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I. INTRODUCTION

This research is concerned with the parasites from the house 

mouse, Iks musculua, trapped at the Henry Poorly Zoo in Omaha, 

Nebraska. The purpose of this study was to determine if the 

house mouse served as a reservoir or intermediate host for para

sites of exotic animals at the zoo* Mice were used because of 

case of capture, and secondly they were found to be in direct 

contact with the zoo animals at the capture site.

Parasitic infections of many of these animals prompted this 

study. Approximately one year before the start of this study, 

five golden-lion marmosets had died. Autopsies indicated the pre

sence of acanthocephaian infections, although it could not he 

proved that this was the cause of death. Marmosets were one of 

several exotic animals which were in contact with the mice. An

other case involved a water buffalo that had become ill due to a 

heavy parasite load. Treatment by zoo veterinarians proved ef

fective. These case histories were obtained from personal com

munication with Dr. R. McCoy, a zoo veterinarian.

Another reason for the study was the numerous citations re

ported in which M. musculua is used as an experimental host for 

the study of parasites. Mice are susceptible to a wide range of 

pathogens anti non-pathogens, so it is quite possible for them to 

become infected with parasites from the zoo animals. It should 

be kept in mind, however, that in many instances laboratory mice
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were used, and these mice tend to be store susceptible to para

sites than wild M# musculus. For example, Bafort (1970) stated 

that since the discovery of rodent malaria, Plasmodium berghel 

and P. vinckei, these protozoans have become the most xd.dely used 

parasites in laboratory studies on malaria. M&lek (1969) found 

the Mile rat and the laboratory mouse to be the best hosts for 

bovine schistosomiasis studies, and Hsu (1968) infected mice with 

Kchinoatoroa rodrigueai, a trematode. lengy (1962) stated that 

mice are the best laboratory hosts for Schistosoma bovis. Infec

tions ranged from l0-2ii;1. .'¡either schistosomes nor eohinostones 

are commonly found in mice. Stunkard (1965) used mice as the ex

perimental host for Paratriotaenla oediporaatus, a tapeworm found 

in marmosets at the primate colony at the university of Louisiana# 

Schnltzer, et al, (1950) were successful in infecting Laboratory 

mice with Tritrichomonas foetus, an important pathogen of cattle 

which causes abortion. The literature concerning mice as experi

mental or accidental hosts of exotic or unusual parasites is ex

tensive. These citations are a small sampling.

Transmission of parasites from animal to animal has not gen

erated as much current concern as transmission from animal to man. 

Sedgwick, et al, (1975) discussed zoonoses in two North American 

zoos and reviewed the main problems involved when man works with 

xdld animals, particularly in a m o  environment.
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IX. LITERATUEE

A. The Life of the House Mouse

In discussing the importance of Hus museulus as a source of 

Infection for zoo animals it is important to have some idea of 

its habits. H, muscuius is omnivorous according to Berry (1968). 
The local range of M. muaculus is variable. Berry, in his stu

dies on an outdoor island population of H. musculus, stated that 

they are known to make spring migrations of more than a raiicj 

however, they ordinarily maintain themselves within a 30 yard 

radius of the spot where they are most frequently seen and make 

occasional journeys of up to a quarter mile. Young, et al,

(1950) in a atu<3y of two indoor populations, found that although 
openings to the outside were numerous, the mice were rarely found 

outside that perimeter. Of >00 mice captured outside the build

ing, only two were from the indoor population and these were 

still trapped within UO yards of the spot xAiere moat frequently 

observed. These mice moved an average distance of 12 feet. King

(1951) made similar observations in his study in Kansas.

Anderson and Hill (1965) stated that it has long been

thought that territorial behavior in house mice is absent or at 

best weak} however, their experiments indicated that territory 

formation does occur among mice.



B, Helminth Parasites

Numerous helminth parasites have been reported from mice; 

some more commonly than others. Those more common helminths are 

discussed below. Nematodes and cestodes are widespread in mice, 

whereas ireaatodes are rare,

Nematode,. The greatest number of species of helminths described 

from rice are nematodes, According to several authors, Hall 

(1916) provided a complete list of nematodes recorded from ro
dents up to that time. The most familiar of the more common 

nematodes is Trichinella spiralis, the causative agent of til chi» 

nosie. This parasite is a member of the order Trichlnelilda in 

the ati class Msnophore, or those nematodes without phasmids.

The Trlehinellida are parasites primarily found in the digestive 

tract of birds and mammals. They have direct life cycles, and 

no excretory system. T, spiralis is the only representative of 

the family Trichinellidae in which the male lacks a copulatoiy 

apparatus.

Studies of this nematode in rodents indicate that the per

cent infection varies. Teuehiya and lector (1936) found a 1% 

infection rate in Norway rats in St, Louis, and Robinson and 

Olsen (I960) found a l7,8f rate for Norway rats in Fort Collins, 
Colorado. Rausch (19$6) stated that Beiiaeva (I95>lt) found no 

cases of Trlchinella larva in house mice in eastern Poland. He

concluded that the occurrence of T. spiralis in snail rodents
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may depend largely upon the availability of infected tissue of 

carnivorous m m o a l s  in the fora of carrion# In addition to this 

route of infection, Robinson and Olsen (I960) found that it was 

possible that contaminated feces of animals could pxoduee infec

tions} although the time course is short, finally, Chandler 

(1930) stated that rats and mice were not normal hosts for ?. 

spiralis due to the high mortality rate during the intestinal 

phase.

Cheng (1973) listed the natural hosts of T. spiralis which 

include rate, rti.ee, rabbits, cats, dogs, wolves, ferrets, musk

rats, badgers, pigs, raccoons, moles, porcupines aid man. Fur- 

ther, he stated that various birds including chickens, pigeons, 

crows and owls have been experimentally infected.

The most common nematodes found in mice are the mouse pin- 

worms, Syphacia obvelata and Aspicularis tetraptera. Both are 

numbers of the order Qxyurlna in the subclass Secernentea, or 

those neraatodes with phasmids. They have simple, direct life 

cycles, are pinshaped, and have an esophageal bulb separated from 

the esophagouo proper by valves. Diagnostic features necessary 

to distinguish between the two worms were given by Riley (1920).

