n. sp.). Berl. Tierarztl.
Wchnschr. 50(47):772-774.

PREPARED BY: APPROVED BY:

av/

Kenneth A. Neiland
Game Biologist

Acting Dirdctor

SUBMITTED BY:

John Coady | w QW\M\/"

Regional Research Coordinator Research Chief

22




Appendix I

The following collection of bibliographic citations include the majority
of the world literature on the species of Sarcocystis which occur in
wildlife. There are also appropriate references to related forms whose
life cycles occur in domestic animals (in part or in whole) and a few
citations of articles concerned with the closely related genus Besnoitia.

Akao, S. 1970. A new species of Sarcocystis parasitic in the whale
Balaenoptera borealis. J. Protozool. 17:290-294.

Arthur, R. G. and G. Post. 1977. Coccidia of coyotes in eastern
Colorado. J. Wildl. Dis. 13:97-100.

Ashford, R. W. 1977. The fox, Vulpes vulpes, as a final host for
Sarcocystis of sheep. Annals Trop. Med. Parasitol. 71(1):29-34.

Babudier, B. 1932. I sarcosporidi e le sarcosporidiosi (Studio
monogratico). Arch. Protistenk. 76(3):421-580.

Balfour, A. 1913. A sarcocyst of a gazelle showing differentiation
of spores by vital staining. Parasitology 6:52-56.

Ball, G. H. 1944. Sarcosporidia in southern California lizards.
Trans. Amer. Micro. Soc. 63(2):144~148.

Barrett, R. E. and D. E. Worley. 1970. Parasites of the pika
(Ochotona princeps) in two counties in southcentral Montana,
with new host records. Proc. Helminth. Soc. Wash. 37(2):179-181.

Barrow, P. L. and F. A. Hayes. 1977. Studies on endoparasites of
the mourning dove (Zenaida macroura) in the southeast United
States. J. Wildl. Dis. 13:24-28.

Batistic, B. 1965. Sarcosporidiosis in animals and man in Bosnia
and Hercegovina. Veterinaria, Saraj. 14:45-64.

Beaudette, F. R. 1941. Sarcosporidiosis in a black duck. J. Amer.
Vet. Med. Assoc. 99:52-53.

Benko, L. 1968. Sarcocystis sp. in Grant's gazelle (Gazella granti).
Vet. Rec. 82(22):625-627.

Bergman, A. 1913. Beitrag zur kenntnis des vorkommens der sarkosporidien
bei den haustieren. Z. f. Fleisch u. Milchhyg. 15. 23(8):169-180.

Bergmann, V. and E. Kinder. 1975. Ultrastructure of the wall of sarcocysts

in muscle fibres of spontaneously infected cattle. Monatshefte
fur Veterinarmedizin 30(24):945-947.

23




and . 1976. Electron microscopic studies of wall
structure of Sarcocystis in skeletal muscles of wild boar and roe
deer. Monatshefte fur Veterinarmedizin 31(20):785-788.

Bhatadekar, M. Y. and B. L. Purohit. 1963. A record of sarcosporidiosis
in lion., Indian Vet. J. 40(1):44-45,

Biocca, E., T. Baleo, E. Guarda and R. Constantini. 1975. Importance
of the fox (Vulpes vulpes) in the transmission of sarcosporidiosis
from the steinbock (Capra ibex) at the Gran Paradiso National Park.
Parassitologia 17(1-3):17-24,

Blankenship, L. H. 1957. Investigations of the American woodcock in
Michigan. Mich. Dept. Conserv. Rept. No. 2123, 217pp.

Blazek, K., A. Kotrly and R. Ippen. 1976. Sarcosporidiosis of the
‘myocardium in ungulates. Veterinarni Medicina 21(2):75-80.

, J. Schramlova, R. Ippen and A. Kotrly. 1977. Die
sarkosporidiose des Rehwildes. Folia Parasitol. (in press)

Bogush, A. A. 1976. Toxic properties of pork infested with sarcocysts.
Veterinariya, Moscow (3):109-110.

Borst, G. H. A. and P, Zwart., 1973, Sarcosporidiosis in Psittaciformes.
Z. Parasitenk. 42:293-298,

Box, E. D. and D. W, Duszynski. 1977. Survey for Sarcocystis in the
brown-headed cowbird (Molothrus ater): A comparison of macroscopic,
microscopic and digestion techniques., J. Wildl. Dis. 13:356-359.

and T. B. McGuinness. 1978. Sarcocystis in beef from retail
outlets demonstrated by digestion technique. J. Parasitol. 64(1):
161-162.

Brocklesby, D. W. and B, 0. Vidler. 1965. Some parasites of East
African wild animals. E. Afric, wWildl, J. 3:120-122.

and . 1966, Hematozoa found in wild members of
the order Artiodactyla in East Africa. Bull. Epizoot. Dis. Africa
14(3):285-299.

Broderson, D., A. G. Caneris and J. R, Bristol. 1977, Parasites of
waterfowl from southwest Texas: II. The shoveler, Anas clypeata.
J. Wildl. Dis. 13:435-439.

Brooks, H. 1901. Report of the pathologist, 6th Annu. Rep., New
York Zool. Soc. pp.108-119.

Brown, R. J., W. P. Carney and P. F. VanPeenen., 1974. Sarcocystis
from rats in Sulawesi, Indonesia. SE Asian J. Trop. Med. Publ.
Hlth, 5(3):451-452.

24




» A. W. Smith and M, C. Keyes. 1974. Sarcocystis in the
northern fur seal. J. Wildl. Dis. 10:53.

, W. P. Carney, M. Sudomo and G. Simandjuntak, 1975.
Sarcocystis sp. in the myocardium of a water buffalo from Sulawesi
(Celebes), Indonesia. SE Asian J. Trop. Med. Publ. Hlth. 6(2):284,

Cameron, A, E. 1923, Notes on buffalo: anatomy, pathological conditions,
and parasites., Vet. J. 79:331-336.

1924, Some further notes on buffalo. Vet, J. 80:413-417.

Carmichael, I. H, and E, Hobday. 1975. Blood parasites of some wild
bovidae in Botswana. Onderstepoort J. Vet. Res. 42(2):55-62.

Camkovic, M., S. Delic, I. Levi and J. Rukavina. 1962. Contribution
to the knowledge of parasitofauna of roe deer in Bosna and
Hercegovina. Veterinar, Sarajevo 11(4):479-484.

Catar, G. 1967. Infection par les protozoaires des tissues de petis
mammiferes., J. Protozool. 1l4(suppl. May):50.

, et al. 1967. Infestation of small mammalians with tissue
protozoa. Bratisl. Lekar, Listy 47(4):226-234.

Cerna, Z., 1976, Relationship of oocysts of Isospora buteonis from the
barn owl (tyto alba) to muscle cysts of Parasitilogica 23(3):285.

. 1977. TImportance of small rodents (Mus musculus) and
Microtus arvalis) in the life cycle of a cystiforming coccidian
from birds. J. Protozool. 24(suppl 2)14A,

and M. Louckovia. 1976, Microtus arvalis as the intermediate
host of a coccidian from the Kestrel (Falco tinnunculus). Folia
Parasitol. 23(2):110.

and J. S'enaud. 1977. ©New type of asexual reproduction of
a sarcosporidian in mouse iver. C.R. Acad. Sci. 285(4):347-349,

Chabreck, R, H. 1965. Sarcosporidiosis in ducks in Louisiana.
Louisiana Wildl. and Fish. Comm., Grnd Chenier, LA. mimeo.

Chatton, E. and M. Avel. 1923. Sur la Sarcosporidic du Gecko et ses
cytophaneres. C.R. Soc. Biol. (Paris) 89:181-185,

Childs, H. E. and G. E. Cosgrove. 1966. A study of pathological
conditions in wild rodents in radioactive areas. Amer. Midl. Nat.
76(2) :309-324.

Christie, E., J. P, Dubey and P. W. Pappas. 1976. Prevalence of
Sarcocystis infection and other intestinal parasitisms in cats
from a humane shelter in Ohio. J. Amer. Vet. Med. Assoc. 168(5):
421-422,

25




Cironeanu, I. 1975. Features of the differential diagnosis of

Trichinella and Sarcosporidia cysts. Revista de Cresterea Animalelor
25(2):81-82,

Clark, G. M. 1958. Sarcocystis in certain birds. J. Parasitol.
44(4, sect. 2):41,

Clark, H. C. 1920. Some hosts on animal diseases in Panama, with
special reference to blood and muscle parasites. The Panama
Canal Press, Mount Hope. C.Z. pp.3-1l.

Conder, G, A. and R, M, Loveless. 1978, Parasites of the coyote
(Canis latrans) in central Utah. J. Wildl. Dis. 14:247-249,

Cornwell, G. 1963. New waterfowl host records for Sarcocystis rileyi
and a review of sarcosporidiosis in birds. Av. Dis, 7:212-216.

Coutelen, F, 1933. Sur la position systematique de Globidium
muscosum (R. Blanchard, 1885) parasite du Kangourou des Roches
Macropus. Amer. Parasit. Hum. Comp. 11:1-6.

Couturier, M,A.J. 1962. Le bouquetin de Alpes Capra aegagrus ibex
ibex 1. Grenable, France. 1564pp.

Cram, E. B. 1926. Sarcocystis rileyi in the muscles of wild ducks.
Off. Rec., U.S5. Dept. Agriec. 4:5.

Cravero, G. C. 1976. Sarcocystis infection of the brain in sheep.
Annali della Facolta di Medicina Veterinaria di Torino 23:158-164.

Crawley, H. 1914, Two new sarcosporidia. Proc., Acad. Nat. Sci.
Philadelphia 66:214-218.

Crum, J. M. and A, K, Prestwood., 1977. Transmission of Sarcocystis
leporum from a cottontail rabbit to domestic cats., J. Wildl. Dis.
13(2):174-175.

, V. F, Nettles and W. R. Davidson. 1978. Studies on
endoparasites of the black bear (Ursus americanus) in the
southeastern United States. J. Wildl. Dis. 14:178-186.

Darling, S. T. 1910. Sarcosporidiosis in the opposum and its
experimental production in the guinea pig by the intramuscular
injection of sporozoites. Bull. Soc. Path. Exot. 3:513-518.

. 1915, Sarcosporidia encountered in Panama. J. Parasitol.
1:113-120.

Davidson, W. R. 1976. Endoparasites of selected populations of gray
squirrels (Sciurus carolinensis) in the southeastern United States.
Proc. Helm. Soc. Wash. 42(2):211-217.

26




Destombes, P. 1957. Les sarcosporidioses au Veitnam. Bull. Soc.
Path. exot. 50:221-225.

deVos, A. and A. E. Allin. 1949. Some notes on moose parasites. J.
Mammal. 30(4):420.

Dissanaike, A. S., B. L. Lim and M. Poopalachelvam. 1974. Further
stages of the "sporozoan" from the moon rat Echinosorex gymnurus,
and its possible connection with Sarcocystis. SE Asian J. Trop.
Med. Publ. Hlth. 5(3):456-457.

and M. Poopalachelvam. 1975. Sarcocystis booliati n. sp.
and a parasite of undetermined taxonomic position, Octoplasma
garnhami n. gen., n. sp. from the moon rat, Echinosorex
gymnurus. SE Asian J. Trop. Med. Publ. Hlth. 6(2):175-185.

