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SUMMARY

Cystic echinococcosis (CE) remains an important health problem in many areas of the world,
including the Mediterranean region. We performed a retrospective study of cases reported from
1998 to 2012 in order to review and update the epidemiology of this disease in a highly endemic
area situated in western Spain. A total of 471 patients were diagnosed with hydatid disease. Of
these cases, 55·8% were male, with an average age of 62·3 ± 19·5 years. More importantly, 1·5%
of patients were children, and 20·5% were aged <45 years. An active therapeutic approach was
implemented for 92·6% of the CE patients with primary diagnoses; however, a ‘watch and wait’
strategy was used in 59·3% of all secondary CE diagnoses. The incidence rate of hydatid disease
was significantly higher compared to the incidence described in the Notifiable Disease System in
this area. Furthermore, a significant decrease in hydatid incidence during the years included in
the study was observed (β=−0·4357, P< 0·001). CE incidence has diminished in recent years,
although active transmission remains in paediatric cases. Additionally, CE incidence remains high
in our region despite public health plans for its control. The documented incidence of CE disease
clearly underestimates the real numbers.

Key words: Echinococcus, emerging infections, hydatid disease, infectious disease epidemiology,
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INTRODUCTION

Cystic echinococcosis (CE) is caused by infections
with the larva of the minute tapeworm Echinococcus

spp. In Europe, four species are of concern for
human CE: E. granulosus s.s. (or ovine strain),
E. canadensis, E. equinus, and E. ortleppi (or Swiss
strain). Human infection caused by tropical
American species E. oligarthrus and E. vogeli is
quite anecdotal in Europe

With regard to their life-cycle, adult tapeworms in-
habit the small intestine of carnivores (the definitive
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hosts) and produce eggs, which are passed with faeces.
The intermediate host (including sheep, cattle, don-
keys, camels) is infected by ingestion of eggs.
Subsequently, a larval stage (metacestode) develops
as a cyst in the internal organs of the host. The meta-
cestode produces many protoscolices, each with the
potential to develop into an adult tapeworm when
ingested by the definitive host. Cysts can be either vi-
able or non-viable. Viable cysts are usually filled with
clear fluid with few calcifications, whereas non-viable
cysts are mainly calcified. Viable cysts can be either
fertile, containing protoscolices, or sterile, containing
only highly antigenic fluid. People can become inter-
mediate hosts after accidental ingestion of eggs.
Developing cysts cause the morbidity and mortality
associated with the disease.

CE is still regarded as a neglected disease whose
clinical manifestations range from asymptomatic in-
vasion to severe disease with the possibility of death
[1–3]. Although CE is considered to be an eradicable
parasite, it has a substantial global disease impact
with economic losses for public health systems and
agricultural sectors in endemic areas [4]. CE occurs
worldwide but it is endemic in central Asia, northern
and eastern Africa, Australia, South America and
the Mediterranean Basin [5–7].

Worldwide, animal and human hydatidosis does
not appear to have diminished in recent years; in
fact, current studies have shown that CE is a
re-emerging disease in several countries and regions,
even in places where its prevalence was previously
low [5, 6, 8]. On the other hand, public health disease
control programmes may have decreased the incidence
and prevalence of hydatid disease [9, 10]. For instance,
various control campaigns have shown that preventive
measures against the domestic cycle of E. granulosus
may eventually decrease the incidence and prevalence
of the disease [11]. Therefore, control campaigns
based on health education, control, or elimination of
home sheep slaughter have been successfully imple-
mented in five island-based areas (Iceland, New
Zealand, Tasmania, Falkland Islands, Cyprus), and
two further continental campaigns have been success-
fully implemented in Latin America (Region XII in
Chile, Rio Negro in Argentina). However, several
other attempts to control hydatid invasion have failed
[12]. This evidence highlights the importance of con-
trol programmes for CE disease. The reduction of
these programmes due to the lack of economic
resources may have catastrophic consequences, lead-
ing to severe disease, considerable economic loss

and, ultimately, a public health problem of increasing
concern [6].

