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Abstract

602

Cystic echinococcosis (CE) continues to be one of the main
health problems in cattle regions. Controlling the disease re-
quires new therapeutic strategies.

Main: To evaluate the results of an intervention program
based on the directly observed antiparasitic treatment of
dogs in an endemic area of CE.

Materials and methods: A quasi-experimental study of a
single cohort of dogs from a CE endemic area was conduct-
ed. To identify infected dogs, stool samples were analyzed for
antigens by enzyme-linked immunosorbent assay, before and
after the direct and observed administration of praziquantel
5 mg per kg orally every 30 days for 3 consecutive months
once a year for two years.

Results: A total of 252 dogs entered the study, of which 119
(47%) dogs presented positive results for E. granulosus at
the beginning of the intervention. The adverse effects that
occurred with the administration of praziquantel were vom-
iting (13%), diarrhea (2.4%), and lethargy (2%); 229 dogs
completed the 2 treatment cycles with praziquantel. The
presence of some positive coproantigen was evident in 03
(1.3%) dogs after the intervention. In conclusion: Antipara-
sitic chemotherapy administered directly to dogs was able
to reduce the prevalence of canine echinococcosis after 2
years of intervention.

Keywords: Cystic echinococcosis, Hydatidosis, Echinococ-
cus granulosus, Parasitic diseases, Control program, Pra-
ziquantel

RER I E

La equinococosis quistica (EC) continta siendo uno de los
principales problemas de salud en las regiones ganaderas.
El control de la enfermedad requiere nuevas estrategias te-
rapéuticas.

El objetivo: Evaluar los resultados de un programa de inter-
vencion basado en el tratamiento antiparasitario directamen-
te observado a perros en una zona endémica de la CE.

Material y Métodos: Se realiz6 un estudio cuasi-experimen-
tal de una unica cohorte de perros de un area endémica de
CE. Para identificar a los perros infectados, se analizaron
muestras de heces en busca de coproantigenos mediante
ensayo inmunoabsorbente ligado a enzimas, antes y des-
pués de la administracion directa y observada de praziquan-
tel 5 mg por kg por via oral cada 30 dias durante 3 meses
consecutivos una vez al afo durante dos afios.

Resultados: Un total de 252 perros ingresaron al estudio, de
los cuales 119 (47%) perros presentaron resultados positivos
para E. granulosus al inicio de la intervencion. Los efectos
adversos que se presentaron con la administracion de prazi-
quantel fueron vémitos (13%), diarrea (2,4%) y letargo (2%);
229 perros completaron los 2 ciclos de tratamiento con pra-
ziquantel. La presencia de algin coproantigeno positivo fue
evidente en 03 (1,3%) perros después de la intervencion.

Conclusion: La quimioterapia antiparasitaria administrada
directamente a perros logroé reducir la prevalencia de equino-
cocosis canina después de 2 afos de intervencion.

Palabras clave: Equinococosis quistica, Hidatidosis, Echi-
nococcus granulosus, Enfermedades parasitarias, Programa
de control, Praziquantel.
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Introduction

Echinococcus granulosus is the causal agent of cystic echi-
nococcosis (CE), it is located in the small intestine of the de-
finitive host (the dog), and this adult parasite can eliminate up
to a quarter of a million eggs during its entire lifel2. Cattle fed
grass contaminated with dog feces have a high probability of
infection. The eggs enter orally and in the stomach intestine,
the dissolution of the outer covering occurs, releasing the on-
cosphere that migrates to the visceral tissues and there the
cysts develop. The dog is reinfected by ingesting the raw vis-
cera of infected sheep, and humans are accidentally infected
by ingesting the eggs released by the parasitized dogs®#. CE
is common in the population with poor hygienic habits, poor
sanitary services, lack of drinking water, and poor disposal of
excrement and litter®.

In many rural areas of Peru, dogs are allowed to feed on in-
fected viscera, creating the ideal conditions for the persis-
tence of this disease® and in these rural areas, the prevalence
of canine infection can reach up to 50%°.

Programs that attempted to control canine echinococcosis
with the massive administration of praziquantel have man-
aged to reduce the prevalence of CE from 22.1 per 100,000
to 6.2 per 100,000, with persistence of high rates of trans-
mission in some focal areas®®. While, in other areas, studies
have obtained disappointing results, because it has not been
possible to raise awareness about the need for canine pro-
phylaxis and the lack of permanent control programs®13,

Directly Observed Treatment is the act of administering the
antiparasitic drug, observing, in physical presence, how the
dog tolerates it, subsequently controlling and inspecting that
it has been ingested, ensuring the correct dose and the cor-
rect moment.

Objective: This study was planned to evaluate the results
and epidemiological impact of an intervention program based
on the directly observed antiparasitic treatment for the control
of canine Echinococcosis in an endemic area of CE.