, S. P. Kan, A. Retnasabapathy and G. Baskaran. 1977.
Demonstration of the sexual phases of Sarcocystis fusiformis
(Railliet 1897) and Sarcocystis sp. of the water buffalo (Bubalis
bubalis) in the small intestines of cats and dogs. Trans. R. Soc.
Trop. Med. Hyg. 71(3):271.

and . 1978. Studies on Sarcocystis in Malaysia.
I. Sarcocystis levinei n. sp. from the water buffalo Bubalus
bubalis. Z. Parasitenkd. 55:127-138.

dosSantos, J. A. et al. 1950. Sarcospiridiose cardiaca em Atoba.
Arch. Inst. Biol. (Det. agric. anim.) S. Paulo 1:27-50.

Drost, S. 1977. Sarcosporidias of cloven-hoofed wild animals.
Sarcosporidias in wild deer. Angewan. Parasitol. 18(3):121-131.

and H. D. Graubmann. 1974. Der Sarko sporidienbefall
beim Rehwild. Mh. Vet. Med. 29:620-621.

and . 1975. Der sarkosporidienbefall des
rot - und damwildes. Mh. Vet. Med. 30:587-589.

Dubin, H. N. and A. Wilcox. 1947. Sarcocystis in Macaca mulatta.
J. Parasitol. 33:151-153.

Duszynski, D. W. and E. D. Box. 1978. The opposum (Didelphis virginiana)
as a host for Sarcocystis debonei from cowbirds (Molothrus ater)
and grackles (Cassidix mexicanus, Quiscalus quiscula). J. Parsitol.
64(2):326-329.

Eisenstein, R. and J. R. M. Innes. 1956. Sarcosporidiosis in man
and animals. Vet. Rev. Annot. 2:61-78.

Erber, M. and J. Boch. 1976. Studies on sarcosporidia of wild boars.
Excretion of sporocysts by dog, fox and wolf. Berliner und Munchener
Tierarztliche Wochenschrift 89(23):449-450.

Erickson, A. B. 1940. Sarcocystis in birds. Auk 57:514-519.

27




1946. Incidence and transmissidn of Sarcocystis in
cottontails. J. Wildl. Manage. 10(1):44-46.

Fantham, H. B. 1913. Sarcocystis colii n. sp. a sarcosporidian
occurring in the red-faced African mouse bird Colius erythromelon.
Proc. Camb. Phil. Soc. 17:221-224.

and A. Porter. 1942. Plasmodium struthionis sp. n. from
Sudamese ostriches and Sarcocystis salvelini sp. n. from Canadian
speckled trout (Salvelinus fontinalis), together with a record of
sarcocystis in the eel pout (Zoarces angularis). Proc. Zool.
Soc. Lond. 112:25.

Fashingbauer, B. A. 1965. The elk in Minnesota. Pages 99-132 In
J. B. Moyle, ed. Big game in Minnesota. Minn. Div. Game and
Fish. Tech. Bull. 9.

Fayer, R. 1977. Sarcocystis leporum in cottontail rabbits and its
transmission to carnivores. J. Wildl. Dis. 13(2):170-173.

1977. Production of Sarcocystis cruzi sporocysts by
dogs fed experimentally infected and naturally infected beef.
J. Parasitol. 63(6):1072-1075.

and A. J. Johnson. 1975. Sarcocystis fusiformis infection
in the coyote (Canis latramns). J. Inf. Dis. 131(2):189-192.

and R. M. Kocan. 1971. Prevalence of Sarcocystis in
grackles in Maryland. J. Protozool. 18(3):547-548.

, A. J. Johnson and M. Lunde. 1976. Abortion and other
signs of disease in cows experimentally infected with Sarcocystis
fusiformis from dogs. J. Inf. Dis. 134(6):624-628.

Ford, G. E. 1974. Prey-predator transmission in the epizootiology of
ovine sarcosporidiosis. Aust. Vet. J. 50:38-39.

Frelier, P., I. G. Mayhew, R. Fayer and M. N. Lunde. 1977. Sarco-
cystosis: A clinical outbreak in dairy calves. Science 195:1341-1342.

Fox, H. 1941, Matters of medical and laboratory interest. Report
Penrose Research Laboratory, Zool Soc. Philadelphia (1940-41).
pp.14-25,

Frank, W. 1966. Eine Sarcocystis-infektion mit pathologischen verander
ungen bei Chamaelec fischeri durch Sarcocystis chamaeleonis n. sp.
(Protozoa, Sporozoa). Ztschr. Parasitenk. 27(4):217-335.

Fulton, J. D. 1969. Metabolism and pathogenic mechanisms of parasitic
protozoa. Res. Protozool. 3:389-504.

Gibbs, H. C. 1960. Disease investigation of barren-ground caribou.

Wildl. Manage. Bull., Can. Wildl. Serv., Ser. No. 1, Ottawa.
15:119-135.

28




Goksu, K. 1975. Studies on the prevalence of sarcosporidiosis in sheep.
Istanbul Universitesi Verteriner Fakultesi Dergisi 1(1):110-127.

Golemansky, V. 1975. Observations on oocysts and free spores of
Sarcocystis parasitizing the red fox in Bulgaria. Acta Protozool.
14(3/4):291-296.

Gower, C. 1938. A new host and locality record for Sarcocystis
rileyi (Stiles 1893). J. Parasitol. 24:378,

Graf, W. 1955. The Roosevelt elk., Port Angeles Evening News, Port
Angeles, Washington. 105pp.

Graham-Smith, G. S. 1907. A cystic disease of the heart, gizzard and
muscles of young grass parakeets (Psittacus undulatus) due to a
protozoan parasite, J. Hyg., Camb. 7:552-557.

Griuner, S. A. 1927. Sarcosporidiosis in reindeer. Vet. Truzhenik.
3:27-30.

Hadwen, S. 1922, Cyst-forming protozoa in reindeer and caribou and a
sarcosporidian parasite of the seal (Phoca richardsi). J. Amer.
Vet. Med. Assoc. 61(14):374-382.

Hagen, H, A, 1880. Parsites in a duck's flesh; parasites in bear
flesh., For. and Stream 14:145-146.

Hall, M. C. 1925, Sarcocystis rileyi from the domesticated duck.
J. Parasitol., 11:217.

Hartley, W, J. 1976. Sporozoa in animals, with particular reference
to Toxoplasma and Sarcocystis. New Zealand Vet., J. 24(1-2):1-5.

Hawkins, P. A. 1943. Sarcocystis rileyi (Stiles, 1893) in the domestic
fowl, Gallus gallus. J. Parasiolt. 29:300.

Herman, C. M. and G. L. Bolander. 1943. A parasite in the muscles of
ducks in California. Calif. Fish and Game. 29:148-149,

Heydorn, A. 0. 1977. Life cycle of Sarcosporidia. IX., Developmental
cycle of Sarcocystis suihominis n. sp. Berl, Munch. Tieraerztl,.

Wochenschr. 90(11):218-224.

and R. Gestrich. 1976. Contributions to the life cycle of
the Sarcosporidia. VII. Developmental stages of Sarcocystis ovicanis
in sheep. Berliner und Munchener Tierarztliche Wochenschrift
89(1):1-5.

R and K. Janitschike. 1976. Contributions to
the life cycle of the Sarcosporidia. VIII. Sporocysts of Sarco-
cystis bovihominis in the faeces of rhesus monkeys (Macaca
rhesus) and baboons (Papio cynocephalus). Berliner und Munchener
Tierarztliche Wochenschrift 89(6):116-120.

29




, H. Mehlhorn and R. Gestrich. 1975. Light and electron
microscope studies on cysts of Sarcocystis fusiformis in the muscles
of calves infected experimentally with oocysts and sporocysts of
the large form of Isopora bigemina from dogs. 2. The fine structure
of the cystic stages. Zentralblatt fur Bakteriologie, Parasitenkunde,
Infektionskrankheiten und Hygiene, Erste Abteilung, Originale
233A(1):123-137.

Honess, R. F. and K. B. Winter. 1956, Diseases of wildlife in Wyoming.
Wyoming Game and Fish Comm., Bull, 9. 279pp.

Hoppe, D. M. 1976. Prevalence of macroscopically detectable Sarcocystis
in North American ducks. J. Wildl. Dis. 12:27-29,

Houghwout, F. G. 1927, Note on the occurrence of sarcocystis in the
Philippine carabao. Philipp. Agric. Rev. 20:243-247,

Hu, C.H. 1940. The susceptibility of normal and sarcosporidia-infected
chipmunks (Eutamias asiatic senescens) to kala-azar. Chinese
Med. J. Suppl. 3:192-194,

Hudkins, G. and T. P. Kistner. 1977. Sarcocystis hemionilatrantis
(sp. n.) life cycle in mule deer and coyotes. J. Wildl. Dis.
13:80-84.

Hudkins-Vivion, G., T. P. Kistner and R. Fayer. 1976. Possible species

differences between Sarcocystis from mule deer and cattle. J.
Wildl. Dis., 12:86-87.

Ippen, R., K. Blazek, D. Henne and A. Kotrly. 1974. Ein Beitrag zur
in free-living and in zoo animals. In Erkrankungen der Zootiere.
Verhandlungsbericht des XVI. Internationalen Symposiums uber die
Erkrankungen der Zootiere vom 26, Juni bis 30, June 1974 in Erfurt,
edited by R. Ipen and H. D. Schroder. Berlin, German Democratic
Republic, Akademie-Verlag. pp.315-321,

Janitschke, K., D, Protz and H, Werner., 1976, Bietrag zum entwicklungszyklus
von sarkosporidien der Grant-gazelle (Gazella granti). Z. Parasitenk.
48:215-219.

Justoff, N, L. 1937. Histological investigation of reindeer muscles
infected with sarcocystis. Artica. Leningr. 9:115-118.

Kaliner, G. 1975. Observations on the histomorphology of sarcosporidian
cysts of some East African game animals (Artiodactyla). 2.
Parasitenk. 46:13-23.

,» R. Sachs, L. D. Fay and B. Schiemann., 1971. Untersuchungen
uber das Vorkommen von Sarcosporidien beil ostafrikanischen Wildtieren.
Ztschr. Tropenmed. u. Parasitol. 22(2):157-164,

30




, J. G. Grootenhuis and D. Protz. 1974. A survey for
sarcosporidial cysts in East African game animals. J. Wildl. Dis.
10:237-238.

Kalyakin, V. N. and D. N. Zasukhin. 1975. Distribution of Sarcoczétis
(Protozoa, Sporozoa) in vertebrates. Folia Parasitol. 22(4):289-307.

Kannangara, D. W. W. 1970. Two new host records for Sarcocystis
Lankester, 1882. Ceylon Vet. J. 18(4):123-125.

Karstad, L. H. A. and D. O. Trainer. 1969. Sarcocystis in white-tailed
deer. Bull. Wildl. Dis. Assoc. 5:25-26.

