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Abstract: Cystic Echinococcosis (CE) is an endemo-epidemic disease in the Rio Negro Province,
República Argentina. Due to the number of cases, the length of hospital stays after surgery and its
associated mortality, it is a serious public health problem that generates high costs for the health
system. Oriented towards its control, primary prevention activities have been carried out since
1980, based on the deworming of dogs and the vaccination of lambs; secondary prevention has
consisted in the actively search for cases through serological or ultrasonographic screening; and
tertiary prevention has been based on timely treatment, either by surgery or by medical treatment
with albendazole. All these prevention activities have been carried out under the concept and
strategies of the “One Health” model, through both inter-institutional and interdisciplinary work, as
well as with the support, commitment and critical participation of the community. As a result, an
important drop has been observed in the prevalence of CE in humans and in its lethality (0.5% in
1997–2020, no deaths in the last two years); moreover, an important decrease has been observed in
costs to the health system, due to the reduction of hospitalizations and the number of surgeries.
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1. Introduction

Cystic Echinococcosis (CE) is a zoonosis that has an impact on the health systems
of endemic areas, due to the high number of medical consultations and the high costs
generated by the treatment of patients (many of it surgical), together with the need to keep
control programs that need to be sustained for many years to be truly effective. CE mostly
affects rural populations, and for the study and treatment of their condition they must be
sent to tertiary referral hospitals with surgical devices, hundreds of kilometers away, with
consequent uprooting, loss of workdays and family breakdown. In addition, the treatment
of CE should be considered together with morbidity and mortality. On the other hand,
CE generates production losses linked to affected sheep and goats [1,2].
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The cestode Echinococcus granulosus (EG), an etiological agent of CE, resides, in its adult
form, in the intestines of dogs and other canids, which periodically eliminate eggs through
their feces. These eggs contaminate the environment and can be accidentally ingested
by intermediate hosts (usually sheep and goats) and, eventually, by humans. The eggs
hatch in the stomach, releasing the embryos into the small intestine of the definitive host;
the embryos pass through the intestinal villi into the bloodstream and grow in different
organs, where they develop their cystic form; the liver and lungs are the most frequently
affected organs [3,4]. The rate of growth in humans varies, depending on the organs
affected: the lungs and peritoneum are less resistant to cystic growth than the liver, and
this is closely related to the onset of symptoms [3,4].

Patients can either remain asymptomatic for many years, or develop symptoms,
depending on the affected organ and/or cystic complications. In other words, a human
being can either remain asymptomatic throughout their life, or develop symptoms with
varying degrees of severity; in some cases, a CE cyst can lead to death [3].

In sheep, CE cysts become fertile between the first and second years of life and live
until the animal is slaughtered, thus securing the survival of EG in the territory during the
sheep’s seven to nine years of life. Even though animals do not present any morbimortality,
their production, on the other hand, could be affected.

Primary endemic foci occur in marginal rural areas, which are often (although not
exclusively) linked to both low social and economic conditions and sheep and goat produc-
tion; thus, producers and their families (native communities very often included) who raise
sheep and goats as their main means of subsistence, are more commonly affected by CE.
Secondary endemic foci occur in the periphery of cities (suburban neighborhoods) close
to endemic areas, in relation to migratory flows from the countryside to the city, with the
subsequent transfer of habits and customs that lead to the appearance of cases in marginal,
peri-urban populations [4–6].

The study, diagnosis, treatment, surveillance and control of CE is a perfect example
of the strategies that have been developed on the basis of the “One Health” approach,
an holistic method that contributes to the prevention of endemic and epizootic diseases,
with due respect for the integrity of ecosystems and for the benefit of humans, domestic
animals and biodiversity; among its priorities, this method includes zoonoses, vectors,
food security, antimicrobial resistance, the effects of climate change and the emergence
and reemergence of diseases [7,8]. “One Health” is promoted jointly by the World Health
Organization (WHO), the World Organization for Animal Health (OIE) and the Food and
Agriculture Organization of United Nations (FAO). It emphasizes the need for a paradigm
shift from disease-specific interventions to holistic cross-cutting approaches, coordinating
with adjacent disciplines [8,9].