Graph 1. Map of the intervention area for the evaluation of
therapy administered directly with praziquantel to dogs,
Junin-Peru.

MAP OF THE INTERVENTION AREA, JUNIN-PERU

Peru regions

ALTITUDE

W (10835 .43 84839 95)

W (3889.98,10835.43)
(1823.04,3889.98)

O (684.69,1823.04)

Material and Methods

Population

Two communities are visited in the period May 2018 to De-
cember 2019: Usibamba and Chaquicocha, belonging to the
San José de Quero district, Concepcién province, located in
central Peru at 4000 meters above sea level with tempera-
tures ranging between -4 ° C and 16 ° C. These two communi-
ties have 2,193 inhabitants and are endemic to CE (Graph 1).

There is not enough information on the number of dogs living
in the study area to evaluate the size of the sample, this was
calculated on an unknown population with an expected prev-
alence of 28% of dogs infested with E. granulosus in endemic
areas , 95% confidence interval, 80% power, and adding
10% for probable losses. The analyzed sample was 252 stool
samples, using the proportions method with the statistical
program Stata v. 13.1 (Stata Corporation, Texas, USA).

Design and Procedures

A quasi-experimental study of a single cohort of dogs from a
CE endemic area was conducted. Before the intervention, the
dwellings were randomly chosen by strata according to the pro-
portion of inhabitants of each community and each street, with
the support of the demographic survey of the municipality of
San José de Quero, satellite images, and a geographical map.

All the dogs present in each selected house were sampled, if
the occupants of a house were absent, refused to participate
in the study, or did not have a dog, we selected a neighboring
house and previously asked about the presence or absence of
dogs. The process continued until the sample size was com-
pleted. With prior informed consent from the owners, the infor-
mation was collected using a structured and validated form. A
Bulletin was delivered with information on the importance of
deworming and the prevention measures for CE. Fresh stool
samples were obtained, maintaining biosafety measures. The
fecal samples were deposited in a bottle with 10% formalin
and kept refrigerated at 4°C. Then, they were transported to
the microbiology department of the Institute of Tropical Medi-
cine for microscopic identification. Fresh feces samples were
also collected from the fields and the main square from the
stray dogs to microbiologically compare the results.

In the microscopic examination of fecal samples preserved
in 10% formalin, the direct method was carried out, which
consists of dissolving the sample well, keeping it at rest for
5 minutes, and with the help of a Pasteur pipette, taking a
drop from the bottom and place it in a slide, protected with a
coverslip and observed under a microscope at 10 and 40X
magnification. The objective of this procedure was to identify
the presence of other parasites.

The diagnosis of canine echinococcosis was made by anal-
ysis of antigens, using the commercial immunoenzymatic
technique (ELISA) for E. granulosus (Cestodas Zoonoses
Research Group, University of Salford)’>. The same tech-
nique was used for both stool samples.

Intervention
Due to the unevenness of the working area surface, an elec-




tronic scale was used to calculate the dog’s weight, the owner
loaded the dog on the scale, and then the difference from the
owner’s weight was subtracted to obtain the dog’s weight.
For stray dogs, the weight of the dogs was roughly calculated
according to external characteristics.

Dogs received 2 cycles of treatment, with a 12-month interval
between each cycle, in each cycle received three doses of
praziquantel, one dose per month. The first treatment cycle
began in May 2018 and the last cycle began in June 2019.
Dog stool samples were collected at the beginning of the first
cycle and the end of the second treatment cycle.

Praziquantel 5 mg/kg was administered orally to dogs every
30 days for three consecutive months, every 12 months for
two consecutive years, and dogs received 6 doses in 2 years.
The stray dogs found in the parks were also dewormed, the
antiparasitic praziquantel was combined with bread or chicken,
the stray dogs received a dose and frequency similar to other
dogs, and a photograph was selected in each deworming pro-
cess to identify the dog. The administration of the medication
went directly to the dog and under supervision, the medication
was not delivered to the owner or the health center.

During each home visit, the messages on prevention of CE
were reinforced and the delivery of informative material was,
in addition, an antiparasitic card was given to the owner and
it was marked each time the dog received antiparasitic treat-
ment, in the same way, that the information on the effects
was obtained adverse presented by the dog. Not finding the
owner, we visited him the next day to complete the canine
deworming process.

One month after the last deworming cycle, in September
2019, stool samples were collected again in the same way
as before the intervention and transferred to the microbiol-
ogy laboratory to identify the parasite, maintaining the same
detection technique for antigens.