Kelly, A. I., L. R. Penner and R. J. Pickard. 1950. Sarcocystis in
the moose. J. Mammal. 31(4):462-463.

Keymer, I. F. 1969. Investigations on the duiker (Sylvicapra grimmia)
and its blood protozoa in central Africa. Phil. Tr. Roy. Soc.
London 244:33-108,

. 1969. Pages 393-452 In Petrak: Diseases of cage and
aviary bird, Chapter 25, Parasitic diseases. Lea and Febiger,
Philadelphia. '

1971. Blood protozoa of insectivores, bats and primates
in central Africa. Proc. Zool. Soc. 163:421-441.

Kluge, J. P. 1967. Trichinosis and sarcosporidiosis in a puma. Bull.
Wildl. Dis. Assoc. 3:110-111.

Koller, L. D., T. P. Kistner and G. G. Hudkins. Histopathologic study
of experimental Sarcocystis hemionilatrantis infection in fawns.
Amer. J. Vet. Res. 38(8):1205-1209.

Krampitz, H. E. and M. Rommel. 1977. Experimental studies into the
host range of Frenkelia of Microtus agrestis. Berliner und
Munchener Tierarztliche Wochenschrift 90(1):17-19.

Krause, C. and S. A. Goranoff. 1933. Ueber Sarkosporidiosis bei
Huhn und Wildente. Zeitschr. Infekionskv Parasit. Krank. und
Hyg. Haustiere 43:261.

Kruijf, J. M., de and T. M. Bibo. Sarcosporidiosis in sheep. Tijdschrift
voor Diergeneeskunde 101(19):1093-1095.

Kutzer, E. and H. K. Hinaidy. 1969. Die parasiten der wildleenden
wiederkauer osterreichs. Ztschr. Parasitenk. 32(4):354-368.

Lage, H. A. 1968. Algunas observacoes sobre Sarcocystis Lankester,

1882, de rodentia, ruminantia and marsupilia. Hospital, Rio de
Janeiro 72(6):1955-1971 (pp.277-293).

31




Lainson, R. and J. J. Shaw. 1971. Sarcocystis gracilis n. sp. from
the Brazilian tortoise Kinosternon scorpioides. J. Protozool.
18(3):365-372,

and . 1972, Sarcocystis in tortoises: A
replacement name, Sarcocystis kinosterni, for the homonym
Sarcocystis gracilis Lainson and Shaw, 1971, J. Protozool. 19:212,

Last, M. J. and E. C. Powell. 1978. Separation of Sarcocystis muris
and Isospora felis in mice used by Powell and McCarley (1975) in
studies on the life cycle of S. muris. J. Parasitol. 64(1):162-163.

Leek, R. G., R. Fayer and A. J. Johnson. 1977. Sheep experimentally
infected with Sarcocystis from dogs. 1I. Disease in young lambs.
J. Parasitol. 63(4):642-~650,

Levchenko, N. G. 1963, A case of sarcosporidiosis in a roe deer
(Capreolus capreolus L.). Trudy Inst. Zool., Alma-Ata 19:245-246,

Levine, N. D. 1977. Nomenclature of Sarcocystis in the ox and sheep
and of fecal coccidia of the dog and cat, J. Parasitol. 63(1):36-51,

. 1977. Taxonomy of Toxoplasma. J. Protozool. 24(1):36-41.

Locke, L. N. and J. 0. Knisley, Jr. 1965. Sarcocystis in a yellow
throat and a rusty blackbird. Bull, Wildl. Dis. Assoc. 1:36.

, W. H. Stickel and S. A. Geis. 1965. Some diseases and
parasites of captive woodcock. J. Wildl, Manage. 29(1):156-161.

Lunde, M. N. and R. Fayer. 1977. Serologic tests for antibody to
Sarcocystis in cattle. J. Parasitol. 63(2):222-225,

Mahrt, J. L. 1973, Sarcocystis in dogs and its probable transmission
from cattle, J. Parasitol. 59(3):588-589.

Mandour, A. M. 1964. A report on the presence of Sarcocystis in
different hosts. Tr. Roy. Soc. Trop. Med. and Hyg. 58(4):287-288.

. 1969. Sarcocystis nesbitti n. sp. from the Rhesus monkey.
J. Protozool. 16(2):353-354,

Mandour, A. M. and I. F. Keymer. 1964, Steatomys pratensis as a new
host for Sarcocystis. Tr. Roy. Soc. Trop. Med. and Hyg. 58:288.

and . 1970. Sarcocystis infection in African
antelopes. Annu. Trop. Med. and Parasitol. 64(4):513-523,

Mason, F. E. 1910. Sarcocysts in the camel in Egypt. J. Comp. Path.
23:168-176.

Mathews, F. P. 1930. Sarcosporidiosis in a duck. J. Amer. Vet. Med.
Assoc. 76:705-707.

32




Meads, E. B. 1976. Dalmeny disease - another outbreak - probably
sarcocystosis. Can. Vet. J. 17(10):271.

Mehlhorn, H. W., J. Hartley and A. O. Heydorn. 1976. A comparative

ultrastructural study of the cyst wall of 13 Sarcocystis species.
Protistologica 12:451-467.

, and . 1977. Light and electron
microscopical study on Sarcocystis from muscles of the Rhesus

monkey (Macaca mulatta), baboon (Pupio cynocephalus) and Tamarin
(Saquinus (=Oedipomidas) oedipus).

, E. Scholtyseck and J. Senaud. 1974. Transmission of
Sarcocystis tenella in the cat using intramuscular cysts from
sheep: light and electron microscopy of the oocysts and sporocysts.
Comptes Rendus Hebdomadaires des Seances de 1'Academie des Sciences,
D Sciences Naturelles 278(8):1111-1114.

Meingassner, J. G. and H. Burtscher. 1977. Dual infection of brain
of chinchilla with Frenkelia spp. and Toxoplasma gondii. Vet.
Path. 14(2):146-153.

Mills, H. B. 1936. Observations on Yellowstone elk (Cervus canadensis).
J. Mammal. 17:250-253.

Mohan, R. N. 1968, Diseases and parasites of buffaloes. Part III.
Parasitic and miscellaneous diseases. Vet., Bull. 38(11):735-756.

Mugera, G. M. 1968. Sarcosporidiosis in gazelles in Kenya. E. Afric.
wildl, J. 6:139-140.

Munday, B. L., I. K. Barker and M. D. Rickard. 1975. The developmental
cycle of a species of Sarcocystis occurring in dogs and sheep,
with observations on pathogenicity in the intermediate host,
Ztschr. Parasitenk. 46(2):111-123.

and H. Black. 1976, Suspected Sarcocystis infections of
the bovine placenta and foetus. Z. Parasitenk. 51:129-132.

Muratov, E. A. and A. U, Kuima. 1966. Trypanosomes and Sarcosporidia
of Marmota caudata Geoffr. 1Izvet. Akad. Nauk Tadzhiksk. SSR,
Otdel. Biol. Nauk 3(24):103-105.

Murie, 0. J. 1935. Alaska-Yukon caribou U.S.D.A., Bur. Biol. Surv.,
N. Amer, Fauna 54:9-11,

. 1951, The elk of North America. Stackpole Co., Harrisburg,
PA. 376pp.

Nedjari, T., R. Jungmann and T. Hiepe. 1976. TImmunological studies into
experimentally induced Sarcocystis bovicanis infection in cattle,
using indirect fluorescent antibody test (IFAR). Monatshefte
fur Veterinarmedizin 31(24):946-947.

33




Nelson, B. M., G. E. Cosgrove and N. Gengozian. 1966. Diseases of an
imported primate Tamarinus nigricollis. Lab. Anim. Care 16(3):255-275.

Osterud, H. L. and K. F. Bascom. 1928. Notes on the occurrence of
Sarcocystis. Science 67:531-532.

Pacheco, N. D. and R. Fayer. 1977. Fine structure of Sarcocystis
cruzi schizonts. J. Protozool. 24(3):382-388.

, H. G. Sheffield and R. Fayer. 1978. Fine structure of
immature cysts of Sarcocystis cruzi. J. Parasitol. 64(2):320-325.

Prestwood, A. K., S. R. Pursglove and V. A. Hayes. 1976. Parasitism
among white-tailed deer and domestic sheep on common range.
J. Wildi. Dis. 12:380-385.

Proctor, S. J., D. Barnett, 0. H. V. Stalheim and R. Fayer. 1977.
Pathology of Sarcocystis fusiformis in cattle. Pages 329-336 In
Proc. 19th Annual Meeting American Association of Veterinary
Laboratory Diagnosticians, 1976, Miami Beach, FL.

Quortrup, E. R. and J. E. Shillinger. 1941. 3000 wild bird autopsies
on western lake areas. J. Amer. Vet. Med. Assoc. 99:776.

and R. L. Sudheimer. 1944. Some wildlife cases of
particular interest: new parasites of bighorn sheep; sarcosporidiosus
in swallows; tularemia in beaver; tularemia in muskrats. J. Amer.
Vet. Med. Assoc. 104:29.

Rausch, R. L. 1961. Notes on the collared pika, Ochotona collaris
(Nelson), in Alaska. Murrelet 42(2):22-24.

Reardon, L. V. 1931. Sarcocystis rileyi in the mallard duck.
J. Parasitol. 18:46.

Rezakhani, A., A. H. Cheema and M. Editehadi. 1977. Second degree
atrioventricular block and sarcosporidiosis in sheep. Zentralblatt
fur Veterinarmedizin 24A(3):258-262.

Rickard, M. D. and B. L. Munday. 1976. Host specificity of Sarcocystis
spp. in sheep and cattle. Australian Vet. J. 52(1):48.

Riley, C. V. 1869. A measley wild duck. Amer. Ent. 1:89.
Riley, W. A. 1931. Sarcosporidiosis in ducks. Parasitology 23:282-285.
Rommel, M. and O. Geisel. 1975. Prevalence and life cycle of a

Sarcocystis species of the horse (Sarcocystis equicanis n. sp.).
Berliner und Munchener, Tierarztliche Wochenschrift 88(24):468-471.

, H. E. Krampitz and O. Geisel. 1977. Beitrage zum
lebenszyklus der Frenkelicn III. Die sexuelle entwicklung von
F. clethrionomyobuteonis im Mausebussard. Z. Parasitenk. 51:139-146.

34




Ruiz, A. and J. K. Frenkel. 1976. Recognition of cyclic transmission
of Sarcocystis muris by cats. J. Inf. Dis. 133(4):409-418.

Rush, W. M. 1931. Crowded ranges deal death to game. Montana Wildl.
3(9):24-25,

. 1932, Northern Yellowstone elk study. Montana Fish and
Game Commission, Helenma. 131pp.

Rzepchzyk, C. M. 1974, Evidence of a rat-snake life cycle for
Sarcocystis. Int. J. Parasitol. 4(4):447-449,

Sachs, R. and C. Sachs. 1968, A survey of parasitic infestation of
wild herbivores in the Serengeti region in northern Tanzania and
the Lake Rukwa region in southern Tanzania. Bull, Epizoot. Dis.
Africa 16:455-472,

Saugstad, N. S. 1943. Parasitized grouse causes alarm among North
Dakota hunters. Cyst~like parasites found in the breasts and legs
of the sharp-tailed grouse bagged by hunters in 1942, North Dakota
Qutdoors 5(8):12-13.

