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PORCINE CYSTICERCOSIS : EPIDEMIOLOGY,
DIAGNOSIS AND TREATMENT

Armando E. Gonzdlez," César Gavidia," Néstor Falcon,’
Carlton A. W. Evans,? Teresa Bernal,' Teresa Lopez-Urbina,’
Héctor H. Garcia,” and Robert H. Gilman **

INTRODUCTION

Cysticercosis is a common disease in pig raising areas of the third
world."? The life cycle of Taenia solium includes the pig as the normal inter-
mediate host, harboring the larval vesicles or cysticerci, and human as the de-
finitive host, harboring the adult form of the tapeworm. Humans can also
serve as the intermediate host and develop the cystic form by accidental inges-
tion of tapeworm eggs.® Human cysticercosis causes a variety of neurological
symptoms, most commonly seizures due to cysts in the brain (neurocysti-
cercosis).*?

Porcine cysticercosis produces widespread livestock production losses.®
The rates of porcine infection are variable, but in endemic regions, over 30%
of pigs may be infected.”® In an abattoir study in Nigeria, over 20% (483/
2,358) of pigs were found infected by ante-mortem examination of the pigs’
tongues and post-mortem examination of the carcasses.” However, figures
obtained from slaughterhouse inspection generally provide lower levels of in-
fection because obviously infected pigs are not brought to the abattoir for
slaughter." Geerts'" found that, although the official figures returned by the
meat inspection services show that the number of Belgian cattle infected with
cysticercosis decreased during last years from 0.3 to 0.03%, systematic search
and careful detection proved that 9.5% of cattle were infected with cysticerci
of Taenia saginata. This discrepancy with the official figures was due to the
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inappropriate detection techniques used routinely in the slaughtering, and
demonstrated that, even in Europe, official data may widely differ from reality.

In this report we will review the existing studies on the epidemiology of
porcine cysticercosis, including our initial description of the use of sentinel
pigs to monitor environmental contamination, and will summarize our experi-
ence in the diagnosis and treatment of porcine cysticercosis, including the in-
troduction of oxfendazole as the first effective, single dose therapeutic regi-
men.

DIAGNOSTIC TECHNIQUES

Infection by T. solium in pigs can be detected by necropsy, by examina-
tion of the tongue of the animal, or by serology (using the immunoblot assay
to demonstrate antibodies to T. solium). Necropsy is only of limited use for
epidemiological studies, because in endemic countries most pigs are killed
clandestinely. Tongue examination, although specific, is only moderately sen-
sitive, requires highly trained personnel, is time-consuming and entails the risk
of being bitten. The latter technique appears to be highly reliable, and it is
therefore best suited to field surveys. Pigs can be bled rapidly from the ante-
rior cava vein, a task which requires less training, and involves less danger for
the operator than does the examination of the tongue. The enzyme-linked
immunoelectrotransfer blot (EITB, Western Blot) assay is highly specific, and
1s more sensitive than either necropsy or tongue examination for the detection
of T. solium infection.’

Porcine serology does not correlate perfectly with necropsy, and often
returns positive results when necropsy is negative. The EITB assay, however,
is highly specific since pigs from 7. solium non-endemic areas are serologi-
cally negative. A positive result in the face of a negative necropsy could result
from either exposure to 7. solium infection, a past infection that has cleared,
or from an occult lesion (missed on necropsy).’

THE MARKETING OF CYSTICERCOTIC PIGS IN THE SIERRA
OF PERU

In Peru, consumption of pork supplied from regulated slaughterhouses is
primarily restricted to the large cities on the coast. Approximately 65% of the
pork consumed in the country is obtained through informal channels that are
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not inspected or supervised. The pathways via which pigs are sold were stud-
ied by our group in Huancayo, a city in the Peruvian Sierra where cysticerco-
sis is endemic, between 1988 and 1989. Official purchase, slaughter and mar-
ket records were reviewed. Also, direct surveys and participant observation
were carried out at two informal meat markets. '

Huancayo (population 500,000) is located 300 Km East of Lima (alti-
tude 3215 m). It is the major agricultural and commercial town in the Peru-
vian central highlands. Based on estimates by the National Statistics Office,
1988, there were 35,000 pigs in Huancayo. Of this number, 25,000 are butch-
ered per year (ca. 1,220 ton. of meat per annum). Officially, none of the in-
spected and condemned meat in Huancayo was reported to be cysticercotic.
The two official abattoirs butchered only 18 pigs in 1988 and none in 1989.

The meat sold in the official market was graded for its quality and in-
spected for cysticercosis. No restrictions were placed on the sale of the meat,
based on where or how the carcass was obtained. Infected meat was not sold
in the official market. At four visits to the market for the purpose of direct
observation, 220 pig carcasses were inspected and two were found to be in-
fected. These carcasses were then returned to their owner. Observations were
also carried out at two local live pig markets in the area surrounding
Huancayo. Official pig inspections were never observed in over ten separate
visits to each fair. Instead, tongue examinations were routinely performed by
local peasants in an attempt to establish the value of the pigs. Infected pigs
were often sought by buyers because of their low price. Buyers mentioned
that they also examined the pigs’ tongues for scars; sellers would apparently
excise cysts from the tongue in order to increase the market value of the pig.
Based on findings of the tongue examinations performed by buyers, approxi-
mately 15% of the pigs sold in the fair were considered to be infected. Also, a
total of 52 pigs were inspected at six informal slaughter houses. Examination
of the heads and carcasses of these pigs indicated that seven (14%) had
cysticercotic cysts in the muscles or brain. Interviews with the informal butch-
ers revealed that infected meat was sold either to another city, or for use in
fried pork (chicharrones). Infected meat was sold to selected individuals
known to the seller. Two processed-meat sellers were interviewed, both ad-
mitted to selling infected pork; small quantities of infected meat were mixed
with non-infected meat, and the mixture was then roasted or fried in fat. This
study demonstrated the impressive prevalence of cysticercosis infection in the
pork commercialized in this zone of the Peruvian highlands.



100 A. E. Gonzdlez et al.

FIELD EPIDEMIOLOGY

Early studies carried out in Mexico and Ecuador,'*'* demonstrated the
endemicity and the immediate impact of mass human chemotherapy on por-
cine infection. In one study, porcine prevalence was increased one year after a
mass human chemotherapy campaign, whereas it was decreased in several
others.' Also, health education improved the knowledge of the disease
among the villagers,''* but did not lead to the corresponding changes in
practices."”® Another consistent finding in field studies is that the risk of serop-
ositivity for persons living in the same household with a T. solium tapeworm
carrier is markedly increased. High seropositivity rates are significantly asso-
ciated with tapeworm clusters, as well as with individuals with a clinical his-
tory of seizures.'®!”