The transmission rate of E. granulosus in Spain is
still high, and is considered highly endemic [13]. The
central, northeastern and western regions of Spain
are the most important endemic regions, where exten-
sive or semi-extensive farming of livestock (mostly
sheep) is common. In particular, Salamanca province,
which is located in the west, presents a higher inci-
dence rate of hydatid disease compared to other
Spanish regions [14]. Since the mid-1980s, several pre-
vention and control programmes have been imple-
mented to reduce E. granulosus infection in Spain
[15]. However, lack of epidemiological results prevents
the evaluation of the effectiveness of these control
campaigns for this endemic area.

The objective of the present study was to analyse
the epidemiology of hydatid disease in western Spain
from January 1998 to December 2012 by review of
the diagnosed cases of hydatid disease admitted to a
tertiary referral hospital situated in the western
Spanish province of Salamanca.

METHODS

A retrospective descriptive study of patients diagnosed
with CE in the Complejo Asistencial Universitario de
Salamanca (CAUSA) between January 1998 and
December 2012 was designed. CAUSA is a tertiary-
care hospital of the Autonomous Community of
Castilla and Leon that serves the province of
Salamanca. It covers an area of 12 350 km2 encom-
passing 362 municipalities with a population of 350
564 individuals (45% in the capital) located in western
Spain. The population counts per year at the munici-
pality level were obtained from the National Institute
of Statistics (INE; http://www.ine.es/).

The clinical data were obtained from the Unit of
Clinical Documentation of CAUSA. Diagnosis and
classification of CE were assessed according to the cri-
teria proposed by the World Health Organization
Informal Working Group on Echinococcosis for CE
[16]. We included in the study all patients who were
diagnosed, according to ICD-9 (code 122·0 to 122·9)
criteria. Residents from other regions of Spain who
underwent surgery were excluded from the study.
Patients with post-operative recurrence and records
with missing data, such as age, gender or city of resi-
dence, were also excluded from the study.

The clinical and epidemiological data were col-
lected after revision of the medical records. Patients
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were stratified according to parameters such as age
(0–14, 15–44, 45–69, 70–99 years) and primary and
secondary diagnosis. Primary diagnosis was defined
when CE was the cause of admission. Secondary diag-
nosis was defined when CE was any diagnosis differ-
ent from the cause of admission.

CE is a notifiable disease in the Castilla and Leon
region. In order to compare our data with those
officially registered, we obtained additional data
about the incidence of hydatid disease through the
‘Notifiable Disease System’ over the same period
(1998–2012) from the epidemiological surveillance
network of Castilla and Leon (Junta de Castilla y
Leon; http://www.jcyl.es/).

Statistical analysis

The epidemiological analysis of the data included cal-
culating the two measures of disease frequency: the in-
cidence rate of hydatid disease was calculated by
dividing the number of new cases of the disease by
the average population at risk per time interval
(person-years) multiplied by 100 000 and is expressed
as ‘cases/105 person-years’. The cumulative incidence
was estimated by dividing the number of new cases
of CE by the population at risk at the beginning of
the period. This value is a proportion ranging between
0 and 1 and is expressed as a percentage (%). The
denominators were obtained from the population cen-
sus of each municipality per year (INE; http://www.
ine.es/).

The statistical analysis included: the univariate
analysis, the results are expressed as percentages
with the corresponding 95% confidence interval (CI)
for a proportion as a measure of precision (inferential
statistics) for categorical variables and as the mean
and standard deviation (S.D.) for continuous variables.
With regard to the bivariate and multivariate analysis,
the χ2 test was used to compare associations between
categorical variables, such as clinical and demo-
graphic variables and surgical interventions. The out-
come measure is expressed as the odds ratio (OR)
together with its 95% CI. Continuous variables were
compared using Student’s t test or the Mann–
Whitney test for two groups, depending on whether
the given variable had a normal distribution. In
order to analyse the temporal distribution of CE, a
conventional linear regression analysis was per-
formed. Results were considered statistically signifi-
cant when P< 0·05. All data were analysed with R
v. 3.0.0 (R Foundation for Statistical Computing;

http://cran.r-project.org/) and visually displayed
using the Lattice package [17]. Visualization and
analysis of spatial data were performed using the
ggplot2 package [18].

