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ABSTRACT

The purpose of this study was to determine the 
longevity of Taenia saginata eggs .when they were carried 
into a stack of baled hay by a flood. A haystack was set 
up to allow the area around it to be flooded. Millipore 
air sampling filters containing 200,000 T. saginata each 
were placed under the haystack prior to its flooding.

One millipore filter was removed each week and its 
contents were administered to calves 10 to 4 0 days old. The 
calves were sacrificed 3 0 days following the administration 
of the millipore filter contents. The entire carcass and 
various tissues were sectioned and a count of the cysticerci 
removed was kept.

The results indicated that T. saginata eggs could 
not survive near the center of a flooded haystack due to the 
extreme rise in temperature. This rise in temperature was 
apparently due to the rapid growth of mold. T, saginata 
eggs which remained on the edges of the haystapk could 
remain infective for two weeks.
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INTRODUCTION

When pasture- or hay becomes contaminated with the 
eggs of the tapeworm Taenia saginata the beef producer has a 
problem in deciding how long the pasture or hay remains in
fective. Lucker and and Douvres (1960) reported that Taenia 
saginata eggs were viable at twenty-two days but not at 
seventy-one days when they were in baled hay. Jepsen and. 
Roth (1952) stated that the eggs were viable for 159 days on 
open pasture. Penfoldf Penfoldf and Phillips (1937) reported 
that the eggs were viable for as long as eight weeks on 
exposed pasture. As these three reports indicate the eggs 
of T. saginata may remain viable for varying lengths of 
time, depending upon, a number of factors,

When beef cattle become infected with T, saginata 
cysticercosis, the carcasses are condemned or retained, 
depending upon the degree of the infection. This problem 
may seem small at first glance since the infection rate in 
the U.S. has been less than 0.07% for the last fifteen years 
(USDA statistical summaries). The real problem is seen when 
an individual feedlot has a heavy infection. A feedlot near 
Phoenix, Arizona, had an outbreak of cysticercosis in the 
first four months of 1973 (Dewhirst, 1973a). Of the 17,951 
cattle slaughtered in these four months, 1,300 cattle had 
cysticercosis. This is well above 13% infection and resulted
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in great financial losses. An employee was found to be 
harboring an adult Taenia saginata tapeworm, but several of 
the haystacks had been flooded earlier in the year, so it 
was not known whether the employee, the flood, or both 
caused the infection.

This study was initiated as a result of this in
cident and the feedlot operator's subsequent inquiries as to 
how long the eggs in the hay would remain infective. The 
objective of this study was to find how long Taenia saginata 
eggs would survive when carried into a haystack by a flood. 
It was felt this would be a valuable addition to existing . 
knowledge since no such study had been conducted in southern 
Arizona.



REVIEW OF LITERATURE

Early References to Tapeworms
Man has been aware of tapeworms for centuries,

There are references to tapeworms in Papyrus ebers, Indian 
and Chinese literature, and by Greco-Roman, Byzantic, and 
Arabian authors (Hoeppli, 1958). In 1782, Goeze recognized 
Taenia saginata as a distinct species (Belding, 1965). The 
cysticerci of cattle were found to develop when eggs or 
gravid proglottids of the adult tapeworm were fed to cattle 
by Leuchart in 1861 (Belding, 1965). Oliver in 1869 per
formed the reverse procedure; humans developing a tapeworm 
when the cysticerci were eaten. -

Nomenclature
There is considerable confusion and controversy over 

the nomenclature and taxonomical classification of the un
armed tapeworms of man (Pawlowski and Schultz, 1972). This 
paper will not delve into the nomenclature or taxonomical 
classification of these tapeworms but will, for the sake of 
clarity, follow the example of Pawlowski and Schultz and use , 
tl̂ e generic name Taenia saginata rather than Taenianhynchus 
snginatus

The use of the term "Cysticercus bovisM in reference 
to the larval stage of this tapeworm is a misnomer (Pawlowski
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4
and Schultz, 1972)„ This term implies that the larval stage 
of this tapeworm belongs to a different genus than does the 
adult stage, Pawlowski and Schultz advocate the use of 
"Taenia saginata cisticercus" rather than "Cysticercosis 
bovis" and "Taenia saginata cisticercosis" rather than 
"Cysticercosis bovis infection."

Intermediary Hosts
The main intermediary host of Taenia saginata is 

domestic cattle including Bos tauros, B. bufellus, B. 
indicus, and B. grunniens (Abuladze, 1964). Domestic cattle 
are the most important intermediary host both economically 
and medically, because of the large quantities of beef 
produced and consumed in the world today.

However, many species of wild animals have been 
reported as intermediary hosts. Both Safronov (cited by 
Pawlowski and Schultz, ' 1972 ) and Krotov (1961) indicated 
that reindeer may be an important intermediary host in parts 
of the U.S.S.R. Many wild deer and antelope of Africa have 
been suggested as intermediary hosts. These reports need to 
be confirmed and the animal's role in the spread of T. 
saginata more firmly established (Nelson, Pester., and 
Rickman, 1965; Pawlowski and Schultz/ 1972). The only 
report of wild intermediary hosts in the Americas was in 
1906 when llamas and pronghorn antelope were reported to 
contain cysticerci (Pawlowski and Schultz, 1972). Wild



animals can possibly carry T. saginata cysticerci but their 
importance in the spread of T. saginata is limited to the. 
areas where these animals are used as a primary food source,

Unarmed cysticerci have been found in humans but 
there is some question as to whether they are T, saginata 
cysticerci or T, solium cysticerci (Pawlowski and Schultz, 
1972). Verster (1966) suggested that all cysticerci found 
in humans may be from T. solium. Nelson et al. (196 5) sug
gested that there may be some misplaced cysticerci of T, , 
saginata found in humans,

Transmission to Intermediary Hosts
When a human has an adult tapeworm, eggs are passed 

with the feces usually while still in the grayid proglottid 
stage. The mean daily output of eggs has been approximated 
at 720,000 (Penfold, 1937a). Once the eggs have been passed 
they must be transmitted to the proper intermediary host. 
Although proglottids do exhibit limited contractability, the. 
transmission and spread of the eggs usually involves a 
vector host.