Hall (1955) found 5 of 78 mice infected with S. obvelata in 

Maryland and Kentucky. He reported that A, tetraptera was not 

present. Habermann, et al, (1958) stated that S. obvclsts is 

campon in the rat, also found in the house mouse, and that A.
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tetraptera is found exclusively in the m u s e .  Lukasiak (195U) 

found 5U> of hie mice infected with S. obwlata. For A. tetrap- 

tera the percentage of infection was rrneh less, Some controversy 

exists over the mechanism of infection by pinworms, Swallowing 

of eggs is a well known mode for infections however, in the com

mon human pinworm, Enterobius vermicularis, according to Schttff- 

rier and Sweliengrebei (I9li9), retroinfection is known to occur.

It is uncertain whether retroinfection occurs in the mouse pin- 

worm, Chan (1951) noted that several experiments failed to es

tablish the possibility of retroinfection in S. obveiata. Prince 

(1950), however, observed that the finding of freshly hatched 

larvae in the rectum of infected rats indicated that retroinfec

tion did occur. Neither of the authors found evidence of eggs 

within the rectum. The freshly hatched larvae could have come 

from eggs discharged, from the anus of the host. Pnllpot (192U) 

found eggs in the rectum of »dee. He did not comment on whether 

or where they developed.

Chan (1951)* Lukasiak (1951*)» Cheng (1973) and Yamaguti 

(1963) noted that 5. obveiata is almost exclusively found in the 

cecum, Studies by Kathies (19.51*) and Chan (1955) Indicated A. 

tetraptera is found mainly in the large intestine. This appar

ent habitat preference is diagnostic. Another diagnostic fea

ture is the sex ratio of the worm. Lawler (1939) found far more 

females than males of S. obveiata in mice. Chan (1951) found
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this to be true because males disappear or die shortly after cop

ulation. The sex ratio in A. betrapiera is closer to unity in 

males and females? however* Mathies (195U) found a sex difference 

in hosts* based on susceptibility. Female mice were more resis

tant to infection with this roundworm than were males.

Riley (1920) reported a case of human infection with S. ob- 

velata. Human reports axe so rare that when they do occur they 

must be considered accidental. Fahi.y (196?) reported that S. ob- 

velata has become an important organism in chemotherapeutic stu

dies of enterobiasis.

Oaplllaria hepatica is another nematode reported from mice. 

According to Olsen (196?)* it is a common parasite of rats, mice, 

and other indents. However, he does not specify the species of 

mice. C. hepatica belongs to the order TrLehinellida, and the 

family Caplllaridae. In this family the posterior part of the 

body is not distinctly wider than the anterior part. The eso- 

phagous is tubular and the life cycle direct. It is a parasite 

of the liver where adult worms penetrate deep into the liver p a r

enchyma and lay eggs. The eggs remain in that location until li

berated. and exposed to aix* at which time development continues.

A search of the literature reveals far more instances o f _€« hepa

tica from the rat than from the house mouse. Luttermoser (1938) 

and Shorb (1931) found C. hepatica in Norway rats, and referred 

to the parasite as a rat nematode. In a study of mice in
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Algonquin Park, Canada, Freeman and ’-fright (I960), found no in

fections in 'wild Kus m a c u l a s , bat found the natural host to be 

the deer m u s e ,  Perogyscus maniculntua. When eggs wore fed to 

laboratory ¡rico, 36 of U6 became infected* toblnaky, et ai, (1971) 

also found P. manieuiatus to be the dominant host for this wire in 

Manitoba, The vele, Hlorotus ponnsylvanicua, also was found to be 

infected. Van den Brook and Jansen (196U) did find 0. hepática in 

wild I!. muscolus in the Netherlands} though such reports are rare 

in the literature*

’•api LI ax-la hepática is more pathogenic than either of the 

oxyurids previously mentioned* Tsuchiya aid Rector (1936) in 
their St, Soule study, listed 0, hepática as one of six parásitos 
found in rats that are tranamlssable to man. They pointed out, 

however, that since there has been only one such human case of £, 

hepática infection in man that it mist be considered accidental 

just as similar infections with S# ob volata. are considered acci

dental. Infections with C, hepática can hamper liver function.

It is important to point out that Tsuchiya and Sector concluded 

that rats are far more dangerous to manto health than are house 

mice.

Rodents are the oeroon hosts for £. hepática, although any 

carnivore could, conceivably become infected. Reports indicate 

that this parasite is found in a variety of rodents.

Other species of nematodes have been reported from house
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mice, but not as frequently as those already mentioned. Gross 

(I960) noted that Hematosplroides dubius (or Heligmosomoices 

polygyrus) had been reported from Europe and North America in M. 

musculus. Hall (1955) found leas than %  infection of M. mus- 

culua in Maryland and Kentucky, and Forrester (1971) found N. 

dubius in 2$% of the house mice he examined in northern Calif

ornia. Liu and Ivey (1961) described this triehostrongyloid worm 

as having no economic or medical importance. N. dubius is found 

as an adult in the small intestine. According to Panter (1969), 

mice build a strong second infection immunity to this worm.

Hall (1955) described Hastophorus muris in his study as did 

Lukasiak (Í95U). This nematode is a member of the order Spiru- 

rida, another of the subclass Secementea. These worms require 

an intermediate host, such as an insect. 13ie esophagous is typ

ically of two cylindrical parts. Additional reports of a var

iety of other nematodes found in M, musculus and other rodents 

appear in the literature.

Oestoda. Hymenolepis nana is the common m u s o  tapeworm. Syste

matically, it is a member of the order Cyclophyllidea. The sub

class Cestoda includes about ten orders according to Cheng (1973), 

their division being based on structural and life history dif

ferences.

