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INTRODUCTION 

In recent years, wild rodents have been identified as reservoir 

hosts for Trichinella spiralis, the etiologic agent for trichinosis. 

Studies in the United States and abroad show that wild rodents can be an 

important source of infection for swine. Usually, humans become 

infected by ingesting raw infected pork products. 

In man, the clinical course of infection can be severe and 

sometimes fatal. The adult trichinellae in the small intestine may 

create a transient diarrhea with gastroenteric distress, but the 

dangerous phase occurs when the larvae, injected by female worms into 

the mucosa of the small intestine, migrate to the musculature causing 

fever, myalgias, spasms, edema, and inflammation. The potential exists 

for fatal inflammatory brain and heart disease. 

Currently, 108 species of mammals representing 8 orders are known 

to harbor trichinae (=encysted larvae). Of these, 30 species are wild 

rodents. We believe that rodents act as a primary reservoir for this 

disease in nature and that pigs eat rodents when available, thus 

recycling a sylvatic parasite into domestic animals and potentially into 

humans. 

In 1968, Pefaur et al. considered Octodon degus colloquially called 

the degu to be an important disease and parasite reservoir. He reviewed 

the parasitological literature and found the degus to be infected with 

Linguatula serrata, Echinococcus granulosus, and Trypanosoma cruzi, all 

of which can infect humans. Degus have not been reported as wild or 
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laboratory hosts for T. spiralis~ However, the natural range of o . 

. degus occurs in an endemic trichinosis. area and they represent . the 

largest mammal population iri. Chile (Woods andBoraker, 1975). The role 

of degus as a. potential parasitic reservoir is suggested not only by 

their abundance but also because they are frequently encountered near.· 

human habitation. 

The objectives of this study are: (:l) to determine the 
. ' . . . 

susceptibility of o. degus to !.· .spiralis; (ii) to determine whether 

degus develop an immune response to trichinellae; (iii) to investigate 

the general life cycle· of.!. .. spiralis in . .Q: degus; (iv) to observe the. 

clinical signs and symptoms assoc.iated with trichinosis; (v) to 

investigate whether transplacental migration o-f trichina larvae occurs; 

(vi) to find out if trichinellae can be maintained by passage through 0-.. 

degus to Sprague'.".'Dawley rats; (vii) to establi'sh the longevity of T. 

spiralis in tap water;· a11d (viii) to accumulate new infotlllation on the 

life cycle and behavior of o. degusmaintained :i.n the laboratory. 



REVIEW· OF THE LITERATURE 

Trichinella spiralis (Owen, 1835; Railliet, 1895) is the smallest 

nematode parasite of humans, and it has a life cycle unlike that of most 

parasitic nematodes. It is one of the most widespread and, in spite of 

extensive public health measures, it still remains an important disease 

agent across the earth. 

T. spiralis is the only species in the family Trichinellidae and is 

responsible for the disease varfously known as trichinosis, 

trichinellosis, trichiniasis, or trichinelliasis. It is common in 

carnivorous mammals, rodents, swine, and humans, primarily on the 

circumboreal continents. T. spiralis is less common in tropical 

regions, unlike most parasites of man, but it is well known in Mexico, 

parts of South America, Africa, southern Asia, and the Middle East. 

Early observations of Trichinella spiralis 

Although T. spiralis was not discovered until 1835, the existence 

of the parasite probably dates back to antiquity. ln 1938, Hegner 

stated that, "When an endopar;asite occurs in sev~ral species of hosts, 

the parasite is probably older than its host, having adapted itself to 

hosts that evolved after it became a parasite." Several investigators 

have stated that the Mosaic Laws (Virchow, 1864; Chandler, 1940) and 

Mohammedan Laws (Deadman and Wilson, 1941) prohibited the consumption of 

pork because human illness often followed. This illness is thought to 

have been trichinosis. 
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The credit for the discovery of .:!.· spiralis belongs to James Paget 

(1835), a first-year medical student, who discovered the roundworm 

encysted in muscle while dissecting a cadaver at St. Bartholomew's 

Hospital in London. In the same year, Richard Owen, in a paper read 

before the London Zoological Society, described the "entozoon" within 

the cyst, indicated its nematodal nature, and named it Trichina 

spiralis, "because the worm was thin as a hair and rolled up in 

appearance" (Reinhard, 1958). This name was changed to Trichinella 

spiralis by Railliet in 1895, since the generic name Trichina had been 

previously assigned to a genus of flies. 

The first reported observation of T. spiralis in animal tissue was 

made by a Philadelphia physician, Joseph Leidy, in 1846. While eating a 

slice of pork, he noticed some minute white specks which resembled the 

trichinae he had observed a few days earlier during a human autopsy. He 

examined an uneaten portion of the meat under the microscope, and found 

it full of trichinae (Gould, 1970). 

During 1845, Herbst encountered trichina larvae in a cat and 

demonstrated experimentally, that the parasite could be passed from one 

animal host to another by the consumption of trichinous meat (Steele and 

Schultz, 1978). 

The investigations of Leuckart (1855 to 1860) and Virchow (1859 to 

1860) proved that trichina cysta, when fed to certain experimental 

hosts, grew to adults in a few days, and that the females in the 

duodenal wall produced living young which migrated to muscles and later 

encysted (Faust and Russell, 1964). 
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The year 1860, was a milestone in the history of trichinosis. 

Friedrich von Zenker proved, by following a case from onset to autopsy, 

that the dise~se could be fatal to man. He found worms in the intestine 

and thousands of encysted larvae in the muscles of the corpse and 

concluded that the infection had resulted from consumption of raw 

sausage. Also, it became apparent that the parasite underwent the 

entire cycle of development in one host (Gould, 1970). Therefore, he 

hypothesized that trichinae are carried to the intestinal lymphatics and 

thence to the blood circulation to be disseminated throughout the body. 

At first, Zenker named the disease trichiniasis, and later changed the 

name to trichinosis (Faust and Russell, 1964). 

Friedreich in 1862 was the first to clinically diagnose trichinosis 

during the acute stage and to demonstrate the presence of trichinae in a 

small piece of biopsy tissue approximately 3 to 4 weeks after the onset 

of symptoms (Gould, 1970). 

Many epidemics of trichinosis were reported shortly after Zenker 

described the disease in 1860. Glazier (1881) listed 140 epidemics of 

trichinosis in Europe between 1860 to 1877 in which a total of 3,044 

persons were known to have been ill and 231 to have died. An extremely 

high incidence of infection was seen in Germany due to the practice of 

eating raw pork products. Virchow estimated the incidence of human 

infection in Germany to be 90% in the late 1860s (Faust and Russell, 

1964). 
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Life cycle 

Trichinella spiralis is unique among parasitic nematodes in that 

all the stages of its life cycle occur within a single host. The cycle 

is initiated when man ingests raw or rare flesh infected with the cysts 

of T. spiralis. The cysts are digested from the flesh in the stomach 

and these worms excyst in the duodenum. The larvae soon invade the 

duodenal and jejunal mucosa and develop, through four ecdyses, into very 

small adult worms within 30 to 40 h (Figs. 1 and 2). The adult males 

measure 1.4 to 1.6 mm in length by 40 to 60 um in width. The female 

worms measure 3 to 4 mm in length by 60 um in width (Faust and Russell, 

1964). 

Copulation takes place about 40 h after infection. Following this 

the male dies and is digested and eliminated from the host but the 

females penetrate deeper into the villi, the interglandular stroma, the 

deeper layers of the intestinal wall and even into the mesenteric lymph 

nodes. Within about 5 days the females grow to maturity and begin the 

stage of larval deposition, giving birth to approximately 1,500 larvae 

in a lifetime. Adult females are ovoviviparous (eggs develop and hatch 

within the uterus) and release one larva at a time. These larvae 

measure about 100 um in length and 6 um in diameter. The longevity of 

the females in the bowel mucosa is not known with certainty; however, it 

is unlikely that they survive more than 5 to 6 weeks (Soulsby, 1965). 

Some larvae may escape into the intestinal lumen where they can remain 

infective to an intermediate or definitive host if passed in the feces 
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Figure 1. Adult Trichinella spiralis. 
Mounted in glycerin-jelly. X 36. 
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Figure 2. Trichinella spiralis larvae. 
Mounted in glycerin-jelly. X 100. 
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(Olsen and Robinson, 1958). However, most larvae are carried to the 

mesenteric lymph nodes and from there, via the thoracic duct, to the 

right side of the heart. From here they pass through the lungs to the 

left side of the heart and are then distributed throughout the body. 

Only those which penetrate the sarcolemma of the striated muscle fibers 

are able to develop further (Soulsby, 1965). Some muscles are more 

heavily invaded than others, but the reason for this is not understood. 

