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Abstract

:

Echinococcus granulosus is endemic in the Magallanes region and other areas of Chile. After a successful control programme implemented between 1979 and 2004, dogs’ prevalence decreased from 70% to 0.5%. Since the end of the programme, no prevalence study of canine echinococcosis has been performed in this region. Dog faecal samples were collected from epidemiological units for DNA isolation and polymerase chain reaction (PCR) to detect E. granulosus. In addition, dog owners were required to answer a questionnaire for a risk factor analysis. We collected 1069 environmental dog faecal samples from 267 urban, 241 periurban, and 61 rural epidemiological units. E. granulosus was found in 11/61 (18%) and 1/241 (0.4%) epidemiological units from rural and periurban areas, respectively. The Ultima Esperanza province showed the highest prevalence with eight out of 16 units with faeces positive to E. granulosus showing a main spatial cluster of canine echinococcosis. None of the risk factors investigated showed a statistical significance with positive units. This study shows the active transmission of the parasite in the Magallanes region, especially in the Ultima Esperanza province, with a possible re-emergence of the parasite. Further studies focusing on the incidence in humans are required together with the reestablishment of the compulsory deworming of dogs.
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1. Introduction


Cystic echinococcosis (CE), caused by the parasite Echinococcus granulosus, remains a significant health problem in Chile [1,2]. The human incidence based on hospital records fluctuated between 4.68 and 5/105 population in 2009–2014 in Chile [1]. However, it is known that under-reporting of CE occurs in Chile [3], as in other endemic countries [4]; therefore, the actual incidence of CE is expected to be higher. As a result, CE produces losses estimated at USD 3.13 M per year in Chile [3]. Furthermore, the infection with E. granulosus in livestock represents the second most important cause of condemnation of viscera at official abattoirs after Fasciola hepatica [5], causing losses estimated between USD 7 and 11.2 M per year [6].



The Chilean territory comprises 4270 km (north-south) with several biogeographic areas divided into sixteen administrative regions. The Magallanes region (also known as XII region in previous reviews concerning the control of E. granulosus [7,8]) is the southernmost, the largest (132,291 km2) and the second least populated region in the country, with 165,593 inhabitants. There are 2,205,477 sheep heads in the region, which is equivalent to 56% of the total ovine population in Chile [9]. E. granulosus is highly endemic in the Magallanes region; in 1979, the prevalence for E. granulosus was around 60% and 70% in sheep and dogs, respectively, while the human incidence for CE was 40/105 inhabitants. Consequently, a control programme was established in 1979. By 1993, the prevalence was reduced to 4.6% in sheep and 5.4% in dogs, while the incidence in humans decreased to 15.6/105 inhabitants [10]. The programme continued until 2004 without achieving the consolidation stage, which could have resulted in eradicating transmission. Nevertheless, the programme’s success has led to it being deemed as one of the most effective initiatives to control CE in a continental setting [7]. The lowest infection in dogs reported when the programme was in action was 0.5% in 1994. However, by 2002, a study based on arecoline purgation reported a prevalence for canine echinococcosis of 1.8% in the region [11], suggesting a risk of re-emergence. Subsequently, infection in sheep from Magallanes in 2015–2016 reached 2.9% [12]. Therefore, there is a need for further surveillance of the level of infection in dogs in the region; such data will allow for an understanding of the current status of transmission of the parasite and form the basis of future studies investigating infection in livestock and humans. In this study, we aim to estimate the prevalence of E. granulosus in dogs from the Magallanes region using PCR from faecal samples collected in the environment, perform statistical, epidemiological and spatial analyses of the distribution of the parasite, and include a questionnaire to identify possible risk factors for CE.




2. Results


In total, 1069 environmental dog faecal samples were collected from 569 epidemiological units, including the extra 5% mentioned in the materials and methods section. From the total number of epidemiological units, 267 were located in urban areas, 241 in periurban areas, and 61 in rural areas. In total, 11/61 (18%) and 1/241 (0.4%) epidemiological units from the rural and periurban areas, respectively, were found to be positive to E. granulosus s.s. The PCR for E. granulosus s.s. was negative for all samples from the 267 epidemiological units located in the urban area (Table 1).