Habermann, et al, (1958) described the structure, size and 

eggs of H. nana which is a unique oyc LopbylLidean in that its



11

life cycle is commonly direct. All other w o m e  of this order 

have intermediate hosts involved in their life cycles and as 

previously mentioned, the life cycle pattern is important in se

parating the Oestoda into orders. Typically, the oncosphere re

mains enclosed in the ciliated embryophore until it is ingested 

by a vertebrate or invertebrate intermediate host. It then de

velops into a cysticercus larva and remains at this stage of 

development until Ingested by a definitive host. With the ex

ception of H. nana all lymenolepis species utilise an inverte

brate host. This represents a modification of the typical life 

cycle pattern in that it requires one host in which to complete 

its development. However, experimental studies show a cysti

cercus will normally develop in various invertebrates when cili

ated embryophores arc fed to them. This is of special bio

logical significance in man, and represents the elimination of an 

Intermediate host by an advanced parasite, according to Cheng 

(1973). The fact that development can be direct makes it much 

easier for other animals to be infected. Keller, et al, (1938) 

found 0.7'» of the human population in North Carolina to be in

fected, and Keller and Leathers (1936) found a 2.7% rate in Ken

tucky. Leathers and Keller (1937) found a 0.6$ infection rate 

in South Carolina. Headlee (19U2) found a 2.5% incidence in 

students at Berea CS-tlege in Kentucky. Numerous other examples 

exist. Chandler (1952) stated that H* nana is the most common
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tapeworm found in man in the southern United States*

Larsh (I9hlt) infected Perorayscus man!cuIctus experimentally 
with Jjyroenolepis, but found M s  musculus to be a better host on 

the basis of greater numbers of worms recovered and their larger 

size. Shelton (1953) infected chinchillas, and Gorham and 

Farrell (l?5«>) stated that the chinchilla can serve as either 

the intermediate or the definitive host for H. nana* Stunkard 

(19k?) found the Syrian hamster to be a suitable host and 

Schiller (1959) experimentally infected eight other members of 

the order Rodentia in which he showed that the host species does 

..have a morphological effect on certain characters of this cos- 

tone*

Schiller (1959) stated that the reason more animals are not 

natural hosts for H* nana probably has more to do with avail

ability rather than susceptibility. Experimental infection of 

M, mu a cuius with other adult tapeworms has been noted, by some 

researchers, such as Stunkard (1965).

Instances where the mouse servos as an intermediate host 

have been reported also. Host common is the larval fora of tfyda- 

tlgera taeniaePorais (or Taenia taenlaeforais) where the larval 

stage is known as ystjrercus fasciolaris. It is a cyclophyl- 

lidesn and shows the typical life cycle pattern.» This larval 

stage forms a cyst in the liver of the intermediate host. The 

discrepancy in the naming of the adult worm is due to the larval
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stage, Fahiry (196?) stated that the genus Taenia has a cystl- 

cercun larva, whereas „the genus Hydattgera has a strobtlooercus. 

Since e, fascioiarts is a strobilocercus he contends the correct 

designation Is Hytiatigera taeniaeforenis♦ The past ueage of 

Taenia seems to he the only reason for its continuing usage,

Qyaticercus fasciolar!® has been reported in Hus imsculus 

by Halt (1955), ? a $ W  (196?) and others, It occurs store often 

in .rats and in greater numbers. Adults of this species are com

monly found in domestic cats, Hinaldy (1971) reported the M u l t  

worm in the red fox, I.oftin (i960) in the lynx, Boddloker (I960) 
I n  the raccoon, and Anderson (1966) in the muskrat. For tlie 

domestic oat, the incidence rates have been recorded by Powers 

(1971) to be 1.6:1, by Lillis (1967), 335, and Ash (196?), 21%. 

These percentages were obtained from necropsy studies. Percen

tages obtained through fecal examination alone were always con

siderably lower.

Olivier (196?) found widespread differences of suscepti

bility to 0, fasciolaria among different strains of mice. Some 

strains of mice showed no susceptibility evidenced by the fact 

that those C. fasci ciarla larva,« that did reach the liver died. 

Other strain® si-.owed susceptibility to infection to be as high 

as that in rate,

The larval form, of Echinococcus multi)ocularis, another cy- 

olophyllidean, has also been reported in mice, Gheog (1973)
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stated that fozes, dogs, cats and wolves serve as the definitive 

hosts in nature, while microtine rodents, especially voles, 

serve as the intermediate hosts. He also stated that E, multi- 

locularis seems to be restricted to the Alaskan tundra in North 

America} however, Carnes,- and Loiby (1968) reported its occurrence 

in the .red fox in Minnesota. Holes and deer mice serve as the 

intermediate hosts, and Rausch and Richards (1971) reported it 

in these same hosts in North Dakota,

In the life cycle, eggs from the adult in a definitive host 

arc ingested by the intermediate host, and an hydatid cyst forms 

in the hepatic lobules, The definitive host is again infected 

when it ingests the intermediate host.

Fertile hydatid cysts arc large and commonly not found in 

the house mouse in nature. However, Heath (1970), in testing 

laboratory 'animals, found albino I!us musculus to be the most 

susceptible laboratory host. Heath also described experiments 

of Schwab©, Schinasi and Xilejisn (1959) in which they found the 

hydatid cysts in nice to be small and immature. Lubinsky (I960) 
found white mice to be susceptible, but the percentage of posi

tive results was low. He stated that cotton rats were the ori

ginal hosts, arid that they ordinarily die from hydatid disease, 

Yamashita (1968) noted that white mice were resistant on the 
whole, whereas Schwab© and Yamashita (1968) stated that strain 

d i ' ¿Terences exist and that young nti.ee were significantly more
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research showed that 80-903 of the cysts in cattle were sterile, 

303 in goats, 123 in pigs and 6% in sheep, Sterile cysts tended 

to be the rule in older animals* lobster and Willett (1969) 

showed hydatid cysts can. develop in the lungs, and mention that 

Ohbayashi and Orihara (1961s) .found one Pus m s n u l u s  with a fer

tile cyst present in its lung,

Trematoda. The trematodes found in house aloe have 'oeen reported 

almost exclusively from foreign countries and in experimental 

work. Heu. et al, (1968) reported experimental infection of Kun 

nr.ranil.ur> with Echlnostoma rodrlguesi and work has been done with 

members of the genus Schistosoma in M. musculus by Gear, et al, 

(1966) and $j®ngy (1962)* Pew reports exist of tremtoti.es in H, 

m s  cuius from their natural environment,

9. Protozoan Parasites

The Protozoa of rodents include amebas, flagellates and 

sporozoans. No cillâtes have been reported, 

irnebas. There is one common parasitic ameba found in the house 

m u s e  that is also found in rat®* This is Entamoeba marls which 

is structurally similar to 9. coll, a non-pathogenic human in- 

‘'acting species. E* murls is non-pathogenic to its m u s e  host,

Tt is a member of the order taoebida in the class Saneodina*

Entamoeba rruris has been reported from the deer mouse,
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Perosyscus maniculatus, and the western harvest mouse, Beithro- 

dontoirys megalotis, by McBowaii and Buttrey (1961). At one 

t: me, E. muris was thought to be identical with another arneba 

found in the rat5 that arneba was later identified as E, histo

lytica, the causative agent of amebic dysentary, according to 

Fulton and Joyner (19U8),

Entai-oeba histolytica is commonly reported f m a  the rat, 

but Andrews and >Jhite (1936) made the statement that the usually 

low incidence in rats make this animal of negligible importance 

in transmission. 3. histolytica has also been reported in rats 

by Tsuchiys and Hector (1936), Moods and Buttrey (1961) and 

others. It has not been reported from the house mouse.