Direct transmission from an infected human to cattle 
is uncommon (Urquhart, 1961; Goulart et al., 1966), This , 
may happen, however, when a person who feeds or handles 
cattle has contaminated hi§ hands due to poor hygiene. An 
indirect route of transmission involving some type of 
physical or animal vector is much more common.
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Use of sewage effluent as pasture or hay irrigation 

water can be very dangerous and costly when the sewage is 
contaminated with the eggs of T. saginata. Marx (1942) 
reported that the City of Tucson, Arizona, grazed 45 head of 
cattle on its sewage farm in 1934„ The pastures were 
irrigated by primary sewage effluent. When these animals 
were slaughtered, 23 of them were found to be heavily in
fected with T. saginata cysticerci. Grazing of cattle on 
the sewage farm was unprofitable and a public health hazard, 
so the city stopped the practice. Marx also reported that 
a bull on a ranch adjacent to this same sewage farm re
peatedly broke into the sewage-irrigated pastures to graze. 
When the bull was eventually slaughtered it was found to be 
so heavily infected with T. saginata cysticerci that no part 
of it was fit for human consumption.

In Melbourne, Australia, it was felt the best, way to 
achieve proper filtration of the sewage effluent as it. 
flowed through the sewage farm pastures was by cattle and 
sheep grazing on these pastures (Penfold, 1937b). In 
September, 1933, these animals were removed from the open 
market due to heavy.T. saginata cysticerci infections caused 
by the practice of grazing the animals on the pastures 
through which the sewage effluent flowed.

Further evidence of sewage being a major vehicle of 
transmission of T. saginata eggs has been put forth by Profe. 
(1934), Silverman and Griffiths (1955a), Liebmann (1963),



and many others. Silverman and Griffiths (1955a) indicated 
that many conventional sewage facilities cannot remove all 
the helminth eggs. This problem can be compounded by over
loading the sewage system, breakdown of the sewage system, 
and the use of detergents and other surface active materials. 
Schultz, Hermos, and Steele (1970) actually traced several 
major outbreaks of T. saginata cysticerci in Texas in.the 
spring of 1968 directly to a lack of proper sewage facilities 
and indiscriminate use of the facilities present by feedlot 
employees.

Birds which have the opportunity to feed at sewage 
facilities can also act as vectors of T. saginata eggs.
These birds can carry the eggs either internally or exter
nally. Gotzsche (1951) was able to infect calves with 
cysticerci by feeding them the feces of seagulls which had 
been fed gravid proglottids. He also suggested that sea
gulls were responsible for the uniform dissemination of T. 
saginata in Denmark. Taenia sp. eggs were found in the 
intestine of six of 96 blackheaded gulls (Larus ribibundus),
1 of 34 common gulls (L, canus), and none of 15 herring 
gulls (L. argentatus) or lesser blackheaded gulls (L. fuscus) 
by Guildal (1956). One blackheaded gull was found to have 
as many as 28,000 eggs in its intestinal tract. Gulls have 
also been suggested as vector hosts of T. saginata by 
Silverman and Griffiths (1955a), Crewe (1967), and Crewe 
and Crewe (19 69).
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Dewhirst (1973b) in an unfinished project has found 

that the feedlots of Southern Arizona have a large bird 
population consisting largely of mourning dove (Zenaidura 
macroura), white-wing dove (Zenaida asiatica) , .boat-tailed 
grackles (Cassidix mexicanus), starlings (Sturnus vulgaris)f 
and English sparrows (Passer domesticus), It was postulated 
that any or all of these birds could act as a vector in much 
the same way as seagulls. English sparrows and starlings, 
the only birds tested so far, were found to pass viable eggs 
in their feces which caused heavy cysticerci infections when 
given to calves,

The possibility of filth flies causing the spread of 
T. saginata cysticerci in Kenya was investigated by Round 
(1961) . Chrysomyia albicans, Ch. chlorpyga, and Sarcophaga 
sp. were found to pass T. saginata eggs unchanged in their 
feces for up to 11 days with the majority of the eggs passed 
in the first three days. Also these flies were found to 
have a dispersal range averaging 0.5 to 2 miles with some 
flies ranging as far as 20 miles.

Seven of eight species of flies in Russia, partic
ularly Lucilia sericala and L. caesar, were found to have 
Taenia eggs in their feces and regurgitations. Four per 
cent (233 of 4,372) of the flies caught in four areas in 
Azerbaijan, D.S.S.R., an endemic area, were found to have 
eggs either on them or in their digestive tracts. The
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highest contamination rate was in the Sarcophagidae sp, 
where 8.8% of the flies were contaminated (Nadzhofov, 1967).

Taeniasis in Man 
Humans are the only known host for the adult stage 

of Taenia saginata. To become infected with the T . saginata 
tapeworm, a person must eat raw or semi-raw meat which con
tains a cysticerci. An external temperature of at least 
56°C is necessary in order to kill all the cysticerci (Allen, 
1947). Therefore, many dishes which call for meat which is 
raw or only partially cooked can cause infection.

Abasov (1957), Kovalev (1965), and Abdullaev (1968) 
have all indicated "shasklik," spit-qooked meat, and semi^ 
raw meat used in stuffing, are responsible for Taeniasis in 
the Transcaucasus and Buriat regions of the U.S.S.R. Kovalev 
(1965) reported that, when' jerking meat, the cysticerci cap 
survive for 11 days if there is no preliminary corning or 5 
days if there is preliminary corning. He also states that 
in "shasklik" preparation of meat for 7 minutes, cysticerci 
can survive in pieces of meat weighing more than 52 grams.