Sayama, K. 1952, Sarcocystis in deer and elk of California. Calif.
Fish and Game 38:99-104.

Schultze, H. 1964, Die krankheiten des Wildes. F. C. Mayer Verlag,
Munchen-Solln.

Schwartz, B. 1928, Sarcocystis sp. from the heart of an elk, Cervis
canadensis. J. Parasitol. 14(3):198.

Schwartz, J. E. 1942, Range conditions and management of the Roosevelt
elk on the Olympic Peninsula. U.S.D.A., Forest Service. 65pp.

and G, E. Mitchell., 1945. The Roosevelt elk on the Olympic
Peninsula, Washington. J. Wildl. Manage. 9(4):295-319,

Scott, H. H. 1926, Report on deaths occurring in the societies'
gardens during 1925, Proc. Zool. Soc, Lond. 1926:173.

Scott, J. W. 1930. The Sarcosporidia. A critical review. J. Parasitol.
16:111-130.

Sebek, Z. 1960. Sarcocystis in insectivora and rodents. (Transl).
Zool, Listy 23:106,

1962. Sarcocystis und M-Organismen bei Insektenfressern
und Nagetieren. Zool. Listy 25, n.s., 11(4):355-366.

1963. Sarcocystis und verwandte organismen bei den

Insektenfressern und Nagetieren. Proc. lst Int. Congr. Protozool.
(Prague, Aug. 22-31, 1961). pp.473-477.

35




Shaw, J. J. and R. Lainson. 1969. Sarcocystis of rodents and marsupials
in Brazil. Parasitology 59:233-244.

Shillinger, J. E. and P. W. Wetmore. 1938. Sarcosporidiosis - a
protozoan disease of wildlife. Trans. N. Amer. Wildl. Conf. 3:898-901.

Sibalic, S., B. Tomanovic and D. Sibalic. 1977. Demonstration of
Sarcocystis sporocysts in the faeces of dogs. Acta Parasitologica
Iugoslavica 8(1):49-54.

Smith, D. D. and J. K. Frenkel. 1977. Besnoitia darlingi (Protozoa:
Toxoplasmatinae): cyclic transmission by cats. J. Parasitol.
63(6):1066-1071.

and . 1978. Cockroaches as vectors of Sarcocystis
muris and of other coccidia in the laboratory. J. Parasitol.
64(2):315-319.

Smith, T. 1901-1905. The production of sarcosporidiosis in the mouse
by feeding infected muscular tissue. J. Exp. Med. 6:1-21.

Spindler, L. A. 1947. A note on the funoid nature of certain internal
structure of Miescher's sacs (sarcocystitis) from naturally infected
sheep and a naturally infected duck. Proc. Helm. Soc. Wash.
14:28-30.

Stalheim, 0. H., S. J. Proctor, R. Fayer and M. Lunde. 1977. Death
and abortion in cows experimentally infected with Sarcocystis from
dogs. Pages 317-328 In Proc. 19th Annual Meeting of the American
Association of Veterinary Laboratory Diagnosticians, Miami Beach,
FL.

Stiles, C. W. 1893. Notes on parasites - 18. On the presence of
sarcosporidia in birds. Bur. Anim. Ind., U.S.D.A. Bull. 3:79.

1895. New American finds of Sarcosporidia. Vet. Mag.
1(11):728-729.

Streitel, R. H. and J. P. Dubey. 1976. Prevalence of Sarcocystis
infection and other intestinal parasitisms in dogs from a humane

shelter in Ohio. J. Amer. Vet. Med. Assoc. 168(5):423-424.

Stringer, R. P., R. Harkema and G. C. Miller. 1969. Parasites of rabbits
in North Carolina. J. Parasitol. 55:328.

Taber, R. D. and R. F. Dasman. 1958. The black-tailed deer of the
chaparral. Calif. Dept. Fish and Game Bull. 8.

Takos, M. J. 1957. Notes on Sarcosporidia of birds in Panama. J.
J. Parasitol. 43:183~185.

36




Tanabe, M. and I. Okinami. 1940. On the parasitic protozoa of the
ground squirrel, Eutamias asiaticus uthensis with special reference
to Sarcocystis eutamias sp. nov. Keijo J. Med. 10:126-134.

Telles de Jesus Filho, M. and T. Miraglia. 1977. Histochemical
observations on the Sarcocystis fusiformis cysts in ox hearts.
A. Histochem. 59(1):160-167.

Terrell, T. G. and J. L. Stookey. 1972. Chronic eosinophilic myositis
in a Rhesus monkey infected with sarcosporidiosis. Vet. Path.
9(4):266-271.

Thornton, H. 1972. Sarcosporidiosis. A review. Trop. Anim. Hlth,
and Product. 4:54-57.

Thornton, J. E., R. R. Bell and M. J. Reardon. 1974. 1Internal parasites
of coyotes in southern Texas. J. Wildl. Dis. 10:232-236.

Tiegs, O. W. 1931. Note on the occurrence of Sarcocystis in muscle of
python. Parasitology 23:412-414.

Trainer, D. 0. 1962. Protozoan diseases of white-tailed deer (Odocoileus
virginanus). Pages 155-161 In Proc. lst Nat. White-tailed Deer Dis.
Symp., Athens, Georgia, Feb. 13-15.

Triffitt, M. J. 1926. Some sporozoan parasites found in the intestinal
wall of Bennett's wallaby. Protozoology 2:31-46.

1927. Note on the occurrence of a sarcocyst parasitic
in a wallaby. Protozoology 3:75-76.

Trinci, G. 1911. Nota sopra una Sarcocystis parassita di Gongylus
ocellatus Wagl. con considerazioni critiche sulla morfologia e
sulla biologiz dei Sarcosporidi. Monit. zool. ital. 22:309-326.

VandeVusse, F. J. 1966. Sarcocystis (Protozoa: Sarcocystidae) from
three new avian hosts. J. Parasitol. 52(1):22.

1967. Sarcocystis infections in relation to age of Iowa
cottontails (Protozoa: Sarcocystidae). Proc. Iowa Acad. Sci.
72:524-528.

Vogelsang, E. G. 1929. Beitrage zur kenntnis der parasiten fauna
Uruguays. Sarkosporidien bei Vogeln. Zbl. Bakt., I. Abt. Orig.
113:206-208.

Wallace, G. D. and J. K. Frenkel. 1975. Besnoitia species (protozoa,
sporozoa, tosoplasmatidae): recognition of cyclic transmission by
cats. Science 188(4186):369-371.

37




Weber, A. 1909. Sur la morphologie de la Sarcosporidie due Gecko
(Sarcocystis platydactyli Bertram). C. R. Soc. Biol. (Paris)
66:1061-1062.

Yakimov, W. L. 1936. Zur frage der sarkozysten der Rentiere.
Z. Infektionskr. Haustiere 15(2):217-223.

1937. On the question of sarcocistys (sic) of reindeer.
Sovet. Olenevod. 9:107-113.

and I. I. Sokolov. 1934. Die sarkozysten des Renntieres
und des Maral (Sarcocystis gruneri n. sp.). Berl. Tierarztl.
Wchnschr. 50(47):772-774.

~ Zaman, V 1970. Sarcocystis sp. in the slow loris, Nycticebus coucang.
Tr. Roy. Soc. Trop. Med. and Hyg. 64(1):195-196.

and F. C. Colley. 1976. Replacement of Sarcocystis orientalis
Zaman and Colley, 1975, by Sarcocystis singaporensis sp. n. Z.
Parasitenk. 51:137.

38




APPENDIX II

Observations on Experimental
Rangiferine Brucellosis Infections in
Domestic and Wild Alaskan Carnivores

Kenneth A. Neilandl and Lawrence G. Miller2

1 Alaska Department of Fish and Game, Fairbanks

2 Arctic Health Research Center, College, Alaska
(Now at: PHS - DHEW - DQS, Denver, Colorado)

39




Abstract

Beagle dogs were readily infected by about lO8 C.F.U. of Brucella
suts type 4 administered either on canned dog food, intraperitoneally or
into the conjunctival sac. Such infections are afebrile and otherwise
asymptomatic and without obvious, gross pathological changes. Brucellae
concentrate in all major lymph nodes regardless of site of infection.
Infection of salivary glands and the kidney may take place. Serologic
responses are similar to those observed in infections of canids by other
strains of Brucella.

Two gravid wolves (Canis lupus) were infected by about 108 C.F.U.
administered intraperitoneally and into the conjunctival sac, respectively.
About 24 days later they gave birth, apparently at full-term, to two
(both alive) and six (two alive and four dead) pups, respectively.

Those pups born alive died within 24 hours in both cases. Trauma may
have played a part in the death of all the pups. Seven of the eight
pups were infected by brucellae. One pup was eaten shortly after birth
and was not available for examination.

The serologic and bacteriologic character of the infection in
wolves is comparable to that seen in dogs.

Two grizzly beags (Ursus arctos horribilis) were both infected by
exposure to about 10° C.F.U.-aliquots of B. suts type 4 placed on each
of their respective portions of canned dog food., Within the first two
months of infection antibody titres reached levels as high as 1:10240.
At the end of the third month of infection, they were fatally infected
for experimental purposes with rabies and the original brucellosis
infections were not further studied. A black bear (Ursus americanus)
infected with between 10~ and 109 C.F.U. yielded serologic and bacteriologic
data similar to those derived from the observations on beagles and
wolves.

Introduction

Rangiferine brucellosis caused by BruceZZalﬁuis type 4 is common in
some Alaskan caribou (Rangifer tarandus) herds. It also occurs in 8.9
sled dogs, wolves, red foxes and grizzly bears which feed on caribou. ’
The disease has been reported in Arctic foxes (4lopex lagopus) and
wolverines (Gulo gulo) on Siberian reindeer ranges,~~ but we have not
had the opportunity to examine these species in Alaska. Probably all
predators and/or scavengers which feed on prey species in which Brucella
is enzootic will eventually become infected and develop detectable serum
antibodies.9 Whether or not these infections are transmissible under
natural circumstances between individual, free-ranging predators is
unknown, as are the effects such infections might have. However,
reproductive failure of foxes on fur farmsl4 and of beagle dogs in
commercial kennels? as a consequence of infection by Brucella spp. is
well known.
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Because of the abortifacient character of Brucella spp. in a variety
of host species, and also the widespread concern over the welfare of
Alaskan wildlife, particularly wolves and grizzlies, in the face of
accelerated resource development, it appeared worthwhile to experimentally
evaluate the effects of rangiferine brucellosis on canids and ursids,

We were also concerned over the possibility that infected dogs might
transmit the disease to their owners. Manf instances of canine to human
transmission have been recently reviewed.l

Unfortunately, although the preliminary results reported below were
of considerable interest and cojency, untimely termination of our experiments
was required when the experimental faciltiy was deactivated. Accordingly,
under the circumstances, we see little prospect of being able to carry
this line of experimentation to a logical termination. Therefore, we
deem it worthwhile to publish our incomplete and somewhat fragmentary
results at this time.