The prevalence and risk factors for 7. solium infection in pigs were stud-
ied in a rural community in Michoacan state, Mexico. Visual inspection of the
tongues of 216 pigs revealed cysticerci in 14 (6.5%). The prevalence was
slightly higher in male than female pigs, and the most important risk factors
for infection in pigs were access to human feces. the presence of an indoor
latrine, and indiscriminate disposal of human feces around the pig owner’s
household."®"

The seroepidemiology of human and porcine cysticercosis using an EITB
assay was studied in a Peruvian jungle community.® Sera and stools were col-
lected from nearly all villagers. Those positive for tapeworm eggs or who
were serologically positive were treated with niclosamide. Thirty (8%) of the
371 inhabitants were seropositive. After niclosamide therapy, four Taenia sp.
worms were identified in the EITB positive group compared to one in the
controls (p=0.06). Pigs were frequently infected; 32% had a positive tongue
examination and 43% were positive by EITB. Seventy-one percent of houses
had at least one EITB positive pig. This study demonstrated the usefulness of
porcine serology.

I solium ENVIRONMENTAL CONTAMINATION APPRAISAL

The same epidemiological study® showed that it was practically not fea-
sible to demonstrate environmental contamination by 7. solium eggs using
standard techniques. Five samples of river water obtained at different points
were pumped through a 0.10 micron nylon filter. Water quantity varied be-
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tween 50-100 gallons depending on the amount of sediment present in the
water. In addition, five soil samples were taken near the edge of stool pits or
latrines and examined for the presence of Taenia sp. eggs using sedimentation
techniques. None were positive for 7. solium eggs.® Direct detection of eggs
in the environment is extremely difficult because Taenia eggs are scarce and
large amounts of soil must be processed and examined microscopically to find
a single egg.'>!3

SENTINEL PIG TRIALS

Most cysticercosis intervention programmes use stool examination and
serodiagnosis to determine disease prevalence (in the human population), but
these methods are generally expensive, slow, and difficult to comply with,
partly because of cultural problems associated with obtaining human blood
and stool samples.'>'* Since pigs become infected only by ingesting eggs from
human feces, pig infection rates must reflect the relative quantity of 7. solium
eggs in the environment. Obtaining blood samples from pigs is acceptable to
villagers, and is easily performed; thus, serodiagnosis in pigs provides a valid
and practical way to monitor the potential for cysticercosis infection and can
be used to evaluate the efficacy of control programmes. A similar use of senti-
nel hamsters and mice to indicate schistosome contamination of the environ-
ment has been previously described.”® Some details of the design, data analy-
sis and interpretation of a sentinel pig trial performed by the author?®' are dis-
cussed below.

Twelve two-month-old seronegative piglets from Lima, Peru (a non-en-
demic area for the disease) were relocated to Maceda (population 421), an
endemic village in the Peruvian jungle.® All native two-month-old piglets in
Maceda (n=157) were also tested by EITB at the same time. All 12 non-native
pigs and 28 surviving native pigs were re-tested at nine months of age.

Infection status was determined using the EITB serological assay, per-
formed according to the method of Tsang er al.”> Reaction to any of the seven
diagnostic bands indicates T. solium infection in the non-native sentinel pigs
and native pigs from seronegative sows. In piglets from infected (EITB +)
sows, reactions to bands different from those of the mother were presumed to
indicate new infection, since new reactive bands produced by the piglet alone
most certainly represent a new antigenic stimulus, and are therefore presumed
to be the result of new infection.
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All of the non-native piglets survived the duration of the experiment
(nine months). Only 28 of the original 157 native piglets surveyed initially at
two months of age were surviving at nine months of age. The low survival
rate is partially due to the fact that pigs are usually slaughtered before they are
a year old. In Peruvian villages, animal vaccination is not routine, and mortal-
ity varies greatly, depending on current infectious diseases. In Maceda, a hog
cholera outbreak killed a large number of the pigs during our study period.

Of the 12 non-native pigs, four animals (33%) had acquired antibody to
EITB bands after nine months, but these bands were rather faint. Of 28 native
pigs, 18 (64%) acquired the infection by nine months of age; 75% (9 of 12) of
the initially positive native pigs showed new antibody bands and 56.2% (9 of
16) of the initially negative pigs showed new antibody bands. Although not
statistically significant (p=0.07), there was a strong trend for higher infection
rates in native pigs. Non-native pigs had a trend toward lower infection rates,
and their positive reactions are faint. This may be caused by a lower infection
burden, secondary to differences in feeding habits, age and/or genetic suscep-
tibility, or possibly humoral immune regulation.”

Three years before this experiment, mass niclosamide chemotherapy had
been given to 93% of the seropositive persons in the study village of Maceda.
At that time, 43% (57 of 153) of all pigs were EITB positive.® These results
show that there was still environmental contamination with 7. solium eggs,
and that niclosamide, as applied, did not break the cycle of infection and trans-
mission. As pig populations are renewed yearly,'"” EITB prevalence rates in
piglets less than one year old would allow assessment of the effect of interven-
tions and intensity of environmental contamination by T. solium along time.

Table 1. EITB assay conversion rates at nine months of age in non-native pigs
compared with native animals.

Population Baseline Infected
(type of piglets) EITB Month 9
Sentinel (non native) | Negative (n=12) 4 (33%) - EITB +
‘ Negative (n=16) 9 (56%) - EITB +
Native
Positive (n=12) 9 (75%) - New bands on EITB.
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These preliminary data demonstrates that, using relatively small numbers
of randomly selected pigs, it was possible to demonstrate that high rates of
environmental contamination were still present in the village. Another advan-
tage of using pigs as an indicator is that large numbers of new susceptible pigs
are available for examination by serology and tongue examination, and in a
subgroup of these animals infection can be assessed by necropsy.

ECONOMIC AND SOCIAL BURDEN

Economic losses resulting from food-borne parasitic zoonoses are diffi-
cult to assess. Estimations of the global economic impact of these diseases are
handicapped by inadequate information on the prevalence and public health
importance of parasitic zoonoses for most countries. However, the economic
losses caused by certain zoonoses have been estimated for some countries and
in these instances the costs are significant. 7. solium not only produces a se-
vere zoonotic disease,” but also causes severe economic losses to the pig in-
dustry.” In Mexico, for example, porcine cysticercosis is responsible for a
loss of more than one-half of the national investment in swine production and
for more than US$ 20 million annually in hospitalization and treatment costs
for humans with cysticercosis.® Flisser”® estimates that neurocysticercosis
costs Mexico about US$ 15 million per year just for the hospitalization of
newly diagnosed cases.

CONTROL PROGRAMMES FOR CYSTICERCOSIS

Control of porcine cysticercosis is currently based primarily on inspec-
tion and condemnation of infected pig carcasses.”” Less than 10% of Peruvian
pigs, however, are registered, and 55% are illegally slaughtered.”® This makes
control measures to prevent human consumption impractical and currently in-
adequate in endemic areas. In slaughterhouses where control and confiscation
are not carried out, rates or infection among pigs may be as high as 30%.* A
series of specific control measures, in addition to abattoir inspection, must be
considered to avoid human and swine infection with cysticercosis.

