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Abstract

The occurrence of cystic echinococcosis (CE) at a national level or in large regional areas is an issue difficult to determine in a cost-
effective way, integrating both human and animal data, and thus leading to effective control measures. In Portugal, the abattoirs
in north Douro region receive a large percentage of heads of cattle from the whole country which makes them ideal places for the
implementation of a surveillance system for this zoonosis. Data was obtained for cattle slaughtered in 9 abattoirs in north region of
Douro River, with visible CE-like cysts at meat inspection. An excel database was constructed with the records of condemned viscera
due to hydatid cysts in cattle for 2008, 2009, 2010, and the first half of 2011. Most of the cysts were found in the lungs and livers (23.5%),
only in livers (21.5%) or only in lungs (18.1%). Individual information concerning each animal contributed to the depiction of a
distribution map by regions of the occurrence of positive cases in Portugal. From the 149 cases registered, it was possible to identify the
place of infection in 93 cases (62.4%), in which the rate of distribution was 21 (22.6%) in the north, 14 (15.1%) in the center, 57 (61.3%)
in Alentejo and 1 case (1.1%) in Algarve. This distribution of cases coincides with the location of human and animal cases reported
before, with special focus on the Alentejo and in the northeast of the country.
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Introduction

Cystic echinococcosis is an important zoonotic infection caused by the larval stages of taeniid cestodes of the genus Echinococcus
with development in the viscera of the intermediate hosts. The adult tapeworm is found in the small intestine of the definitive
host, which is the dog in the domestic cycle, from where segments containing eggs are passed with the faeces. After ingestion by
the intermediate host, the larvae released from the eggs penetrate into the lymphatic or vascular system, reaching the liver, lungs
or other internal organs to develop into hydatid cysts [1]. The size of cysts in the human organs is highly variable, usually ranging
between 1 and 15 cm, but much larger cysts may also occur. The same authors referred that it can take up to 10 months or longer
after infection for the cysts to become visible in animal species. Whenever these affected viscera are being eaten by the dog, the
life cycle is completed in about 4 to 5 weeks with the development of the protoscoleces into adult and mature Echinococcus in the
small intestine of the definitive host [1]. Lungs and liver are the most affected organs in the intermediate hosts depending on the
adaptation of Echinococcus strain to the host species [2].

So far as it is known, the occurrence of E. granulosus sensu stricto (ss) prevails in most regions of Portugal, either in sheep or in
cattle [3]. Thus, E. granulosus which is important for human infection is endemic in the country [3-5].

Concerning intermediate host evaluation, the passive surveillance of infection, through the monitoring of livestock slaughtered
in abattoirs is considered a reliable surveillance system, although unable to determine prevalence [6]. Cattle are recognized as the
most important intermediate host involved in the transmission of CE in several parts of the world, mainly in the regions where
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cattle are predominant [7], such as in Brazil [8], in Tanzania [9], in Ethiopia [2,10], in Iran [11], in Pakistan [12] and in India [13].
There is a dearth of work in Portugal mainly in what concerns the cattle as an intermediate host of Echinococcus granulosus.

CE has a number of important economic effects, of which the most important is the cost of medical treatment for human cases
and the decreased quality of life. The total cost of the disease in humans is the sum of costs for the health services and care [14,15].
Furthermore, the additional cost of loss of edible offal from farm animals due to the larval cysts is quite evident. This may result
in direct costs such as the loss of the entire organ or, at least, the trimming and downgrading of that organ during inspection act,
and indirect costs like its negative impacts on live weight gain, milk yield, fertility and carcasses value [15] estimated as 10% or
more [14]. Moreover, costs of morbidity and losses in animal productivity in some countries where CE has a high prevalence can
ascend to 2.2 billion USD annually [5,14,16]. The low sensitivity of the direct microscopy based on coprological techniques for
the diagnosis of echinococcosis in dog [17-21], the non-reproducible coproantigen ELISA technics on a large scale [22] and the
infeasibility of the diagnosis in farm animals [11], make the post-mortem routine examination at abattoirs the standard method
for detecting CE in livestock [20].

Data obtained from cattle slaughtered in the abattoirs in north Douro region, with visible CE-like cysts at meat inspection, was used
to map the cases of echinococcosis/hydatidosis, as had been previously suggested [23]. The objective of this study was to show the
importance of the abattoirs of north Douro as a potential observatory for human and animal CE, in Portugal.