Other methods of preparing meat mentioned by various 
authors as being responsible for the spread of Taeniasis 
are "basterma," raw beef dishes and kabob-like dishes o f ■ 
Egypt, Turkey, and Middle East countries (Nagatz, 1946); 
meat roasted over open fires in East and Central Africa 
(Carmichael, 1952); "Larb," a raw beef dish in Thailand
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(Chularerk et al., 1967); steak tartar and several raw beef 
dishes of Western European countries (Pawlowski and Schultz, 
1972) ; and raw sausage in West Germany (Profe,. 1934).

Prevalence of Taeniasis and 
Cysticercosis

Since man is the only known definitive host of 
Taenia saginata the only geographical limitations on this 
infection are the areas of the world inhabited by man 
(Pawlowski and Schultz, 1972). A person from any social, 
class in any country in the world can harbor a T. saginata 
tapeworm.

It has been estimated that 0.4% of the people and 
approximately 1% of the cattle in Rhodesia are infected 
(Thornton and Goldsmid, 1972). The incidence of infection, 
in Kenya in man ranges from 3 % near the coast to more than 
60% in the Rift Valley. More than 30% of the cattle are 
infected (Nelson et al., 1965). School children in Algeria 
have up to 8.7% incidence of infection (World Health 
Organization Statistical Report, 1970). In Tanzania 4% of 
the school children examined in the Sougea District were 
infected (World Health Organization Statistical Report,
1970).

In Bulgaria 500 cases of T, saginata or T. solium 
have been reported per year from 1963 to 1967. The cattle 
there have had a 0.62% infection rate from I960 to 1964 
(Petkov and Todorov, 1970). The German Democratic Republic



made cysticercosis reportable in 1966 and in 1967, 11,251 
cases were reported. In the Karl Marx Region alone there 
were 3,366 cases of cysticercosis reported which is a 6% 
infection rate. In Poland there has been a rise of in
fections in humans from 6 infections per 100,000 fecal 
examinations in 1965 to 9 infections per 100,000 fecal 
examinations in 1967 (Adonajlo et al., 1969) . Approximately
1.89% of the cattle slaughtered in 1970 in Poland had 
cysticercosis (Kuczljnski, 1972). In Yugoslavia the Bosnia, 
Kosmet, Sandjak, and -Montenegro areas had 15% cysticercosis 
in their cattle (Nenadic, 1958) and the Bosnia and 
Hevcigovine areas had 10% cysticercosis rate (Grujie, 1960). 
The average monthly incidence of cysticercosis in Great 
Britain from 1950 to 1953 was 1.03% to 3.47% at 41 abbatoirs 
(Silverman and Griffiths, 1955b). The incidence of in
fection in Europe does not exceed 0.5% except in the endimic 
foci of the U.S.S.R. and Yugoslavia (Pawlowski and Schultz, 
1972).

Eighty-two per cent of the cattle slaughtered in the 
United States are inspected by agents of the Livestock 
Inspection Division of the Consumer and Marketing Service 
of the United States Department of Agriculture (Schultz et 
al., 197 0) . Table 1 lists the incidence of cysticercosis 
reported in the U.S.D.A. Statistical Summaries. The cysti
cercosis infection rate is probably higher than the U.S.D.A. 
data indicate, since approximately 7% of the cattle
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Table 1. Cases of Taenia saginata cysticercosis reported 

from federally inspected slaughter houses in the 
U„S.A. from 1959 to 1972 -- Reproduced from the 
U.S.D.A. Statistical Summaries.

Year
Total cattle 
slaughtered

Condemned
carcasses

Total
cases % Infection

1959 22,460,090 110 13,873 0.0617
I960 23,950,592 85 13,365 0.0561
1961 25,059,089 91 15,921 0.0635
1962 25,172,919 95 14,014 0.0560
1963 25,625,688 113 14,611 0.0574
1964 27,741,384 13 2 13,949 0,0507
1965 30,822,088 182 13,042 ' 0.0429
1966 32,290,010 152 11,992 0.0376
1967 32,050,409 92 14,363 0.0451
1968 32,054,771 139 12,512 0.0394
1969 34,016,031 103 11,010 0.0326
1970 34,177,809 160 12,073 0.0357
1971 34,098,792 343 9,460 0.0287
1972 34,437,177 241 .10,909 0.0316

slaughtered in the United States are not inspected by 
federal, state, or local livestock inspectors (Schultz et 
al., 1970). If the infection rate for these cattle is the 
same as the cattle inspected by the U.S.D.A. at least 1,000 
infected carcasses are consumed each year.

A majority of the cases of cysticercosis reported by 
Federal Inspectors in 1967 came from 4 states: California
with 72.6%, Texas with 5.4%, Colorado with 2.3%, and Arizona 
with 2.2% of the reported cases (Schultz et al., 1970).
Only 17.5% of the cases or approximately 2,53 0 cases were
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reported in the ohter 4 6 states. Also, the heavy infections 
which appear in individual feedlots can greatly change these 
figures. The feedlot near Phoenix, Arizona, which was 
mentioned earlier had 1,300 cases of cysticercosis reported 
in the first four months of 197 3, This is more than half of 
the 2,530 cases reported in 1967 in the 4 6 states excluding 
California, Texas, Colorado, and Arizona. This fact again 
points out that the real problem of the prevalence of 
cysticercosis is at the level of the individual producer who 
has a very heavy outbreak of cysticercosis.