Other proposed strategies for control emphasize eliminating egg dissemi-
nation in the environment by using community health education® and by
means of mass human chemotherapy.'*!¢*'*2 However, sustainable control has
not yet been achieved. This strategy is based on the assumption that if egg
dispersion is stopped, then the disease cycle will be broken. These measures
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were successfully used with other animal cestodes such as Echinococcus
granulosus. Consequently, this approach was proposed and used as a model
for controlling T. solium cysticercosis.'**” However, as pointed out by
Lawson and Gemmell, > field trials and control programmes demonstrate that
ovine echinococcosis (E. granulosus) and the cysticercosis (Taenia
hydatigena and T. ovis) have different stability and do not respond in the same
way to control. In the endemic state, T. hydatigena is readily transformed by
dog-dosing programmes to an extinction status. In contrast, T. solium cys-
ticercosis, which is usually in the hyperendemic state, may only be trans-
formed to the endemic state.

Furthermore, other crucial aspects were neglected in this mass treatment
strategy. Human taeniasis is not easy to treat.** There is also a theoretical risk
of a temporary increase in human cysticercosis infection during taeniasis treat-
ment campaigns if disposal of stools is not carefully controlled; a study per-
formed in a community in Mexico found that swine cysticercosis prevalence
increased from 6.6% to 11% one year after mass human chemotherapy."

There is a great economic incentive for farmers to allow access to their
pigs for testing and treatment. Furthermore, virtually all pigs are replaced
through slaughter every year, thus eliminating concerns about persistence of
antibody. Effective treatment of infected pigs is the next logical step for con-
trolling this disease, and should therefore, be considered an important, cost-
effective addition to control programmes. As humans can only become in-
fected with the adult stages of this parasite when they eat contaminated pork,
treatment of pigs prior to slaughter may block a key step in the transmission
cycle of cysticercosis.

SWINE CYSTICERCOSIS TREATMENT

Several drugs have been tested for the treatment of porcine cysticercosis.
Early efforts with flubendazole® were followed by testing different dosages of
praziquantel in therapies lasting 15 days, with variable efficacy.’® A single
dose of praziquantel was later reported to kill all cysts in 10 out of 17 pigs
(59%).”” We initially demonstrated that albendazole therapy is effective for
porcine cysticercosis when given as a three-day scheme, and later introduced
oxfendazole as the first effective, cheap, single-dose treatment for swine cys-
ticercosis. Details of four treatment trials with albendazole, praziquantel, and
oxfendazole are summarized below.
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Treatment of porcine cysticercosis with albendazole

In this randomized, controlled study the efficacy and safety of two differ-
ent schemes of albendazole therapy for treatment of porcine cysticercosis
were tested.” Seventeen naturally-infected pigs were purchased from
Huancayo, a city in the Peruvian Sierra, and brought to the veterinary facilities
in Lima for the duration of the study. All pigs had palpable lingual nodules,
implying heavy cysticercosis infection.” Each pig was weighed and hog chol-
era vaccine was given immediately after purchase. The pigs were fed freely,
and no other medication was given. :

The pigs were divided into three groups based on weight and burden of
infection (grossly assessed by tongue examination), and were randomly as-
signed to treatment per os with albendazole (50 mg/kg, single dose; 6 pigs),
albendazole (30 mg/kg/day for three days; 6 pigs) or a placebo (4 pigs) re-
spectively. All treatments were mixed with food. All personnel involved in the
study were blinded to the therapeutic schedule. Pigs were sacrificed 12 weeks
after treatment. Normal necropsy was performed on each carcass, during
which the psoas and anconeal muscles, the tongue, the heart, and the brain of
each pig were dissected. All cysts present in the left psoas and anconeal
muscles, and in the left half of the tongue, heart and brain, were removed and
tested for viability using evagination.* Up to 200 cysts from other muscle
samples or the right half of the tongue, heart and brain were included for test-
ing in pigs from the control group. Cyst excision and evagination techniques
were performed at different laboratories.

All animals treated with a single dose of 50 mg/kg of albendazole had
side effects (extreme prostration, complete anorexia and reluctance to move),
and one of the pigs died three days post-therapy. Those treated for three days
(30 mg/kg/day) also had side effects (lethargy and anorexia). No side effects
were noted in the placebo group. Three-day albendazole therapy killed all but
one cyst. The meat, however, remained measly with dead and degenerating
cysts. Single dose albendazole therapy left some viable cysts remaining in the
meat. The proportion of cysts which evaginated (therefore presumed to be
viable and infective) from each tissue are depicted in Table 2. Significant dif-
ferences between groups were found for each tissue. Interestingly, a propor-
tion of the cysts from one of the control pigs were non-viable. We had ob-
served this phenomenon in previous studies (A. E. Gonzalez, unpublished
data). Since there was no chance of albendazole ingestion in the controls, this
must reflect natural variability in the evolution of porcine cysticercosis.
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Three days of albendazole therapy was shown to be effective in this
study, but the need for multiple doses makes this regimen impractical for use
in field control programmes. Furthermore, although the cysts were not viable,
the meat was measly and unattractive as a food product.

Table 2. Summary of evagination percentages for different albendazole
treatments mean and standard deviation

TISSUE SOmghkg | 30 mgke/day Placebo p*
single dose 3 days

Muscle* 10.9 (11.8) 0(0) 81.9 (27.4) 0.001

Tongue* 11.8 (20.9) 0(0) 88.4 (11.2) 0.0014

Heart* 0 0(0) 68.0 (40.1) 0.0276

Brain* 6.7 (9.8) 0.8 (2.0) 46.4 (30.7) 0.0031

* p<0.05, Non parametric one way ANOVA (Kruskall-Wallis)

Treatment of porcine cysticercosis with oxfendazole

Oxfendazole (OFZ, methyl[5-(phenylsulphinyl)-1Hbenzimidazole- 2-yl]
carbamate, Synanthic™) was first identified as having anthelmintic properties
against larval and adult forms of gastrointestinal cestodes and nematodes in
various animal species in the laboratories of Syntex Research, Palo Alto, Cali-
fornia. The structure of oxfendazole consists of the benzimidazole carbamate,
characteristic of this group of drugs, with a phenylsulphinyl substituent in po-
sition 5.% In this randomized, placebo-controlled study, we compared the ef-
ficacy of single dose schemes using oxfendazole, praziquantel and
oxfendazole plus praziquantel, for the treatment of porcine cysticercosis.

Sixteen privately reared, naturally infected pigs were purchased and
managed as described in the albendazole experiment. The pigs were divided
into four similar groups of four pigs each, based on weight and infection bur-
den (grossly assessed by tongue examination). These groups were randomly
assigned to treatment with praziquantel, praziquantel plus oxfendazole,
oxfendazole, or placebo. All pigs were coded, labeled, and each group was
housed in the same pen. The treatment drug (50 mg/kg of praziquantel and/or
30 mg/kg of oxfendazole) was given orally, mixed with the food. All person-
nel who conducted necropsies and/or evagination tests were blinded to the
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therapeutic schedule. Necropsy, evagination and data analysis procedures
were also carried out as above described.