The most susceptible muscles are those of the eye, diaphragm, tongue, 

abdomen, intercostals, biceps, pectoral, gastrocnemius, deltoid, and 

others which are constantly active. Maximal parasitemia occurs between 

the 8th and the 25th day of infection, and muscle larvae are first 

detected on the 7th day of infection (Fig. 3). Larvae start to coil 17 

to 20 days after infection and cyst formation is evident in about 21 

days. Cyst formation is complete in about 7 weeks and the larvae are 

infective at this stage (Soulsby, 1965). The capsule of cyst wall is a 

glycoprotein composed of an outer acid mucopolysaccharide layer bound to 

a sulfated collagen, and its thickness is 25 to 50 um. Although one 

worm per cyst is most common, up to 7 have been observed in a single 

cyst within a single muscle cell (Schmidt and Roberts, 1977). The 

entire cyst wall results from. host-tissue reaction and no part is 

secreted by the larva (Fernandez-Ballas, 1945). An interesting sequence 

of events following T. spiralis infection has been postulated by Stewart 

and Read (1973): a larval worm enters a muscle fiber and causes 

mechanical damage which triggers redifferentiation of the fiber. This 

result is regenerative-like changes establishing a new metabolic 



Figure 3. 
Mallory's. 
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Rat tongue infected with T. spiralis. 
x 36. 
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level in the myofiber which now assumes the role of a nurse cell to the 

larva. This cell provides a biochemical and structurally suitable 

environment for the development and continued existence of its parasite 

until the nutrients are depleted or waste products accumulate (Noble and 

Noble, 1976). In man, encysted larvae may remain viable for many years, 

although calcification (Fig. 4) usually occurs within 6 to 9 months 

(Faust and Russell, 1964). It has been reported that some larvae may 

remain viable up to 30 years (Mackie et al., 1954). The biochemical 

aspects of calcification are complex and not clearly understood. The 

time involved in the completion of phases in the life cycle varies in 

different hosts. 

Pathogenesis 

The pathogensis of trichinosis infection can be considered in three 

successive stages according to Schmidt and Roberts (1977): penetration 

of adult females into the mucosa, migration of larvae, and penetration 

and encystment in muscle cells. 

Only 50 to 75 larvae are required to create a clinical infection in 

man. First symptoms may appear between 12 to 48 h after ingestion of 

infected meat. Commonly, this phase is clinically unapparent because of 

low-grade infection or it is often misdiagnosed because of the vagueness 

of symptoms. When the gravid females penetrate the intestinal 

epithelium, they cause trauma to the host tissues; they begin 

intoxicating the host with their waste products, and they introduce 

enteric bacteria into the wounds they cause. These result in intestinal 



Figure 4. 
Rat tongue. 
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Calcifying Trichinella spiralis larvae. 
Mallory's. X 100. 
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inflammation and pain, with symptoms of food poisoning, such as nausea, 

anorexia, vomiting, sweating, and diarrhea. Respiratory difficulties 

may occur, and red blotches erupt on the skin in some cases. This 

period usually terminates with facial edema and fever 5 to 7 days after 

the first symptoms. 

During migration, the newborn larvae damage blood vessels, 

resulting in localized edema, particularly on the face and hands. 

Wandering larvae may also cause pneumonia, pleurisy, encephalitis, 

meningitis, nephritis, deafness, peritonitis, brain or eye damage, and 

subconjunctival or sublingual hemorrhage. Death resulting from 

myocarditis may occur at this stage. Though the larvae do not stay in 

the heart, they migrate through its muscle, causing local areas of 

necrosis and inflammation. 

By the 10th day after the first symptoms app~ar, the larvae begin 

penetration of muscle fibers. Attendant symptoms are again varied and 

vague: intense muscular pain, difficulty in breathing or swallowing, 

swelling of masseter muscle, weakening of pulse and blood pressure, 

heart damage, and various nervous disorders, including hallucination. 

Eosinophilia is common but may not be present in severe cases. Death is 

usually caused by heart failure, respiratory complications, 

encephalitis, toxemia, or kidney malfunction during the 4th to 6th week 

of infection. For these reasons, .!: spiralis was considered by Gould 

(1945) to be the most dangerous nematode parasite of man. 
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Trichinosis in the United States 

The trichinosis problem has long been a major disgrace to the pork 

industry and to the public health image of the United States. Nearly a 

century ago, many countries placed embargoes on the importation of u.s. 
pork because of the trichinosis problem in swine. Most of these 

embargoes still persist. Stoll (1947) estimated that 28 million cases 

of human trichinosis existed worldwide and 21 million cases were in the 

United States. In view of the relatively advanced public health and 

technologic progress in this country, it is surprising that a public 

health problem of this magnitude has failed to stimulate the development 

of specific control or eradication programs. Currently, there is no 

inspection of swine carcasses for trichinae: u.s. Department of 

Agriculture's specifications do not require pork products to be 

inspected for T. spiralis. However, a new serological technique based 

on an enzyme tes.t (Saunders et al., 1975) is now being evaluated and 

looks very promising. The test can be automated and the costs are 

estimated to be about 10 cents per carcass. Identification.of infected 

carcasses would make it possible to trace the source of infection and 

institute control measures. Only recently has consideration been given 

to the possible d~velopment of such a program, with implementation still 

pending (Zimmermann, 1974). 

Trichinosis became a reportable disease to ·the u.s. Public Health 

Service in 1947 when the mean annual incidence was well above 300 cases. 

The number of cases reported declined annually from 1950 until 1966 when 
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the number of cases recorded reached a plateau. Since 1966, the annual 

number of reported cases has stablized at 100 to 150, with an average of 

one death per year (CDC Surveillance, 1981). 

Since 1947, 7,344 cases of trichinosis have been reported in the 

U.S. In the same period, 131 deaths were reported for a case-fatality 

ratio of 17.8 per 1,000. For the years 1947 to 1961, the case-fatality 

ratio was 22.7 per 1,000, whereas in the following years from 1962 to 

1976, it was 10.4 per 1,000 (CDC Surveillance, 1981). In more recent 

years, infection may be less severe due to decreasing numbers of larvae 

found in infected swine, and hence the smaller number that man ingests 

when he consumes infected meat. 

The general decline in the incidence of trichinosis in humans is 

also reflected in a declining prevalence of the disease. A comparison 

of the results of 2 surveys in which human diaphragm samples obtained at 

autopsy were examined, showed that an estimated 12% of the American 

population was infected with trichinae in 1940 (Wright et al., 1943) 

compared with 2.2% in 1970 (Zimmermann et al., 1973). 

The decline in the prevalence of trichinosis in humans parallels a 

similar decrease in swine. The prevalence of T. spiralis infection in 

grain-fed hogs, which comprised about 90% of marketed hogs, declined 

from 9.5 infected animals per 1,000 in the 1930s (Schwartz, 1960) to 

1.25 per 1,000 in the period 1966 to 1970 (Zimmermann and Zinter, 1971). 

The rate for garbage-fed swine similarly decreased from 110 per 1,000 in 

1950 to 5.1 per 1,000 in 1966 to 1970. However, the present infection 
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rates for swine have remained stable for the past 15 years. Therefore, 

inunediate attention: should be given to the development of a control 

program to eradicate this disease from swine which would materially 

decrease its incidence in man. 

Seasonal patterns of trichinosis in the U.S. showa peak in 

December and January often.related to common-source outbreaks associated 

with homemade sausage prepared for the Christmas holidays. II1 making 

sausage at home, tasting even .small bits of the raw sausage to assure an 

adequate mixture of spices can be risky. A casual taste to determine 

proper seasoning of sausage can be fatal because heavily infected pork 

may contain more than 100,000 larvae per ounce. If half of these are 

females, and each produces 1,500 larvae, 1.5 million larvae can 

theoretically result from a single bite of meat... Five larvae ingested 

per gram of body weight is usually fatal for humans (Schmidt and 

Roberts, 1977). 

Among the factors responsible fo.r decline are legislative measures 

requiring heat. treatment (137 F or 58. 3 C) of garbage used as hog food, 

low temperature storage of pork (refrigeration at -15 C or 5 F for 20 

days. or more, or quick freezing at -37 C), public awareness of the 

danger involved in eating undercooked pork, and perhaps a decline in the 

consumption of pork and pork products. Also, the practice of pooling 

animal carcasses in the production of commercial meat products has 

reduced the rate of clinical infections. In general, the majority of 

reported infections now are due to the ingestion of products produced 
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from a single animal or small number of animals processed by the 

backyard butchers (individuals who slaughter their own stock) or by the 

very small packing houses. Sausage from such sources is unlikely to be 

diluted with uninfected meat (Schmidt and Roberts, 1977). 

Zimmermann (1974) states that approximately 150,000 to 300,000 

people are infected each year in the U.S., but, most of these are 

nonclinical and some may be misdiagnosed, resulting in only 100 to 150 

reported clinical cases per year. 