Losses Incurred 
The losses incurred by cysticercosis are due to 

infected carcasses being retained for freezing or condemned„ 
Friederick (1961) estimated these losses to be 5 million 
Dutch Marks (Mielke, 1969). In Yugoslavia, Winterhalter 
(1965) estimated the losses at 6 million dinars and 
Dzinleski, Necev, and Sijakov (1963) estimated the losses at 
87 million old dinars. Belgian losses are 25 million Belgian 
francs (Granville, Gregoire, and Debendt,1958). Silverman 
and Griffiths (1955a) estimated the losses in the United 
Kingdom to be between 100,000 and 500,000 British pounds. 
Logan (1967) places the losses in Ireland at 100,000 British 
pounds. The losses in the United States are 500,000 U.S. 
dollars each year (Pawlowski and Schultz, 1972).
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Another method to estimate the monetary losses due 

to oysticercosis is to estimate the loss per carcass and 
then multiply this number by the number of carcasses in
fected each year. Logan (1967) estimates that developing 
countries lose 10 British pounds (25 U.S. dollars) per 
infected carcass. Silverman and Griffiths (1955a) estimate 
this loss to be 30 British pounds (75 U.S. dollars) per 
carcass in developed countries. The cost of freezing a 
carcass in the U.S. is $7 5 per carcass and the loss from 
condemned carcases is $300 per carcass (Pawlowski and 
Schultz, 1972). In 1972 the United States had 10,668 re
tained carcasses and 241 condemned carcasses (U.S.D.A. 
Statistical Summaries, 1972). Using the estimates of 
Pawlowski and Schultz (1972) this represents losses of 
$800,000 in retained carcases and $72,300 in condemned 
carcasses in 1972 alone.

,Most losses incurred by Taeniasis in humans are 
intangible losses due to lowered production, personal dis
comfort, and medical complications. The symptoms listed in 
Table 2 are the causes of these intangible losses, This 
table was reproduced from Pawlowski and Schultz (197.2) and 
shows the symptoms and the per cent of the patients in whom 
these symptoms occurred„ These symptoms vary in the degree 
of intensity of each and in the combination in which 
symptoms occur in a single patient. The symptoms can also 
vary from day to day in a single patient,
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Table 2. Symptoms of Taeniasis in humans '—  Reproduced from 

Pawlowski and Schultz (197 2).

Symptom
Per cent of patients in which 

symptoms occurred
Discharge of proglottids 98.3
Abdominal pain 35.6
Nausea 34.4
Weakness 24.8
Loss of weight 21.0
Increased appetite 17.0
Headache ' 15.5 '
Constipation 9.4 ,
Dizziness 8.2
Diarrhea 5.9
Pruritis anis 4.5
Excitation 3.4



, MATERIALS AND METHODS

Preparation of the Eggs 
The T„ saginata eggs used were a composite of eggs 

from three separate tapeworms of different sources. The 
eggs were manually teased from the proglottids under a dis
secting microscope, washed in saline, and stored in saline 
at 4 °C.until they were needed for Experiment I or Experiment
II.

The hatchability of the eggs was determined on all 
three groups of eggs and on the composites made of these 
eggs„ The procedure used was a modified version of the 
Gallie and Sewell (197 0) technique. The following is an 
outline of this modified procedure.

1. The eggs were centrifuged at lOOOrpm for 7 minutes 
in 15 ml centrifuge tubes and as much of the super- 
nate as possible was pipetted off.

2. An acid-pepsin solution (1 ml HC1, 1 ml pepsin, and 
98 ml distilled HgO) was added to the centrifuge 
tube and the eggs were incubated in a 4Q°C water 
bath. The eggs were removed from this solution when 
the eggshells appeared to be disintegrating when 
viewed under a microscope. The disintegration of 
the eggshells was aided by vigorously shaking the 
centrifuge tube at 15 minute intervals.

16
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The acid-pepsin solution was centrifuged at 1000 rpm 
for three minutes, All but 2 ml of the acid-pepsin 
solution was poured off and the artificial intesti
nal juice (contents listed below) was added. When 
this was done the 2 ml of acid-pepsin solution 
reacted with the artificial intestinal juice and 
large quantities of CO^ were given off. The centri
fuge tubes were corked immediately upon addition of 
the artificial intestinal juice to avoid losing the 
COg produced and then returned to the 40°C water 
bath. The artificial intestinal juice contained the 
following ingredients;

pancreatin 500 mgms
cholesterol 10 mgms
sodium tauroglycocholate 500 mgms
trypsin 20 mgms
sodium bicarbonate 500 mgms
sodium glycocholate 500 mgms
distilled water 50 mis

Twenty-five mis of fresh bile was also added to the 
artificial intestinal juice used for determining the 
hatchability of the egg composite B used in Experi
ment II.
The hatchability was determined by observing the 
embryos on a warm stage microscope. The primary 
criteria for hatchability was observing motility of 
the embryo'. Table 3 details hatchability by groups.
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Table 3. Hatchability of the eggs

Group of eggs % Hatchability

A 20
B 11
c 11

Composite A. 18
Composite B 33

^Composite A was a mixture of 75% Group A, 12.5% 
Group B, and 12.5% Group C. This composite was used in 
Experiment I.

^Composite B was a mixture of 7 0% Group A, 15% 
Group B, and 15% Group C. This composite was used in 
Experiment II. The high hatchability probably was due to 
the use of 25 mis fresh bovine bile not used in the 
hatchability tests of Group A, B, C, and Composite A.

Millipore air sampling filters were used as con
tainers for the eggs in both Experiment I and II. These 
filters had a pore size of 5 microns allowing for free 
passage of air and moisture while confining the eggs. 
Approximately 200,000 eggs in a normal saline suspension 
were dropped on hay leaves in each filter.

Preparation of the Haystack for 
Experiment I

The conditions whereby a flood washes T, saginata 
eggs into a haystack were imitated in Experiment I, This 
was done by stacking one hundred sixteen bales of alfalfa 
hay two bales high directly on the ground. The Millipore 
filters, containing approximately 200,000 (Composite A)
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T. saginata egges each, were placed on the ground under the 
bottom bales (designated as bales 1 through 30 in Figure 1). 
An earthen dam approximately 50 cm high was built around the 
entire haystack. Two, two-inch water hoses were left 
running near the haystack for eighteen hours. During this 
period of time the water around the haystack reached a height 
of 15 cm.