Entamoeba muris is localised in the cecum according to Liu 

(1971). However, both trophozoite s and cysts can be found in 

the large intestine and cysts in the small intestine. It is 

commonly reported In the house mouse; for example, Liu (1971)# 

Harkema (1936) and Saxe (1950), Saxe also did transfaunatlon 

studies in which he found B, muris from wild M. muscuius trnns- 

missable to the hamster.

Flagellates. An abundance of flagellates have been reported 

from the mouse. Saxe (1950) found Giardia muris, hexamita muris, 

Trichomonas muris (or Tritrichomonas muris), Chilomastix betten- 

courti, Octomitus intestinalis, and Trichomonas mtnuta in the

mouse. The first five of these were transmisaable to the rat.
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He also found G, m r i s ,  H. murls, T. nur s and T. minuta capable 

of infecting the hamster. Studies such as this are important in 

determining species differences, yet few have been done. As 

early as 1932, Hegner called attention to the problem of assign

ing new species names to protozoans because they were found in a 

new host, although they were morphologically similar. Hegner 

believed it more import ait that one rely on morphological and 

physiological differences in distinguishing species. Morpho

logical characters, distinguishing flagellates, include the num

ber and length of flagella, position of nuclei, the axostyle, 

and in the case of trlohomonada, the undulating membrane. Others 

exist, but those cited aare most commonly used.

Certain flagellates are naturally more common in mice than 

others. Bemrick (1961) reports a UiS incidence of Glardla nuris 

(Minnesota) and Hegner (1923) a 10% incidence (Baltimore) of this 

parasite in wild mice. Hegner does note that Simon (1922) found 

no infections in mice in Baltimore. The majority of infections 

in Berazick’s study were in young mice less than six weeks old. 

Therefore, the time of year that trapping was done may be impor

tant. G. muris is a member of the order Polymastigida in the 

class Mastigophora,

Mice seem to be susceptible to a variety of trichomonads.

As HanriLgberg (1961) stated, "for over a quarter of a century 

mice have served as experimental hosts of several trichomonad
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species. ” Honigberg used them as hosts for the human infecting 

trichomonad, T. vaginalis and the poultry infecting species, 7. 

gaillnao. Schnitser, et al, (1950) infected mice tilth T. vagi

nalis, T. foetus, and T. gallinae. Tritrichomonas auris (or 

Trichomonas marls) is the most common mouse flagellate. Reports 

of this flagellate are numerous. They are members of the order 

Trlchomonadida.

In 1950, ’./enrich and Saxe noted that T, rauris or T. muris- 

like forms had been described from it species each of Peronyscus 

and Cite!lus, 2 species each of Hicrotua, Arrioola, M o d e m s  and 

Oricetns and one species each of ’jystzlx, Harmota mid Ondatra, 

'.enrich and Saxe stated "it would require many transfaunation 

studies to determine host-parasite relations. Meanwhile, it is 

best to recognize species on a morphological basis rather than 

upon original host-parasite relationships."

There is some question as to whether or not T. marls can 

encyst, './enrich (1921) describes possible encystment for this 

species. Current textbooks in protozoology differ on their 

treatment of this phenomenon. Kudo (1966), for example, describ

ed no encystment$ whereas, MacKinnon and Hawes (1961) described 

the encystment as noted by * fenrich, but call it a pseudo-encyst- 

ment since the organism only seems to curl up rather than truly 

encyst to the point where diagnostic features disappear.

Other trie' oronads reported from mice in their natural hab-
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that include Trichomonas microti, described by Vfenrich and Saxe 

(1950) and Trichomona» mimita.

The common trlohomnads of mice seem to show no ill -affects 

on the host, even when present in large numbers. However, Bon

darenko (196U) in the U.S.S.E. reported T, marls to be pathogenic 
in ducks and hens.

The one flagellate that Is pathogenic to Its mouse host is 

ttexaalta marls, Luasiar and Loew (1970) reported an outbreak of 

hexamitiasis among laboratory mice characterised by retarded de

velopment, hunched attitude, lethargy, and in some eases, diar

rhea and death. Meahorer (196:?) described a similar outbreak 
with clinical signs that included mild diarrhea, loss of weight 

(though food consumptidn was not reduced), and sporadic death. 

Haxanita is rarely reported from wild mice, but cases exist. It 

is more common in rats; for example, Teuehiya and Rector (1936) 

found 31 of 103 rats to be infected. Kudo (1966) stated that 

when Hexamita is present, Trichomonas muria also occurs in maty 

cases. The g e m s  Hexamita is in the order Polyniastigida.

to important- group of flagellates that need to be mentioned 

are the trypanosomes. Although they have not been reported from 

wild mice, they have been successfully infected into laboratory 

mice by Taliaferro (1938) and Taliaferro and Pavlinovn (1936). 

Rats are common natural hosts for Trypanosoma lewis!. Tsuohiya 

and Sector (1936) found then in rats in St. Louis (lip) and



20

Balfour (1932) found them in rats in England (19/0» These blood 

parasites are found in most rat studies, particularly studies 

done in the southern United States. Txypanosomes are of the 

order Protomonadida.

Other flagellates from mice exist and not all are true sym

bionts, Several copraphagic flagellates have been bund in ro

dents according to Kudo (1965) and MacKinnon and H a w s  (1961).

Ho reports exist in the literature regarding possible infection 

of exotic animate with any of the flagellates mentioned.