Of the 130 cases of trichinosis reported in 1980, source of 

infection was determined in 121. Pork products were incriminated in 

91. 7% of the cases. Non-pork products were implicated for 8.3% of the 

cases. Infected bear meat was the source for 5.8% and infected walrus 

meat was responsible for 2.5% (CDC Surveillance, 1981). 

Even though sylvatic trichinosis is increasingly becoming important 

as a source of infection for man, comparatively few studies have been 

made to determine the prevalence. Cameron (1962) considers trichinosis 

to be one of the most important indigenous infections of the arctic 

regions. In an Alaskan study by Rausch et al. (1956) involving 2,433 

animals, trichinellae were isolated from 23 of 42 species examined. 

Species with infection rates included polar bear, 52.9%; grizzly bear, 

50.0%; wolverine, 50.0%; red fox, 40,8%; ermine, 35.3%; wolf, 33.1%; 

lynx, 23.5%; and black bear, 21. 7%. A 1953 to 1968 study of 11,162 

wildlife specimens in Iowa, by Zimmermann and Hubbard (1969), revealed 

trichinae in 15 native species. Prevalences of over 5% were reported 
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for fox, dump rat, and mink. Infected species were found throughout the 

state. 

With decline of trichinosis in swine, bear meat is gaining 

increased attention as a source of human trichinosis; 7.8% of the 

clinical cases in humans reported during 1967 to 1972 were attributable 

to ingestion of bear meat (Schultz and Juranek, 1974). A study by 

Worley (1974) in Montana and neighboring states revealed a prevalence of 

58% in grizzly bear and 12.6% in black bear., A prevalence of 1.3% has 

been reported for bears from northeastern United States (Harbottle et 

al., 1971). 

During 1980, source of the suspect meat product was known for 107 

cases. The source for 53.3% was a supermarket, butcher shop, or other 

commercial outlet. In 3.7% of the cases the suspect meat product was 

consumed at a restaurant or other public eating place. The wild boar, 

walrus, and bears which accounted for 11.2% of the cases were obtained 

by hunting. Approximately, 23.4% of the cases were associated with pork 

obtained directly from a farm (CDC Surveillance, 1981). 

In recent years, most of the cases of trichinosis reported have 

been attributed to local outbreaks rather than individual isolated 

cases. In 1980, eighteen common-source outbreaks, involving at least 2 

cases each, accounted for 58.4% of all cases. 

In the u.s., trichinosis has occurred most frequently among members 

of ethnic groups who enjoy eating raw pork or pork products. Many of 

these people are recent immigrants from Southeast Asia, Italy, Germany, 
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and Poland. Also, Alaskan natives are highly susceptible because their 

diet consists of many infected sylvatic mammals. During 1981, 13 

Alaskan Eskimos became ill after eating black bear meat. Samples of the 

meat were tested and found to contain up to 1,200 larvae per gram (MMWR, 

1979). Also, in 1975, 29 Alaskan natives became ill after eating 

uncooked walrus meat (MMWR, 1981). In 1981, 26 Indochinese refugees 

became ill after eating the viscera of a pig that had been purchased 

from a local farm. The farmer stated that the pigs were grain-fed. 

Four hogs from the farm were examined by using the trichinoscopic and 

digestion methods, all tissues were negative for trichinae. 

Furthermore, 32 rats were trapped and killed on the farm and they were 

found to be negative, but the methods used for examination of the 

rodents was not mentioned (MMWR, 1982). When the number of cysts is 

less than 1 or 2 per gram of muscle examined, they will often be missed 

by the trichinoscopic methods (Schwartz, 1938; Steele and Schultz, 

1978). 

The occurrence of common-source outbreaks of hum.an trichinosis 

confirms the ideas of Martin et al. (1968), who feel that pockets of 

infection may occur. 

Trichinosis in Chile 

In 1972, autopsy surveys revealed a 6.8% infection rate in hum.ans 

in Chile (Schenone et al., 1972). The authors point out that pork 

consumption has risen steadily during the past decade because pork is 

cheaper than beef ~nd there is a widespread prevalence of infection in 

swine. 
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The disease is promoted by the widespread practice of raising hogs, 

which is still a home-industry, on dumping grounds or in open fields. 

Under such conditions, the protein requirements of the hogs are often 

not fulfilled, and therefore they may eat refuse containing remains of 

other infected animals including other hogs and rats. 

In 1962, infection rates among the hogs were as high as 43.6% in 

some areas of Chile (Schenone et al., 1967a). In 1966, an epidemic was 

recorded which affected 60 persons in Temuco, Chile. The epidemic was 

traced to a hog-breeding farm that was infested with heavily infected 

rats. Some of the rats were thought to have been eaten by pigs (Neghme 

and Schenone, 1970). 

In 1967b, Schenone et al. found an infection rate of 25% among 

Rattus norvegicus caught at the Santiago Municipal slaughterhouse. The 

feeding habits of these rodents and their marked cannibalism may 

partially explain their high rate of infection, especially among those 

living in or near slaughterhouses. 

Schenone et al. (1972) do not believe that trichinosis can be 

eradicated in Chile, especially because of the sylvatic and feral 

reservoirs. Therefore, health education and control of meat products of 

swine origin seems to be the only practical measures. 

Octodon degus 

Natural distribution 

Octodon degus (Molina, 1782; Bennett, 1832; Waterhouse, 1848) is 

found on the grassy plains and rocky scrub of the western slopes of the 



Andes in Chile up to an altitude of 1,200 meters (Osgood, 1943; Walker, 

1975), at an estimated density of 75 per hectare (Fulk, 1975). This 

habitat provides a temperate to subtropical climate and plentiful water 

(Fulk, 1975; Walker, 1968,' 1975; Weir, 1970). 

General character 

o. degus is a species of rodent of the suborder Hystricomorpha, 

family Octodontidae (Fulk, 1976; Landry, 1957; Osgood, 1943). It has 

brown dorsal and creamy-white ventral fur. Adults are 180 to 230 mm in 

length (excluding tail) and the length of the tail is 90 to 130 mm, with 

a black tuft at the end. Adults weigh between 185 to 260 g (Fig. 5). 

The grinding surface of the cheek teeth are shaped like a figure 8, 

hence the familial and generic name (Woods and Boraker, 1975). 

Ecology 

The degus are the most common mammals of central Chile (Fischer, 

1940) and one of. the most economically important. In some areas it is 

an agricultural pest, where it damages wheat fields, vineyards, and 

orchards (Fulk, 1975). 

o. degus is fossorial, diurnal and colonial (Bennet, 1832; 

Wolffsohn, 1927). It lives in small social groups within a complex 

network of tunnels or paths, centered upon a stable burrow system 

located under a pile of rocks or shrubs (Le Boulenge and Fuentes, 1978). . . 

The animal feeds on the ground, and will climb into lower branches of 

small trees and shrubs. Its diet consists of plant matter such as 

bulbs, grasses, cornstalks, tubers, bark and cactus (Walker, 1975). 
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Figure 5. Adult Octodon degus. 
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Wolffshon (1927) reported that in old age, the degus will even turn to 

meat. 

Birds of prey and many mammals exert a strong predation pressure 

upon the degu population (Le Boulenge and Fuentes, 1978). 

New laboratory host 

.2: degus was introduced into the United States and England in the 

mid 1960s for physiological and medical research (Woods and Boraker, 

1975). Since then, it has become increasingly popular as a subject for 

early behavioral and developmental research (Reynolds and Wright, 1979) 

because it is far more advanced than the more common lab rodents. 

Degus are very docile and relatively easy to handle and they have 

typical rodent requirements which adds to the attractiveness as a 

laboratory animal. 



MATERIALS AND METHODS 

Animal housing 

The strain of Octodon degus was obtained from Norfolk Zoo, Norfolk, 

Virginia by Dr. Jack A. Cranford of the Department of Biology, Virginia 

Polytechnic Institute and State University (VPI & SU). The strain of 

Sprague-Dawley rat was obtained from Flow Laboratories, Dublin, Virginia 

by Dr. Joseph J. Franchina of the Department of Psychology, VPI & SU. 

All animals were housed in either Fisher Polypropylene Econo-Cages (51 x 

41 x 22 cm) or Hoeltge Wire-Bottom Cages (25 x 20 x 19 cm). Usually, 

four animals were kept in the Econo-Cage with wood shavings and two 

animals were kept in the Wire-Bottom cage without wood shavings. All 

animals were fed Wayne Laboratory Chow, sunflower seeds, and water ad 

libitum. 

Stock of Trichinella spiralis 

The strain of Trichinella spiralis was obtained from Dr. Shirley E. 