The temperature under the haystack was recorded by a 
distance thermograph (Taylor Instrument Company #7 6 JM 
117-23578). The probe for this distance thermograph was 
placed under the bale designated number 15 in Figure 1. The 
air temperature and relative humidity were recorded on a 
Bendix Model #594 hygro-thermograph (Bendix Instrument 
Corporation, Friex Instrument Division, Baltimore, Maryland). 
The rainfall was recorded using a Belfort Instrument Corpora
tion recording rain guage.

A B C D E F G H
Z 1 2 3 4 5 6 I
Y 7 8 9 10 10
X 13 14 17 18 K
W 19 20 21 22 23 24 L
V 25 26 27 28 29 30 M
u T S R Q P 0 N

O

O

irthen dam (50 cm high)
Distance
thermograph
Hygro-
thermograph
Recording 
rain guage

Figure 1. Arrangement and Numbering of Hay Bales and
Placement of Recording Equipment —  Experiment I.
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These three instruments were set up three weeks 

prior to the start of Experiment I to test and calibrate 
their recordings. Figure 1 shows the placement of these 
instruments in relation to the haystack. All the recording 
charts were one-week charts. When the charts were changed 
each week the instruments were recalibrated.

Preparation of the Haystack for
Experiment II '

In Experiment II, the condition whereby T. saginata 
eggs were washed into the edge of a haystack rather than the 
center of a haystack were imitated. The haystack used for 
Experiment I was also.used for Experiment II. The only 
factors for Experiment I which were changed for Experiment 
II were the placement of the Millipore filters containing 
the T. saginata eggs, the flooding of the haystack area, and 
the placement of the probe for the Taylor distance thermo
graph. Millipore filters containing 200,000 (Composite B)
T. saginata eggs used for Experiment II were placed under 
the bales designated by the letters A through Z in Figure 1, 
20 cm from the outside edge of the haystack. Although 
fifty-three days had passed since the haystack had been 
flooded for Experiment I, the ground and bales were still 
extremely wet and the water was not turned on for Experiment
II. The probe was moved from under the bale numbered 15 in 
Experiment I to under the bale lettered K in Experiment II 
(see Figure 1).
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Preparation of the Calves 

The calves used in both Experiment I and II were 
handled identically. They were obtained from a local dairy . 
at one day of age. • All the calves were maintained at the 
Veterinary Science Isolation Facility located at The 
University of Arizona's Campbell Avenue Farm. Upon receiving 
the calves at the Veterinary Science Isolation Facility, 
they were given 237 ml (1/2 pint) fresh colostrum, 5 cc . 
Combiotic, and 1/2 cc injectable Vitamin A and D. Eartags 
identifying each calf were attached at this time.

The calves were fed 237 ml (1/2 pint) fresh colo
strum twice a day for 3 to 4 days. Fresh whole milk was 
fed after that time. Both the colostrum and the whole milk 
were obtained from The University of Arizona's Dairy 
Research Center daily. The amount of milk given at each 
feeding was gradually increased from 237 ml (1/2 pint) per 
feeding (472 ml [1 pint] per day) to 946 ml (2 pints) per 
feeding (1,892 ml [4 pints] per day) ..at. approximately 30 
days age. The calves were started on a dairy calf starter 
ration (Arizona Feeds, Tucson, Arizona) at around 20 days of 
age and were completely weaned from.milk onto this ration at 
approximately 30 days of .age.

Medication was given to those calves as needed for 
scours and respiratory problems. No medication was given 
2 to 3 days prior to or after administering T. saginata eggs 
to any of these calves. All medications and treatment of



22
the calves was under the supervision of Dr, Ted Noon, D.V.M., 
of the Veterinary Science Department of The University of 
Arizona, Appendix A lists the day-to-day medication record 
of each calf.

Administration of T. saginata Eggs 
to the Calves

The T. saginata eggs were administered to the calves 
used in Experiment I when the calves were 10 to 14 days of 
age. Calves Y-410, G-410, and R-411 (the control, first . 
week’s infection, and second week’s infection in Experiment 
II, respectively) were originally obtained for Experiment I, 
but when the results of Experiment I started to become 
apparent they were removed from Experiment I and used in 
Experiment II. Therefore, these calves, Y-410, G-410, and 
R-411, were about 40 days of age when they were infected for 
Experiment II. The rest of the calves, B-4.11 (third week’s 
infection) and 'W-411 (fourth week’s infection), G-411 (fifth 
week's infection), and W-412 (seventh week's infection), . 
used in Experiment II, were administered T. saginata eggs 
at 10-14 days of age.

To administer the T. saginata eggs to the control 
calves in both Experiment I (calf R-410) and Experiment II 
(calf Y-410), 200,000 T, saginata eggs in a saline suspen
sion were added to the morning feeding of milk for each calf.

In both Experiment I arid II, the Millipore filters 
contairiing 200,000 T. saginata eggs were placed under the



haystack on the same day as the control calves were ad
ministered 200,000 T. saginata eggs in their milk. One week 
later during each experiment, one Millipore filter was 
removed from under the haystack. The contents of this 
filter (200,000 T. saginata eggs on hay leavejs) were scraped 
into a gelatin capsule. This capsule was given to the 
calves (W-410 for first week of Experiment I and T-410 for 
the first week of Experiment II) as a bolus. The Millipore 
filter was then washed in milk and the milk was fed to the 
calf. This insured that the calf received any T . saginata 
eggs not scraped into the gelatin capsule and that the calf 
swallowed the gelatin capsule. This procedure was repeated 
every week, removing a new Millipore filter from under the 
haystack and administering its contents to a new calf until 
the completion of each experiment.