Sporosoans. The sporozoana account for one of the biggest para- 

x sitic p r o b l e m  among animals. Cooeitiiosis is common end easily 

transferable. Levine (1965) gave a comprehensive study of the 

sporosoans of rodents. It is sufficient to point out that 

Elmerla epp, are the most common. They are usually found in the 

intestine. Klossiella marls is a mouse parasite which infects 

the kidney tubules. Both of these genera are intracellular and 

pathogenic.

Extracellular sporozoms exist, most notably Cryptosporidium 

muris, described by Tyisser (1910). It is quite common in labora

tory mice; however, no reports exist of this parasite in wild M. 

muscnlua.

All of these organisms are members of the order Coccidida. 

They are distinguished ’ey the number of sporozoites and sporo- 

cysts present when the oocyst is allowed to sporulate. However,
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in the case of C. m r i s ,  sporulation vdll not occur in the lab

oratory since in its life cycle sporulation occurs in the sto

mach, not externally.

rbdent malarias, diseases caused by another sporozoan, do 

occur. According to Bafort (1970), since the discovery of Plas

modium berghei and P. vinckei, these organisms have rapidly be

come the most widely used parasites in laboratory work on malaria. 

Nothing has been reported on their transmissability to other org

anisms except for various other closely related rodents.

D. Arthropod Parasites

The ectoparasites of mice are numerous and many reports are 

found in the literature. Since the object of this study is the 

endoparnsitie fauna of the mouse, suffice it to say that the 

great majority of flea and tick borne diseases throughout the 

world are more common among rats than mice. For example, Cheng 

(1973) stated that the murine typhus Rickettsiae are picked up 

by fleas while feeding on infected humans, rats or mice and then 

transmitted to others. However, Worth (19>0) found the flea, 

lenopsylla cheopis, to prefer ratsj mice show a low incidence of 

infection and are of little importance in the spread of arthropod

borne rat diseases.
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nr, Hsretg&s ¡¡m methods
Animals were 11 w-trapped at the Henry Doorty ?oo in Omaha 

in S h a m a n  Havo~a~Heart traps. Traps were set approximately 

every six days from June 25, 1975 to September 2, 197.5« The 

traps were set in the evening after the b o o closed. They w e «  

placed in the email animal room at the e o o and picked up in the 

morning at 8:00, The bait used was either peanut butter mixed 

with rolled oats or cheese, Both were equally effective and 

trapping success was almost U0:>, The small animal room was 

unique in that the mice had. access to the cages of the exotic 

animals found inside,

The animats caught were brought to the laboratory and 

housed in Individual cages. The animals were sacrificed under 

ether anaesthesia. After etherization the coat was first 

checked Cor ectoparasites and those found were preserved in a 

formalin-acetic acid-alcohol ( P M )  mixture. Blood smears were 

prepared Cron tail blood and subsequently checked for trypano

somes. The body cavity was then opened. The diaphragm, lungs, 

liver, kidneys and intestinal tract were removed. The lungs, 

liver, kidneys and diaphragm were superficially checked under 

a dissecting scope for signs of infection and, if sue i was found, 

the tissue was preserved in FAA prior to preparing study slides. 

Despite the lack of noticeable infection in the lungs, diaphragm, 

and kidney some of these tissues wore fixed to check for light









26

infections or infections which would not appear dinring a cursory 

examination. The entire intestinal tract was removed and slit 

longitudinally. The intestine was bathed in 0,9% HaOL during 

dissection. The contents were checked under the dissecting 

microscope at various points throughout the length of the tract 

for protozoans using wet mounts. Mien any were noted, permanent 

slides were prepared by tho polyvinyl alcohol (PVA) technique. 

All helminths were removed and preserved in FAA prior to ore- 

paring slides. The m u s e  carcasses were frozen and incinerated 

after dissection was completed.

The smears of intestinal material were stained for identi

fication of the protozoans present. Trichrome was employed for 

cytoplasmic and external structures or used in conjunction with 

Delà 'ield’s or Ehrlich*a hematoxylin for nuclei. Both proce

dures are standard methods for protozoans. The number of slides 

prepared for each animal depended on the examination of fresh 

material during dissection. At least two slides rere made for 

each animal from areas where protozoans were noticed; one 

stained with trichrome and the other with hematoxylin. These 

slides were then examined under the light microscope with high 

dry and oil immersion lenses.

Spore zo an oocysts stained poorly or not at all with the 

stains employed. However, according to Levine (1965) the iden

tification of most spore mans, Bimeria spp* in particular, is
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dependent upon achieving sporulation in the oocysts. Levine 

suggested the use of either 2% potassium diehroraate, IS chromic 

acid or I'C formalin solutions in tap rater to induce s p o l i a

tion. The oocysts of Sinter! a will sporulate in tap water, and 

the potassium dichromate, chromic acid, or formalin is used as 

a bacteriocj.de. This method proved unsuccessful. Next the me

thod of Nyborg, et al, (1968) was tried using carbon dioxide as 
a stimulus for excystation, but still using 2% potassium dichro

mate as the sporulating medium. Oocysts were placed in petri 

dishes and these dishes rare placed in a dessicator. Air was 

withdrawn from the dessicator and replaced with CÔ ,. This was 

attempted because it was presumed that perhaps sporulation was 

occuring, but due to the small size of these oocysts sporula

tion was not visible. If excystation occurred, a count of the 

sporozoites and sporocysts present could be made. After expo

sure to the COg atmosphere, the petri dishes rare filled with 

Nyborg * s excysting medium. The dishes were kept at room temp

erature and at 37 °0, These were checked several times dally 

for more than a week, again without success. Finally, tissue 

slides of the small intestine rare made in an attempt to show 

various stages of the life cycle of an intracellular sporozoan 

if this was in fact Timer!a. The tissue was embedded in paraf

fin and stained with hematoxylin and eosin. These slides showed 

no evidence of an intracellular parasite in the small intestine.
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It became evident that the organism was not Simerla even though 

this genus is the most coraaon rodent aporosoan, A search of the 

literature revealed two other possibilities. This led to the 

preparation of tissue slides of the stomach which, when stained 

with Glemsa’s stain, revealed the presence of an extracellular 

parasite in relatively abundant numbers,■ Stomach slides were 

also stained with Mallory’s trlchrone and hematoxylin and eosin, 

but these stains were not as satisfactory. Stomach content 

smears were also made and stained With Giemsa’s, W i g h t ’s and 

phosphotungetie acid hematoxylin stains for the presence of 

sporozoites and merosoites. This extracellular parasite will be 

discussed later.