Maddison, Chief of Parasitic Immunochemistry Branch, Parasitology 

Division, Center for Disease_ Control, Atlanta, Georgia. Our source of 

trichinae for experimental work was harbored in the Sprague-Dawley rats. 

Identification 

Several schemes for identifying individual rats by means of ear 

notching and/or punching have been described (Kraus, 1980). The ear was 

divided into four areas which were punched (Fisher Ear Punch) in one or 

more areas to designate a given numeral. The right ear was designated 

as 5, 10, 20, or 30 and the left ear was designated as 1, 2, 3, or 4, 

24 
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thus allowing sequential numbering from 1 to 34 (Fig. 6). Higher 

numbers can be achieved by utilizing additional punches. Also, to aid 

in the identification, males were given odd numbers and the females even 

numbers. 

Larval digestion.and concentration 

Infected rats were etherized, skinned, and eviscerated and the 

entire carcasses ground twice with a Fisher meat grinder. Approximately 

65 g of tissue were digested in: 1000 ml of artificial digestive juice 

(0~8 g of pepsin powder, and 12 cc of HCl) •. The solution was incubated 

at37 C for 12 h with constant agitation using a magnetic stirrer. 

After incubation,. the solution was diluted to twice its original volume 

with distilled water, then, poured through a sieve with a 0.25 mm mesh 

(U.S. standard J,io. 60) utilizing the Baermann apparatus. The solution 

obtained was placed in the refrigerator for.2 h .. After this period, the 

top 1500 ml of. fluid was siphoned. The remaining 500 ml of digest 

containing concentrated larvae was centrifuged at 5,500 g for 10 

minutes. The supernatant was then discarded and the larvae counted. 

Infection 

Before any infection studies using T. spiralis.on o. degus could be 

performed, it was necessary to determine that our stock was free of 

natural infection. Therefore, 10 degus were sacrificed and each was 

subjected to theBaermann-digestion technique. No trichinae were 

recovered from these animals. ·All experimental animals were.from our 

lab-reared stock. 
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Figure 6. Identification method by ear punching. 
The left ear is designated as 1, 2, 3, or 4. 
The right ear is designated as 5, 10, 20, or 30. 
Thus, sequential numbering from 1 to 34 is possible. 
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Throughout the infection studies, control animals were administered 

equivalent amounts (0.1 to 1.0 cc) of 0.8S% saline solution. 

All larvae used for infecting o. degus were obtained from Sprague-

Dawley rats. 

The larvae obtained from Sprague-Dawley rats were fed to 

experimental animals on the same day to insure viability of the parasite 

without storage. Animals to be infected were lightly anesthetized with 

anhydrous ether, with care being taken to sustain the swallowing reflex 

in the host. Larvae, suspended in a volume of not more than 1 cc of 

0.8S% NaCl, were injected into the esophagus of the animal from a 1.0 cc 

disposable tuberculin syringe fitted with a 21 gauge needle and catheter 

tube (100 x 1 mm). 

Viability of the larvae was examined by placing them in warm saline 

solution and observed for movements under a dissection microscope at SOX 

magnification. 

All the degus infected were approximately a year old and weighed 

between 17S to 22S g. 

Larval count 

Larvae to be counted were suspended in a volume of 0.8S% NaCl to 

give a dilution suitable for visualization. A small magnetic stirring 

bar placed in the stock beaker was used to maintain a homogeneous 

suspension of larvae. A slide counting chamber was then charged with 

O.l ml of the suspension and observed under a dissection microscope at 

SOX magnification. After each counting procedure, the chamber was 
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washed three times and dried. Ten replicates were made from each 

digestion sample. Calculations were made by multiplying the average 

number of larvae counted in a 0.1 ml sample times the total volume of 

the suspension (Meade, 1977). 

Adult count 

Food was withheld for 24 h from animals which were to be sacrificed 

for adult worm counts. Animals were then etherized and their small 

intestines excised. The intestines were slit longitudinally, cut into 

sections approximately 1 inch in length, and placed in a 250 ml 

polypropylene centrifuge tubes containing 100 ml of 0.05% NaOH and 

refrigerated for a period of 12 to 24 h. Afterwards, the tubes were 

shaken vigorously 50 times and the remaining pieces of intestine were 

removed and discarded. The NaOH solution was then centrifuged at 5,500 

g for 10 minutes to concentrate the adult worms. These worms were 

diluted with 10 ml of 70% alcohol. The entire alcohol solution was 

pipetted into a grid Petri dish (100 x 20 nnn). Search for adult worms 

was done under the dissection microscope at 50X magnification. 

Rate of encapsulation 

The following outlines the procedures used for processing tissues: 

(1) Freshly excised tissues were washed in 0.85% NaCl solution to 

remove contaminants. 

' (2) Diaphragm and tongue samples were placed in Bouin' s fixative for 2 

weeks. 

(3) Tissues were dehydrated and cleared in xylene. 

(4) Tissues were infiltrated with paraffin. 
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(5) Tissues were im.bedded in paraffin. 

(6) Tissues were sectioned at 15 um. 

(7) Sections were affixed to albuminized glass slides. 

(8) Tissues were hydrated. 

(9) Stained with Ehrlich's acid hematoxylin. 

(10) Tissues were dehydrated. 

(11) Counter-stained with 1% Eosin-95% alcohol. 

(12) Tissues were cleared in xylene. 

(13) Tissues were mounted with Pro-Texx medium. 

(14) Slides were stored horizontally. 

(15) Slides were cleaned with a razor blade and alcohol after a month. 

(16) Slides were photographed. 

Effect of tap water on trichina larvae 

The digested and concentra.ted larvae were placed in two. 50 ml 

beakers and suspended in 25 ml of tap water. Both of the samples were 

covered with aluminum foil and one of the samples was kept at 4 C and 

the other sample at 25 c. Under a dissection microscope, viability of 

the larvae was tested every other day by placing a few drops of warm 

0.85% NaCl solution on the larvae and observed for motility. 



RESULTS 

Susceptibility and fecundity 

This experiment was done to determine the susceptibility of Octodon 

degus to Trichinella spiralis. Individual degus were infected with 

varying doses of 20, 50, 100, ,500, or 1,000 larvae and 30 days post-· 

infection, the mean numbers of muscle larvae recovered were: 53; 7,975; 

9,050; 22,050; and 65,233, respectively (Table 1). Thus, there was a 

direct correlation between the number of larvae used for infection and 

the number of larvae recovered, i.e., the higher the infective dose, the 

higher the recovery. No differences in infectibility and production of 

muscle trichinae were noted between male and female degus. Two degus, 

each. infected with 500 larvae, died 2 to 3 weeks post,..infection and the 

larval count was not performed. 

· The fecundity of T. spiralis was determined by dividing the mean 

number of larvae recovered from Q• degus by the number of larvae in the 

infecting dose (Table I). The following were the fecundity counts for 

~he degus infected with 20, 50, or 1,000 larvae: 1 - 4, 160, and 41 -

92, respectively (Table II). 
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Table I. Numbers of muscle larvae recovered from Octodon degus 
infected with varying doses of Trichinella spiralis larvae. 

Mean number of 
Infecting Sex of Number of larvae larvae recovered 

dose 

1,000 

500 

100 

50 

20 

* Died. 

host 

F 

F 

M 

M 

M 

F 

M 

F 

F 

re.covered for eacl'1 dose 

61,900 65,233 

92,300 

41,500 

22,050 22,050 

* 
* 

10,650 9,050 

7,450 

7,975 7,975 

75 53 

30 



32 

Table II. Fecundity of Trichinella spiralis as a function of 
infecting dose for Octodon degus. 

Infecting· 
dose 

1,000 

500 

100 

50 

20 

Sex of 
host 

F 

F 

M 

M 

M 

F 

M 

F 

F 

Fecundity 

61.9 

92.3 

41.5 

44.1 

106.5 

74.5 

159.5 

3.8 

1.5 

* Number of larvae from O. degus divided by the. n1,.UD.ber of.larvae 
iri the infecting dose. 

* 
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Immune response and larval burden 

The purpose of this experiment was: (i) to determine whether o. 
degus would develop immunity to T. spiralis after a single infection and 

(ii) to determine the hi$hest number of muscle trichinae per gram of 

tissue. 

The use of the term "immunizing dose" refers to the single or 

initial dose of larvae given to the experimental host. The term 

"challenging dose" refers to the second dose of larvae given to an 

animal that has previously received an immunizing dose (Meade, 1970). 

Individual degus were infected with immunizing doses of 20, 50, 100, 

500, or 1,000 larvae. After 30 days, these animals were challenged with 

the same larval dose as the immunizing dose. Thirty days post-

challenge,. the mean numbers of muscle larvae were: 1,747; 22,647; 

30,250; 88,167; and 143,188, respectively. Thus, the higher the 

infecting dose, the higher the number of larvae recovered (Table III). 