Materials and Methods

The strain of Brucella suis type 4 used in our experiments was
isolated from a sled dog from Kobuk, Alaska, in July 1969. This organism
was identified by Drs. D. T. Berman and L. M. Jones, Department of
Veterinary Science, University of Wisconsin. A lyophilized subculture
of this isolate was used in our experiments. The organism was grown on
brucella agar (BBL #11086) at 37°C for 72 hours. All experi?ental
inocula were prepared by suspending cells in peptone saline, Stock
suspensions were adjusted to approximately 2.0 x 107 colony forming
units (C.F.U.) per ml using MacFarlane turbimetric comparison standards.
Then, decimal dilutions were prepared using a Vortex mechanical mixer to
insure uniform suspensions. Three aliquots of suitable dilutions were
spread on brucella agar plates and counted at 72 hours. We generally
inoculated the animals either intraperitoneally or via conjunctival sac
unless otherwise noted.

Tissues for bacteriological assay were dipped in 95 percent ethanol
and flamed before being sterily lacerated and streaked-out on brucella
agar plates., Blood cultures were prepared using 2-5 ml aliquots of
freshly withdrawn, citrated veinous or heart blood in brucella "broth."

Urine and feces were cultured on brucella agar to which were added
cycloheximide, bacitracin and polymixin B. as prescribed by Alton and
Jones.l

Typical colonies from each suspected tissue-isolate were typed
using Brucella abortus antiserum (Difco) in a rapid slide agglutination
procedure. The relative number of C.F.U. in various tissues streaked-
out on agar plates was recorded as follows: 1-5 colonies, 1+; 6-20
colonies, 2+; 21-50 colonies, 3+; more than 51 colonies, 4+. Tube
agglutination titres of sera from experimental animals were determined
according to published procedures- using commercial Brucella abortus
smooth antigen (Difco). Complement fixation titres were determined in
the laboratory of Dr. David T. Berman, Department of Veterinary Science,
University of Wisconsin, using methods described elsewhere.l




Beagle dogs were obtained from the experimental colony maintained
at the Arctic Health Research Center since 1962 without introduction of
new breeding stock at any later time. The two wolves, both pregnant
bitches, were obtained from the experimental colony at the Naval Arctic
Research Laboratory, Barrow, Alaska., Both had been caught as pups in
the Brooks Mountain Range and had been successfully bred in captivity
several times. The black bear cub was captured as a nuisance animal in
the environs of Fairbanks, Alaska. Both grizzly bear cubs were captured
in the vicinity of Tok, Alaska.

The dogs, bears and wolves were fed individually appropriate amounts
of various commercially prepared wet and dry dog foods and canned milk
daily and allowed free choice of water. The wolves and bears were
tranquilized with phencyclidine hydrochloride (Sernalyn, Bio-Ceutic
Laboratories) administered via a Palmer Cap-Chur gun prior to handling.
Unless otherwide noted, the animals were all individually caged indoors.

Results

Beagle Dogs

Two experiments were done with beagles. These are reported separately
below. Both were concerned in part with possible natural modes of
transmission.

Experiment #1

The first experiment involved three beagles (2 females and 1 male)
eagh about one-year-old. They were individually exposed to about 1.3 x
10" C.F.U. placed on their daily ration of canned dog food on December
5, 1972. Blood samples were taken from the heart prior to exposure and
on December 19 and again on January 2, 1973, They were sacrificed 30
days post-exposure and a variety of tissues were screened for brucellae.
These results are presented in Table 1, Observations on blood cultures
and serum agglutination titres are shown in Table 2.

No gross pathological signs were noted at necropsy. Attempts to
isolate brucellae from urine and feces failed. The animals appeared
normal in all respects throughout the experimental period. Daily
temperature measurements gave no indication of any febrile responses.

Experiment #2

In this experiment, three beagle pups (1 male, #2993, and 2 females,
#2994 and #2995) were used. They were all bled on March 14, 1973, and
the male (#2993) was infected on March 20 with about 1.5 x 108 C.F.U.
inoculated intraperitoneally. The three animals, one infected and two
controls, were then kept as cage mates until June 6, 1973, when the
experiment had to be terminated. They were bled three times during the

course of the experiment. The results of the bacteriological examination
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Table 1. Distribution of Brucella suis type 4 in the tissues of
experimentally infected beagle dogs.

Occurrence of brucella

Dog Number and Sex

Tissue 2938(F) 2939 (M) 2940(F)
Liver + + +
Spleen 4+ 2+ 2+
Uterus - n/a -
Kidney ’ - - +
Bladder - - -
Lung + - -
Testis n/a - n/a
Salivary Gland, mandibular —_—— +(R)1 +(L)2
Salivary Gland, maxillary +(L) ——— ——
Lymph Node, mandibular 4+(R,L) —_—— 4+(R,L)
Lymph Node, parotid —_— 3+ —_—
Lymph Node, sub~mandibular ——— —_—— 4+(R)
Lymph Node, medial retropharyngeal 4+ (L) 4+(R) 2+(L)
Lymph Node, superficial cervical —_—— 3+(R) 4+(L)
Lymph Node, axillary 4+(R) 3+(L) 44(L)
Lymph Node, mesenteric 4+ 4+ 4+
Lymph Node, external iliac 4+ —_—— 4+(R,L)
Lymph Node, submammary 3+(R,L) -— 4+(R, L)
Lymph Node, popliteal 4+ 4+(R) 4+(R)
Tonsil ———— +(L) +(R)
Blood, sediments - - -
Blood, clot + + +

1

Right side (R)
Left side (L)

43




Table 2. Serologic titres and results of cultures of blood obtained
from beagle dogs experimentally infected with Brucella suis

type 4.
Results’
Dog Number and Sex
Date Procedure 2938(F) 2939 (M) 2940 (F)
12/19/72 Serology, agglutination 4+, 1:160 4+, 1:640 4+, 1:160
Serology, complement 2+, 1:20 4+, 1:40 2+, 1:20
fixation
Blood culture + + +
1/2/73 Serology, agglutination 44, 1:640 44, 1:1280 44, 1:640
Serology, complement 4+, 1:160 3+, 1:320 4+, 1:80
fixation
Blood culture + + +

1a complete reaction at a given dilution is given as 4+. Incomplete
reactions are recorded as 2+ or 3+.
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of tissues collected at necropsy are given in Table 3. The serologic
results are reported in Table 4.

The animals appeared normal throughout the experimental period and
no gross lesions were observed at necropsy.

Wolves

Two pregnant wolves (#3214 and #3215) which had been bred in the
second week of March 1973, were utilized in the following experiment.
They had been held in captivity at the Naval Arctic Research Laboratory,
Barrow, Alaska, since they were captured as pups in the Brooks Mountain
Range in June 1967°. Both had successfully produced litters in the past
under conditions of close captivity. They were sent to the Arctic
Health Research Center in early May where they were held in individual
cages indoors throughout the experimental period. The experimental
manipulation of these two animals is separately described below.

Wolf (#3214): This animal was infected with 2.1 x 108 C.F.U. via
the intraperitoneal route on May 4. On May 27 it gave birth to a pup
(#3225) which died later in the day. At necropsy, the pup (#3225)
showed no gross lesions, but several ribs were broken and there was
apparent hemorrhaging along the left side of the rib cage. On May 28 a
second pup was born alive but was discovered partially eaten a few hours
later.

On June 7 wolf #3214 was euthanized and necropsied. Splenomegaly
was evident and there was extensive fibro-inflammatory tissue over the
ventral half of the capsule. 1In addition, both uterine horns appeared
to contain caseous material., Otherwise all other organs appeared normal.
A number of tissues were taken for bacteriological examination. Data on
the distribution of brucellae in the tissues of the bitch (#3214) and
the pup (#3225) are presented in Table 5. Serologic data are presented
in Table 7.

Wolf (#3215): This animal was infected on May 4 by introducing 2.1
x 108 C.F.U, into the conjunctival sac. On May 28 it gave birth to six
pups (#3230, 3231, 3232, 3233, 3234 and 3235). TFour of these were
presumed dead at birth and the two others died within 24 hours. Several
of the pups showed some signs of trauma, i.e. broken ribs and conseqeunt

hemorrhaging. Otherwise, there were no gross lesions attributable to
the experimental infection of the bitch.

On June 7, #3215 was euthanized and necropsied. Splenomegaly was
not evident in #3215. The spleen was about one-half the size of that of
#3214 and no inflammatory tissue was seen. Both uterine horns contained
apparently caseous material as seen in #3214. Otherwise, all other
organs appeared normal. Data on the distribution of brucellae in the
tissues of #3215 and her pups are shown in Table 6. Serologic data are
reported in Table 7.
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Table 3. Distribution of Brucella suis type 4 in an experimentally
infected beagle pup and its two normal, control cage-mates.

Occurrence of brucellae
Dog Number and Sex

Tissue 2993(M) 2994 (F) 2995(F)

Liver - - -
Spleen + - -
Kidney -
Urine -
Testes -
Salivary gland, maxillary -
Salivary gland, parotid - -

Lymph Node, mandibular 2+
Lymph Node, retropharyngeal 2+
Lymph Node, mesenteric +
Blood - - -

Table 4. Serologic observations on a beagle pup experimentally infected
with Brucella suis type 4 and its two normal, control cage-mates.

Serologic Titrel
Dog Number and Sex

2993 (M) 2994 (F) 2995(F)
Date AGGL CF AGGL, CF AGGL CF
3/14 - - - - - -
4/5 4+, 1:320 54+, 1:80 - - - -
4726 4+, 1:160 »4+, 1:640 ~ - - -
6/6 4+, 1:80 4+, 1:640 - - - -
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Table 5. Distribution of Brucella suis type 4 in an experimentally
infected wolf (#3214)1 and her pup (#3225).

Culture Results

Tissue #3214 #3225
Liver + 4+
Spleen 2+ 2+
Blood - -
Lung -

Urine -

Uterine horn, right contaminated

Uterine horn, left contaminated

Mammary gland 4+

Salivary gland, parotid -
Salivary gland, mandibular -

Lymph Node, mandibular 4t
Lymph Node, medial retropharyngeal 4+
Lymph Node, superficial cervical 4+
Lymph Node, axillary 4+
Lymph Node, mediastinal 4+
Lymph Node, mesenteric 4+
Lymph Node, external iliac 4+
Lymph Node, submammary -
Lymph Node, popliteal 4+

Inoculated intraperitoneally.




‘'Table 6.

Distribution of Brucella suis type 4 in an experimentally
infected wolf (#3215)! and her six pups (#3230-3235).

Culture Results

Tissue #3215 #3230 #3231 #3232 #3233 #3234 #3235
Liver 4+ 3+ + 4+ 2+ + 4+
Spleen + 3+ - + - + 4+
Blood - - - - - - 4+
Lung contaminated

Urine +

Uterine Horn, right 4+

Uterine Horn, left 4+

Salivary Gland, parotid -

Salivary Gland, mandibular 4+

Lymph Node, medial retropharyngeal 4+

Lymph Node, superficial cervical 4+

Lymph Node, axillary 4+

Lymph Node, mediastinal 2+

Lymph Node, mesenteric 4+

Lymph Node, external iliac 4+

Lymph Node, submammary 4+

Lymph Node, popliteal 2+

1 Inoculated into the conjunctival sac.

Table 7. Serologic observations on experimental infections of Brucella
suis type 4 in two pregnant wolves (#3214 and #3215).