Table 2 shows the detailed results from the environmental dog faecal samples investigated in the 61 epidemiological units from the rural area, in each of the region’s four provinces. The Ultima Esperanza province showed a prevalence of 50% (8/16 epidemiological units), while in Tierra del Fuego the prevalence was 11.54% (3/26 epidemiological units). The percentage of infected dogs within the 12 epidemiological units considered positive in this study varied between 5 and 100% (Table 3).



The PCR for E. granulosus s.s. was negative in all 334 environmental faecal samples from dogs collected in public squares from Punta Arenas and Puerto Natales.



The questionnaire (Supplementary Table S1) was answered by 521 people. After an univariate analysis of responses, none of the risk factors investigated showed statistical significance. The “average of dogs per unit” variable showed some evidence of association (p = 0.0295); however, this variable did not remain significant in the model for the logistic regression analysis.



General clustering was found in the spatial analysis in the epidemiological units positive to E. granulosus, considered as cases (p < 0.001). The main cluster of canine echinococcosis (using the Kulldorff spatial scan statistic) was found in the Ultima Esperanza province (p < 0.001). The cluster centre point was located in the epidemiological unit UE20A23 (51°33′ S–72°40′ O), with a radius of 85.9 km and a total area comprising 23,181 km2 (Figure 1).




3. Discussion


The present study reports, for the first time since the end of the control programme in 2004, the prevalence of E. granulosus using PCR in environmental dog faecal samples collected in all provinces of the Magallanes region. The deworming of dogs with praziquantel used to be compulsory when the control programme was in action; since 2004, dog owners have treated their animals voluntarily.



The dog prevalence for E. granulosus s.s. reported in this study was higher in rural areas, consistent with the natural history of the parasite’s cycle [13]. We also investigated environmental dog faecal samples from urban and periurban areas, since the parasite can be transmitted through dogs from urban areas that predate on sheep in the nearby rural areas or through the home slaughter of sheep in periurban areas. In this case, we found a single epidemiological unit positive to E. granulosus s.s. from the periurban area, showing a gradient of a higher prevalence from the rural area to the absence of positives in the urban area. The prevalence of E. granulosus s.s. in dogs in the present study (18%) was ten times higher than the one reported in the last survey performed in the Magallanes region in 2002 (1.8%) [11]. However, it is important to consider that Alvarez et al. [11] determined the level of infection with arecoline purgation of individual dogs and not based on epidemiological units. It is well known that purgation with arecoline has a low sensitivity and a low negative predictive value [14], suggesting that the actual prevalence was likely to have been underestimated. The present investigation considered epidemiological units (farm or house) rather than individual dogs; an epidemiological unit was deemed to be positive if at least one environmental dog faecal sample collected (from that unit) resulted in being positive in the PCR and sequencing for E. granulosus s.s. Testing epidemiological units instead of single faecal samples is recommended [15] because it is assumed that all risk factors that are the subject of control are present in a single unit. If positive samples are found in a unit, then the treatment should focus on all dogs present in that unit independently of whether they are or are not infected at the time of sampling. Furthermore, the PCR-based diagnostic method, as used in this study, offers a higher sensitivity than other techniques. However, the capacity for copro-PCR to detect infected animals is dependent on the worm burden and is less sensitive in the prepatent period compared with copro-ELISA [16]. We performed two PCRs; in the first one we used primers which were able to amplify all taeniids. The second PCR (specific for E. granulosus s.s.) was performed with the DNA from samples which were positive in the first PCR. These two PCRs are not suitable for a large number of samples due to their high cost. We did not include controls to check for the presence of PCR inhibitors, and this should be taken into account for similar studies in the future.