From Table III, one can calculate the number of muscle larvae 

present in a gram of tissue by knowing that an adult degu weighs about 

200 g. For example, the highest number of larvae recovered from a degu 

infected with 1,000 larvae was 180,075. Dividing 180,075 larvae by 200 

g, one obtains 900 muscle larvae per gram of tissue. Two of the degus 

infected with 20 larvae had less than 1 larva per gram of tissue (i.e., 

105/200, 176/200). 
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Table III. Numbers of Trichinella spiralis larvae recovered from 
challenged Octodon degus. 

Infecting 
dose* 

1,000 

500 

100 

50 

20 

Sex of 
host 

F 

F 

F 

F 

M 

M 

F 

F 

F 

M 

F 

F 

M 

Number of larvae 
recovered 

180,075 

106,300 

106,400 

81,900 

76,200 

42,800 

17,700 

40,020 

16,400 

11,520 

4,960 

105 

176 

Mean number of 
larvae recovered 
for each dose 

143,188 

88,167 

30,250 

22,647 

1,747 

*An equivalent dose was given twice. The second or challenging dose 
was given 30 days after the immunizing dose. The larval counts were 
determined 30 days after the challenge dose. 
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In Table IV, the mean larval counts from the degus given only a 

single dose (Table I) are compared with those from challenged degus 

(Table III). The numbers of larval recovery from the degus given a 

single dose (infected with 20, 100, or 1,000) were: 53; 9,050; and 

65,233, respectively. The degus subsequently challenged with 20, 100, 

or 1,000 larvae yielded counts of: 1,747; 30,250; and 143,188, 

respectively. Thus, challenged degus harbored many more larvae than the 

degus given only a single dose. 

Longevity of Trichinella spiralis adults and larval encapsulation 

The following were the objectives of this experiment: (i) to 

determine the number and longevity of the adult T. spiralis in the small 

intestines of the degus, and (ii) to establish the time of appearance of 

the first muscle larva and subsequently its encapsulation in the tongue 

or diaphragm. 

Each of the 24 degus was infected with 100 larvae. One male and 

one female degu were sacrificed every 3rd day through day 36. 

A muscle larva encapsulated within a cyst wall was first observed 

on the 18th day of infection (Fig. 7). An adult T. spiralis was first 

detected on the 9th day of infection and subsequently through day 36. 

Both, the male and female degus were found to harbor the adult parasite 

on day 33. A female degu harbored the adult parasite on day 36 and the 

male degu did not (Table V). 
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Table IV. Numbers of muscle larvae recovered from Octodon degus 
infected with varying doses of Trichinella spiralis larvae: degus 
given only a single dose vs. those later challenged with a second dose. 

Larvae count Larvae count 
Infecting of degus given of challenged 

dose a single dose degus 

1,000 65,233 143,188 

500 22,050 88,167 

100 9,050 30,250 

50 7,975 22,647 

20 53 1,747 



37 

Figure 7. Trichinella spiralis larvae in the muscles of Octodon 
degus. Thickness of the cyst wall increasing with time (Arrow). 
Hematoxylin & Eosin. (A) 18 days post-infection. Diaphragm. X 500. 
(B) 21 days post-infection. Diaphragm. X 100. (C) 24 days 
post-infection. Tongue. X 250. (D) 27 days post-infection. 
Diaphragm. X 250. (E) 33 days post-infection. Tongue. X 250. 
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Table V. Numbers of adult worms recovered from the small intestine 
of the Octodon degus infected with 100 Trichinella spiralis larvae. 

Days post- Number of adult worms recovered 
infection male degu female degu 

3 0 0 

6 0 0 

9 0 1 

12 0 0 

15 0 0 

18 10 0 

21 1 1 

24 3 0 

27 0 0 

30 6 2 

33 1 7 

36 0 1 
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Interspecific infection 

In order for o. degus to be a reservoir host, it must be able to 

infect other animals, intraspecific or interspecific. To test this 

possibility, 4 Sprague-Dawley rats were fed varying doses of 400, 700, 

or 1,000 trichina larvae recovered from a degu. Thirty days post-

infection all the Sprague-Dawley rats were found infected (Table VI). 

In general, the higher the infecting dose, the higher the number of 

larval recovery and the numbers of larvae recovered ranged from 1,050 to 

14,610 larvae per animal. 

Symptomatology 

The objectives of this experiment were: (i) to examine signs of 

illness in .2.: degus infected with T. spiralis and (ii) to measure the 

amount of weight loss during the course of infection. Degus were 

weighed prior to infection and 2 months post-infection. 

o. degus were asymptomatic when they were infected with less than 

100 larvae. When the infecting dose was larger, some of the clinical 

signs were; anorexia with subsequent weight loss, lethargy, ruffled fur 

especially around eyes and apex of the head, eye infection with edema 

and suppuration, loss of.hair, loss of shiny fur texture, and diarrhea 

were observed in few of the animals. Furthermore, two degus infected 

with 1,000 larvae died; one died 3 days post-infection and the other 

died 7 weeks post-infection. 

When the animals were infected with 100, 300, or 1,000 larvae, the 

weight loss 2 months post-infection ranged from 11 - 21%, 10 - 19%, 16 -

38%, respectively (Table VII). 



40 

Table VI. Numbers of Trichinella spiralis larvae recovered from 
Sprague-Dawley rats infected with larvae obtained from Octodon degus. 

Infecting dose 
for rats 

1,000 

700 

400 

Number of 
larvae recovered 
from rats 

14,610 

1,050 

3,150 

2,400 
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Table VII. -Effect of Trichinella SEiralis infection on the body weight 
of Octodon degus. 

Weight of degu (g) 
Infecting Sex of before 2 mo after % wt 

dose host infection infection lost 

1,000 F 193 119 38 

F 167 141 16 

* 
* 

300 M 217 177 19 

F 199 180 10 

100 M 174 155 11 

F 165 130 21 

* Died. 
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Transplacental migration 

The objective of this experiment was to determine whether 

transplacental migration of T. spiralis larvae would occur, by examining 
/ 

the young on the day of birth for the presence of larvae. 

A pregnant degu was infected with 100 larvae during late gestation 

(approximately 7 weeks), and 17 days later she gave birth to 4 young. 

On another occasion, a female Sprague-Dawley rat was infected with 

400 larvae 2 days prior to the introduction of a male. Within ,22, days, 

4 young were delivered. 

All the young were sacrificed on the day of parturition. No larvae 

were found in the neonates of either the degus or the rats. It was 

assumed that the larvae were present in the maternal blood during 

gestation. Approximately, a month after parturition, both the infected 

degu and rat were sacrificed, and their diaphragms were observed. Both 

animals were found to be infected with trichinae. 

Larval longevity in tap water 

This experiment was performed to assess the longevity of the 

excysted larvae in tap water. 

At 4 C approximately 80% of the larvae died by day 7, but a few 

larvae remained viable up to 12 days. At 25C, approximately 80% of the 

larvae died by day 14, but a few larvae remained viable for as long as 

20 days. 
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Biology of Octodon degus 

During the course of this study, attention was paid to the biology 

of o. degus; especially the developmental, reproductive and behavioral 

patterns. 

Reproduction 

The degus bred at least once and sometimes twice a year. None of 

the sexually paired degus kept in the wire-bottom cages produced live 

births during the study; however, a few animals spontaneously aborted 

early fetuses. Also, less mounting was observed and fur loss was 

common. The degus kept in the Econo-Cage with wood shavings had 3 to 9 

young per litter. The mean litter size was 5.8 and the median was 6.5. 

The largest average litter size (7.7) occurred in May and the smallest 

(3.3) occurred in January. Most of the births occurred in May, July, 

and November. The months with the highest percent of infant mortality 

(Table VIII) were November (26%) and January (20%). The annual infant 

mortality was 15%. Copulatory activities were observed and subsequent 

delivery of young within 60 to 75 days (gestation period). 

Ontogeny 

The young degus at VPI & SU were born with eyes open, well 

developed fur, and incisors. The sex ratio of neonates was 66 females 

to 58 males. The average weight at birth was approximately 15 g and 

during the following 3 weeks, they gained about l g per day. After 3 

weeks, young degus gained 3 to 4 g per day until weaning, which occurred 

between 5 to 6 weeks. After weaning, degus gained about l g per day 
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Table VIII. Monthly litter size and infant mortality rates for 
Octodon degus. 