Slides of the helminth parasites found In the mice were 

prepared using Hoyer’s cement. Attempts at staining some of 

these worms idth Caraszi’s hematoxylin and borax carmine were 

iwie$ however, these slides were inferior to those prepared with 

Hoyer’s cement,

Alt tissues from the various organs were embedded in paraf

fin and stained with hematoxylin and eosin by standard procedure 

and examined with light microscopy. The ectoparasites were all 

mounted in Hoyer’s and allowed to clear. Mo staining was at

tempted.

Two blood smears were made from most mice5 one was stained 
with Giernes's stain, the other with ’-'.right's stain.
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A total of over hOO slides were prepared from 3U mice. 

These slides were examined for identification of the organisms 

present on them* The data for the first six mice is not as ex

tensive as the data for later mice due to the initial lack of 

experience on the part of the investigator.



30

XV, RESULTS

The most abundant org a n i s m  found in this study were nema

todes and protozoa. Wherever possible, identification was es

tablished at the species level. Basic references for identifica

tion were Kudo (1966) and MacKinnon and Hawes (1961) for anabas 

and flagellates, Levine (1965) for Sporozoa, Yamaguti (1963) for 

the Nemstoda, Publication Number 1955 of toe U.S. Public Health 

Service for the .Arthropods, and a variety of references for toe 

Cestoda.

The basic results of the study are given in Tables 1-3.

The only nematode encountered in this study was Syphacia 

obvelsta. .is mentioned earlier it is an oxyurid very similar to 

Aspioularls tetrapteraj however, differences exist#

The laying of eggs in the large intestine was found to oc

cur. Slides that were made of two worms of S. obvelata that were 

found in the colon, presumably migrating to the anus, showed both 

worm® discharging eggs.

Syphacia was found in 17 of 3k mice ($0$) and in most in
stances was found in the cecum. In one instance, two worms were 

found In the colon and were apparently migrating to lay eggs, 

baaed on their gravid state. Other worms were found in the cecum 

of this mouse. In another m u s e  a single gravid female worm was 

found in the colon and none wore found in the cecum.

Larval worms we re frequently observed In the cecum, but in
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Table 1. Incidence of Helminth Infections from Mgs xirascuius 
from the Henry Booriy Zoo in Omaha, Nebraska.

Mouse
Mo,

1
2
3
U
56
7
8 
9

10
11
12
13
Hi
!•>
16
17
18
19
20  
21 
22 
23 
2li
?5
26
27
23
29
30
31
32
33
3h

Cysts
Syphacia i^rroenolepis Cysticercus
obvelata nana faselolaris?

4*
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Tábte 2. Inctdence of Protasom  infectiona from Has m a c u t o s
’rom th

Mouse
No,

y Herny Boorly Zoo in Omaha, Mebraska.

Retorta- B, T. T, H. 
monas sp, muría muría nioroti muria

Copromonas
or C, 

Scytomonas muria

1
2

3 +

h
5
6

?
8 +

9 4*

10 4

11 4»

12
13 4- 4- 4

Ih 4

15 + 4
16 4

17
18 4

19 + 4 4

20 + 4

21
22 + 4

23 4 4

2lt
25 4-

26 + 4

27 ■4-
28
29 + +
30 4* 4

31 4
32 4 4 4

33 4 4 4

3U
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Tab le  3* Location of Protozoan and Helminth parasites in the 
house mouse.

L iv e r
Small

In te s t in e Cecum
Large

I n te s t in e  Stomach

S . o b ve la ta 3 17 2

H. nan a 6

le s to d e  c y s t s 7

Retortsm onas 2

E. raurls 2 ( c y s t s ) 2 3

T. mûris 11 h

T. m ic ro ti 3

H, m i l s 1 l

Conromonas or 
Scytomonas 3

G, mûris 15 15 15 15
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all cases the presence of adult S. obvelata lad to the assump

tion that these were the same species.

In mouse #1 eggs of some organism were found in the targe 

Intestine. Lack of detail made it impossible to identify them, 

although they appeared to be nematode or cestode eggs. These 

eggs were oblong, 22 x 2$ microns. Due to this small size it is 

possible that they were protozoan cysts instead of helminth eggs.

iymenoicpis nana was positively identified in 6 of the 3it 
mice. They were always found segregated in the lover half of the 

small intestine. Although measurements were not made, they ob

viously showed a crowding effect. A single worm from one of the 

mice was much larger than the dozen or so worms taken fro» ano

ther m u s e .  Diagnostic features included genital pores, all on 

a single side; a rosteltum armed with a single row of hooks; lo

cation; shape of the proglottids; number and arrangement of suck

ers; and eggs.

Cysts were found in the livers of ? mice. Hone of these 

cysts were developed or fertile and all looked as If they would 

not develop. A literature search suggested that the majority of 

these fibrotic capsules in the livers were Oyatleercus fascio- 

larls, the larval stage of lydatigera taeniaoformis (Olivier, 

1962). The undeveloped cysts were small and white. One liver 

did show larger cysts just beneath the surface which were con

siderably larger than those just mentioned (approximately 2-U
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mm.). Cameron and 'Abater*s (1969) article on the histogenesis 

of the hydatid cyst suggested the possibility that these cysts 

were Echinococcus multilocularis. The cyst was undeveloped with 

an interior that appeared to be necrotic material surrounded by 

a fibrotic capsule around which was an abundance of lymph cells.

The most abundant flagellate found was Tritrichomonas nurls. 

The incidence was 385 and the infection ranged from light to 

heavy, Two mice, that were not included in the data, were main

tained in the laboratory for several months, i-flien dissected 

they were found to have infections of ?. muris. This organism 

almost entirely filled the cecum showing that the rd.ce did rot 

rid themselves of the parasite, at least in the laboratory's 

somewhat closed environment. This indicates that T. marls is 

apparently non-pathogenic even in great numbers, as these rd.ce 

did not appear ill. T, muris was found exclusively in the cecum, 

but in two mice they were only positively identified from the 

large intestine. Mice numbers 28 and 30 showed possible pseudo
cysts.