When we analyse the prevalence according to a political-administrative division (province), the Ultima Esperanza province remains the one with the highest prevalence, followed by the Tierra del Fuego and the Magallanes provinces, as previously reported in 1982 [11]. The reasons for the differences in prevalence according to the province found in this study are unknown; however, such data could allow for the prediction of hotspots for CE in humans. Interestingly, in a study of the transmission of the related parasite Echinococcus multilocularis in China, it was observed that cases of alveolar echinococcosis were not directly correlated with small mammal reservoir host species richness but were rather spatially correlated with landscape features and climate [17]. In the Magallanes region, there are different climates, including cold steppe and semi-arid, with differences in humidity. However, it is unknown if the climatic differences amongst provinces favour the transmission of E. granulosus (for example: the survival of eggs in the environment), which could explain the higher prevalence found in Ultima Esperanza. On the other hand, eggs of Echinococcus spp. can remain infective for extended periods; for example, E. multilocularis eggs can survive up to 240 days under German autumn/winter conditions and 78 days in summer [18]. At the same time, eggs of E. granulosus remained viable for up to 41 months in the environment of Argentinian Patagonia [19] and for only four winter months in New Zealand [20]. The high variability in the number of days during which eggs can survive in the environments reported in different studies can be attributed to environmental conditions but also the quality of the eggs used and the experimental setting. Ultima Esperanza province has only 216,000 sheep compared with the 2,205,270 sheep in the region. In the Tierra del Fuego province, we found 3/26 (11.54%) epidemiological units with faeces infected with E. granulosus. A previous study described a cluster for CE in sheep in Ultima Esperanza based on slaughterhouse official records between July 2016 and June 2017 [12], confirming that special situations, which need to be investigated, favour the transmission of the parasite in Ultima Esperanza. Cluster analysis also located a focus of transmission in Ultima Esperanza in the present study. Describing disease clustering and disease clusters supports decision-making and can also be used to undertake a risk factor analysis [21]. Likewise, it is suggested that a control programme should begin to focus on farms with a high prevalence and identified diseases cluster [22].



Tierra del Fuego is an island shared between Chile and Argentina. Interestingly, on the Argentinian side of the island, a prevalence of 6% in farms was reported using copro-ELISA in 2018 [23]. Considering the cross-reactivity of copro-ELISA with other taeniids (i.e., T. hydatigena) [16], it is likely that the actual level of infection with E. granulosus could have been overestimated [23]. The official control activities against E. granulosus on Argentine territory, including the mandatory and periodic deworming of dogs, have not been interrupted since 1982, in contrast with the situation in Chile, in which deworming is voluntary and is the responsibility of dog owners.



In the present study, we found no statistical association between the risk factors assessed by the questionnaire answered by dog owners on farms and the result of the laboratory analysis. This issue could have been caused by the study design and related to the statistical power (e.g., a low number of samples for obtaining statistical associations or determining differences); this situation should be considered in the design of future similar studies. Nevertheless, risk factors associated with the transmission of E. granulosus are known and have been widely studied. Furthermore, using two spatial analysis tests, we found clusters of canine echinococcosis.



Several control initiatives have been implemented in different regions in Chile (not Magallanes) in the last ten years [2]. Unfortunately, they have been funded for short periods of two or four years maximum, which are not enough to produce a significant and long-lasting decrease in the transmission of E. granulosus. On the contrary, the official control programme in the Magallanes region lasted for 25 years between 1979 and 2004. The measures implemented included the mandatory treatment of dogs with praziquantel by staff from the Servicio Agrícola y Ganadero (Livestock and Agricultural Service, SAG), strict control of the canine population, construction of elimination ditches for livestock viscera, banning of feeding dogs with viscera, and health education for dog owners, schoolchildren and the general public [10]. The transition to a consolidation phase occurred in 2004 when dogs were treated voluntarily by their owners. However, the eradication of transmission was not achieved. Based on the data from this study, we can conclude that the transmission of E. granulosus remains active in the Magallanes region, especially in the Ultima Esperanza province. This situation suggests a re-emergence of the infection after the end of the control programme, which requires the attention of the authorities. We recommend focusing on the areas showing clusters of E. granulosus, to begin with a periodic treatment of dogs with praziquantel.