* Number of young** Monthly inf ant 
Month of birth per each litter mortality rate 

January 3 (1) 20 % 

3 

4 (1) 

February 6 0 

6 

5 

April 7 0 

May 7 8 

7 (1) 

9 (1) 

July 6 18 

9 (4) 

7 

October 5 7 

4 

5 (1) 

November 4 (1) 26 

7 (2) 

6 (3) 

6 

*:No birth during March, June, August, September, and December. 
The values given in parenthesis indicate.the number that died. 
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until maturity (Table IX). There were no differences in the ability to 

gain weight between males and females. Most of the animals reached 

sexual maturity when they were 3 to 4 month-old, and at least 8 litters 

were born to degus 5 to 7 month-old. Males showed mounting behavior at 

6 weeks of age; however, penis intromission was not observed. 

Behavior 

In the following section, some of the more commonly observed 

behavior will be discussed. 

The most frequently observed behavior were the nose to nose, and 

nose to genital contact between individuals. 

When alarmed, degus assumed an attentive stand on their hindlegs. 

They were easily "frightened" when approached by humans and often 

released an alarm call (quick shrieking sound) and ran for cover. 

The degus were easy to keep in captivity and in the majority of 

cases the individuals could be transferred from cage to cage without 

preliminary introductions or later aggressive behavior. However, some 

individuals were more aggressive than others. For example, a male 

introduced into a cage with 4 females killed 2 of the females within 72 

hours. During agonistic encounters, degus stood on their hindlegs and 

pushed with their forelegs. Throughout this encounter, degus vocalized 

by chattering their teeth and squealing in a high pitch. This behavior 

was often seen when 2 animals were first introduced, during mating, or 

during feeding. Another very distinct call was heard during mating, 
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Table IX. Body weight of Octodon degus from birth to 10 weeks of age. 

Male identification no. Female identification no. 
Age (weeks) 1 3 2 4 6 

0 17.5 g 14.5 g 15.5 g 16.0 g 15.0 g 

3 48.0 43.0 44.5 45.5 40.8 

4 66.0 60.5 64.5 62.5 56.5 

5 94.0 92.5 87.5 89.5 84.0 

9 117.5 114.0 120.0 112.0 115.5 

10 126.5 123.0 125.5 119.5 120.0 
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this was a very low continous chirping sound which was produced by males 

and females. When this sound was produced, the male would mount the 

female. 

When degus were not digging through the wood shavings they were 

usually gathered as a group, often one on top of the other. Most of the 

time, degus would sleep prone but they could also sleep on their sides, 

as well as in a supine position. 

Functional disorder 

o. degus had a tendency to develop lens lesions and cataract. In a 

colony of approximately 120 degus, 8 were found with this defect and 6 

of them were males (Fig. 8). 
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Figure 8. Cataract eye of an Octodon degus. 



DISCUSSION 

Infectibility of Octodon degus 

Table I indicates that 2.: degus is susceptible to infection by T. 

spiralis. This is the first demonstration of the infectibility of degus 

under laboratory conditions, and it supports the view that these rodents 

can be useful laboratory animals for studying trichinosis. Many 

experimental infections have been established in various animals, such 

as gray crows, owls, pigeons, horses, and sheep (Herbst, 1852; Cram, 

1941); however, the principal hosts that have been used for experimental 

infections have been mice, pigs, rabbits, guinea pigs, and hamsters 

(Beck, 1970). To this list must now be added degus. 

The demonstration of infectibility is difficult to reconcile with 

the results of Alvarez et al. (1970), who failed to find a single 

infection in degus during an extensive survey of sylvatic mammals in 

Chile. One possible explanation is that the investigators may have used 

the trichinoscopic method for detection of trichinae; this method is 

subject to error and probably would fail to detect infection in tissues 

containing fewer than 1 to 2 larvae per gram of muscle tissue (Schwartz, 

1938; Steele and Schultz, 1978). Because degus are synanthropic and 

considered to represent the largest mammalian species in Chile, a 

country which is endemic for trichinosis (Woods and Boraker, 1975), the 

negative results obtained by Alvarez et al. seem even more puzzling. 

The possibility that only low mnnbers. of T. spiralis, undetectable 

by the trichinoscopic method, might be present in Chilean degus is 

49 
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supported by studies of other rodents, i.e., by the findings of Schwartz 

(1938), Steele and Schultz (1978), and corroborated by Meade (M.S. 

Thesis, 1977). Meade found by using the Baermann-digestion method that 

90% or more of the infected rodents had fewer than l·larva per gram of 

body weight; in contrast, when the trichinoscopic method was used no 

larvae could be detected. 

If low-grade infection of wild degus does indeed occur, it might be 

maintained by the mechanisms thought to be responsible for maintenance 

of T. spiralis in other sylvatic rodents, namely by cannibalism, 

interspecific predation or necrophagy, feeding on carrier insect, and 

coprophagy of feces containing larvae (Holliman and Meade, 1980). 

Another possible means might be by transplacental transmission (Holliman · 

and Meade, 1980); however, the results from the tranplacental migration 

study suggests that this mechanism may not pertain to degus (or to 

Sprague-Dawley rats), since no larvae could be detected in the progeny 

of infected females. 

In Q• degus, the minimum dose necessary to produce infection is 

about 20 larvae (Table I). Although doses below this level were not 

tested, the fecundity with 20 larvae was very low, and it seems unlikely 

that smaller doses would have been effective. A minimum dose of 20 

larvae compares favorably with that required for several other kinds of 

animals. For example, Matoff (1936) found that rabbits required a 

minimum of 50 trichinae to harbor a muscle infection. Veelken (1913) 

found that 25 trichinae were needed in cats. Doerr and Menzi (1933) 
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were able to infect rats by giving only 3 larvae. However, the 

difference in minimum dose for rats vs. degus is not surprising, since 

it is well known that different levels of natural resistance exist among 

different hosts (Roth, 1938a). Studies with the Chinese hamsters add 

further evidence to this phenomenon because they are naturally resistant 

to T. spiralis, even when the infecting dose is 100 larvae (Ritterson, 

195 7). 

Tables I and III illustrate an another interesting host-parasite 

relation, that is, the higher the infective dose, higher the number of 

larvae recovered. This result is in agreement with Schnurrenberger et 

al. (1964), who in working wit~ pigs, and Fischthal (1943) in working 

with rats found that the mean number of larvae recovered varied directly 

with the number of larvae fed. In contrast, Tanner (1968) reported that 

in rabbits; the size of infecting dose did not correlate with the number 

of larvae recovered. · Therefore, this phenomenon may be host-dependent. 

Fecundity of Trichinella spiralis 

The results from Table II indicate that the dose used for infecting 

did not alter the fecundity. This is in agreement with the findings in 

rats (Nolf and Edney, 1937) and guinea pigs (Roth, 1938a). In o. degus, 

when the infective doses were 50 to 1,000, fecundity ranged from 41 to 

160. When the infecting dose was 20 larvae, fecundity ranged from 1 to 

4; this could have been due to the spatial problem and decreasing 

possibility of mating in the small intestine. 
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Gould (1970) noted that the number of larvae deposited by the 

female worm varied among the different hosts that harbored this 

parasite. Faust and Russell (1964) estimated that a single female T. 

spiralis may produce as many as 1,500 larvae in man. Mato££ and 

Wapzarowa (1937) found the fecundity per ingested female to be about 315 

in mice. Nolf and Edney (1937) found that the average ratio of larvae 

fed to rats to larvae recovered from their muscles, varied from about 1 

to 240. Roth (1938a) found the average number of encysted larvae per 

ingested female was 1,700 in guinea pigs. 

Immunity to Trichinella spiralis 

Q• degus failed to develop an immune response to T. spiralis, based 

on comparing the number of larvae harbored by challenged animals vs. 

animals infected only Once. The degus failed to develop immunity even 

though they were immunized with 20 to 1,000 larvae. The challenged 

animals harbored many more larvae than the degus given an equivalent 

single dose. This lack of immunity is remarkable since the development 

of an immune response toward T. spiralis has been reported to occur in 

all other mammalian species studied (Table IV). 

Meade (M.S. Thesis, 1977) observed an almost complete protection in 

the house mouse and the white-footed mouse after an immunizing dose of 

200 larvae, and Campbell (1965) and Faubert (1977) have also shown a 

demonstrable immunity to the challenged infection in mice (a complete 

protection is rendered when the number of larvae recovered from the 

challenged animals is similar to the single-dosed animals). Fischthal 
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(1943) found the level of immunity was dependent on the immunizing dose: 

when the immunizing doses were 80 or 160 larvae, nearly complete 

protection was rendered; and when the immunizing doses were 320 or 640 

larvae, complete protection was provided. In Fischthal's study, the 

challenging doses (10,000) were given 2 weeks after the immunizing 

doses •. 

Most recent articles on the immunology of trichinosis indicates 

that the level of eosinophils is critical in the ability of the host to 

resist muscle invasion (Grove et al., 1977; Kazura, 1981). In mice, 

Grove et al. (1977) found that the depletion of eosinophils led to 

accumulation of more muscle larvae. Therefore, in the future, similar 

studies might help to indicate the reasons for the failure of Q. degus 

to develop an immune response. 