Examination of the Calves 
for Cysticerci

The calves were sacrificed 30 to 40 days following 
the administration of the T. saginata eggs. The tissues of 
the 4 quarters, masseter muscles, hanging tenderloin, liver, 
heart, diaphragm, tongue, and esophagus were all removed 
and examined for cysticerci. The examination of the 
tissues consisted of sectioning the entire tissue into 2 cm 
sections. Any cysticerci found were removed and recorded.



RESULTS

Experiment I 1
The results of Experiment I are listed in Table 4„ 

The control calf (R-410) had a total of 1,543 cysticerci 
indicating that the eggs were highly infective before they 
were placed under the haystack. The cysticerci were most 
apparent in the diaphragm which weighed only 4 5 gm and had 
16 cysticerci. Calves W-410 and B-410, which.were given the 
eggs after the eggs had been under the hay for one week and 
two weeks, respectively, developed no cysticerci. After the 
eggs had been under the hay for 19 days a hatchability test 
was run using the same modified Gallie and Sewell (197Q) 
technique. None of the eggs were observed to be viable.

The temperatures recorded by the distance thermo
graph during Experiment I were quite extreme (see Figure 2). 
A maximum temperature of 132°F (55.6°C) was recorded from 
the second day following the flooding to the seventh day 
following the flooding. The temperature under the hay 
dropped one to two degrees for the next 18 days and then 
leveled off at around 99°F (37,2°C) for the remainder of 
Experiment I. The growth of mold and bacteria was the cause 
of the temperature rise. The mold growth was so heavy that 
the hay could not have been used as livestock feed.

24
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Table 4. Cysticerci per 

Experiment I
kilogram of boned tissue;

Calf number
R-410 W-410 B—410

Weeks eggs were under hay Control 1 2
R.F. quarter 187. 0 0 0
L.F„ quarter 162.8 0 0
R. H „ quarter 94.6 0 0
L.H. quarter 107.8 0 .0
Diaphram ' 352,0 0 0-
Heart 154.0 0 0
Tongue . 127.6 0 0 .

Esophagus 55,0 0 0
Masseter Muscles 66,0 0 0
Hanging Tenderloin a 0 . 0
Liver 2.2 0 0

Total 127.8 0 0

aThe hanging tenderloin was disposed of before it 
had been examined for cysticercus„
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The average weekly high and low temperature, 

relative humidity, and rainfall are plotted on Figure 3. 
Experiment I ran from July 9, 197 3, to August 5, 1973.
During these summer months the daily high temperatures were 
around 100°F (37.8°C) while the.nightly low temperatures 
were near 70°F (21.1°C). The relative humidity oscillated 
to extremes each day being high in the early morning hours 
and low in the late afternoon. Only one inch of rain was 
recorded during these usually rainy months.

Experiment II
The results of Experiment II are listed in Table 5. 

The control calf (Y-410) was not as heavily infected with 
cysticerci as the control calf (R-410) for Experiment I.
A total of 58 cysticerci were removed from Y-410 as compared 
to 1,543 cysticerci removed from R-410 during Experiment I, 
G-410, the calf infected the first week during Experiment 
II, had a total of 437 cysticerci and averaged 19.7 cysti
cerci per kilogram of tissue examined.. The calf infected at 
two weeks (R-411) had a total of only 33 cysticerci and 
averaged only 1.5 cysticerci per kilogram of tissue examined, 
The remaining calves (B-411, Y-411, G-411, and W-412 infected 
after the eggs had remained under the haystack for three, 
four, five, and seven weeks, respectively) did not develop 
any cysticerci,
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Table 5. Cysticerci per kilogram of tissue, Experiment II

Calf number
Y-410 G-410 R-411 B-411 ' Y-411 G-411 W-412

Weeks eggs were 
under hay Control 1 2 3 4 5 7

R.F. quarter 2.4 23.8 0.07 0 0 0 0
L.F. quarter 3.7 19. 6 1.3 0 0 0 0
R.H, quarter 0.4 17.2 0.7 0 0 0 0
L.H. quarter 1.8 19.1 1.3 0 0 0 0
Diaphram 9.7 o1—1 I—1 4.4 0 0 0 0
Heart •13. 0 96,4 27.5 0 0 0 0
Tongue 3.3 31.5 . 5,5 0 0 0 0
Esophagus 0 . 0 14,7 0.0 0 0 0 0
Masseter muscles 0,0 18.3 3.1 0 0 0 0
Hanging tenderloin 7.9 44.0 0,0 0 0 0 0
Liver 0.6 44,0 0,0 "0 - 0 0 0

.Total . .2.2 19.7 . 1.5 0 0 0 0
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The temperatures recorded by the distance thermo

graph during Experiment II did not rise to the extreme 
temperatures as in Experiment I, The temperature started at 
84°F (28.9°C) and fell only 15°F (9.3°C) to 69°F (20.6°C) 
during the entire 53 day duration of Experiment II. The air 
temperature fluctuated during Experiment II as it got later 
in the fall (Experiment II ended on October 29),



DISCUSSION

Experiment I
At the beginning of Experiment I, the haystack area 

was flooded. The resulting growth of mold caused the 
temperature under the haystack as recorded by the distance 
thermograph to rise to a maximum of 132°F (55,6°C), Belding 
(1965) stated that the eggs of T. saginata are destroyed by 
exposure to a temperature of 65°C for 7 minutes and a 
temperature of 75°C for a few seconds. Silverman (1955) 
reported that at least 10 minutes exposure to a temperature 
of 56°C was required to inactivate the eggs of T. saginata, 
but a four hour exposure to a temperature of 45°C had no 
effect. A temperature in excess of 130°F (54°C) was recorded 
for 10 hours during Experiment I, This temperature was 
enough to inactivate the eggs and prevent the calves of 
Experiment I from developing cysticercosis. This may be of 
little use to the livestock raiser as a measure of the 
safety of feeding such hay since the mold growth made the 
hay unfit for feeding.