4. Materials and Methods


4.1. Study Area and Sampling Strategy


The sampling was carried out between August 2017 and February 2018 in all four provinces of the Magallanes region, from north to south: Última Esperanza, Magallanes, Tierra del Fuego, and Antártica Chilena. Environmental dog faecal samples were taken from rural, periurban and urban areas. The rural area included sheep farms from all four provinces; each farm had an official identification (RUP: rol unico predial/unique farm number) and was georeferenced. The periurban area comprised 200 m inside the urban limit of the cities Punta Arenas and Puerto Natales, including “country houses” located in properties with an area <5000 m2 directly connected with the urban boundary. The urban area included houses in the Porvenir city (Tierra del Fuego province), and the towns Cerro Sombrero (Tierra del Fuego), Puerto Williams (located on an island in Antartica Chilena) and Puerto Edén (located on an island in Ultima Esperanza).



Each farm (from the rural area) or house (from the urban and periurban area) having at least one dog was considered an ‘epidemiological unit’. The sample size (epidemiological units) was estimated based on the total number of dogs in the rural area (estimated to be 12,600 dogs) considering the historical data on the number of dogs per farm, a prevalence of 4.7% in dogs (from unpublished data from the Porvenir city), a 95% confidence level and a 3% error. Once the number of epidemiological units was estimated, an additional 5% was added to cover the likely loss of samples. The number of environmental dog faecal samples collected at each epidemiological unit was equal to the total number of dogs present in each unit; therefore, it was possible that, in some cases, faeces belonged to some but not all dogs.




4.2. Faecal Samples Collection and Detection of E. granulosus DNA


Five to 10 g of environmental fresh dog faecal samples were collected in a plastic container from the ground. If no fresh faeces were available, semi-dried faeces were collected. Faecal samples were labelled and kept in a cool box in the field and subsequently transported to the laboratory and stored at −80 °C for five days to inactivate E. granulosus eggs if present. DNA was isolated from total faeces with the QIAamp DNA mini kit following the manufacturer’s instructions. Initially, all samples were subjected to PCR to amplify a section of the cox1 gene of different taeniids, according to Bowles et al. [24]. DNA from positive samples was used in a second PCR targeting the 12sRNA using specific primers for E. granulosus s.s. [25]. An epidemiological unit was considered positive when at least one environmental dog faecal sample was found positive in the PCR for the amplification and sequencing of the 12S rRNA gene.




4.3. Questionnaire


The dog owner(s) from each epidemiological unit in the rural area answered a set of questions aiming to identify risk factors for CE (supplementary information in Supplementary Table S1); briefly, the question aimed to find out: the political-administrative location, the data of dog owners, the characteristics of the dogs, dog husbandry and veterinary treatments, the presence of livestock and wild animals, and knowledge about cystic echinococcosis.




4.4. Statistical Analysis


We used univariate nonparametric methods (Fisher’s exact test and χ2) with an odds ratio and confidence intervals at 95%. For the quantitative variables, we used the Mann–Whitney test; subsequently, the variables with an association (p < 0.3) were used for a logistic regression analysis (step by step) with an entry p-value lower than 0.1, using the software MedCalc ® v13.3.3 (https://www.medcalc.org/, accessed on 19 January 2021).