Larval burden in Octodon degus 

When the number of larvae present in a gram of tissue was 

determined, it was found that degus could harbor from about 1 to 900 

larvae per gram of tissue depending on the infecting dose (Table III). 

Based on this figure, degus have the potential to harbor great number of 

muscle larvae. Therefore, tremendou~ potential may exist for these 
I 

animals to serve as a reservo.ir host in Chile. 

Longevity of Trichinella spiralis adults 

Table V indicates that T. spiralis adults were found as late as 36 

days post-infection, and it is possible that the degus harbored the 

parasite even longer. Current information in textbooks and published 
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work on trichinosis regarding the length of life of adult T. spiralis is 

usually vague and indicates that wide variations exist• The primary-

reason for this discrepancy seems to_ be an idiopathic factor in the host 

species. According to McCoy (1931, 1932), in rats and rabbits the adult 

worlils live in the small intestine for only 2 weeks. Matoff.and 

Wapzarowa (1937) and Matoff (1937) foand adult trichinellae living in 

the· small intestines of mice for 16 days and in the intestines of dogs . · 

for only 10 days. Roth (1938b) states that adult worms remained in· the 

intestine of guinea pigs for 30 to 37.days. In humans, adult worms 

reside for 1 to 3 weeks (Gould, 1970). However, Carter (1949) found. 

adults, iri the small. intestine of man for 118 days. 

As indicated in Table V, no adult worms· were recovered from 3 to 15 

days post-infection (actually, one adult worm was found on the 9th day}, 

and froml8th to 36th-day of infection a few worms were recovered. This· 

result is- unusual because a muscle larva was first found encapsulated on 
the 18th day of .infection. To harbor the muscle larvae, adults must 

have been present prior to this time. On reviewing the literature on 

adult worm recovery, Gursch (1948, 1949) used 0.85% NaCl solution to 

recover the adults; the small intestine was agitated at 37 C for lh, 

and rats were starved a. few.hours before-the sacrifice. He was able to 

recover about 50% o~ the total larvae fed as aduits on any given day 

between 2 to 10 days post-infection •.. Thus, the following might have 

occurred in the present study: adult worms could have migrated out of 

the host via feces; alternatively, they could have been immersed in 
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0.05% NaOH too long, which might have dissolved them. McCoy (1932) used 

0.04% NaOH solution but failed to state whether the rats were starved 

prior to the counts. In his study, 70% of the larvae were recovered as 

adults 5 days post-infection. Also, he did not mention how long the 

intestines were placed' in NaOH solution. 

Muscle invasion by Trichinella spiralis 

In Table V, the first larva was observed 18 days post-infection. 

The gradual development of the capsule was observed from day 18 to day 

36, at which timethe study was terminated. In all the laboratory 

animals tested thus far, larvae are known to pentrate the skeletal 

muscles within a week of infection. In golden-hamsters, larvae were 

first observed on the 14th day of infection (Beck, 1970). Gould et al. 

(1955) stated that on the 5th day of infection, larvae penetrate the 

muscles in rats, rabbits, dogs, and rhesus monkeys. In· humans, muscle 

penetration begins 7 days after infection (Gould, 1955). 

Symptomatology 

·During this century tremendous progress has been made in the field 

of medicine. This is brought about in large measure by using laboratory 

animals, such as rats and mice. These animals serve as a model for many 

clinical diseases, including trichinosis. The present study indicates 

that o. degus can also serve as a model for trichinosis. 

Symptomatology of trichinosis varies mainly with the size of the 

infecting dose, and this was evident in the degus. If they were 

infected with 20 or 50 larvae no signs of infection were noted; however, 
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when the infective dose was 100 larvae or higher than many signs of 

illness were observed: loss of appetite, apathy, weight loss, 

prostration, fatigue, lethargic, ruffling of the fur, loss of fur, edema 

around the eyes and face, adhesion of the eyelids, and diarrhea. Many 

of these signs are also seen in rats and man (Gould, 1970). Piekarski 

(1954) estimated that about 70 larvae are required to elicit clinical 

illness in humans. In an outbreak of trichinosis in New York city, 

involving 84 people, Shookhoff et al. (1946) recorded the frequency of 

signs and symptoms, as follows: edema of eyelids, muscle pains, fever, 

diarrhea, headache, abdominal cramps, conjunctival hemorrhages, nausaea, 

and vomiting.. These symptoms illustrate the similarities that exist 

between humans and degus during the course of trichinosis. 

To assess the severity of the disease in relation to the larval 

dose, an objective measure was needed; the amount of ~weight loss during 

the course of infection was chosen. A direct relationship was found 

between dose size and weight loss. A degu infected with 1,000 larvae 

lost about 38% of body weight in the span of 2 months (Table VII). 

As indicated in Table VII, two degus infected with 1,000 larvae 

died; one 3 days post-infection and the other 7 weeks post-infection. 

Also, Table I indicates that two degus died 2 to 3 weeks post-infection. 

In rats receiving massive doses of trichinae, death often occurs between 

1 and 5 days post-infection from exhaustive diarrhea (Gould, 1970). In 

degus, the fatality after a couple of weeks post-infection is probably 

associated with an inflammatory response. Gould (1970) states that in 
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humans most deaths occur between 4 to 6 weeks post-infection due to 

muscle larvae migration and inflammation of the myocardium., meninges or 

other complications. 

Octodon degus.as potential reservoir host 

Interspecific infection study indicates that Q.· degus can serve as 

a reservor host of T. spiralis. Degu was the source for obtaining the 

larvae, and the Sprague-Dawley rats were found infected with all the 

tested doses ranging 400 to 1,000 larvae. This shows that degus have 

the potential to perpetuate trichinosis and that it may be important 

epidemiologically. This is conceivable because many animals are known 

to exert a strong predation pressure on the degus in nature (Woods and 

Boraker, 197 5). 

In order for an animal to serve as a reservoir host, it must be 

able to harbor the parasite in all its stages. In the case of 

trichinosis, larvae from one source must be able to infect another 

animal species. It is well known that man can be infected by ingesting 

trichinae from a number of animal sources, and rats are well known in 

their ability to serve as a reservoir host for a number of laboratory 

and domestic animals. In 1969, Read and Schiller studied the 

infectivity of T. spiralis from the polar bear and from swine in a 

number of different host species. They found rats, hamsters, and mice 

to be relatively refractory to the polar bear trichinae but highly 

susceptible to the swine trichinae. Cats and dogs were found to be 

readily infected with trichinae from either source. 
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Transplacental migration of larvae 

In this study, larvae were not found in the young of an infected 

degu (100 larvae) or of a Sprague-Dawley rat (400 larvae), although the 

larvae were believed to be in the maternal blood during gestation. 

Thus, tranplacental migration of the larvae did not occur in either 

animal. Transplacental migration of larvae might have occurred if the 

infecting dose had been higher, this would have allowed more larvae to 

circulate in the maternal blood. On the other hand, transplacental 

migration may be limited only to certain host species. 

According to Gould (1945) most people believe transplacental 

infection does not occur (Hemmert-Halswick and Bugge, 1934; Augustine, 

1934; Catron, 1937; Mauss, 1940). Contrary to this belief, Roth (1936) 

in working with the guinea pigs, was able to .demonstrate transplacental 

infection from the 1st to the 5th week of pregnancy, with 9 out of 22 

fetuses showing trichinae. Meade (M.s. Thesis, 1977) found 

transplacental migration to occur in about 20% of house mice. 

Furthermore, Kuitunen-Ekbaum (1941) discovered 4 larvae in the diaphragm 

of a 7 month-old human fetus. 

Larval longevity in tap water 

In tap water T. spiralis larvae survived for 12 days at 5 c. 
However, when the larvae were kept at 25 C the longevity was extended to 

20 days. The larval viability was based on motility and morphology. It 

was remarkable that the larvae survived for such a long time. It is 

well known that tap water contains many chemicals which are known to be 
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deleterious to living organisms. Therefore, it seemed conceivable that 

the larvae may be damaged by immersion in tap water. This kind of 

information may be important to investigators who store the concentrated 

larvae in tap water for an extended period. 

This experiment was performed because very little information 

exists concerning the longevity of excysted larvae in tap water. In 

recent years many marine and freshwater mammals have been found to be 

infected with T. spiralis. Crustaceans, mollusks, and fishes are 

thought to be the transport hosts for T. spiralis; thus, mammals can be 

infected by ingesting these animals (source). Gursch (1948) studied the 

effects of digestion and refrigeration on the ability of T. spiralis to 

infect rats. He found that the infectivity of the larvae decreased 

significantly in tap water after 48 h of storage at 5 c. He stated that 

at this temperature vitality of the larvae extended over a longer period 

of time than if kept at room temperature. However, 72 h of storage was 

the extent of his experiment. 