Naturally, the concept “One World, One Health” arises from diverse experiences in
disease control, and from previous experiences with inter-institutional or interdisciplinary
articulation; such is the case of the scheme carried out in the Province of Rio Negro,
Argentina, where CE is endemic.

In 1980, the Ministry of Health of the Province of Rio Negro launched a Control
Program against CE, with activities related to its diagnosis, treatment, surveillance and
control [6,10–12].

The aim of this paper is to summarize the strategies developed and their results,
according to the approach now called “One Health”, on a multi-disciplinary basis and at
different levels of health prevention.

2. Materials and Methods

Primary prevention includes all the actions that are aimed at the prevention of the
disease and all the activities that are oriented towards health education and the fostering
of health habits; secondary prevention consists of early diagnosis in order to reduce impact
of the disease, including the actions undertaken to detect it in the asymptomatic period.
Finally, tertiary prevention is performed in the pathogenic period of the disease, and
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treatment is approached with a view to the recovery of health with minimum morbidity
and mortality (Table 1) [13,14].

Table 1. The levels of prevention and the “One Health” strategy for the care of cystic echinococcosis in the Province of Rio
Negro, Argentina.

Levels of Prevention Actor Action Community Participation

Primary prevention
(avoid agent entry into the

body)

Teacher Health education in schools Proactive attitude in responsible dog

Sanitary agent Health education and
deworming of dogs in homes

ownership and proper disposal of
viscera.

Veterinarian

Dog deworming, sheep
vaccination, infection

surveillance in dogs and
sheep, rural education

Willingness to actively participate in
the Control Program (facilitation of the
deworming of dogs and the vaccination

of sheep)

Physician
First level of care

Health education in the
community

Laboratory Diagnosis of infection in dogs,
sheep and the environment

Secondary prevention
(early diagnosis to avoid

complications generated by
the agent)

Teacher

Organization of students for
screening operations

(abdominal ultrasound
surveys) in schools

Veterinarian
Organization of screening
operations, surveillance in

people

Physician
First level of care

Organization of screening
operations, execution of

ultrasound surveys

Cooperation, so that children can be
studied by ultrasonography

Medical specialist Confirmation of cases
detected in screening

Tertiary prevention
(elimination of the agent, and

recovery of health)

Physician
First level of care

Antiparasitic treatment of
cases

Cooperation to ensure antiparasitic
treatments in the place of origin

Surgeon Surgery

2.1. Work Area

The control activities are centered in the south and west of the Province of Rio Negro, in
the Patagonian region of Argentina, in the Departments of Bariloche, Ñorquinco, Pilcaniyeu,
25 de Mayo, 9 de Julio and Valcheta, ranging from the mountain towns of El Bolsón and
San Carlos de Bariloche on the border with Chile in the east, to the rural zones of the
Patagonian plateau areas of Cona Niyeu (Sierra Grande) and Aguada Cecilio (Valcheta) in
the west (120,013 km2, with only 0.88 inhabitants per km2, Figure 1), across geographical
coordinates ranging from −41.965530/−71.5341200 to −41.3308100/−69.5457600.

In this region, which the highest number of cases in the province, sheep and goat
farming are the main production activities, thus providing ideal epidemiological conditions
due to the lasting habits of slaughtering adult sheep, followed by delivery of viscera to
dogs; other important factors include an excessive number of dogs, a lack of drinking
water, and weather conditions, all of which favor the survival of Echinococcus granulosus
eggs in the environment [6,10–12].
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2.2. Primary Prevention

Since the beginning of the program, the Veterinary Public Health (VPH) team, together
with 65 health workers from 13 rural hospitals and general practitioners from primary
care, have carryied out policies oriented towards health education at various levels and
on different population groups, thus complementing the task of schoolteachers in the aim
of both fostering adoption of healthy practices against CE and encouraging the active
participation of the community in surveillance and control activities.