No detectable side effects were seen in any of the groups. Viability of
praziquantel-treated cysts was preserved, but their total number appeared to
be lower than in the control group. Whether this represents a bias in the selec-
tion of pigs, a random variation in infection burden, or a true therapeutic ef-
fect can not be determined because of the lack of an estimate of severity of
infection pre-treatment, and the increased number of tested cysts in the con-
trol animals. Both oxfendazole and oxfendazole plus praziquantel killed all the
parasites, and left only microcalcifications in the meat. The proportions of
cysts that evaginated (and were therefore presumed to be viable and infective)
from each tissue are shown in Table 3. Cysts appeared clearly visible in the
carcasses of pigs of groups 1 (control) and 2 (praziquantel). In contrast, the
meat appeared clean and only minuscule scars were observed in all treated
pigs of groups 3 (oxfendazole) and 4 (oxfendazole + praziquantel). The ap-
pearance of this meat was suitable for marketing, and no apparent differences
in taste were found compared to pork sold in Lima markets, as tested by orga-
noleptic trials in an expert panel.

This study demonstrated the safety and efficacy of a single dose (30 mg/
kg) of oxfendazole in the treatment of porcine cysticercosis, providing for the
first time a suitable therapy for porcine cysticercosis. All other regimens are
either ineffective, need multiple dosing, have marked side effects or leave
meat unsuitable for sale.’>*®

A series of specific control measures, other than just abattoir inspection,
have been advocated to avoid human and swine cysticercosis, including com-
munity health education,”® and mass human chemotherapy,” but no sustain-
able control has yet been achieved. An effective therapy for porcine cysticer-
cosis will interrupt the life cycle of Taenia solium and improve control
programmes for cysticercosis. Humans can only become infected with the
adult stage of this parasite when they ingest contaminated pork. Treatment of
pigs prior to slaughter may block a key step in the transmission cycle of cys-
ticercosis. Better market prices for treated pork and access to the formal mar-
keting system will be strong incentives for farmers to treat their pigs, and
community co-operation will be ensured. Until a vaccine for porcine cysticer-
cosis is available, treatment of infected pigs is a logical approach for control-
ling this disease, and should therefore be considered an important, cost-effec-
tive addition to the control of cysticercosis.
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Oxfendazole may be applicable to human disease. Albendazole is cur-
rently the drug of choice, given for at least 8 to 15 days.*"** If its safety is
demonstrated in Phase I studies, oxfendazole may provide an effective and
cheap single-dose therapy for human neurocysticercosis. Also, oxfendazole
therapy caused fewer secondary reactions than albendazole when used to treat
porcine cysticercosis.*

Table 3. Summary of evagination percentages (mean +/- standard deviation).

TISSUE Group 1 Group 2 Group 3 Group 4
Placebo Praziquantel PZQ + OFZ | Oxfendazole
Muscle* 99.88 +/- 0.25 100 +/- 0 0+-0 0+/-0
Tongue* 98.50 +/- 1.73 99.60 +/- 0.69 0+/-0 0+/-0
Heart* 96.75 +/- 5.25 97.73 +/- 4.55 0+/-0 0+/-0
Brain* 72.38 +/- 23.83 07.62 +/- 4.76 0+-0 0+/-0

* p<0.05, Non parametric one way ANOVA (Kruskall-Wallis)

A dose-response trial of oxfendazole treatment of swine cysticercosis.

As seen above, oxfendazole, administered as a single dose of 30 mg/kg
body weight, is highly effective for the treatment of porcine cysticercosis.*
However, this dose calculation was based upon previous experiences with
albendazole and may over-estimate the amount of drug needed for cysticerco-
sis treatment. This experiment was designed to determine the minimal effec-
tive single dose of oxfendazole required to kill all cysticercotic cysts in pigs.*

Twenty-four privately reared pigs sold for slaughter were purchased at
Huancayo, a city in the Peruvian Sierra and brought to veterinary facilities in
Lima for the duration of the study. The pigs were divided into four similar
groups of six pigs, based on live weight and estimated infection burden
(grossly assessed by tongue examination). These groups were randomly as-
signed to treatment with oxfendazole at either 10, 20, or 30 mg/kg body
weight, or no treatment (controls). The 30 mg/kg group was later reduced to
5 animals because one of the pigs assigned to this group died before therapy
commenced. All pigs were coded, labeled, and each group was housed in the
same pen. Oxfendazole was given orally, mixed with the food. The therapeutic
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schedule was not disclosed to personnel who conducted necropsies and/or
evagination tests.

Following treatment, all animals had normal feeding habits, activities and
behavior. No visible side effects were noted. More than 75% of cysts in pigs
from the control group were viable, irrespective of their anatomical location.
There were viable parasites in samples from four pigs from the 10 mg/kg
group, present in muscle (three pigs), tongue (two pigs), and brain (two pigs).
There were viable cysts also in four animals from the 20 mg/kg group, al-
though only present in muscle (one pig) and brain (three pigs). The number of
viable cysts in animals from these treated groups was very low: 18 out of 216
(8%) at 10 mg/kg, and 11 out of 198 (6%) at 20 mg/kg. No viable cysts were
recovered from animals belonging to the 30 mg/kg group. The proportion of
cysts that evaginated (hence presumed to be viable and infective) from each
tissue is shown in Table 4. Most of the cysts recovered showed marked signs
of degeneration or remained as minuscule scars. Carcasses of pigs treated
with 30 mg/kg had a normal appearance, looking suitable for human con-
sumption.

Table 4. Mean cysticercus evagination rates for each tissue in
oxfendazole treated and untreated control pigs, according to dose.

Dose (mg/kg) | Muscle (%) Heart (%) Tongue (%) | Brain (%)
0* 90.7 99.2 100 75.2
10 * 10.0 4.0 4.5
DO 5.0 12.3
30 * 0 0 0

* p<0.05, Non parametric one way ANOVA (Kruskall-Wallis)

Time-Response curve of Oxfendazole

Survival of cysticerci in host tissues involves active immune evasion
mechanisms.**’ Previous studies using praziquantel* and flubendazole™ have
shown that cyst death is not immediate after treatment. It is hypothesized that
although anthelminthic drugs affect parasite metabolism and damage the cyst,
the death of the parasite occurs later as a result of direct attack on the dam-
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aged cyst by the immune system of the host.** In the context of control pro-
grams, the time between therapy and cyst death is extremely important. If
death is delayed beyond a few days, then OFZ treatment of infected pigs
would not be a useful strategy for slaughterhouse control. Conversely, if the
process is prolonged, both the time before slaughtering when the treatment
must be administered and the potential for reinfection must be addressed. This
controlled study determined the time period between pig treatment with a
single dose of OFZ and the death of T. solium cysticerci in order to define its
applicability as pre-slaughter treatment or as a field control measure.**

Twenty naturally infected pigs were bought and managed as in the above
described trials. Four infected animals that received no treatment were defined
as non treatment infected controls. The other 16 animals received a single
dose of 30 mg/kg of OFZ and were randomly assigned into groups of four to
be killed at one, two, four and 12 weeks after treatment. This schedule was
based on our previous study that showed that 12 weeks after OFZ treatment
all cysts were dead and only visible as minuscule scars.*® The four untreated
controls were killed at the end of the experiment (week 12).