Biology of Octodon degus 

Even though o. degus is abundant in Chile~ very little is known 

about the natural population. Therefore, the bulk of current 

information in the literature is based on laboratory observations made 

within the past decade. However, discrepancy exists in the literature 

concerning the biology of degus. In this section, some of these 

contradictions and new information will be discussed to gain a better 

understanding of the degu. 
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Reproduction 

The colony at VPI & SU bred year round and produced one to two 

litters per year. This parallels the observations made at the 

University of Vermont, which houses the largest colony in the u.s. 
(Woods and Boraker, 1975). In contrast, sylvatic degus reproduce only 

during September (Fulk, 1976). In captivity, females at the Wellcome 

Institute (WI) in London are reported to breed only in June (Weir, 

1970). 

At VPI & SU, litter size ranged from 3 to 9 young with a median of 

6.5. Others have reported a larger range, 1 to 10 young per litter 

(Weir, 1970; Reynolds and Wright, 1979). 

No information exists on the infant mortality rates of. these 

animals. In this study, it was 13% with the. highest percent of 

mortality occurring in November (26%) and January (20%) '(Table VIII). 

The high infant mortality rates during November and January were 

probably due to a failure in the heating system in the animal room. 

Rosen (1974) states that young degus are not able to maintain their body 

temperature until day 8. 

The gestation period ranged from 60 to 75 days. The following 

criteria were used; vaginal bleeding, the presence of a spermatozoan 

plug, or knowing the exact time of male or female copulation. In one 

example, a male was introduced to five females, and in examining the 

females 24 hours later, vaginal bleeding or spermatozoan plug was 

observed in 4 of the 5 females. In contrast to the findings of the 
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present study, Weir (1970, 1974, 1976), Reynolds a_nd Wright (1973) state -

that the gestation periOd ranges from 87 to 93 days. 

None of the degus kept in the wire-bottom cages produced live 

births, even though many early fetuseE,1 were spontaneously aborted. 

Also, copulation occurred' less frequently in the_ wire~bottom cages. 

Fulk. (1976) reported, founding nesting materials, such as, dried cow 

dung, grasses, and sticks in the burrows of the s.ylvatic degus. It 

seems probable that the femaledegus require some time prior to 

parturition to adapt to the role of motherhood~ 

Ontogeny 

At VP! & SU, thedegus were born very precocial with eyes operi, 

full coat o-f hair, and incisors. This is in ag.reement. with the results 

of many other workers -(Reynolds and Wright, 1979; Wilson· and Kleiman, 

1974; Fischer and Meunier, 1980). Incoritrast,. the animal.s a.t the WI 

were' less precocial with eyes shut and sparsely furred (Weir, 1970, 

197 6). At the present, the level of development for the natural 

population is unknown. 

In this study more female degus were born-than males. In contrast, 

at WI more males were born than females (Weir, 1970, 1974). 

At VP! & SU, neonates were observed from bith to 10 weeks of age. 

DUring the first_3weeks, young degµs were totally dependent on the 

mother for nourishment and they gained approximately 1 g per day. After 

3 weeks, younganimals supplemented their diet withsolid food. Between 

the 3rd and 5th week, degus gained approximately 3 to4 g per day. At 5 
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weeks, animals were naturally weaned and gained only 1 g per day for the 

following 5 weeks (Table IX). Lastly, no differences was noted between 

males and females and their ability to gain weight. 

Reynolds and Wright (1979) also studied the physical development of 

the neonates from birth to 10 weeks of age. They reported that the 

degus grew at a steady rate of approximately 2 g per day from a mean 

weight of 14.6 g at birth to a mean of 69.8 g when artificially weaned 

at 28 days. In contrast to VPI & SU, male degus were approximately 15 g 

heavier than females at 9 weeks. 

In our laboratory, both male and female degus reached sexual 

maturity when they were 3 to 4 month-old. At least 8 litters were 

observed from animals 5 to 7 month-old. Wilson and Kleiman (1974) have 

s.tated that sexual maturity may occur within 35 days. Reynolds and 

Wright (1979) and Weir (1974) state that it occurs at 6 months, Walker 

(1975) at 5 to 14 months, and Rowlands (1972) at 14 to 20 months. 

Weir (1974) indicated that newborn degus in the United States and 

in England differ in the degree o.f development. While her animals had 

closed eyes and sparse fur at birth, animals in the United States 

generally appear to be more precocious (Reynolds and Wright, 1979). The 

reason for this discrepancy is unknown. 

Behavior 

Refer to the results section for the behaviors observed in this 

laboratory. A more elaborate and extensive discussion of the behavioral 

patterns of o. degus has been given by Kleiman (1974) and of 

vocalizations by Eisenberg (1974). 
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Functional disorder 

At VPI & SU, in a colony of approximately 120 degus, only 8 were 

found to have cataracts. In contrast, Weir (1976) reported that most of 

her animals at. WI had cataracts. Others have reported that degus have a 

tendency,to develop lens lesions and cataracts. Worgul and Rothstein 

(1975) reported that the cataracts of degus are the result of 

disorganization of the meridional rows of the lens epithelium and has 

shown that the cataractous degus may be diabetic. Also, they have 

sufficient evidence to indicate that this disease is congenital. Thus, 

it seems probable that the original stock of animals introduced at the 

WI had cataracts. 



SUMMARY 

1. Octodon degus was found to be susceptible to Trichinella spiralis. 

An infective dose of 20 larvae was sufficient to produce a muscle 

infection. 

2. There was a direct correlation between the number of larvae 

recovered from .2: degus in relation to size of infective dose. 

3. Fecundity ranged from l to'l60 muscle larvae per infecting larva in 

o. degus. 

4. T. spiralis adults were recovered from the small intestines of o. 
degus from day 9 through day 36 post-infection. 

s. Eighteen days after infection, encapsulated larva was first 

observed in o. degus. 

6. No immunity was seen in o. degus, based on the number of larvae 

recovered from challenged animals vs. animals given a single dose. 

7 • .2: degus can harbor as many as 900 larvae per gram of tissue. 

8. A minimum dose of 100 trichinae was required to elicit the clinical 

signs in o. degus. 

9. Within 2 months, o. degus can lose up to 38% of the normal body 

weight due to trichinosis. 

10. Transplacental migration of larvae was not observed in o. degus or 

Sprague-Dawley rats. 

11. T. spiralis could be transmitted through .2: degus to Sprague-Dawley 

rats and vice--versa. 

64 
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12. Larvae kept in tap water were found viable up to 12 days at 5 C and 

20 days at 25 c. 

13. Annual infant mortality rate was 13% for the degus. 

14. Gestation period ranged from 60 to 75 days. 

15. When Q. degus was kept in wire-bottom cages, no live young were 

delivered, but aborts were noted. 

16. Puberty was reached at 3 to 4 months of age. 

17. The physical development of o. degus during the first 10 weeks of 

life was similar for males and females. 

18. Sex ratio of o. degus at birth was 66 females and 58 males. 
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EXPERIMENTAL TRICHINOSIS IN OCTODON DEGUS (RODENTIA) 

by 

Don D. Lee 

(ABSTRACT) 

Octodon degus occurs abundantly in an endemic trichinosis area of 

Chile. However, ,Trichinella spiralis, the etiologic agent for 

trichinosis has not been reported as a natural or laboratory parasite of 

o. degus. 

In this study, degus were found to be susceptible to doses of T. 

spiralis as low as 20 larvae, and there was·a direct relationship 

between the number of larvae recovered from the degus relative to the 

size of the infective dose. Adult T. spiralis worms were recovered from 

the small intestines of the degus from day 9 through day 36 post-

infection. The newborn larvae were first observed in the skeletal 

muscles on the 18th day of post-infection. The fecundity of the female 

worms ranged from 1 to 160 muscle larvae per ingested larva. Degus were 

found to harbor as many as 900 larvae per gram of tissue. o. degus 

showed no immunity to an immunizing dose of T. spiralis, based on the 

number of larvae recovered from the muscles. Thus, degus are the first 

mammalian species which failed to develop an immune response to T. 

spiralis. 

A minimum dose of 100 trichina larvae was required to elicit 

clinical signs in o. degus. Within 2 months, degus lost up to 38% of 

the normal body weight due to trichinosis. 



T. spiralis larvae in tap water were found viable up to 12 days at 

5 C and 20 days at 25 c. 
T. spiralis could be transmitted through o. degus to Sprague-Dawley 

rats and vice-versa. Transplacental'migration of larvae was not 

observed in either o. degus or Sprague-Dawley rats. 

Among the degus, the gestation period ranged from 60 to 75 days and 

the annual infant mortality rate was 13%. Further information on the 

development, reproduction, and behavior of degus is presented. 
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