RESULTS

Clinical data related to hydatid disease

Between January 1998 andDecember 2012, 586 patients
with new CE-related diagnosis codes 122·0–122·9 were
registered in CAUSA. Of these 586 patients, 71 came
from other regions of Spain to undergo surgery and
were consequently excluded from the study. In addition,
44 case records contained incomplete data, and these
patients were also excluded. According to the inclusion
criteria, a total of 471 patients were included in the
study. Of the 471 cases diagnosed with CE, 263
(55·8%) were male (the male/female ratio was 1·26),
and the average age was 62·3 ± 19·5 years. Although
CE was diagnosed in 44·3% of elderly individuals
(aged >70 years), seven (1·5%) patients were children
(0–14 years), and 90 (19·1%) patients were aged between
15 and 44 years.

Hydatid cyst was the main cause of hospitalisation
and the primary diagnosis in 203 (43·1%) cases.
Meanwhile, CE was a secondary diagnosis in 268
(56·9%) cases. No differences were observed regarding
the sex of the patients and the CE diagnosis between
patients with primary and secondary diagnoses.
However, most of the primary diagnoses were found
in patients younger than 69 years (OR 2·04, 95% CI
1·60–2·61, P < 0·001), whereas the secondary diag-
nosis was most frequently found in elderly patients
(>70 years), as shown in Table 1. These data suggest
that diagnosis of CE in the elderly is usually related
to other comorbidities.

A single cystic lesionwithamean size of8·0 cm (S.D. =
4·3) was presented in 447/471 (95·0%) patients, while the
remaining 24/471 (5·0%) were diagnosed with a dissemi-
nated form of CE in which the average number of hyda-
tid cysts was 2·4 (S.D. = 0·7). The hydatid serology test
was performed for 213 patients, and we found that 136/
213 (63·8%) patients presented positive (>1/80) anti-CE
IgG titres, ranging from 1/80 to 1/10 240 (Table 1).

Surgery alone and surgery followed by treatment
with anthelmintic drugs were the two main thera-
peutic approaches pursued in 46·8% and 39·4% of
the CE primary diagnoses, respectively (Table 1).

Meanwhile, a ‘watch and wait’ option was chosen
for 59·3% of secondary CE diagnoses (P< 0·001).
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These data show that the choice of surgery, and sur-
gery followed by medical treatment in CE is related
to the patients’ age because the secondary CE diag-
nosis was clearly associated with an elderly population
(>70 years) (P < 0·001). Furthermore, we observed
that 138/354 patients were followed for a mean of
16·8 (S.D. = 7·1) months and that 47/276 (17·0%) of
patients had recurrent hydatid disease.

Epidemiological CE data

The incidence of CE in Salamanca during 1998–2012
was 8·9 cases/105 person-years (males 10·3 cases/105

person-years vs. females 7·7 cases/105 person-years)
with a cumulative incidence of 0·24%. The highest in-
cidence of CE occurred in 1998 with 14·2 cases/105

person-years, whereas the incidence decreased to 5·1
and 5·4 cases/105 person-years in 2010 and 2011, re-
spectively, as shown in Figure 1. More importantly,
a significant decrease in hydatid incidence was
detected during the years included in the study
(β =−0·4357, P< 0·001).

On the other hand, a total of 175 cases were iden-
tified in the systematic search through the Notifiable
Disease System during 1998–2012. Consequently, the
mean incidence of hydatid disease in 1998–2012
obtained through the retrieval process was signifi-
cantly higher than that provided by data from the
Notifiable Disease System in Salamanca province
(8·9 vs. 3·3 cases/105 person-years, P < 0·05). These
data suggest that the incidence of hydatid disease in
our region has been underestimated.