Experiment II 
At the beginning of Experiment II, the haystack was 

not flooded. There were no extreme temperatures as in 
Experiment I to inactivate the eggs. Suvorov (19 65)

31
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reported that T. saginata eggs survived for the longest 
period of time at temperatures between 37°C and -4°C. The 
eggs used in- Experiment II were well within this range, with 
a high temperature of 84°F (28,9°C) being recorded and a 
seven week average of 75°F (23.9°C). Therefore it is felt 
that the temperature was not a major factor causing in
activation of the eggs in Experiment II.

Silverman (1955) reported that T. saginata eggs 
cannot survive for more than 14 days in the absence of 
surface moisture regardless of the relative humidity. This 
may not have been a major factor in the inactivation of the 
eggs in Experiment II, even though Silverman's 14-day 
survival period matches the period of infectivity of the 
eggs in Experiment II, The surface moisture was indirectly 
determined by measuring the per cent water of the hay 
immediately surrounding the filter. Figure 4 shows the 
results of this determination. In all the samples except 
the sample taken for the fifth week, the per cent moisture 
was well above 60%.

In 1960, Lucker and Douvres performed a similar 
experiment where the eggs of T. saginata were placed in 
glass tubes. These tubes were filled with hay and inserted 
horizontally into bales of hay stored in a hayloft. The 
calf infected at 22 days developed cysticercosis but the 
calf infected at 71 days did not. In other references to 
the longevity of T. saginata eggs, Penfold" et al, (1937)
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reported that the eggs survive for 8 weeks or more on 
exposed pasture; Jepsen and Roth (1952) reported that the 
eggs remain viable for 71 days in liquid manure, 16 days irv 
city sewers, 33 days in river water, and 159 days on 
pasture. .

The variations in these reports raise some intern
es ting questions. The longevity of T. saginata eggs un^ 
doubtedly varies from one area of the world to another 
depending upon local weather conditions, but what conditions 
are most favorable? Does the temperature have a greater 
effect on the longevity than surface moisture or sunlight? 
What effect does freezing have on the eggs? The answer to 
these questions could be found by setting up a controlled 
environment and varying only one factor.

Another factor to be considered is the variation 
introduced by handling the eggs under experimental condi
tions. The egg groups A, B , and C were stored at 4°C for 
10 weeks, 9 weeks, and 2 weeks, respectively, before they 
were used in Experiment I and for 17 weeks, 16 weeks, and 
9 weeks, respectively, before their use in Experiment II.

This period of time should be considered when 
looking at the length of time the eggs survived under the 
hay. In Experiment I it was the high temperature which in
activated the eggs so the storage time had a minimal effect 
on the results. In Experiment II, however, the length of
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time the eggs were stored before they were actually placed 
under the haystack must be taken into consideration.

It has been reported that the eggs survive for 13,5 
weeks (94.5 days) but not 16.5 weeks (115,5 days) when 
stored at 2 to 5°C (Penfold et al., 1937), for 355 days at 
4°C (Silverman, 1955), and up to 24 weeks (168 days) at 4°C 
with 1:10,000 merthiolate (Froyd, 1962). There is a lot of 
variation even when the conditions are very close to being 
identical. This variation in longevity may be due to indi
vidual variation or differences between varieties of the 
tapeworm T. saginata.

In conclusion, when the eggs of T. saginata are 
washed into a haystack by a flood, the farther the eggs 
penetrate the haystack, the less chance they have to survive 
because of the possibility of heat production by mold growth. 
The eggs which are filtered out at or near the edge of the 
haystack may survive for 2 weeks as in this experiment or 
even longer, as other reports indicate, depending upon local 
conditions. More study is needed to determine what factors 
cause the eggs of T. saginata to become inactive. Such 
factors as heat, cold, surface moisture, sunlight, soil pH, 
bacterial invasion, and normal variations of tapeworms from 
different areas need to be considered separately under 
controlled conditions to more accurately determine the 
longevity of the eggs of T. saginata under field conditions 
such as used in this study.



APPENDIX A

MEDICATION

The following is a list of the four medications 
given to the calves and a medical record for each calf.

1. Cateku tablets (Jensen-Salsbery Laboratories)
6 0 gr tablet contains:
copper sulfate 15 gr
chalk, precipitated 15 gr
black cathechu, powdered 15 gr
iron sulfate 15 gr ■

2. Entefur (Eaton Laboratories) ,
3,3 gm bolus contains:
Furamazone (nifuraldezone) 1 gm
bismuth subsalicylate 0,2 6 gm

3, Combiotic (Pfizer Laboratories)
1 cc dose contains:
Penicillin g . procaine 200,000 units
Dihydrostreptomycin as the

sulfate 250 mg
4. Vita-Jec A and D

1 cc dose contains:
Vitamin A 500,000 i.u
Vitamin D 75,000 i.u

Calves
Calf # R-410; control experiment I; Born 7/4/73

Date Time Medication
7/5/7 3 3:00 pm 5 cc Combiotic, 1/2 cc Vita
7/8/73 7:30 am 5 cc Combiotic
7/8/73 4:00 pm 5 cc Combiotic
7/9/73 7:30 am 1 Entefur bolus
7/9/73 5:00 pm 1 Entefur bolus

36
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Date Time Medication

7/10/73 10:10 am 1/2 Cateku tablet, 5 cc Combiotic
7/10/73 3:00 pm 1/2 Cateku tablet, 5 cc Combiotic
7/11/73 8:00 am 1 Entefur bolus
7/11/73 9:45 am 1/2 Cateku tablet
7/11/73 3:00 pm 1/2 Cateku tablet
7/12/73 9:00 am ■ 1/2 Cateku tablet
7/12/73 11:45 am 2 Entefur bolus
7/13/73 6:45 am 2 Entefur bolus
7/16/73 8:00 am Administered T. saginata eggs
8/6/73 7:30 am 1/2 Cateku tablet
8/8/73 8 : 00 am 5 cc Combiotic, 1 Entefur bolus
8/8/73 4:00 pm 5 cc Combiotic, 1 Entefur bolus
8/9/73 8 : 00 am 1/2 Cateku tablet
8/16/73 10:00 am Sacrificed