Date Specimen Number Agglutination Titre

May 4 3214 1:20

May 4 3215 1:20

May 21 3214 441:160

May 18 3215 4+1:160

June 7 3214 4+1:5280

June 7 3215 4+1:1280
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We also examined for brucellae the mandibular lymph nodes and
parotid salivary gland of a wolf killed near Anaktuvuk Pass during April
1973, with negative results. Only obvious contaminants were recovered.

Black Bear

A yearling female black bear was infected on March 21, 1973, with
between 108 and 10° C.F.U. of Brucella suis type 4 injected into the
peritoneal cavity. On April 26 a blood culture gave negative results,
but a slide agglutination titre between 1:80 and 1:160 was observed. On
June 6 it was euthanized and necropsied. At that time we observed a
slide agglutination titre of 1:800. The only gross pathology observed
at necropsy was the apparent enlargement of both the right and left
axillary lymph nodes, both of which subsequently were found to harbor
B. suis type 4. The distribution of brucellae in some tissues of this
animal is given in Table 8.

Grizzly Bears

Two litter mates, probably born about February 1972, were utilized
in this experiment. The cubs were individually caged and both were
infected by placing approximately 1.3 x 107 C.F.U. on their respective
daily rations of canned dog food on December 6, 1972. Tt was noted that
neither bear ate all of its food on this occasion. On December 8 and 9
one of the cubs (#2936) vomited. Because of the potentially adverse
effects of tranquilizing the animals, we decided to minimize this possible
risk. Therefore, we did not make pre-infection observations on serologic
titres or whether brucellae could be isolated from the blood. Data on
serology and blood culture are given in Table 9,

The ultimate termination of the experiment was initiated on March
5, 1973, by experimentally infecting both bears with the strain of
rabies enzootic in Alaskan foxes to which they both succumbed.13 After
exposure to rabies we did not again handle the animals.

Discussion
Beagle Dogs

Morse6 in 1951 and Rementsoval® in 1962 reviewed the literature on
canine brucellosis caused by the earlier known strains of Brucella
abortus, B. suis and B. melitensis. More recently Carmichael and
Kennedy2 have summarized information on the form of canine brucellosis
specifically caused by Brucella suis type 5, a distinct strain which was
discovered to be the cause of epidemic abortion in beagle dog colonies.
Relatively little is known about the bio-medical character of the form
of canine brucellosis specifically caused by the rangiferine brucellosis
agent, i.e. Brucella suis type 4, which thus far has only been reported
in domestic canines in Alaska.8»9
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Table 8. The distribution of Brucella suis type 4 in an experimentally
infected black bear.

Tissue Culture Results
Liver -
Spleen 2+
Lung -
Ovary -
Urine +
Salivary Gland, parotid -
Lymph Node, mandibular 4+
Lymph Node, medial retropharyngeal 3+
Lymph Node, parotid, left 2+
Lymph Node, superficial cervical 3+
Lymph Node, axillary, right 34+
Lymph Node, axillary, left 2+
Lymph Node, mediastinal 3+
Lymph Node, mesenteric 3+
Lymph Node, external iliac 3+
Lymph Node, right popliteal 3+

Table 9. Data on the serologic and bacteriologic examination of blood of
grizzly bears experimentally infected with Brucella suis type 4.

Specimen Results
Date Number Serology Blood Culture
January 5 2936 44+, 1:2560

2937 44, 1:2560
January 15 2936 positive

2937 " negative
February 7 2936 44, 1:10240

2937 4+, 1:5120
March 5 2936 44+, 1:5120 negative

2937 4+, 1:1280 negative
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The results of our experiments described above and summarized in
Tables 1-4 show that: 1) beagle dogs are readily infected with rangiferine
brucellosis via contaminated food or intraperitoneal inoculation; 2) in
such infections, brucellae are distributed in large numbers throughout
the lymphatic system in all major regional nodes; 3) brucellae may be
present in both the kidney (and urine?) and salivary gland(s) (and
saliva?) although perhaps not with sufficient regularity or intensity to
commonly act as a source of infection; 4) neither febrile nor other
gross, inflammatory signs were observed;-and 5) serologic responses of
beagle dogs to rangiferine brucellosis are similar to those seen in
other forms of canine brucellosis.

Our original reasons for experimenting with rangiferine brucellosis
in canids are not negated by the results we report above. Primarily we
were concerned over the possibility that the disease might be an aborti-
facient as is the case in canid infections caused by Brucella abortus6’7,
B, melitensis6’l4, and a non-rangiferine strain of B. suts? (i.e. B.
suis type 5). Our preliminary experiments were designed to familiarize
ourselves with brucellar infections in canids including the general
susceptibility and spread of rangiferine brucellosis in the organs of
canids. Our plans to infect pregnant animals later were confounded by
the untimely closure of our experimental facilities. Nevertheless,
under the present circumstances, we can see no good reason to doubt that
rangiferine brucellosis may act, under both natural and experimental
conditions, as an abortifacient. The results of experimental infections
of wolves reported above and considered in the next section, support
this conclusion, and it is with the reproduction of wild canids that we
primarily are interested.

We were also concerned whether canid infections might serve as a
source of human infection with rangiferine brucellosis. The literature
contains numerous references to canid-derived human infections by one or
another of the strains of the three species of Brucella.0>11:14 "yhile
most often these infections have apparently resulted from association
with aborted material, they may also occur via unexpected pathways. For
example, Rementsova cites a case in which the disease was transmitted
to a person that was bitten by an infected dog. Our observations of
brucellae in the salivary glands of three experimental beagle dogs
reported in Table 1 suggest that salivary transmission of rangiferine
brucellosis from canids to humans (or other canids) might also occur.
Organisms present in the kidneys (see Table 1) might also be present in
urine and be transmitted to other hosts via contamination. More work
needs to be done to fully evaluate the degree to which canid infections
by rangiferine brucellosis may pose a threat to human health,

Wolves

Experimental infections of wolves with Brucella suis type 4 present
much the same general picture as seen in beagle dogs. The data presented
above and summarized in Tables 5, 6, and 7 indicate that: 1) the wolf
evidently is readily susceptible to rangiferine brucellosis; 2) brucellae
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concentrate in nodes throughout the lymphatic system; 3) infection of

the uterus and developing fetuses readily takes place; 4) organisms are
probably shed in urine, saliva and milk; 5) rangiferine brucellosis may
lead to reproductive failure in wolves; and 6) serologic responses by
wolves to Brucella suis type 4 are similar to those of other host species.

Conclusion #5 presented above should be qualified. While it is
clear enough that none of the pups survived what otherwise might be
considered normal births for any significant time (i.e. full term,
normal appearing fetuses), we cannot unequivocally rule out the possibility
that they were killed by their mothers for behavioral reasons unrelated
to our experimental manipulations. If the pups had been allowed to
live, they might have grown into essentially normal adult animals, and
indeed, on past occasions, both bitches, captives since they were pups,
had proven capable of successful breeding under conditions of close
captivitiy. Therefore, one cannot help but wonder whether brucellar
infections in lower animals are also complicated by the neuro-psychiatric
aberrations (behavioral disorders) so frequently seen in human cases of
brucellos%g and sometimes caused by porcine as well as other species of
Brucella. If this is the case, the killing and/or eating of newborn
pups might be an example of Brucella-induced psychoneurotic behavior in
a lower animal. The eating of aborted fetuses and placental materials
is commonplace in cases of Brucella suis type 5 in beagle dogs.?

Whether rgngiferine brucellosis, which naturally infects wolves on
Alaskan8’ and Siberianl? reindeer ranges, is a significant cause of
reproductive failure is unresolved and it appears unwise to dismiss this
possibility in advance of further experimental evidence.

Grizzly Bears

Information on naturally-occurring, infectious diseases of bears is
scarce.3»>% This is probably more a matter of lack of opportunity in the
past to study wild bear populations than any unusually protective resistance
of bears to microbial infections. Be this as it may, it appears that
infection of grizzly bears by rangiferine brucellosis is a commonplace
event on some caribou ranges in northern Alaska.? TIf the susceptibility
of bears to infection via contaminated food we reported above is typical,
then it is somewhat less surprising that we encountered such relatively
high prevalence rates (up to 90%) of Brucella-antibodies in free-ranging
grizzlies. High prevalence of antibodies might also be a result, in
part, of the relatively high titre-levels that evidently occur during
early stages of infection in grizzly bears (see Table 9). This assumes
that host species or individuals that produce relatively high titres
initially will maintain recognizable titres longer. In this case a
population composed of such individuals would build up a high prevalence
of antibodies even though the relative exposure rate was comparatively
low and stable.

While we have no independent knowledge of grizzly bear biology in

Arctic Alaska which suggests that these populations of bears may have
reproductive problems, we cannot help but point out the abortifacient
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character of the disease in other carnivores. Judging from the serologic
and bacteriologic information on an experimentally infected black bear

cub present above and summarized in Table 8, rangiferine brucellosis in
bears is comparable, at least in these respects, to similar infections

in canids. We see no reason to conclude that abortion will not occur
under the proper circumstances.

General Conclusions

Canids and ursids are readily susceptible to rangiferine brucellosis
via natural means of transmission involving passage of brucellae across
mucus membranes of the buccal cavity and conjunctival sac.

Brucella suis type 4 tends to congregate in these species in high
numbers in lymph nodes distributed throughout the body regardless of the
initial site of infection.

Brucella suis type 4 commonly invades the salivary glands and
probably also the mammary glands and kidneys, thus providing for the
shedding of brucellae in saliva, milk, and urine.

Reproductive failure is a probable, but essentially unproven,
consequence of ill-timed infections.
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ABSTRACT: The susceptibility of nine species of rodents and one species

of lagomorph to several strains of Brucella, but principally the rangiferine
strain Brucella suis type 4, was studied experimentally. The rodent

species included the following forms: guinea pig (Cavia cavae),

Scandinavian lemming (Lemmus lemmus), Northern red-backed vole (Clethrionomys
rutilis), varying lemmings (Dicrostonyx stevonsoni and D. rubricatus),

brown lemming (Lemmus sibiricus), yellow-cheeked vole (Microtus zanthognathus),
flying squirrel (Glaucomys sabrinus) and ground squirrel (Citellus

parryii). The lagomorph, Lepus americanus (varying hare), was also

studied.

All of these potential host species were readily infected by intra-
peritoneal inoculations of 106 cfu, or less in some cases, of B. suis
type 4. Subsequently, the organism was isolated from one or more tissues,
principally liver and spleen, of each species. Pathologic responses
were not marked in most of these hosts.