The geographical distribution of the cumulative inci-
dence of hydatid disease in Salamanca province can be
observed in Figure 2. We detected three geographical
areas with a high cumulative incidence of hydatid dis-
ease, namely the capital (Salamanca) in the northeast
and two other areas in the southern and northwestern
areas of the province. In the capital, the cumulative
incidence is significantly lower than in rural areas
(P < 0·001). More importantly, it should be noted that
the cumulative incidence of hydatid disease reached
2·76% in some rural areas. Most patients came
from rural areas (310/471, 65·8%), whereas fewer cases

Table 1. Clinical and epidemiological features of 471 cases diagnosed with cystic echinococcosis grouped according
to primary or secondary diagnosis

All diagnoses (N = 471)
n (% ± 95% CI)*

Primary diagnosis (N = 203)
n (% ± 95% CI)*

Secondary diagnosis (N= 268)
n (% ± 95% CI)* P value

Gender 0·34
Male 263 (55·8 ± 4) 116 (57·1 ± 7) 147 (54·9 ± 6)

Age group, years <0·001
0–14 7 (1·5 ± 1) 5 (2·5 ± 2) 2 (0·7 ± 1)
15–44 90 (19·1 ± 4) 60 (29·6 ± 6) 30 (11·2 ± 4)
45–69 165 (35·0 ± 4) 81 (39·9 ± 7) 84 (31·3 ± 6)
70–99 209 (44·3 ± 4) 57 (28·1 ± 6) 152 (56·7 ± 6)

Serology <0·05
Positive 136 (28·9 ± 4) 84 (41·3 ± 7) 52 (19·4 ± 5)
Negative 77 (16·3 ± 3) 32 (21·9 ± 6) 45 (16·8 ± 4)
Not available 258 (54·8 ± 4) 87 (20·5 ± 6) 171 (63·8 ± 6)

Location 0·312
Hepatic 416 (88·3 ± 3) 178 (87·7 ± 5) 238 (88·8 ± 4)
Pulmonary 29 (6·1 ± 2) 9 (4·4 ± 3) 20 (7·4 ± 3)
Disseminated 24 (4·4 ± 2) 15 (7·4 ± 4) 9 (3·4 ± 2)
Bone 2 (0·4 ± 1) 1 (0·5 ± 1) 1 (0·4 ± 1)

Treatment <0·001
Surgery 144 (30·5 ± 4) 95 (46·8 ± 7) 49 (18·3 ± 5)
Surgery plus
medical

126 (26·8 ± 4) 80 (39·4 ± 7) 46 (17·2 ± 5)

PAIR 0 0 0
Medical alone 27 (5·7 ± 2) 13 (6·4 ± 3) 14 (5·2 ± 3)
‘Watch and wait’ 174 (37·0 ± 4) 15 (7·4 ± 4) 159 (59·3 ± 6)

CI, Confidence interval; PAIR, percutaneous aspiration, injection and reaspiration.
* Percentage ±95% confidence interval for a proportion.
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(161/471, 34·2%) originated from urban areas. The
cumulative incidence of hydatidosis in municipalities
with<5000 inhabitantswas higher than inmunicipalities
of >5000 inhabitants (P< 0·05). Moreover, six munici-
palities with populations >5000 inhabitants accounted
for 230/471 (48·83%) cases.

DISCUSSION

Although CE is one of the most important existing
anthropozoonosis in Spain, few data focused on the
incidence and prevalence of this disease in humans
are available [13]. In the province of Salamanca,

Fig. 1. Temporal trend of cystic echinococcosis incidence rates/100 000 individuals in Salamanca province.