Calf W-410; First week infection, Experiment I; born 7/10/73
7/11/73 10:00 am 1/2 cc Vita-Jec A and D •
7/23/73 10:00 am Administered T. saginata eggs
8/8/73 8:00 am 1/2 Cateku tablet ,
8/8/73 4:00 pm 1/2 Cateku tablet
2/33/73 10:00 am Sacrificed

Calf B-410 ; Second week infection Experiment I; born 7/17/73
7/17/73 10:00 am 1/2 cc Vita-Jec A and D, 5 cc Combiotic
7/19/73 8:00 am 5 cc Combiotic
7/19/73 4:30 pm 5 cc Combiotic
7/25/73 7:00 am 1 Entefur bolus
7/25/73 4:30 pm 1 Entefur bolus
7/26/73 7:00 am 1 Entefur bolus
7/26/73 5:00 pm 1 Entefur bolus
7/27/73 7:30 am 1 Entefur bolus
7/30/73 10:00 am Administered T. saginata eggs
8/30/73 10:00 am Sacrificed . ■

Calf Y- 410; Control, Experiment II.; born 7/26/73
7/27/73 10:00 am 1/2 cc .Vita-Jec A and D, 5 cc Combiotic
8/2/73 8:30 am 1/2 Cateku tablet
8/2/73 4:00 pm 1/2 Cateku tablet
9/3/73 7:30 am 1/2 Cateku tablet
9/6/73 10:00 am Administered T. saginata eggs
10/5/73 10:00 am Sacrificed
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Date Time Medication

Calf G-410; First week infection Experiment II, born 8/2/73
8/2/73 8:00 am 1 cc Vita-Jec A and D, 5 cc Combiotic
8/8/73 8:00 am 2 Entefur bolus
8/8/7 3 4:00 pm 1 Entefur bolus
8/12/7 3 4:00 pm 1/2 Cateku tablet
9/13/73 10:00 am Administered T. saginata eggs
10/12/73 10:00 am Sacrificed

Calf R-411; Second week infection Experiment II; born 8/7/73
8/8/73 8:00 am 1 cc Vita-Jec A and D, 5 cc Combiotic
8/8/73 4:30 pm 1/2 Cateku tablet
8/17/7 3 9:30 am 1/2 Cateku tablet
8/17/73 4:15.pm 1/2 Cateku tablet
9/20/73 10:00 am Administered T. saginata eggs
10/20/73 10:00 am Sacrificed

Calf B-411; Third week infection Experiment II; born 9/14/73
D, 5 cc Combiotic9/15/73 9:50 am 1 cc Vita-Jec A a:

9/27/73 10:00 am Administered T. s.
10/15/73 4:00 pm 1/2 Cateku tablet
10/16/73 8:00 am 1/2 Cateku tablet
10/16/73 4:30 pm 1/2 Cateku tablet
10/17/73 8:00 am 1/2 Cateku tablet
10/17/73 4:00 pm 1/2 Cateku tablet
10/18/73 8:15 am 1/2 Cateku tablet
10/19/73 8:00 am 1/2 Cateku tablet
10/19/73 4:00 pm 1/2 Cateku tablet
10/29/73 10:00 am Sacrificed

5 cc Combiotic

Calf Y-411; Fourth week infection Experiment II; born 9/14/73
9/15/73 9 00 am 1 cc Vita-Jec A and D f 5 cc Combiotic
10/1/73 8 30 am. 2 Entefur bolus
10/1/73 4 00 pm 1 Entefur bolus
10/2/73 . 8 00 am 1 Entefur bolus, 5 cc Combiotic
10/5/73 10 00 am Administered T. saginata eggs
10/8/73 4 00 pm 1/2 Cateku tablet
10/9/73 8 00 am 1/2 Cateku tablet
10/11/73 8 30 am 2 Entefur bolus
10/11/73 4 00 pm 1 Entefur bolus
10/12/73 8 00 am 1 Entefur bolus
10/15/73 4 00 pm 1/2 Cateku tablet
10/16/73 . 8 30 am 1/2 Cateku tablet
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Date Time Medication

Calf Y-411 (Continued)
10/16/73 4:30 pm 1/2 Cateku tablet, 5 cc Combiotic
10/17/73 8:00 am 1/2 Cateku tablet
10/17/73 4:00 pm • 1/2 Cateku tablet
10/18/73 8 : 00 am 1/2 Cateku tablet, 5 cc Combiotic
10/19/73 8:30 am 1/2 Cateku tablet
10/19/73 4 : 00 pm 1/2 Cateku tablet
10/29/73 4:00 pm 5 cc Combiotic
11/5/73 10:00 am Sacrificed

Calf Q-411 ; Fifth week infection Experiment II; born 10/1/7-
10/2/73 10:00 am 1 cc Vita-Jec A and D, 5 cc Combiotic
10/3/73 1:00 pm 2 Entefur bolus
10/4/73 8:00 am 1 Entefur bolus
11/11/73 8:30 am 2 Entefur bolus
10/11/73 4:00 pm 1 Entefur bolus
10/12/73 10:00 am Administered T. saginata eggs
10/27/73 7:15 am 1 Cateku tablet
10/29/73 8:00 am 1 Cateku tablet, 5 cc Combiotic
10/29/73 4:30 pm 1 Cateku tablet.
11/9/73 10:00 am Sacrificed

Calf W-412; Seventh week infection Experiment II; born 10/25/73
10/25/73 1:00 pm 1 cc Vita-Jec A and D , 5 cc Combiotic
10/29/73 10:00 am Administered T, saginata eggs
11/26/73 10:00 am Sacrificed
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