Since 1980, the treatment of dogs, which is aimed at breaking the cycle of transmission,
has been carried out with PZQ at a dose of 5 mg/kg, in home visits by sanitary agents
four times a year; the continuity of this treatment is dependent on the accessibility of rural
areas (depending on weather and road conditions), as well as on the political and economic
changes that have taken place over time. The tablets (coated in pâté for better acceptance
by the dog) were delivered to the owners or provided by sanitary agents for the owners to
deworm their dogs under their own responsibility. This was complemented by the VPH
team during surveillance and vaccination activities [10,12,15]. The number of rural dogs
in the program area registered by health workers on house-to-house visits ranged from
11,000 to 14,000 at the beginning of the program.

In 2006, the annual vaccination of lambs with the EG 95 vaccine was incorporated
as a control strategy by the VPH team in some risk zones, where the prevalence of sheep
remained high, especially in those areas with a predominant native population (mainly
the Mapuche community). A maximum of three doses were applied to lambs at 30 and
60 days of age, as well as one booster per year [15]. Goats were not included in the
vaccination program, given that the most important strain acting in the region was G1
sheep (unpublished data) and because, from the initial point of view of the author, goats
play a secondary epidemiological role in the work area.

The surveillance of the animals by VPH was carried out initially through the oral
administration of taeniafuge arecoline hydrobromide (arecoline) tests to dogs, with the
subsequent identification of adult E. granulosus in the dogs’ eliminated feces. The drug
was optionally applied at a canine concentration of 1% at the dose of 4 mg/kg, with prior
agreement from the owners.

In 2003, the arecoline test was replaced by the copro Elisa/PCR test, which was used
to confirm the identification of parasitic antigens by “in- house” tests on samples of canine
fecal matter collected from the environment. The test was applied in randomized cross-
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sectional sampling in the periods 2003–2005, 2009–2010 and 2017–2018. According to
the results, the surveillance system was based on the identification of both sheepfarms
and/or the owners of dogs with current transmission; those with at least one positive
result obtained from the animals’ fecal matter and confirmed by PCR, in were considered
at risk [10,12,16].

2.3. Secondary Prevention

Since 1980, human screening activities have been included in the area under the Con-
trol Program against CE. During the period 1980–1996, serological screening was carried
out using the double diffusion test (DD5) and, later, enzyme-linked immunosorbent assays
(ELISAs), depending on the technology available; in some positive cases, serology imaging,
such as ultrasound and chest X-ray, was required for the diagnosis of localization of CE,
as well as for immediate surgical treatment [10,11]. In 1997, abdominopelvic ultrasound
(US) imaging replaced the serological test for screening, and it is now the technique of
choice, owing to both its higher sensitivity and specificity and its low operating cost;
another advantage is that moving to remote rural areas is made easier by portable US
equipment [11,17,18]. The program has invested in this portable ultrasound equipment
and has trained general practitioners at rural hospitals in screening populations, through
a FASE (Focused Assessment with Sonography for Echinococcosis) training course deliv-
ered by a medical committee of imaging-diagnosis specialists and surgeons [19].The US
abdominal scans during surveys are performed with the consent of the parents by signing
the informed consent form [11].

In all cases, the main subjects are schoolchildren (aged 6 to 14 years old), although
spot screenings are also carried out in all age groups [6,17]. Surveys of schoolchildren in
rural areas are conducted on an annual basis, thus ensuring early diagnosis and a system
of surveillance of CE disease among the population.

2.4. Tertiary Prevention

At the beginning of the program, surgery was the only treatment for CE [20,21]. New
therapeutic options [22] were included early in the program, especially antiparasitics, such
as albendazole, (ABZ) and occasional percutaneous treatment, when indicated [18].