Fig. 2. Geographical distribution of hydatidosis in Salamanca province. The contours represent the density estimation of
the prevalence of hydatid disease during 1998–2012.
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with an extensive or semi-extensive livestock farming
industry, human CE remains highly endemic [14]. In
2005, our group reported the first study focused on
the incidence of human hydatidosis in the province
of Salamanca [14]. Suspecting that the incidence of
human CE had not decreased, we updated the report
in this study. The present work expands the analysis
from 8 to 15 years and aims to provide new scientific
evidence to generate policies that will help to analyse
the impact of hydatid disease in our region.

Regarding the diagnosis of hydatid disease, we
found that a primary CE diagnosis was frequently
given to young patients, whereas a secondary acciden-
tal CE diagnosis was most frequently found in the eld-
erly population and usually associated with other
pathologies. Furthermore, the ‘watch and wait’ strat-
egy and medical treatment alone were the treatment
options most frequently pursued in the elderly popu-
lation. These data suggest that the diagnosis of CE
in elderly people is usually minimized. In spite of
being traditionally considered as a ‘benign’ pathology,
CE is an important cause of morbi-mortality [3].
Therefore, an expectant management of the disease
can be dangerous, and it must only be employed for
selected patients.

A systematic search of definitive CE cases obtained
a disease incidence that was significantly higher than
that acquired from data of the Notifiable Disease
System; this result should provide motivation to fol-
low the example set by the European Registry for
Alveolar Echinococcosis and improve national regis-
ters for CE [19]. These records could be used as a
tool to prioritize control measures for what is essen-
tially a preventable disease.

In the present study, we found a high incidence of
CE disease (8·9 cases/105 person-years) and a high
cumulative incidence (2·76%) in some rural areas.
These figures were significantly greater that those
found in northern Spain [20]. Our results could be
initially attributed to the chronicity of the disease as
well as the increased use of diagnostic imaging and
serological methods. However, the presence of 20%
of cases in patients aged <45 years and the persistence
of paediatric cases suggest that a high rate of infection
is being sustained in the population. In our study, we
also detected similar disease incidences in both sexes,
suggesting that the occupational component of the
risk is less relevant than other environmental risk fac-
tors [21]. Furthermore, a significant decrease in hyda-
tid incidence was detected during the time period
included in the study. The highly endemic nature of

hydatidosis in the province of Salamanca is a conse-
quence of the E. granulosus cycle persistence over
many years. Health education campaigns based on
changing risk behaviours, such as elimination of
stray dogs, reduction of parasite burden in the defini-
tive hosts by praziquantel administration and the re-
moval of animal corpses, are the principal measures
for the prevention of CE infection.

Most patients with CE live in rural areas with a
wide geographical distribution. This geographical het-
erogeneity of CE infection has also been reported in
numerous countries; therefore, it is difficult to identify
the relevant risk factors for this disease in our prov-
ince, region and country [22, 23]. Despite the wide dis-
tribution of cases in our region, we found a higher
cumulative incidence in rural areas than in urban
areas, and this pattern of CE infection has also been
documented in previous studies [21].

The main limitation of our work was the initial
selection bias. The present study only considers the
cases admitted to CAUSA; cases diagnosed in private
clinics and primary-care practices were not included in
the study. Therefore, we can assume that the actual in-
cidence of human hydatidosis in the province of
Salamanca is even higher than that estimated in the
present study. Furthermore, our study shows that
the percentage of surgical cases in our hospital is
<60% of the total of CE diagnoses. Therefore, these
data suggest that the studies based on surgical cases
underestimate the true incidence of human hy-
datidosis.

It can be concluded that CE incidence in Salamanca
province has diminished in recent years, although ac-
tive transmission remains in paediatric and young
patients, and the diagnosis of CE in the elderly popu-
lation is usually minimized. CE incidence remains
high in our region despite public health plans for dis-
ease control. Furthermore, the Notifiable Disease
System showed an incidence of CE disease that clearly
underestimated the real numbers. These data suggest
the need for increased monitoring and control of CE.
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