Pigs were anaesthetized and humanely killed. In addition to standard
necropsy procedures, the heart, tongue, brain, psoas and anconeal muscles
were removed. The left psoas and anconeal muscles and left half of the brain,
tongue and heart were weighed and carefully dissected to evaluate parasitic
burden. The number of cysts for each tissue sample was recorded and used to
calculate the number of cysts and/or scars per 100 grams. Efficacy of therapy
was measured by cyst evagination.

After OFZ therapy, no visible adverse reactions were noted. The pigs all
fed normally and demonstrated no signs of illness. A clear decrease in viability
and number of cysts was noted after the first week after therapy (Table 5), but
even at week 4 some live cysticerci were found in all tissues. Twelve weeks
after OFZ treatment, the meat was clean and only minuscule scars were ob-
served, except in one animal that had viable cysts in the brain. The predicted
time to total viability decay depended on the organ. The time for zero viability
in muscle and heart was 3.94 and 3.47 weeks, respectively. Interestingly, the
time for the tongue, another voluntary muscle, was 4.7 weeks. Due to higher
viability at week 4 than at week 2, and to the presence of live cysts in one
sample, it is not possible to evaluate the time for total decay in brain cysts
evagination, although three of four animals did not have viable brain cysts at
week 12.
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Table 5. Cyst evagination rates after oxfendazole treatment, for each animal and
anatomic location

Muscle Tongue Heart Brain

Total Viable Total | Viable | Total | Viable | Total | Viable

Week | Pig (%) (%) (%) (%)
0 717 100 72 (72) 100 | 62 (62) 100 |49 (49) 100 49 (49)
0 840 100 46 (46) 100 | 65 (65) 100 |35(35) 22 11 (50)
0 834 25 25 (100) 92 82 (89) 2 1 (50) 86 40 (47)
0 722 100 80 (80) 100 | 70 (70) 100 |70 (70) 70 60 (86)
1 849 100 10 (10) 100 10 (10) 100 27 (27) 100 35 (35)
1 751 100 20 (20) 67 30 (45) 20 4 (20) 6 3 (50)
1 841 100 6 (6) 100 34 (34) 100 13 (13) 95 22 (23)
1 831 100 58 (58) 82 31 (38) 85 |14 (170 43 29 (67)
2 845 42 20 (47) 40 10 (25) 53 24 12 10 (83)
2 835 100 0 100 5(5) 100 1(1) 100 21 (21
2 719 30 1(2) 38 2(5) 16 1(6) 2 0O
2 827 100 4(4) 27 5(19) 10 1 (10) 13 0
4 720 100 21 (21) 100 26 (26) 2 0 8 6 (75)
4 826 100 6 (6) 100 12 (12) 100 3(3) 42 19 (45)
4 850 26 1 (4) 12 325 3 0 3 1 (33)
4 718 89 9 (10) 62 10 (16) 43 24 20 18 (69)
12 828 4 0 2 0 1 00 0 00
12 847 4 0(0) 10 0(0) 10 0(0) 3 0 (0)
12 848 100 0 100 0 ) 44 0 (0) 3 0 (0)
12 846 100 0 25 00 4 0 0) 100 20 (20)

The treatment of T. solium-infected pigs with OFZ as part of a control
program for cysticercosis has the advantage of being relatively inexpensive,
sustainable, and culturally acceptable.** Oxfendazole is superior to other
agents for this purpose because it is nearly 100% effective and safe when
given as a single dose. This study demonstrates, however, that cyst death is
not immediate but rather requires a period of at least one month after treat-
ment before cyst viability is reduced to levels that will effectively control the
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T. solium life cycle, and thus pre-slaughter treatment of pigs with OFZ will not
be a useful strategy to control cysticercosis.

Our pigs actually had less viable cysts at two compared with four weeks
after therapy. We have no explanation for this except that it may be due to the
variability that occurs with the small number of animals used per group. In a
previous study, we have demonstrated that doses less than 30 mg/kg were not
100% effective in killing all cysts.* In this study, we demonstrated again that
all cysts except for some in one brain sample were killed by 12 weeks when
OFZ was given as a single 30 mg/kg of OFZ. Survival of cysts in brain tissue
may be explained by lower concentrations of the drug or reduced immune effi-
cacies in the central nervous system because of the blood-brain barrier.*” Pig
brain is not commonly eaten raw; thus, it is highly improbable that cysts that
survive only in the brain will be ingested and perpetuate the cycle.

Treatment with OFZ should be used eight or more weeks before a pig is
brought to slaughter because killed cysts are still visible, thus making it diffi-
cult to market the meat.* The use of OFZ as a control measure in the village
is, however, highly promising. Most control programs to date are limited to
the treatment of humans alone, leaving the huge pig reservoir of cysticercosis
untouched and available to infect and complete the cycle in humans. Adding a
pig treatment arm to mass human chemotherapy campaigns will interrupt the
cycle at the two potential points of T. solium transmission, pig and human.
This dual interruption of the 7. solium cycle should be also allow re-treatment
campaign cycles to be spaced farther apart. Pigs, once treated with OFZ,
probably will not become reinfected. In T saginata cysticercosis, successfully
treated cows remain immune to reinfection for at least six months.'® Although
direct evidence is lacking, pigs may also be immune to reinfection for a time
period after treatment. Also, some evidence suggests that infection occurs
rarely in older pigs.” Pigs are normally slaughtered in the villages around nine
months of age, and may not live long enough to develop new infections.

Another major advantage of adding an OFZ-porcine treatment arm to
control programs is that it uses economic pressure to drive the control pro-
gram. Unlike human disease, porcine cysticercosis is felt by villagers as an
important problem: 7. solium-infected pigs if sold in the formal market may be
confiscated and in the informal market will get much lower prices than
uninfected animals. This economic pressure may serve as an incentive for lo-
cally administered porcine treatment programs, providing both community
support and long term sustainability. In summary, single dose OFZ treatment
of pigs should be included in mass cysticercosis control programs as a simple
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but effective method of decreasing the porcine reservoir of cysticercosis in
disease-endemic countries.

IMMUNOTHERAPY FOR PORCINE CYSTICERCOSIS

Improvements in public health and animal husbandry have led to the vir-
tual eradication of human and porcine cysticercosis in developed countries,
but such measures are too expensive for immediate implementation in less de-
veloped areas.”” Vaccination of healthy pigs with cysticercal antigens caused
partial protection against porcine cysticercosis,’’? but a vaccine is not avail-
able and may be difficult to implement in endemic regions. In contrast to pre-
ventive measures, an inexpensive treatment for porcine cysticercosis may be
sought after and used by owners of infected pigs if it improved animal health,
meat yield, and especially if it caused the degeneration of cysticerci in infected
meat, thus increasing its value.