Thus, even in simple rural hospitals, advances in knowledge about the natural history
of C and, new treatment options associated with the availability of imaging techniques.
such as US, have allowed the incorporation of new strategies within the program, depend-
ing on the type of cyst, its location, and the opportunities for follow-up in rural areas;
such strategies include both treatment with antiparasitics and the longitudinal monitor-
ing of patients, in order to determine the cysts’ evolution and to accordingly decide on
the best and most convenient treatments [11,18].The mandatory notification, registration
and follow-up of new cases has also made it possible to maintain a comprehensive and
integrated surveillance of the population.

Finally, Table 2 presents a timeline summary of the techniques used by the program
from the first diagnosis of the situation to the present.

2.5. Statistical Analysis

The medical and US detection records, dog epidemiological surveillance and sheep
vaccination records were built in databases created with Microsoft Excel® 2.0 (Raymond,
WA, USA). The statistical analyses were performed using EpiDat® 3.1 (Xunta de Galicia,
Spain), including estimates of proportions and their confidence intervals (95% CI), x2 of
the association, with a significant level of p < 0.05, and sample size estimates.

The geographical analyses and mappings were carried out with QGIS® 3.4 (Free
Software Formation Inc., Boston, MA, USA).
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Table 2. Summary of the techniques and activities performed within the program from the first
diagnosis of the situation to the present.

Year Events

1979 Beginning of arecolina tests on dogs

1980 Beginning of canine deworming with PZQ
Beginning of screening with DD5 in Children

1984 First screening with US

1988 Beginning of screening with ELISA for children

1992 First use of ABZ

1997 Last use of seroepidemiology
Beginning of US screening for children

2000 Introduction of FASE courses

2005 Last use of arecoline tests on dogs
Beginning of copro ELISA tests on farms

2006 Beginning of vaccinations with EG95 in lambs

2020
Continuation of copro ELISA screening

Continuation of deworming and vaccination
Continuation of US screening and FASE courses

3. Results

Between 1980 and 1997, 185,000 PZQ tablets were delivered, at an average of 2.2 tablets
per dog, with coverage estimated at 65% [10]. In subsequent years, the provision of PZQ
was continuous with a distribution to rural hospitals of 100,000 tablets per year.

For surveillance purposes, the arecoline test was performed on 23,895 dogs in the
period 1980–2003. The initial prevalence was 41.5% ((95% CI 38.4–43.5), dropping to 6.1%
(95% CI 4.8–7.6)) in the first year of work, and to 4.5 (95% CI 3.0–6.5) in 1982. Since then, it
has remained at the same level, with small annual variations (ranging from 2.3% to 9.5%)
The last global evaluation with the arecoline test was in 2003, with a canine prevalence of
4.8% (95% CI 2.8–7.2) (Figure 2) [10,16].

The copro ELISA/PCR test was carried out on 1780 samples of canine feces from
780 randomly selected farms, in three cross-sectional studies in 2003–2005, 2009–2010 and
2017–2018. A total of 17.0%, 18.2% and 8.2% of samples of fecal matter tested positive,
respectively, which indicated the presence of at least one infected dog in 14.7% (95%CI
10.7–19.5), 12.1% (95% CI 12.1–16.6) and 7.8% (95% CI 4.7–11.9) of the establishments
studied, the difference being statistically significant (p < 0.001) (Figure 2) [12,16].

The vaccination strategy, which began in 2009, was applied only on indigenous
reservations inhabited by the Mapuche population, a limited part of the endemic area where
the control of the disease presented special geographical and socio-cultural difficulties.

In this area, 3146 lambs from 79 producers were included in the vaccination program.
Between 2009 and 2020, 43,953 doses of vaccine were applied with a coverage of 80.1% to
85.75% [14]. The lambs’ humoral response to vaccination reached its maximum value after
reinforcement at one year of life (optical density 405, 0.828).