Material and Methods
Abattoir data

In this work, the methodology approach previously initiated was adopted [23]. The basic data for this study was gathered from the
data registration program in use at the Official Veterinary Services of North Region for monitoring of the Compulsory Notification
Diseases (CND) in the sixteen abattoirs of the region, named from A to P (Figure 1). The database included all the records from
veterinary inspectors involved in the monitoring system of CND. In Portugal, during the period of study, 1,488,505 heads of cattle
were slaughtered for consumption. The number of heads slaughtered during this period in these abattoirs was 449,442 in 2008,
444,567 in 2009, 402,297 in 2010 and 192,199 in the first half of 2011. According to the official data and when compared to the
total number of cattle slaughtered in continental Portugal, about 48% of the cattle were slaughtered in the abattoirs of the north in
2008 and 2009, and 37% in 2010. Alentejo region is the buying point of weaned calves which are fattened and finished in center and
north regions. This flow pattern with the slaughtering of cattle in the abattoirs of north Douro is typical and constant.
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(A to P = abattoir label)
Figure 1: Number of CE cases reported per abattoir in north Douro region. The abattoirs P, O, N, M, L, K, J had no case
report

Slaughtered cattle were examined for the presence of hydatid cysts in visceral organs including lungs, liver, heart, spleen and
kidneys. Visual inspection and palpation followed by multiple incisions were carried out by the veterinary inspection team and the
CE- like cysts were macroscopically confirmed.
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From the data collected, an excel database was constructed using the individual information of each animal that had visible CE-like
cysts, such as slaughter date, slaughter house identification, breed, sex, age, ear tag number, date of birth, the official mark of the
farms in which the animals were born or had passed through, including the number of months of stay and finally, the location of
the cysts on the organ. The data report was obtained from nine of the sixteen abattoirs, in the north region (Figure 2).

Map construction

A map was constructed at a municipality level (NUT II) taking into consideration the number of cattle positive for CE that were
labeled/identified in that municipality (Figure 2). The data allowed the tracing of the infected cattle in order to establish the farm
location as a likely place of infection. Some assumptions were made to enable the processing of the collected data, first the reliability
of the inspection act and the laboratory identification of the cysts. Second, it was assumed that one year is the minimum time
period required for the development of a macroscopically visible cyst [24] that can be detected at post-mortem inspection. Third,
whatever the time period between birth and slaughtering, if the animal remained in the same municipality it was considered for
map construction. Fourth, if the animal moved between municipalities and if the time lapse between birth and slaughter was less
than 1 year, the birth region was considered as the infection one.
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Figure 2: Mapping the distribution of the CE cases (n=93) per municipality considering the place of
infection, according to the adopted methodology

The map was produced using ArcGIS software, with the 2015 official Portuguese administrative boundaries data [25], using
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information of Municipalities, Districts and Regions. The database of cystic echinococcosis cases was then linked to the geographical
data using the municipality’s identification.

Results

Disparity of notification was huge (Figure 1). From the sixteen abattoirs (A to P), only nine of them (56.3%) made the official
notification of CE in cattle. Two abattoirs (H and I) reported 64% of all CE cases (37 and 59 cases respectively) and 2 of them (A
and B) reported only one case each (Figure 1).

Table 1 summarizes the location of the cysts in the organs. In a total of 149 infected animals, 51 of them (34.2%) had no location
registered, 32 (21.5%) were located in the liver, 27 (18.1%) in the lungs, 35 (23.5%) in lungs and liver, 1 (0.7%) in lungs, liver and
heart, 2 (1.3%) in lungs, liver, heart and kidney and 1 (0.7%) in lungs, liver and kidney, showing in total, a slighter predominance
of the liver location (47.7%) and then in the lungs (44.3%).

Animals
Organ No. %
liver 32 21.5
lung 27 18.1
lung + liver o 235
lung + liver + heart 1 0.7
lung + liver + heart + kidney 2 1.3
lung + liver + kidney 1 0.7
NR 51 34.2
Total 149
Liver + other locations 71 47.7
Lung+ other locations 66 | 44.3

(NR= non registered)
Table 1: Location of cysts in the organs of the 149 animals (number and percentage of animals)

From the data collected, it was noted that 96% of the 149 animals affected were females, 94% of them were more than 5 years and
that the rate of CE increased with age (Table 2), showing that only 6.0% were between 0-5 years, 20.1% between 5-10 years of age,
and 73.8% were over 10 years old. Further, the cross breed showed a higher occurrence of cysts, with 60.4% of the cases, followed
by the selected breeds (Frisian, Charlois, Limousin) with 15.4%, then autochthonous breeds (Alentejana, Arouquesa, Barrosa,
Marinhoa, Maronesa, Mertolenga and Minhota) with 14.8% and 9.4% for undetermined breeds.