Statistic analysis

Microsoft Excel for Windows was used for the double data
entry process. STATA version 13.0 for Windows (STATA
Corp, College Station, TX, USA) was used for the analysis.
Initially, a description of the demographic characteristics was
tabulated according to the general characteristics of the dogs
before the intervention. Categorical variables were compared
using the Chi-square test or Fisher’s exact test as appropri-
ate. While the numerical variables were compared by Stu-
dent’s t-test. In addition, the mean of quantitative variables
such as the age of the dog and the number of dogs per house
was calculated for each group according to the positive or
negative result of E. granulosus.

Results

A total of 252 samples of feces from dogs chosen at ran-
dom were analyzed before administering the antiparasitic,
119 (47%) dogs showed positive results for E. granulosus in
the stool sample by detecting coproantigens; while 133 (53%)
dogs showed negative results.

The average age of the dogs was 33 months, the male sex
was the most frequent, representing 72% of the dogs, and
the number of dogs chosen was related to the proportion of
inhabitants of each community. Overall, the mean number
of dogs per household was 2.4; presenting the highest av-
erage in infected dog houses (2.5) compared to uninfected
dogs whose average number of dogs per house was 2.2 (p
= 0.0025).

There were 21 (8.3%) street or homeless dogs, of which 17
(80.9%) dogs tested positive for coproantigens (p = 0.001).
There were 231 (91.7%) dogs owned, of which 102 (44.2%)
presented positive results to the study of the coproantigen for
E. granulosus (Table 1).

Table 1. General characteristics of the dogs at the beginning of the intervention.

Total

Positive echinococcus 119

Negative echinococcus 133

. B
Characteristic n =252 (47%) (53%) p
Average age* 334 33,8 33,1 0,87
Sex: 0,88
183 o o
Male (72.6%) 86 (46,9%) 97 (53,1%)
Female 69 (27,4%) 33 (53,1%) 36 (46,9%)
Provenance 0,011
Usibamba (5?910 ) 77 (54,6%) 64 (45,4%)
Chaguicocha ( 4}1'1110 - 42 (37,8%) 69 (62,2%)
Average dogs per household 2.4 25 2.2 0,025
Lifestyle 0,001
Street dog 21 (8,3%) 17 (80,9%) 4 (19,1%)
Dogs with known address (9?’710 % 102 (44,2%) 129 (55,8%)
Previous antiparasitic treatment 0,09 *Age in months. #The Fish-
Yes 73 (28,9%) 27 (36,9%) 46 (63,1%) er exact test was used to
179 calculate the p-value in the
No (71,1%) 92 (51,4%) 87 (48,6%) case of categorical vari-
The dog lives together with the 79 o o ables and the Student’s t-
sheep. (31,34%) 2 EE 2 () 0011 test for numerical variables




In total, 73 dogs (29%) have received antiparasitic treatment
in the last year, of which 27 (36.9%) tested positive for echi-
nococcosis infection. It is characteristic in these rural areas
that dogs share their home with sheep farming, it was found
that 79 (31%) dogs live with sheep.

The treatment administered was independent of the result of
the coproantigen test obtained. All dogs received 01 cycle of
antiparasitic treatment with praziquantel per year for two con-
secutive years, each cycle consisted of 03 doses with a dif-
ference of 30 days between each dose. Complications were
reported: 13 (5.2%) dogs had vomiting after receiving the de-
wormer, 6 (2.4%) dogs had diarrhea, 5 (2%) had drowsiness
or lethargy. However, the most serious complication was the
death of 02 (0.8%) dogs 7 days after the first dose, these
dogs came from the same house. It is very difficult to associ-
ate this death of dogs with Praziquantel.

During the follow-up, some dogs left the study because they
died (2 dogs), the owners moved to another community (4
dogs), the owners refused to continue the study (3 dogs), the
owner or dog was not found by Se observed more two-month-
old children (6 dogs) and some stray dogs during follow-up (8
dogs) Figure 2.

Figure 2: Recruitment and follow-up of the dogs
that entered the study.

Selection of dogs
N=2%2

Dropped out = 23.
119 @7%) dogs 04 the owner has moved to anather
presented positive Iocation).
coproartigen inthe 03 the owner refused to continue the
pre-intervention. study).

06 {the owner was not located for

more than 2 months ).

08 stray dogs were nolonger

observed.
Adverse effects during 02 died.
the intervention n = 19: l
<13 (5.2%) vomiting.
-06 (2.4%) diarthea.
.05 g%) grnwsiness 03 dogs (1.3%) presented

’ positive coproantigen in the post
| intervention.
226 dogs (98.7%)
presented the
positive coproantigen
in the post
intervention.
Completed the study:
n = 229perros

After two years, 229 dogs completed the 2 cycles of praziqu-
antel administration, then they were evaluated by studying
stool samples to verify the presence of E. granulosus infec-
tion, the procedure was performed in the same way as before
the intervention. From the program. Of the 229 samples ana-
lyzed, 03 (1.3%) dogs presented positive coproantigen after
direct antiparasitic intervention, these 03 infected dogs were
stray dogs, 02 came from Usibamba and one from Chaqui-
cocha (Table 2).