As a result of the activities described, the prevalence of infection in adult sheep in these
indigenous reservations dropped in the first five years, from 56.3% to 21.1%. Likewise, the
number of hydatid cysts per sheep (the total number of cysts detected at necropsy/number
of necropsied sheep) decreased from 94.7% to 23.5% (Figure 2) [15].

Research conducted in 2020/2021 showed an absence of positives on autopsy in adult
goats (unpublished date).

With regards to dogs, after 8 years, the number of producers whose dogs tested posi-
tive on the copro ELISA/PCR test dropped from 45.8% to 23.4%, whereas, with arecoline
tests, no significant differences were observed [15].
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During the period 2006–2016, eight cases were identified in children under 16 years
of age; in 2017 there was only one such case, and there were zero cases between 2018 and
2020.

With reference to secondary prevention, between 1980 and 1997, the active search for
cases was carried out by 48,826 serological studies among the asymptomatic population;
positive cases were studied for organ localization and early surgical treatment [10,18].

The initial prevalence rate in schoolchildren was 2.05% (CI 95%, 1.9–2.2), which then
showed a descending curve, reaching 0.41% in 1984, and a rate of 0.20% (CI 0.1–0.3)
positive DD5s was observed in 1993. With ELISA, the first study in 1988 showed a positive
rate of 1.70% (95% CI 0.8–3.1), while the last screening showed a positive rate of 1.00%
(0.7–2.2) [11,18].

The first screening with US was carried out in schoolchildren between 1984 and 1986,
detecting a prevalence of CE cyst carriers of 5.60% (95% CI 3.2–9.9). Its systematic use
for surveillance purposes began in 1999, with a prevalence of 1.20% (CI 95% 0.04–2.7),
gradually decreasing to reach a prevalence of 0.30% in 2005 and 0.20% (95% CI 0.1–0.3) in
2018, for a total of 47,233 studies conducted between 1997 and 2018 (Figure 3) [11,18,23].

With respect to tertiary prevention, the treatment approach to CE was exclusively
surgical until 2000 [20,21]. For instance, in the surgery service of Artémides Zatti Hospital
in Viedma, from January 1974 to July 1992, a total of 317 surgeries were performed on
294 patients; postoperative mortality was 8.3%, with an average hospital stay of 34.3 days,
and of 55.6 for those surgeries with multiple CE cysts. A total of 13.3% of surgical bed days
and 8% of intensive care discharges were linked to CE patients [20,21,24].
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The annual cost to the health system incurred by the care of patients with CE was
extensively studied in 2010, amounting to US$ 256,000 (CI 5% 84,000–764,000) for surgical
cases and US$ 15,900 (5800–46,900) for non-surgical cases. The total cost of human CE for
the province of Rio Negro, involving direct costs to the health system and indirect costs
(loss of workdays included) was estimated at US$ 1,194,000 (CI 95% 218,000–2813,000) [25].

After the implementation of primary prevention measures, in the period 1980–1996
1720 new cases were diagnosed (101 cases on average per year, with initial incidence rates
between 76 and 120 × 100,000, decreasing to 29 × 100,000 in 1997), while in the period
2006–2016 there were 478 cases (43 cases on average per year, with incidence rates of
6 × 100,000) [9,13]. In 2019, the number of reported cases was 15 (2.3 × 100,000). For
children under 16 years old, in 1980, the incidence rate was 50 × 100,000; in 1990, it
was 22 × 100,000; in 1997, it was 8 × 100,000; in 2006, it was 0.8 × 100,000; and it was
0.5 × 100,000 in 2016 [11,18].

It should be pointed out that after the incorporation of secondary prevention programs,
with their components of active case search and early surgery, mortality decreased: in the
period 1982–1992, it was 0.96% [20,21]. Hospital stays also dropped from 27.4 days in 1980,
to 15.8 days in 1988 and 8.1 days in 2019–2020.