Cysticerci survive within host tissues by evading and modulating host
immunity.*** The rationale for immunotherapy is the observation that immu-
nological intervention may alter this host-parasite interaction, causing de-
struction of cysticerci. For example, pigs infected with two successive doses
of T. solium eggs paradoxically developed significantly fewer cysticerci than
pigs that had been infected with a single dose, implying that re-infection accel-
erated cysticercus degeneration and absorption.”* Similarly, re-infection of
cows infected with 7. saginata®> and of sheep infected with 7. hydatigena*®
caused degeneration of established cysticerci. Furthermore, laboratory®’ and
field*® studies have reported that immunotherapy with cysticercal antigens
caused the partial resolution of porcine cysticercosis. These encouraging re-
sults led us to investigate further the effects of immunotherapy on porcine cys-
ticercosis in a blinded, randomized and controlled study.

Twenty-eight privately reared, naturally parasitized pigs that were
bought and managed as referred in the previous experiments. The animals
were randomly allocated to one of four treatment groups: a) membrane-en-
riched antigens (MA), 5 pigs; b) saline control, 7 pigs; ¢) aqueous crude anti-
gens (AA) in adjuvant, 9 pigs; and d) adjuvant alone, 7 pigs. Details on anti-
gen preparation and injection schedules are published elsewhere.*” Pigs were
anaesthetized and humanely killed 10-12 weeks after the first vaccination.
Sections through the right psoas muscle, the heart and the right half of the
brain were fixed in 10% buffered formalin (0.15M, pH 7.2), dehydrated, set in
paraffin and stained with hematoxylin and eosin. At least 3 cysticerci from
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each of these 3 tissues were examined for every pig. Predetermined criteria
were used by a histopathologist blind to treatment group to assess the host
inflammatory response (cell density, predominant cell type, granulomatous re-
action and degree of fibrosis) and the degree of inflammation of the cyst mem-
brane, spiral canal and scolex (none, oedema, mild to severe inflammation,
presence of host cells and degeneration or necrosis). The cell type was identi-
fied by morphology. Parasite viability was evaluated by cyst evagination.

There were no serious adverse reactions to antigenic challenge. EITB
with lentil-lectin-purified glycoprotein and AA confirmed that all pigs were
antibody positive at the start of the study and repeat lentil-lectin-purified-
EITB testing at the end of the study did not reveal any changes. Using AA-
EITB, some pigs developed new antibody bands during the study (12-13, 19
and 24 kD). Nine of 14 (64%) pigs given immunotherapy developed new
bands in contrast to only 7% (1/14) control pigs (p<0.01). The presence or
development of one or more of these bands was not significantly related to
white cell count, eosinophilia or cysticercal viability. Necropsy confirmed that
all pigs were heavily parasitized with T. solium cysticercosis. Overall, the
mean number of cysticerci/kg varied considerably between pigs and was high-
est for the saline control group, but there were no significant differences be-
tween treatment groups. Some inflammation was present around all of the
cysticerci examined but this was so variable, even between adjacent cysticerci,
that it was not possible to correlate inflammatory changes with treatment
group or cysticercal viability.

The macroscopic appearance of cysticerci revealed only 6 clearly degen-
erated cysticerci, all of which were found in 2 pigs that had been given AA in
adjuvant. The percentage of cysticerci that failed to evaginate and were pre-
sumably not infective was calculated for each tissue from each pig. Adjuvant
alone had no significant effect upon viability cornpared with saline. The effect
of MA was not significant when compared with adjuvant, saline, or combined
control groups. Immunotherapy (AA and MA groups combined) was associ-
ated with a 50% increase in the percentage of non-viable cysticerci when com-
pared with the combined control groups (p<0.04). Immunotherapy was asso-
ciated with a 3-fold increase in the proportion of non-viable cysticerci in
tongue tissue (p<0.03) and muscle (p<0.06), but no effect was detected in the
brain (p<0.9) There were relatively few cysticerci in brain tissue and these
were of low viability for all treatment groups. Overall, 35% of cysts dissected
from pigs given immunotherapy were non-viable, compared with 10% of
those from all of the control animals (p<0.05). In spite of these effects, at
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least a quarter of cysticerci were viable in every pig and more than half were
viable in 11 of the 14 pigs given immunotherapy.

This randomized, controlled and blinded study confirmed that adminis-
tration of cysticercal antigens to pigs naturally infected with 7. solium cys-
ticercosis caused a significant reduction in the viability of cysticerci for caus-
ing human tapeworm infection. In a previous immunotherapy study, 2
cysticercotic pigs inoculated with MA developed marked eosinophilia. Fur-
thermore, necropsy 4 and 8 weeks later revealed histological findings sugges-
tive of cyst degeneration.”® However, the viability of cysticerci was not as-
sessed 1n this study and the histopathological findings may have been biased
by the small number of pigs and cysticerci studied, particularly in view of the
highly variable inflammation we observed after administering the same dose of
MA.

In a field trial in Mexico,”® 1,076 doses of MA that was almost identical
to the preparation we used were administered repeatedly to 447 pigs, al-
though it was not clear how many doses each pig received. The prevalence of
cysticercosis, as assessed by tongue palpation, fell significantly in the villages
studied, but there was no control group, limiting interpretation of these re-
sults. Furthermore, their reliance on tongue palpation alone to assess response
to immunotherapy may have been misleading since we found the effect of im-
munotherapy to be greater in tongue than other tissues. In this Mexican field
trial, 7 cysticercotic pigs given immunotherapy were studied in more detail
and 73% of cysts excised from treated pigs failed to evaginate compared with
5% in 7 untreated cysticercotic pigs. The inetfectiveness of MA in our study
contrasts with these results and might be explained by the smaller number of
vaccinations we gave, which may have induced a weaker immune response.

The effect of immunotherapy on 7. solium viability illustrates the dy-
namic nature of the host-parasite interaction and the potential for manipulat-
ing this relationship to control parasitic infection. Genetically engineered, re-
combinant vaccines cause greater immunity against other tapeworm spe-
cies™*# and identification and synthesis of the appropriate antigens for porcine
cysticercosis may allow more effective immunotherapy. However, the statisti-
cally significant effect of immunotherapy on cysticercal viability in our study
had limited biological significance: all of the pigs remained macroscopically
heavily infected with predominantly viable cysticerci. Immunotherapy alone
is, therefore, unlikely to adequately prevent human taeniasis.



116 A. E. Gonzalez et al.

REFERENCES

1. Acha P, Szyfres B. Zoonosis v enfermedades transmisibles comunes al hombre y los
animales. 2nd ed. Washington: Pan American Health Organization; 1986: 763-74.

2. Garcia HH, Martinez M, Gilman RH, Herrera G, Tsang VCW, Pilcher IB, et al. Diag-
nosis of cysticercosis in endemic regions. Lancet 1991; 338: 549-51.