Animals
Age classes (years) No. %
0-5 9 6.0
5.1-10 30 20.1
>10 110 | 73.9
Total 149

Table 2: Distribution of CE cattle cases by age classes (number and percentage of animals)

After data processing and according to our methodology, it was possible to establish the region of infection for 93 cases. In the
remaining 56 cases it was not possible to determine the place of infection due to the degree of itinerancy of the animals, moving
from one farm to another, usually for short periods. Of all the cattle registered with CE, about 50% had moved farms two to three
times. Taking into consideration the number of CE per municipality (Figure 2) and as per regions (Table 3) it was possible to obtain
information for the whole country. The distribution of the 93 cases is as follows: 21 (22.6%) animals in the northern region (Norte),
14 (15.1%) cases in the central region (Centro), and in the southern region, 57 (61.3%) from Alentejo and 1 (1.1%) from Algarve.

Traced animals
Region No. %
North 21 22.6
Center 14 15.1
Alentejo 57 61.3
Algarve 1 1.0
93

Table 3: Distribution of 93 CE cases by large regions of Portugal,
traced according to the referred methodology of data processing
(number and percentage of the 93 traced cases)
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Discussion

Itinerancy of cattle is a risk practice with consequences for animal health, but is recognized in Portugal as a fact, leading to a constant
flow of cattle from different parts of the country to be slaughtered in the abattoirs of north Douro region. Additionally, it is the older
animals that are slaughtered there, as confirmed by this study. Females represent 96% of the cases since they are from dairy farms
and males are from meat production units, thus slaughtered younger. In the youngest animals the cysts have not enough time to
become visible at inspection. Even so, after consulting the available data, it was possible to identify the place of infection of 62.4% of
the animals and to map the distribution of the CE cases at a national level. There is an evidence of overlay of the regions presented
in this study and those that were previously recognized as having a higher risk for echinococcosis in humans and sheep [26,27],
which also coincides with extensive farming systems in Alentejo, the major cattle producing region of the country [28], which is in
continuity with the western region of Spain, where echinococcosis/hydatidosis is considered an endemic and re-emergent zoonosis
[29]. A similar successful observatory system has been reported in other parts of the world, like in USA for Notifiable diseases [30],
in southwestern Nigeria for brucellosis [31] and in Tanzania for zoonotic diseases in cattle [32], among many others. In Portugal,
whatever may be the prevalence of echinococcosis/hydatidosis, the proposed methodology would remain cost-effective when
compared to active surveillance [6]. However, misclassification errors have been shown to occur when macroscopic diagnosis is
used alone without confirmation by histology [24,33] or through molecular methods. The previous study in the same abattoirs
as presented in this study and with the same veterinary team revealed, after laboratory confirmation, a margin of error of 3.39%
for CE identification [23]. False positives due to other cyst-like lesions or other Taniidae species and false negatives due to small
developing cysts must also be considered, especially in the liver, as it is an organ with commercial interest and, as a result, where
the inspections incisions are minimized. This methodology is quite acceptable considering that echinococcosis/hydatidosis is a
chronic and non-specific symptoms disease [34]. Unfortunately, the CE fertility and molecular studies were not accomplished
which compromises the understanding of the role of cattle and their contribution to the epidemiology of Echinococcus granulosus
ss in Portugal, although its presence is confirmed in this animal species [3], in the inland region. In general, cattle have been
considered as a poor host for this cluster, although some studies have demonstrated that cattle may play a role as a reservoir in some
regions around the world, constituting a risk for human health [4,7,8,11]. Disparity of notification of CE cases reveals a lack of
participation and commitment of some inspection teams in this study. In Portugal, considering the national representativeness of
the abattoirs of north Douro for cattle, and taking into consideration these CE findings, measures should be promoted, namely the
National Compulsory Notification system should be accomplished at veterinary and human health services, the participation of a
properly qualified laboratory for evaluation of CE cysts fertility and genotyping and the promotion of the training and motivation
of the inspection team at the abattoirs.
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