Trichomonas microti was identified in 9% of the mice, all 

in the cecum.

Some type of copraphagic flagellate was present in the 

cecae of 3 mice. This is probably the g e m s  Copromonas or Scy- 

tomonas. These two genera have been associated with rodents.

These organisms are smalt flagellates, 8 x  12 microns, with a
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single, long flagellum, Internal detail is lacking except the 

nucleus can be seen at the anterior end,

Ilaxsaalta marie was found in a single m u s e  and was part of 

a multiple infection with I, auris and Cryptosporidium murls, a 

sporoaoan. Ho pathogenicity was observed, probably due to the 

low number of H* maria present.

Mice 32 and 33 were infected with a Retortaiftonas species.

The small sis© ( 6 x 8  microns), the shape (convex on one side 

and straight or concave on the other) and its movement (revolv

ing on its long axis) were used as criteria. Flagella could not 

be clearly seen leaving the identification open to question.

Entamoeba auris, tide common mouse ameba, was found in three 

mice. The possibility exists that a few more mice harbored this 

parasite| however, staining methods used were not sufficiently 

specific for a positive identification, and numbers may have 

been low.

The uporozoan, Cryptosporidium rauris, was present in 15 

mice. Comparison of the oocysts with those found in laboratory 

mice indicated they were identical. Preparation of tissue slides 

Of the stomach led to its identification*

Ectoparasites found on the mice were limited to one species 

of mite, Radfordia affinis, a hair follicle mite. It was found

on several mice and is not believed to be a carrier of disease
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V, DISCUSSION

O rig in a lly»  tills s tu d y  was to  examine rats tra pp ed  a t th e  

zoo to  determ ine t h e i r  p a ra s i te  fauna. However, the d i f f i c u l t y  

in  tra pp in g  them in  s u f f i c i e n t  numbers made t h i s  im po ss ib le , 

riles» yius musculus, w ere abundant and u sed  f o r  th e  s tu d y .

From the literature, it is apparent that animals which had 

contact with zoo animals or their food could be a source of in

fection or could, become infected themselves. In this perspec

tive they can serve as intermediate or reservoir hosts. The 

mice collected for this study were observed to enter the cages 

of the zoo animals. They ate the animals« food and defecated in 

the food containers and cages.

A prime case in point would, be the water buffalo mentioned 

previously, it the time that the buffalo was receiving medical 

treatment for parasites, its food supply was removed from the 

ground. This preventive measure with respect to the food supply 

possibly indicated that other animals (e,g, rodents) may have 

been at least partially responsible for the water buffalo's in

fection. Since that time, there has been no further problems 

reported.,

Iha musculua is omnivorous. It is conceivable that the 

mice used in this study could and would enter any animals« cage 

to which it had access*

Previous studios on indoor populations of mice seem to be
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closely rotated to the situation in the small animal room at the 

zoo. The building was warm, had plenty of suitable nesting 

areas, and enough food for the riioe. Since studies indicate that 

such populations novo over a small local range, mostly confined 

to a single building, it seems plausible that the only animals 

■with which these mice had contact were those in the small animal 

room. However, it is not impossible that they did have contact 

with nearby animals, such m  those at the barnyard about 100 
yards away.

Anderson and Hill (1965) observed territorial behavior in 

x house mice which seems to support the idea that the mice in this 

study had contact only with those animals in the small animal 

building. Therefore, it seemed feasible to compare the rouse 

parasites with possible infections in those animals with which 

they had contact.

In the case of Trlchineila spiralis, Robinson and Olsen 

(I960) found that contaminated feces of animals could produce 
infection. This type of infection would seem to be mere plaus

ible in a zoo environment since no carnivores were present. The 

absence of T. spiralis in the mice would Indicate either T. spir

alis was not present or that it is difficult to pick up an In

fection from fecal material. The information available in the 

literature and the results of this study would, lead one to agree 

with Chandler (1930) that mice are not natural hosts of the worm.
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A variety of factors were considered to determine if the 

nematode found in this study was S. opvelata or A. tetraptera.

The average else of 5* obveiata eggs is 125 x 1*0 microns, where

as those of A, tetraptera average 90 x 36 microns, 3, obveiata

is found predominantly in the cecum, commonly has fragments of a 

sepia brown fungal growth about the anus, and females predomi

nate. A. tetraptera is found most commonly in the colon, has no 

fungal growth, and the sex ratio is approximately equal. Al

though fungal growth was not definitely established, the possi

bility that it. was present did. exist.

Philpot’s (192U) work which indicated evidence for retro- 

infection seems to be supported by the fact that S. obveiata eggs 

were found in the large intestine. However, it is possible that 

the trauma induced by the removal of these worms could have 

caused the discharge. The fact still remains that eggs were 

found in tills area.

Cestodes found in mice are of more economic and medical im

portance than are the nematodes. Hyraenolepis nans, besides 

being common in the house mouse, is transmissable to man and 

this tranezdssability is more than accidental. H. nana is also 

common in rate.

In the past, there has been some question as to whether the 

human and rodent infecting forms of H# nana are the sane. There 

does seem to be a slight difference$ however, it is now known



that both the human and rodent infc. ting forms are transraissable 

to the other host. The high incidence of human infections with 

this tapeworm, in ecmmunities m e r e  sanitary eond.iti.ons »ties hu

man contamination highly probable, strongly suggests that human 

infection with the rodent f o m  does occur. Therefore, the pre

vious designation of ■!. fratorua as the rodent species lias been 

dropped, m d  those investigators that continue to use this name 

use it as H. nana var. frcteraa.

The fact that H. nana Is so common among mice makes it im

portant to human# who work at the soo. The other oo»tun rodent 

' and human infecting specie# of Ijyttenolepia is H. d i n & m t a . It 

is sons oodrumly found in the rat, ha# an indirect life cycle, 

and is usually easily distinguished from H. nans by the absence 

of £sn armed rostelluzn. This aestode was not found in any mice 

examined. Ho other adult tapeworms are common in the houae 

mouse.