3. Nash TE, Neva FA. Recent advances in the diagnosis and treatment of cerebral cys-
ticercosis. New England Journal of Medicine 1984; 311: 1492-6.

4. Garcia HH, Gilman R, Martinez M, Tsang VCW, Pilcher JB, Herrera G, er al. Cysticer-
cosis as a major cause of epilepsy in Peru. Lancet 1993; 341: 197-200.

5. Shanley JD, Jordan MC. Clinical aspects of CNS cysticercosis. Archives of Internal
Medicine 1980; 140: 1309-13.

6. Murrell KD. Economic losses resulting from food-borne parasitic zoonoses. Southeast
Asian Journal of Tropical Medicine and Public Health 1991; 22: Suppl 22, 377-81.

7. Gonzalez AE, Cama V, Gilman RH, Tsang VC, Pilcher JB, Chavera A, Castro M,
Montenegro T, Verastegui M, Miranda E et al. Prevalence and comparison of serologic
assays, necropsy, and tongue examination for the diagnosis of porcine cysticercosis in
Peru. American Journal of Tropical Medicine and Hygiene 1990; 43: 194-9.

8. Diaz F, Garcia HH, Gilman RH, Gonzales AE, Castro M, Tsang VCW, et al. Epidemi-
ology of taeniasis and cysticercosis in a Peruvian village. American Journal of Epide-
miology 1992; 135: 875-82.

9. Onah DN, Chiejina SN. Taenia solium cysticercosis and human taeniasis in the Nsukka
area of Enugu State, Nigeria. Annals of Tropical Medicine and Parasitology 1995; 89:
399-407.

10. Cysticercosis Working Group in Peru. The marketing of cysticercotic pigs in the sierra
of Peru. Bulletin of the World Health Organization 1993; 71: 223-8.

11. Geerts S. T. saginata: een eeuwig probleem?. Verhandelingen - Koninklijke Academie
voor Geneeskunde van Belgie 1990, 52: 537-63.

12. Sarti E, Schantz PM, Lara R, Gomez H, Flisser A. Taenia solium taeniosis and cys-
ticercosis in a Mexican village. American Journal of Tropical Medicine and Hygiene
1988; 39: 194-8.

13. Keilbach NM, de Aluja AS, Sarti-Gutierrez E. A programme to control taeniasis-
cysticercosis (7. solium): experiences in a Mexican village. Acta Leidensia 1989; 57:
181-9.

14. Cruz M, Davis A, Dixon H, Pawlowski Z, Proafio J. Operational studies on the control
of Taenia solium taeniasis/cysticercosis in Ecuador. Bullerm of the World Health Or-
ganization 1989; 67: 401-7.

15. Sarti E, Flisser A, Schantz PM, Gleizer M, Loya M, Plancarte A, ef al. Development
and evaluation of a health education intervention against Taenia solium in a rural commu-
nity in Mexico. American Journal of Tropical Medicine and Hvgiene 1997; 56: 127-32.

16. Diaz-Camacho SP, Candil-Ruiz A, Suate V, Zazueta M, Felix M, Lozano R, et al. Epi-

demiologic study and control of Taenia solium infections with praziquantel in a rural
village of Mexico. American Journal of Tropical Medicine and Hygiene 1991; 45: 522-31.



Porcine Cysticercosis 117

(&

18.

20.

21.

22.

24.

25.

26.
27.

28.
29.

30.

3l

32,

83

Sarti E, Schantz PM, Plancarte A, Wilson M, Gutierrez 10, Lopez AS, et al. Preva-
lence and risk factors for Taenia solium taeniasis and cysticercosis in humans and pigs
in a village in Morelos, Mexico. American Journal of Tropical Medicine and Hygiene
1992; 46: 677-85.

Sarti E, Schantz PM, Aguilera J, Lopez SA. Epidemiologic observations in a rural
community of Michoacan State, México. Veterinary Parasitology 1992; 41: 195-201.

Sarti E, Schantz PM, Plancarte A, Wilson M, Gutierrez Ol, Aguilera J, ¢r al. Epide-
miological investigation of Taenia solium taeniasis and cysticercosis in a rural village
of Michoacan state, Mexico. Transactions of the Royal Society of Tropical Medicine
and Hygiene 1994; 88: 49-52.

Chandiwana SK. Technique to detect schistosome cercariae in natural water through
exposure of sentinel hamsters. Journal of Parasitology 1987; 73: 452-4.

Gonzalez AE, Gilman R, Garcia HH, McDonald J, Kacena K, Tsang VCW, et al. Use
of sentinel pigs to monitor environmental Taenia solium contamination. American
Journal of Tropical Medicine and Hygiene 1994; 51, 847-50.

Tsang VCW, Brand J. Boyer E. Enzyme-linked immunoelectrotransferency blot assay
and glycoprotein antigens for diagnosing human cysticercosis (7. solium). Journal of

Infectious Diseases 1989; 159: 50-59.

. Tsang VCW, Pilcher JB, Zhou W, Boyer E, Kamango-sollo E, Rhoads M, et al. Effi-

cacy of the immunoblot assay for cysticercosis in pigs and modulated expression of
distinct [gM/IgG activities to T. solium antigens in experimental infections. Veterinary
Immunology and Immunopathology 1991; 29: 69-78.

McCormick GF, Zee C-S, Heiden J. Cysticercosis cerebri: review of 127 cases. Ar-
chives of Neurology 1982; 39: 534-9.

Acevedo-Hernandez A. Economic impact of porcine cysticercosis En: Flisser A, Willms
K, Laclette JP, Larralde C, Ridaura C, Beltran F (Eds.) Cysticercosis: Present State of
Knowledge and Perspectives. New York: Academic Press; 1982: 63-8.

Flisser A. Neurocysticercosis in Mexico. Parasitology Today 1988, 4: 131-7.
Gemmell M, Matyas Z, Pawlowsky Z, Soulsby EJL (Eds.) Guidelines for surveillance
and control of Taeniasis/cysticercosis. VPH/83.49. Geneva: World Health Organiza-
tion; 1983: 1-207.

PERU, 1986. Ministerio de Agricultura, Unidad de servicio pecuario. Leaflet.

Llontop R, Nolte C, Urbina R. Cisticercosis en cerdos beneficiados en el camal frigorifico
No. 37 de Tarapoto. Leaflet, Ministerio de Agricultura y Alimentacion RA XI, Laboratorio
de Sanidad Animal y Zoonosis-Tarapoto, 1980.

Schantz P, Cruz M, Sarti E, Pawlowski ZS. Potencial erradicability of taeniosis and
cysticercosis. Bulletin of the Pan American Health Organization 1993; 27: 397-403.

Pawlowski ZS. Large-scale use of chemotherapy of taeniasis as a control measure for
Taenia solium infections. In: Geerts S, Kumar V, Brandt J (Eds.) Helminth Zoonoses.
Dordecht: M. Nijhoff; 1987: 100-5.