Both species of varying lemmings, i.e. D. stevensoni and D. rubricatus
responded dramatically to infections initiated by as few as two cfu.
All individuals of both species that were not sacrificed eventually died
from the infection. The most common gross pathologic sign encountered
was extreme hypertrophy of the spleen which occurred in all individuals.
Microabscesses were commonly seen in the liver. Longer term infections
also resulted in abscessation of the joints of the feet, subcutaneous
tissue, kidneys, lungs, and uterus or testes. In some cases, substantial
numbers of organisms were excreted in the urine.

Trial infections with Brucella abortus, B. melitensis and B. suis
type 1 were also easily accomplished in Dicrostonyx stevensoni. Sympto-
mology and pathology more or less similar to that seen in infections of
B. suig type 4 in this host were observed.

It was concluded that rodents might play a role in the circulation
of B. suts type 4 among various sympatric, potential hosts.

It was suggested that because of the high susceptibility of
Dierostonyx spp. to infection by Brucella spp., varying lemmings should
prove to be of considerable value in on-going research on brucellosis
control procedures. They may also be a useful host in investigations of
basic mechanisms of disease resistance and/or host susceptibility.

INTRODUCTION

Rangiferine brucellosis occurs as a disease of humans in Alaska,
Canada and Eurasia. Huntley, et al.4 conducted a serological survey
among Eskimo, Indian, and Aleut populations and found serological evidence
that the disease was prevalent among the native populations of Alaska
dependent upon caribou for food. They also isolated a species of Brucella
later identified as Brucella suis type 4 (Meyer3). The organism has
been isolated from human infections as recently as 1974 (F. Pauls, pers.
comm.). Brody, et al.? endeavored to define the epidemiology of brucellosis




further, and although they did obtain strong evidence that the source of
human infection was caribou, they were unable to explain a higher rate
of positive serologies in a village where the consumption of caribou was
thought to be considerably less. They hypothesized that rodents might
also be a reservoir of infection in this instance.

Neiland, et al.’ extended studies on Alaskan brucellosis with their
observations in caribou. They pointed out at that time that dogs had
been overlooked as a reservoir of human disease in Alaska. The first
known case of rangiferine brucellosis in the domestic dog, confirmed
with the igolation of B. suis type 4 in an Alaskan sled dog, was reported
by Neiland®. He suggested at that time that wild rodents should not be
overlooked as possible sources of infection and that "sylvatic brucellosis
in Alaska may prove to be as widely distributed among the wild host
species as it is elsewhere."

Lacking evidence of natural infections in the Alaska's indigenous
rodent population, and with knowledge of natural infections reported in
rodents elsewhere (see Rementsova®), a series of experiments were undertaken
to ascertain the susceptibility of these rodents to brucellaceae, especially
B. suis type 4 (B. rangiferi). The results of these preliminary experiments
are the subject of this report. The untimely closure of the experimental
facility prevented our carrying on the work to a logical conclusion.

MATERIALS AND METHODS
Animal Species

With the exception of the guinea pig (Cavis cavae) and the Scandinavian
lemming (Lemmus lemmus, Linaeus), the animals used were indigenous to
Alaska (Arctic and sub-Arctic). The wild rodents, Northern red-backed
vole (Clethrionomys rutilius, Pallas), varying lemmings (Dicrostonyx
stevensoni, Nelson, and D. rubicatus, Richardson), brown lemming (Lemmus
sibiricus, Kerr), and yellow-cheeked vole (Microtus xanthognathus,

Leach), were laboratory reared. The varying hares (Lepus americanus,
Erxleben), flying squirrels (Glaucomys sabrinus Shaw), and ground squirrels
(Citellus parryii, Richardson) were adults, trapped alive, and held for

a minimum of four weeks before being inoculated. Both sexes were used,

but a 1:1 ratio could not be maintained.

Bacterial Species

The organisms were obtained in a lyophilized state. Brucella suis
type 4 was isoclated from an Alaskan sled dog6 and subcultured from
stocks maintained by Dr. D. T. Berman. The remaining species, B. abortus
type 1 (W.H.0. Reference strain 544), B. melitensis type 1 (W.H,O.
Reference strain 16M), and B. sute type 1 (W.H.O. Reference strain 1330)
were from stocks maintained by the National Animal Disease Laboratory,
ARS, USDA, Ames, Iowa.
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Bacteriological Techniques

The bacteriological techniques for isolation, propagation, maintenance
of strains, viable counting,_and serological identification were those
described by Alton and Jonesl. Brucella agar (BBL) was used as the base
medium for isolation and counting.

Animal Infection Studies

Organisms were grown for 72 hours on Brucella agar, and decimal
dilutions of the organism were prepared in peptone saline. Viable
counts were made from the same series of decimal dilutions as were used
for inoculation. Dosage is expressed as colony forming units (cfu).
The animals were inoculated intraperitoneally and observed closely
during the duration of the experiments. Animals inoculated with different
species were kept in separate isolation rooms.

Tissues for bacteriological analysis were taken aseptically from
animals found dead or sacrificed, dipped into absolute alcohol, flamed,
macerated, and smeared onto selective media (Alton and Jonesl). Tissue
isolates were confirmed as Brucella on the basis of their agglutination
by Brucella antiserum.,

RESULTS
Guinea Pig

The guinea pig was injected intraperitoneally with 3.8 x 104
to 3.8 x 100 cfu of B. suis type 4. Animals were sacrificed at 7, 14,
and 77 days. Lesions typical of those described (Hausler and Koontz3)
for other species of Brucella were observed and were found to become
progressively more pronounced with time and increased dosage. Isolations
were made from at least one tissue from each animal. At 77 days, the
microorganism was found in the liver (1/4), spleen (3/3), testes (3/4),
and urine (4/4).

Dicrostonyx t. stevonsont

Four series of experiments were performed with D. t. stevensont.
In three, the lemmings were challenged with B. sufs type 4. The first
experiment was to determine whether the animals were susceptible to
infection with this microorganism. The next two experiments were attempts
to determine the effects of lesser doses and to approximate the LD5 .
The final experiment was to determine the susceptibility of D. ¢. sgevensoni
to three additional species of Brucella.

The tirst set of 18 Dicrostonyx were inoculated with 4 x 106 cfu
of B. suis type 4. Two animals were sacrificed at 8, 14, 31, and 37
days post infection. Those that died during the course of this experiment




were also necropsied. Abcesses were found on 10 of 14 livers, and
enlarged spleens were found in animals that had died or were sacrificed
22 days after inoculation. An occasional abcess was found within the
capsule of the kidney. Large abcesses were found within the abdominal
cavity along the mesentary. Four females developed pus within their
uterus and one male developed unilateral epidimitis.

B. suis type 4 was isolated consistently from the liver, spleen,
kidney, and heart blood of these animals. In three cases the urine
contained Brucella in concentrations ranging from 200 to 20,000 microorganisms
per ml,

The second and third experiments were performed to determine the
LD5g and the effects of graded doses of B. suis type 4 on this species
of lemming. The second experimental group of Dicrostonyx consisted of a
nearly uniform group of young lemmings, who received doses from 2 to
250,000 cfu intraperitoneally. The animals were maintained for 27 days
when, for premature reasons, the experiment was terminated.

The third experiment was a repeat of the second using doses of 35
to 35,000 cfu in decimal increments. The discrepancy between the mean
death time (Table 1) in each experiment cannot be explained. The variables
that probably contributed to differences include: 1) The animals in the
second experiment were young, mature animals of a nearly equal sex ratio
whereas the third set was composed of animals 6 to 12 months older, of
which 20 of the 24 were males; 2) Changes in the virulence of the Brucella
strain may account for the discrepancz, however the mean death time (34
days) of animals infected with 4 x 10° cfu in the first experiment is
very similar to that seen in the third experiment (range 22-56).

Generally there was no appreciable difference in the lesions seen
in the animals inoculated with graded doses, except that a greater
number of animals developed large abcesses in the lower dose range, 35
to 350 cfu. TFive of the males in this group also developed abcesses in
the prostate glands. Two lemmings receiving 35 cfu survived 114 and 126
days. Both developed crippling abcesses in their feet.

D. t. stevensoni - Other Brucella sp.

B. abortus, B. melitensis, and B. suis type 1 were used to challenge
D. t. stevensoni. Three, one-hundred fold dilutions beginning with 4 x
107 cfu (B. abortus and B. melitensie) and 6 x 10° cfu (B. suis type 1)
were used to inoculate separate groups of lemmings intraperitoneally.
Only two animals survived to the arbitrary limit of the experiment (28
days), otherwise the deaths occurred between 4 to 18 days (B. abortus),
11 to 27 days (B. melitensis), and_4 to 26 days (B. suts type 1), with
all animals inoculated with 4 x 10° cfu or less surviving until after
the 2lst day.
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Table 1. Survival of Dicrostonyx stevensoni inoculated with Brucella
suis type 4.
Experiment 21 Experiment 3
Days survived Days survived
Dose f Mean2 Range # Mean Range
2.0 x 10° 4 12 (11-13)
3.5 x 10 5 51 (39-96)
2.0 x 10% 3 15 (14-16)
3.5 x 103 6 41 (32-47)
2.0 x 10° 4 13 (12-15)
3.5 x 102 6 53 (48-59)
2.0 x 102 4 =3 (2127
35 6 72 (48-126)
20 4 27
2 4 27
1

w N

Terminates 27 days
Geometric mean
Not calculated
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There were subtle differences between the lesions caused by infection
with each of the species of Brucella. Abcesses developed on livers
regardless of the infecting microorganism, spleens became enlarged and
developed abcesses. B. melitensis appears to have caused a greater
effect on the respiratory system with six of the seven lemmings showing
some form of lesion (fluid in the pleural cavity or lung consolidation),
as opposed to only two of the six infected with B. abortus and three of
the nine infected with B. suis type 1 developing lesions in the respiratory
tract, In addition, five of the animals infected with B, melitensis
developed fibrous exudates on the surfaces of their spleens or livers, a
condition seen in only one other animal, that infected with B. abortus.

The infecting microorganism was consistently isolated from the
livers spleen, kidney, uterus or testes, heart blood, and the urine (50
to 10° per ml) of 12 out of 13 animals from which urine was available.

Dicrostonyx rubicatus

Nineteen D. rubicatus were challenged intraperitoneally with doses
of B, suis type 4 ranging from 35 to 3.5 x 106 cfu. Eighteen of the 19
animals died between 14 and 37 days with 1 animal that received 3.5 x
10° cfu surviving until day 59 when it was sacrificed. Abcesses developed
progressively in the liver, spleen, in three cases on the posterior
aspect of the sternum, and subcutaneously. The liver developed pinpoint
abcesses between the 18th and 21st day of infection; by the 59th day, if
the animal survived, the abcesses had enlarged to 1 to 2 mm in diameter.
The spleen became enlarged as early as the 15th day in one animal receiving
3.5 x 10° cfu. However, the majority of the animals receiving 350 to
3500 cfu and dying between the 15th and 37th day developed splenomagley
by the 25th day, and 11 of the Dicrostonyx developed either 1 or 2 large
discrete abcesses on their spleen. Congested lungs were seen in 11 of
the animals and abcesses were found in 2, Brucellae were isolated
consistently from the liver, spleen, kidney, and heart blood. In two of
the three urines cultured, brucellae were found in concentrations of 104
and 103 per ml..