Table 2. Prevalence of dogs infected by Echinococcus granulo-

sus: Comparison before and after the intervention.

Infected dogs Infected dogs
before the After the
intervention. intervention.
Positive Echinococcus 119 (47,2%) 3 (1,3%)
Negative Echinococcus 133 (52,9%) 226 (98,7%)
Provenance
Usibamba 77 (54,6%) 2 (66,6%)
Chaquicocha 42 (37,8%) 1 (33,4%)
Lifestyle
Street dog 17 (14,3%) 3 (100%)
Dogs with known address 235 (85,7%) 226 (0%)

Graph N ° 2 Percentage of dogs infested by Echinococcus granu-

losus before and after the intervention, San José de Quero dis-
trict, Concepcion - Peru.
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Discussion

CE continues to be considered a neglected zoonotic disease
with a great economic impact in rural areas* and communi-
ties with a cold climate favor the viability of parasite eggs in
the environment for several months!”!8. In some countries, it
is considered a re-emerging disease, because it is very dif-
ficult to control or eliminate, mainly in areas of difficult access,
where social factors related to certain zootechnical practices
are determining factors in the prevalence of this disease. The
absence of sustained canine deworming programs, the dog’s
eating habits based on viscera, and the delay in diagnosis
are the most important factors that currently maintain the en-
demic disease in livestock regions.

In this study, direct administration ensured the correct dose
and frequency or administering a second dose in case the
dog vomits the antiparasitic to ensure compliance with the
antiparasitic treatment since the objective of the study was
to evaluate the results of a program intervention based on
antiparasitic therapy administered directly for the control of
canine echinococcosis. The initial prevalence of 47% was
evidenced and after the intervention, two years later, the
prevalence was reduced to 1.3% in the two rural communi-
ties. Increasing the continuous cycles of canine deworming
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with praziquantel ensures a decrease in the prevalence of
reinfection by E. granulosus after two years of intervention.

Massive treatment with praziquantel has proven its efficacy
in some countries and others not so much because of the dif-
ferent regimens they use, non-compliance with doses, non-
supervision of drug administration, and non-permanent pro-
grams. Many of these programs are costly in financial terms
but beneficial in terms of sickness expenses, but they are
poorly evaluated in impact®®22,

Praziquantel is effective in the treatment of echinococco-
sis, reduces the burden of infection in dogs and indirectly
in sheep, but does not protect against future reinfections if
treatment is not continuous and cyclical, which may explain
the low decrease in prevalence in places where deworming
is of short duration and the schemes are prophylactic and
discontinuous.

The use of praziquantel as preventive chemotherapy, that is,
to administer periodic treatments in populations at risk (en-
demic areas), is approved by the World Health Organization
to reduce the burden of disease and parasite biomass and
thus prevent the hosts from infected develop chronic disease
and achieve cure of mild symptoms??24, Although reinfection
can occur after treatment, this procedure is still considered the
main effective measure in the fight against echinococcosis.

Praziquantel is the treatment of choice against Echinococcus,
it seems to be a safe drug with good tolerance levels, safety,
easy to administer, but with little effect in young stages of the
parasite, with some adverse effects evidenced in the study
such as vomiting, diarrhea, and lethargy, which were self-
limited?>26; However, the efficacy of praziquantel depends on
the host’s immune response, and the severity of side effects
may increase in infested dogs after administration of the anti-
parasitic causing a severe inflammatory response?, this may
explain the death of two dogs that received praziquantel in
the first dose.

Attempts to eliminate canine echinococcosis have been go-
ing on for years and effective control has yet to be achieved.
However, some countries have reduced infection in dogs
to undetectable levels thanks to the sustained effort of pro-
grams based on continuous deworming and health education
aimed mainly at groups directly related to the transmission of
the disease.

Some limitations found in the study are that the positive
coproantigen test used does not usually detect low parasite
loads in feces?®, so there may be dogs infected with negative
coproantigen; However, to compare the response to the anti-
parasitic, the same test was used before and after the admin-
istration of praziquantel, the possibility of future intervention
studies using molecular diagnostic methods remains open.

The advantage of this interventional study is that the surveil-
lance of infections in dogs was not invasive, since the fresh
stool samples were collected from the ground or with rectal
swabs when the samples were not possible®. This control
program only was applied in two rural communities and we

do not have data to evaluate the gradual response after the
two years of intervention, because the study ended, requiring
the application of the program on longer and sustained time
scales to evaluate response rates and reinfection.

Conclusions

Antiparasitic chemotherapy is administered directly to dogs
on a sustainable basis and managed to reduce the preva-
lence of canine echinococcosis and is considered the main
control measure due to its efficacy.
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