It was i-possible to determine if B. multlloc .jar's was 

present. Such infections have not been reported south of Minne

sota. The possibility that it was present is important and will 

warrant further research.

E, multiloculari^, as well as 2* grannLoans, are infective 

for man. B, multilocularis is dangerous, especially in areas 

where man is in close contact with a definitive host. Man can 

harbor the hydatid cyst, but development is slow mid abnormal.
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This indicates that man is not a satisfactory host. However, if 

the cyst reaches a size where it can not be removed surgically, 

then death will commonly occur.

Of all the flagellates found, H. rnuris was the only one of 

importance. This is pathogenic for laboratory mice, but Mus 

:,.usculus seem to be resistant to its pathogenic effects.

Trichomonas titur! s was found to fora a pseudocyst in this 

study. There was no obvious reason why it occurred in two mice 

that were trapped the same day. No records were kept of weather 

conditions or other environmental factors. Weather or food 

could have been factors, but there is no way to determine this. 

This psoudo-encystment was similar to that described by ’Enrich 

(1921).

Although Trichomonas rauris may be infective and. pathogenic 

to ducks, according to Bondarenko (1961*), this still needs sub

stantiation in ducks. Otherwise, the flagellates of wild mice 

seem to be of little importance unless other hosts might have 

different reactions than mice to infection by these parasites, 

it this tine that information is not available.

A copraphagic flagellate was present but not definitely 

Identified. It could be Copromonas or Scytomonas. Kudo (1966) 

stated that some question exists as to whether these are in the 

same genus or should be separated. This problem is currently

unresolved
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Cryptosporidium murls, the sporozoan which was found, is 

extracellular and therefore, less of a pathogen than other in

tracellular sporozoans. The presence of various stages of the 

life cycle of this parasite, in the stomach of the mouse, sim

ilar to those described by Tyzser (1910), left little doubt of 

its identification. This sporozoan is common among laboratory 

mice, but has never been reported from wild Hus musculus. The 

small size of the oocysts end the fact that sporulation could 

not be achieved, leads one to believe they must be Cryptospori

dium,
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VI. sw m m  AMD CONCLUSIONS

Thirty-four mice, m i d  Mus muscuius, from the Henry Doorly 

Zoo were examined specifically for helminth and protozoan para

sites to determine if mouse-harbored parasites were transmls- 

sable to exotic or Other animals in the zoo*

The following is a list of parasitic incidence rates: gy- 

phacia obvelata Hymenolepis nana (i?.S>), Cestode cysts

(20.#), Tritrlchon;onn3 rnurls (38 \), Trie omonas microti (9%), 

Hexamita muris (3$), ■•opromonas or Scytowonas spp. (9%), Betor- 

tamonas spp. (6$), Entamoeba muris (9%)t Cryptosporidium muris

(hk%).

The most important parasite recorded from these wild rice 

is the cestode cysts which were found. These cysts are of con

cern because they are an intermediate stage of the tapeworm.

Upon ingestion of infected rice, the proper vertebrate host 

could become infected. More research in this particular area 

would be worthwhile, especially studies of the helminth fauna of 

the zoo animals and their feeding behavior. A larger sample 

will be necessary to determine the percents, e of these cysts de

veloping in rice, if any, and to determine exactly what they are. 

If they are Qgsticereus fasclolarls, then they could be ignored 

since so few are obviously going to develop. Those that may de

velop will pose no significant pathogenic problem. C, fascio

lar! s is such a common cat parasite* It is known that the



in te rm ed ia te  h o s t ( e . g .  ro d en t ) i s  a f f e c te d  to  a g r e a te r  e x te n t  

than th e  d e f i n i t i v e  c a t h o s t .  I f  however, f e r t i l e  Echinococcus 

c y s t s  a re  found in  la rg e  numbers in  th e  mouse p o pu la tio n , meas

u re s  shou ld  be taken  t o  e ra d ic a te  th e  p o pu la tio n . The p ro b a b il

i t y  o f  t h i s  being th e  ca se  i s  so  low th a t th e re  i s  l i t t l e  room 

f o r  concern .

"ym enolepls nana i s  a worm w ith  a d i r e c t  l i f e  c y c le .  I t  i s  

capable o f  in f e s t in g  any animal th a t  s e r v e s  a s a s u i ta b le  h o s t .  

Ju s t  what animals a re  capable o f  such i s  n o t known, b u t s in c e  i t  

i n f e c t s  bo th  mice and men i t  i s  con ce iva b le  th a t  th e re  a re num

erou s o th e r  p o t e n t i a l  h o s t s ,  e s p e c ia l l y  p rim a te s .

Batortamonas and Hexam lta a re two f l a g e l l a t e s  w ith  th e  po

t e n t i a l  f o r  harm. Both  have known pa thogen ic e f f e c t s ,  b u t again 

nothing has been  e s ta b l i s h e d  w ith  r e s p e c t  t o  t h e i r  mode o f  t r a n s -  

m is s a b i i i ty .  The major s tu d ie s  have been  con cen tra ted  in  th e  

f i e l d  o f  human m edicine. Th is problem  makes th e  p r e s e n t i n v e s t i 

ga tion  d i f f i c u l t .  Although th e  m a jo r ity  o f  p a r a s i t e s  d e sc r ib e d  

in  t h i s  s tu d y  arc n o t pathogens to  t h e i r  n a tu ra l h o s t s ,  one must 

keep in  mind th e  p o s s i b i l i t y  o f  a pa thogen ic e f f e c t  in  an a cc i

d en ta l h o s t .  T h e re fo re , i t  i s  e v id e n t th a t  mice a re d e tr im en ta l, 

no t on ly  from  a p a r a s i t i c  p o in t o f  v iew , bu t a lso  due to  th e  f a c t  

th a t  th ey  e a t  fo od  which i s  meant f o r  o th e r  animals. The cues»  

t i o n  becomes one o f  econo: d e s  in  such a ca se . I s  i t  vo rth x .td ie  

t o  go through a com plete e ra d ic a t io n  program? The c o s ts  appear



to be too high in terms of problems that flight be eliminated. 

Also, the complete eradication of a wild mouse population in an 

ares such as the zoo is next to i -possible, the knowledge 

gained from the present investigation will be of aid in the diag

nosis and treatment of subsequent illnesses among the soo habi

tants.
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