Varying Hare

Three varying hares, Lepus americanus, were inoculated with 7.5 x
100 cfu intraperitoneally. One was sacrificed on each of the days 14,
22, and 57. Brucella was isolated from the uterus, axillary lymph
nodes, and spleen and from a cysticerus (probably T. pisiformis, Bloch
1780) found in the abdominal cavity of the animal killed on day 14. The
lungs, urine, ovary, heart blood, liver and kidney were negative. When
liver, lungs, kidney and spleen were cultured on the remaining animals,
the organism was recovered solely from the liver of the hare killed on
day 57.

Ground Squirrel

Three ground squirrels, Citellus parryiil, were inoculated with 7.5
x 10° cfu intraperitoneally. One was killed at 14 days and the remaining
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2 at 80 days. Small abcesses were seen on the liver (ome 14 day and one
80 day animals) and on the spleen of both animals killed on the 80th
day; otherwise the organs appeared normal, The organism was recovered
from the liver and spleen of all animals and from the kidney, testes,
and lungs of the animal killed on the 14th day. The urine, salivary
gland, and blood from the 14 day animals were negative.

Glaucomys sabrinus

Three flying squirrels, Glaucomys sabrinus, were infected intra-
peritoneally with 7.5 x 10% cfu B. suis type 4. One died on the 4lst
day, and the others were sacrificed at 14 and 80 days. At 14 days
brucellae were isolated from the spleen, liver, kidney, heart blood,
mesenteric lymph nodes, salivary gland, and one of the testes; urine was
negative., The organs of the squirrel that died at 41 days appeared
normal, and no brucellae were isolated from the spleen, liver, blood or
kidney. With the exception of a small abcess seen on the spleen of the
animals sacrificed at 80 days, the organs appeared normal. B. suis type
4 was recovered from the spleen and liver, but not the blood or urine.

Clethreonomys rutilus

Ten Northern red-backed voles, Clethreonomys rutilus, were inoculated
with 3.8 x 10" cfu intraperitoneally. They were sacrificed at 8 (2
animals), 14 (2 animals), 37 (1 animal), and 80 days (5 animals).
Except for abcesses seen on the liver of 1 animal killed on day 14, no
other lesions were found until day 80. Those lesions included pinpoint
abcesses on the kidney, an abcessed accessory sex gland, enlargement of
the spleen (two cases); in one case the spleen was abcessed. There were
no lesions common to all animals, and aside from the aforementioned
exceptions, the organs looked normal.

The results of the bacteriological examination of the organs is
seen in Table 2, Up to 37 days after inoculation, the organism could be
isolated from numerous tissues. After that time the number of isolates
decreased. 1In one instance the presence of an abcess in an accessory
sex gland was coupled with the isolation of Brucella suis from the
urine,.

Microtus xanhognathus

Doses of 0.8, 80, and 8000 cfu of B. suis type 4 were given to 12
yellow-cheeked voles (4 animals per dose). All survived for 35 days,
when they were sacrificed. There were no lesions seen. Livers and
spleens were cultured. Livers and spleens were positive in 2 of 4
animals at the 8000 cfu dose level and in 1 of 4 at the 80 cfu level.

An additional animal at this level had a positive liver. Serum was
obtained from all but one animal at the 8000 cfu level. Four animals
developed Brucella agglutinins, 2 inoculated with 8000 cfu (1:160 and
1:80) and 2 inoculated with 80 cfu (1:40 and 1:20), with a single animal
at both levels positive for both organism and agglutinins.
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Table 2. Results of cultures on C. rutilus inoculated with B. suis type 4.

Days post-inoculation

Tissue 8 14 37 80
Liver 2/28 2/2 1/1 1/5
Spleen 2/2 2/2 1/1 0/5
Kidney 2/2 1/2 1/1 0/1
Heart Blood 1/2 1/2 0/1
Urine 0/2 1/1°
Lungs 1/2

Uterus 1/1

2 js the number positive/number cultured
this animal had the abcessed accessory sex gland
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Lemmus Lemmus

Fourteen Scandinavian lemmings were inoculated intraperitoneally
with doses of B. suis type 4 ranging from 101 to 107 cfu. Two animals,
107 and 105 cfu, were killed at 28 days. No lesions were seen, but
brucellae were isolated from the spleen of both animals and from the
liver of one. The remaining 12 lemmings were sacrificed 50 days after
inoculation. Microabcesses seen at the juncture of the stomach and
mesentery of an animal receiving 102 cfu, and a cyst in the lower abdomen
of one receiving 103 cfu were the only lesions observed in the animals
inoculated with 103 to 107 cfu. However, of the 3 animals receiving
doses of 10 cfu, 1 exhibited liver necrosis and developed an abcess in
the inguinal region; another had an abcess on the lung with adhesions
causing it to adhere to an abcess on the rib cage; the third animal
appeared normal. g. suis_type 4 was isolated from the spleens of animals
inoculated_with 10° to 107 cfu, 1 of 2 livers (107 cfu dose), 1 of 3
livers (10° cfu dose), and from the abcess seen in the animals were
negative on culture.

Lemus sibivricus

Twenty, Lemus sibiricus were inoculated intraperitoneally with doses
of 3.6 x 10" cfu (5), 3.6 x 10° cfu (5), 3500 cfu (5), and 35 cfu (5).
During the period of the experiment (140 days) the lemmings suffered
mortality which could not be attributed to infection by Brucella suis
type 4. A Proteus sp. was isolated from one and a Pseudomonas sp. from
four others. Three animals were killed by cage mates. A necropsy was
performed on each animal, there were no lesions attributable to infection
in any except those from whom the Proteus and Pseudomonas were isolated.
Brucella was isolated from the liver, spleen, kidney, blood, and embryo
of 1 lemming that died at 10 days (3.5 x 10° cfu) and from the heart
blood of another that was killed by a cage mate at 52 days (3500 cfu).
Seven animals survived to the 140th days. Of these, two had received
3.5 x 100 cfu and developed agglutinin titres of 1:320 and 1:160; B.
suis type 4 was recovered from the liver and spleen of one. Neither of
the two survivors at the 3.5 x 10° cfu dose developed agglutinins although
Brucella was isolated from the liver of one, There were no lesions
seen, nor agglutinins detected nor isolations made from the remaining
survivors (1 at 3500 cfu dose level, and 2 at the 35 cfu dose level).

DISCUSSION

Rementsova9 reviewed the literature on rodent brucellosis citing
numerous reports on the susceptibility of hares, susliks (Citellus_sgp.)
and voles to B. abortus, B. melitensis, or B. suis. Thorpe et al.
performed experimental studies with four species of Brucella on selected
wildlife, laboratory, and domestic animals, and found that species of
rats, lagomorphs, and squirrels were more resistant than wild mice
exposed to the same Brucella sp. None of the studies cited by Rementsova’
or Thorpe et a1,10 knowingly utilized B, suis type 4.
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The animals included in this study, with the exception of the
guinea pig and Scandinavian lemming, are indigenous to Alaska. Although
their ranges vary, they are continuous with those of other rodents
studied and those of far ranging mammals on which brucellosis studies
have been reported elsewhere (caribou, Neiland et al.7; canids, Neiland6;
wild cgrnivores, Neiland and Millerg; and man, Huntly et al.”™ and Brody
et al.4).

Subspecies of the varying lemming were found to be the most susceptible.
Fatalities occurred when the inoculum was as low as 2 cfu with D, ¢.
stevensoni with 20 cfu with D. t. rubicatus. Whether the difference was
significant cannot be determined from the small number of animals used
in each series.

D. t. stevensoni also proved susceptible to infection by B. abortus,
B. melitensis, and B. suis type 1. We did not determine the least
number of cfu necessary for initiating infection, however the apparent
high susceptibility and the ease with which these animals may be handled
recommend them as a model for further studies in brucellosis.,

With the exception of M. xanhognathus, with which the highest
challenge dose was 8000 cfu, individual animals of the remaining species
survived doses of greater than 106 cfu for the length of that particular
experiment (Table 3).

Overall, these Alaskan rodents exhibited a wide range of disease
state and outcome which have a bearing upon their possible role in the
transmission of Brucella in the wild and in providing a reservoir for
human infection. There is ample evidence that brucellosis can be caused
by ingestion of the organism. Neiland and Miller® have demonstrated
that carnivores can become infected by ingesting 108 - 109 cfu of B.
suis type 4. Thorpe et al.1l0 found that orally administered doses of
two to four logs higher than an intraperitoneal inoculum were necessary
to initiate infection. Vergerll infected 1 of 10, 7 of 10, and 7 of 10
mice fed 2.15 x 10, 2.15 x 102, and 2.15 x 103 cfu of B. melitensis,
respectively. Rementsova? cites numerous examples of infection in
rodents inoculated by the oral route.

Rodents living on ranges traversed by infected caribou, or contaminated
with B. suis type 4 in any manner, would have opportunity to feed upon
aborted fetuses or forgae or drink water contaminated by excreta. Once
infected the rodents might become part of the transmission cycle; 1) by
serving as reservoirs for survival of the microorganism; 2) by contaminating
grasses and water through excretion of the microorganism in their urine
and feces; 3) by infecting wild carnivores that prey upon them; and 4)
by spreading the organism through contact with others of their species.
Furthermore, rodents might transmit brucellosis to man directly through
contaminating foods or indirectly through sled dogs that have become
infected by eating the rodents. However, despite the high probability
that rodents might be naturally infected, evidence regarding this possibility
is not yet available for free-living Alaskan rodents.




Table 3. Maximum survival times of Alaskan rodents and a lagomorph
infected with Brucella suis type 4.

Rodent Numberl Dosage2 Time3 Positive Isolation4
Varying hare 1/1 7.5 x 10° 57 days liver 1/1

Ground squirrel 2/2 7.5 x 100 80 days liver, spleen 2/2
Flying squirrel 1/1 7.5 x 10° 80 days liver, spleen 1/1
Red-backed vole 5/5 3.8 x 100 80 days 1liver 1/5
Scandinavian lemming 3/3 9.6 x lO6 28 days spleen 2/2, liver 1/2
Brown lemming 2/2 3.5 x 100 140 days liver, spleen 1/2
Yellow-cheeked vole 44 8.0 x 103 35 days liver 1/5, urine 1/1
D. t. stevensoni 3/4 2,0 x 102 27 days liver, spleen 3/3

D. t. rubicatus 414 2.0 x 10 27 days  liver, spleen 3/3

1 Number of animals surviving per number allowed to survive.
Dosage expressed as cfu.
Time from injection.
Number positive over number examined.
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It is apparent that there are lapses in the data which affect the
validity of our tentative conclusions. Further work is necessary to
define the infective dose of B. suis type 4 needed to initiate infection
in all species, particularly via the oral route. There is a need to
more closely monitor the period of excretion of the microorganism, the
length of time the organism can be recovered from the tissues, and of
the eventual outcome of infection in each species of rodent. Evidence
confirming the presence of B. suig type 4 in the rodent population will
need to be obtained. However, the data support the need for continuing
studies into the role of the rodent populations in the transmission of
brucellosis in wildlife and human population in Alaska and elsewhere.
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