For the spatial analysis, we associate the database with the cartographic data from the rural area with farms tested using the software ArcGIS 9 (https://desktop.arcgis.com/en/arcmap/, accessed on 24 February 2021). Two spatial analysis tests were performed: Cuzick&Edwards and the Kulldorff spatial scan statistic. The Cuzick&Edwards test uses geospatial data to compare the case(s) and control(s) locations. The case was defined as an epidemiological unit with positive PCR and sequencing showing infection with E. granulosus in dog faeces. At the same time, a negative PCR result in an epidemiological unit was considered as a control. Cases were coded with the number 1 and controls with 0, the Tk value being the number of cases closer to each case [26]. We tested values between 1 and 10 nearest-neighbour levels. Finally, the significance was calculated with the z-value, and we used the Simes correction method for each nearest-neighbour level using the software ClusterSeer (https://www.biomedware.com/software/clusterseer/, accessed on 24 February 2021). The Kulldorff spatial scan statistic is defined as a “circular geographic window” that moves over the area of interest; it is centred in turn around each of several possible clusters, with the window radius being allowed to vary between zero and some upper limit [27]. In this study, we considered 1% of the population to be at risk. Each newly created window includes neighbouring areas and is classified as a cluster comparing the number of cases inside each window with the expected number of cases. We assumed the existence of the Bernoulli distribution, which defines the number of cases (number of positive faecal samples) and controls (number of faecal samples when subtracting the number of positive faecal samples). The analysis was performed to define clusters with more E. granulosus cases than expected, which was equivalent to a one-tail statistical test. A probability was calculated for each window, and its p-value was obtained by the Monte Carlo method with 999 simulations and a 0.1% significance level using the software SatScan (https://www.satscan.org/, accessed on 3 March 2021).









Supplementary Materials


The following are available online at https://www.mdpi.com/article/10.3390/parasitologia1040025/s1, Table S1: Questionnaire to be answered by each dog owner.
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Figure 1. Dots showing the distribution of the epidemiological units sampled in rural areas from the Magallanes Region, Chile. The cluster of positive samples located in the Ultima Esperanza province is also shown. 
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Table 1. Total number of epidemiological units included in the study from rural, urban and periurban areas in the Magallanes region and number of units where E. granulosus s.s. was found in environmental dog faecal samples (based on PCR and sequencing).
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	Area
	# Epidemiological Units
	# of Environmental Dog Faecal Samples Collected
	# of Positive Units for E. granulosus s.s.
	Prevalence (%)
	p-Value





	Rural
	61
	393
	11
	18
	p < 0.0001



	Periurban
	241
	369
	1
	0.4
	



	Urban
	267
	307
	0
	0
	



	Total
	569
	1069
	12
	2.1
	







Odd Ratio = 111.32; 95% CI = 14.08 to 880.14.
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Table 2. Prevalence of E. granulosus s.s. in epidemiological units from the rural area sampled in this study according to each province of the Magallanes region in Chile.
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	Province
	# Epidemiological Units
	# of Positive Units for E. granulosus s.s.
	Prevalence (%)
	p Value
	Sheep Population [9]





	Ultima Esperanza
	16
	8
	50
	p < 0.0001
	213,746



	Tierra del Fuego
	26
	3
	11.54
	
	1,046,409



	Magallanes
	16
	0
	0
	
	944,919



	Antártica Chilena
	3
	0
	0
	
	196



	Total
	61
	11
	18.03
	
	2,205,270







Odd Ratio = 14.0; 95% CI = 3.04 to 64.48.
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Table 3. Province and code of the epidemiological units (11 from rural and one from periurban areas) where at least one environmental dog faecal sample was found to be positive for E. granulosus s.s.






Table 3. Province and code of the epidemiological units (11 from rural and one from periurban areas) where at least one environmental dog faecal sample was found to be positive for E. granulosus s.s.





	
Province

	
Epidemiological Unit Code

	
# Positive Samples for E. granulosus s.s./Total Dog Faecal Samples






	
Magallanes (periurban)

	
HOUSE1532

	
1/1 (100%)




	
Tierra del Fuego (rural)

	
TF59A63

	
1/5 (20%)




	
TF26A30

	
1/5 (20%)




	
TF157A176

	
1/20 (5%)




	
Ultima Esperanza (rural)

	
UE51A55

	
4/5 (80%)




	
UE24A27

	
3/4 (75%)




	
UE20A23

	
2/4 (50%)




	
UE71A82

	
6/12 (50%)




	
UE45A47

	
1/3 (33.3%)




	
UE28A34

	
2/7 (28.5%)




	
UE11A19

	
2/9 (22.2%)




	
UE56A63

	
1/8 (12.5%)




	

	
Total

	
25/83
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