Bryan RT. Current issues in cysticercosis: proteins, proglottids, pigs, and privies. In:
Walker DH (Ed.) Global Infectious Diseases: Prevention, Control and Eradication.
Vienna: Springer-Verlag; 1992: 181-203.

Lawson JR, Gemmell MA. The ovine cysticercosis as models for research into the epi-



118

A. E. Gonzdlez et al.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

46.

47.

demiology and control of the human and porcine cysticercosis Taenia solium: II. The
aplication of control. Acta Leidensia 1989; 57: 173-80.

Gilman RH, Garcia HH, Gonzalez AE, Verastegui M. Dunleavy M, Evans C, et al.
Métodos para controlar la transmision de la cisticercosis. In: Garcia HH, Martinez SM
(Eds.) Teniasis/Cisticercosis por T. solium. Lima: Editorial Universo; 1996: 327-40.

Tellez-Giron E, Ramos MC, Montante M. Effect of of flubendazole on Cysticercus
cellulosae in pigs. American Journal of Tropical Medicine and Hygiene 1981: 30:
135-8.

Flisser A, Gonzalez D, Shkurovich M, Madrazo I, Correa D, Rodriguez-Carbajal J, er
al. Praziquantel treatment of porcine brain and muscle Taenia solium cysticercosis. 1.
Radiological, physiological and histopathological studies. Parasitology Research 1990;
76: 263-9.

Torres A, Plancarte A, Villalobos ANM, De Aluja AS, Navarro R, Flisser A. Praziquantel
treatment of porcine brain and muscle Taenia solium cysticercosis. 3. Effect of |-day
treatment. Parasitology Research 1992; 78: 161-4.

Gonzales AE, Garcia HH, Gilman RH, Lopez MT, Gavidia C, McDonald J, et al. Treat-
ment of porcine cysticercosis with albendazole. American Journal of Tropical Medi-
cine and Hygiene 1995; 53: 571-4.

Cafiedo L, Laclette JP, Morales E. Evagination of the metacestode of T. solium. In:
Flisser A, Willms K, Laclette JP, Larralde C, Ridaura C, Beltran F (Eds.) Cysticerco-
sis: Present State of Knowledge and Perspectives. New York: Academic Press; 1982:
363-74.

Marriner SE, Bogan JA. Pharmacokinetics of oxfendazole in sheep. American Journal
of Veterinary Research 1981; 42: 1143-5,

Del Brutto OH, Sotelo I, Roman GC. Therapy for neurocysticerosis; a reappraisal.
Clinical Infectious Diseases 1993; 17: 730-5.

Botero D, Uribe CS, Sanchez JL, Alzate T, Velasquez G, Ocampo NE, ef al. Short
course albendazole treatment for neurocysticercosis in Colombia. Transactions of the
Royal Society of Tropical Medicine and Hygiene 1993; 87: 576-7.

Garcia HH, Gilman RH, Horton J, Martinez M, Herrera G, Altamirano J, er al.

Albendazole therapy for neurocysticercosis: A prospective double blind trial comparing
7 vs. 14 days of treatment. Neurology 1997, 48: 1421-7.

Gonzales AE, Garcia HH, Gilman RH, Gavidia d1 Tsang VCW, Bernal T, et al.
Effective, single dose treatment of porcine cysticercosis with oxfendazole. American
Journal of Tropical Medicine and Hygiene 1996; 54: 391-4.

Gonzalez AE, Falcon N, Gavidia C, Garcia HH, Tsang VCW, Bernal T, et al. Treat-
ment of swine cysticercosis with oxfendazole: a dose-response trial. Veterinary Record
1997; 141: 420-2.

Gonzalez AE, Falcon N, Gavidia C, Garcia HH, Tsang VCW, Bernal T, ef al. Time-
response curve of oxfendazole in the treatment of swine cysticercosis. American Jour-
nal of Tropical Medicine and Hygiene 1998; 59: 832-6.

Evans CAW, Gonzalez AE, Gilman RH, Verastegui M, Garcia HH, Chavera A. et al.
Immunotherapy for porcine cysticercosis: implications for prevention of human dis-
ease. American Journal of Tropical Medicine and Hygiene 1997; 56: 33-7.



Porcine Cysticercosis 119

48.

49.

50.

5.

32.

53.

54.

53.

5%

38.

59.

60.

Flisser A. Taeniasis and cysticercosis due to T. solium. In: Tsich Sun (Ed.) Progress in
Clinical Parasitology. Florida: CRC Press Inc; 1994: 77-116.

Jung H, Hurtado M, Sanchez M, Medina MT, Sotelo J. Plasma and CSF levels of
albendazole and praziquantel in patients with neurocysticercosis. Clinical Neurophar-
macology 1990; 13: 559- 64.

De Aluja AS, Villalobos AN, Plancarte A, Rodarte LF, Hernandez M, Sciutto E. Ex-
perimental Taenia solium cysticercosis in pigs: characteristics of the infection and anti-
body response. Veterinary Parasitology 1996; 61: 49-59.

Molinari JL., Meza R, Suarez B, Palacios S, Tato P. T. selium: immunity in hogs to the
cysticercus. Experimental Parasitology 1983; 55: 340-57.

Nascimento E, Costa JO, Guimaraes MP, Tavares CAP. Effective immune protection of
pigs against cysticercosis. Veterinary Immunology and Immunopathology 1995; 45: 127-37.

Flisser A, Perez-Montfort R, Larralde C. The immunology of human & animal cysticer-
cosis: a review. Bulletin of the World Health Organization 1979; 57: 839-56.

Sewell MMH, Gallie GJ. Immunological studies on experimental infections with the
larval stage of 7. saginata. In: Soulsby EIL (Ed.) Parasitic zoonoses, clinical and
experimental studies. London: Academic Press, 1974.

Gallie GJ, Sewell MMH. The survival of Cysticercus bovis in resistant calves. Veteri-
nary Record 1972; 91: 481-2.

. Gemmell MA. Hydatidosis & cysticercosis IIL Induced resistance to the larval phase.

Australian Veterinary Journal 1970; 46: 366-9.

Molinari JL, Meza R, Tato P. T. solium: cell reactions to the larva (Cysticercus cellulosae)
in naturally parasitised, immunized hogs. Experimental parasitology 1983; 56: 327-38.
Molinari JL, Soto R, Tato D, Rodriguez D, Retana A, Sepulveda J, Palet A. Immuniza-
tion against porcine cysticercosis in an endemic area in Mexico: a field and laboratory
study. American Journal of Tropical Medicine and Hygiene 1993; 49: 502-12

Johnson KS, Harrison GBL, Lightowlers MW et al, Vaccination against ovine cysticer-
cosis using a defined recombinant antigen. Nature 1989; 338: 585-7.

Rickard MD, Harrison GBL, Heath DD, Lightowlers MW. 7. ovis recombinant vaccine
- ‘quo vadit’. Parasitology 1995; 110: S5-10.