In 1997, the Control Program protocolized and standardized the use of albendazole
(ABZ) in the treatment of asymptomatic carriers; the protocol, with periodic updates, is still
in use [9,18,21]. Thus, in the period 1997–2016, out of all asymptomatic children from 6 to
14 years old with CE cysts, 43.3% were treated with ABZ, 43.3% entered the follow-up-only
protocol and 8.8% were submitted to surgery (Figure 4) [11,18].

In the period 1997–2020, the Ramon Carrillo Hospital in Bariloche reported a lethality
of 0.5% in surgical patients. Finally, 83.3% of the cases detected by screening performed in
2020 were born before start of Control Program.
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4. Discussion

CE is included within the World Health Organization’s list of “Neglected Tropical
Diseases”, based on the damage it causes to both the health system and the economy [5].
“One Health” is acknowledged as one of the primary strategies for the control and pre-
vention of diseases, especially those of zoonotic origin, both emerging and reemerging,
as well as those linked to the environment; this model involves both interdisciplinary
and multidisciplinary handling to minimize damage and maximize the benefits of joint
management of the health of humans, animals and ecosystems [7–9].

Given that the “One-Health” approach seeks to develop more effective and suit-
able strategies to address health problems at the human–animal–environment interface,
CE presents ideal conditions for its application, since it involves all three of the strategy’s
components. In this paper, therefore, we report our experience as an example of what is
now called “One Health”, which encompasses the effects of actions on humans, animals
and the environment, on an interdisciplinary basis and with an integrative approach to
prevention.

It has been pointed out that the optimization of available resources such as individual
skills, professional roles and institutions already working on different aspects of the same
problems, are usually not coordinated toward specific goals, especially when dealing with
neglected zoonoses like CE. Likewise, the need for health education for populations at
risk of becoming ill from CE has been identified as a necessary part of any comprehensive
control strategy [26,27].

From the outset, in the Rio Negro province, we have worked simultaneously on early
detection and treatment in the population, updating technology when it has been accessible
to the health system, and consistently performing control actions for the different hosts,
with the support of a robust surveillance system and a comprehensive health education
program [6,10–21].

The strategy contributed to a strong decrease in the prevalence of the disease in the
community, even in an inhospitable environment with a highly dispersed rural population
and with accessibility to health teams limited by local geographical conditions; in fact,
CE was practically eliminated as a cause of death, and its costs to the health system were
clearly reduced by the decrease in both hospital stays and the number of surgeries. One
particularly important factor in the control of CE is has been support from the community,
which has manifested itself in various ways over time: the permission from owners to the
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administration of arecoline to their dogs, and their deworming of canines with the PZQ
delivered by health teams; and the agreement by owners of farms to the vaccination of
their flocks, as well as their participation in serological and US screenings.

Cystic Echinococcosis has shown a wide global geographical distribution, and its
control has proven difficult for long periods of time, owing to the limitations imposed by
geography and health infrastructure on the achievement of widespread deworming with
PZQ and vaccination with EG95 [4,5,28]. Island communities, such as New Zealand and
Tasmania, are examples of first-generation control programs that were very successful in
the eventual elimination of CE as a public health problem and even in the elimination of
the parasite in dogs and sheep [4,5,28].

In continental territories, where geographical and infrastructural limitations are
greater in relation to those on the islands where first-generation control programs were
so successful, achievements have been short-lived (as was the case with Chile and Peru).
Over long intervals, political and economic changes tend to occur (especially in developing
countries), which hinder the continuity of control programs and the chance to cut transmis-
sion of CE to humans in the long term. In this sense, the program carried out in Rio Negro
has been one of the few successful control experiences in continental areas [4,28].

5. Conclusions

Coordinated inter-institutional and interdisciplinary actions following the strategic
guidelines from Primary Health Care (PHC) and “One Health” have succeeded in reducing
the prevalence of CE in the Province of Rio Negro so that, despite the current occurrence of
some cases, CE has ceased to be one of the main health problems affecting the Rio Negro
population.
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