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ABSTRACT

The aim of the study was to determine the seroprevalence of Toxoplasma gondii infection in domestic pigs in Villa Clara, central region of Cuba, and to evaluate some risk factors associated with the infection. Serum samples from 420 (210 sows, 210 pre-fattening pigs) pigs, from the seven porcine breeding farms of the province were tested for antibodies against T. gondii by indirect enzyme-linked immunosorbent assay (iELISA). Antibodies to T. gondii were detected in 66 pigs of 420 pigs tested (15.71%, 8.10% in pre-fattening pigs and 23.3% in sows). The herd prevalence was 100% and significant differences were evident within-Farm prevalence (Chi2=20.35, P<0.01) which ranged from 6.67% to 31.67%. A generalized estimating equations model indicated that the risk factors associated with T. gondii seroprevalence were: age, sows compared to pre-fattening pigs (OR=3.567; 95% CI=1.979–6.463) and altitude (OR=2.565; 95% CI=1.469–4.480). This is the first study documenting the seroprevalence of T. gondii infection of pigs in Villa Clara. These results indicated widespread exposure to T. gondii among domestic pigs in Villa Clara, as well as may contribute to the development of optimal preventive measures against T. gondii infection in domestic pig farms to avoid the Toxoplasma gondii infection in humans.
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Introduction

Toxoplasmosis is one of the most important zoonotic parasitic diseases, caused by the obligate intracellular protozoan Toxoplasma gondii, which is capable of infecting all warm-blooded animals including humans (Dubey et al., 2012). It is estimated that one-third of the world's population is chronically infected with T. gondii (Behnke et al., 2016). Toxoplasmosis is usually asymptomatic in the general population. However, cases of severe acute disseminated toxoplasmosis in immunocompetent human patients are often reported in South America (Dardé et al., 2014). 
T. gondii is a food safety hazard which causes a substantial human disease burden and cost-of-illness. It is the third greatest common reason of fatal food-borne infection in United States (van Asseldonk et al., 2017). Among food, consumption of raw, undercooked or cured meat products containing tissue cysts is a relevant route of transmission with human toxoplasmosis.  Pork is one of the foremost meat types associated with outbreaks of acute toxoplasmosis in humans. Viable T. gondii tissue cysts have been isolated from tissues, meat and hams of pigs naturally and experimentally infected with T. gondii (Herrero et al., 2017).
Villa Clara is the major pork producer province in Cuba. In 2017, pork production reached over 35 400 t. This level of production places it in the main supplier of pork in the country (ONEI, 2017). There are few studies on Toxoplasma gondii seroprevalence in humans and animals in Cuba reported to national and international literature (Navarrete et al., 2017). The seroprevalence and some risk factors associated with the Toxoplasma gondii epidemiology in cats (Grandía et al., 2012), and dogs (Navarrete et al., 2017) in the western region of the country have been investigated, however, no studies have been reported in domestic pigs in Cuba.

The objective of this study is to determine the seroprevalence and risk factors associated with Toxoplasma gondii epidemiology in domestic pigs in Villa Clara, central region of Cuba.

Materials and methods

Research design. 

A cross-sectional epidemiological study was designed that included the seven breeding farms of the Villa Clara’s Porcine Company. These farms were identified with letters from A to G, whose distribution by municipalities is as follows: Santa Clara (A), Camajuaní (B), Manicaragua (C, D, F), Remedios (E) and Cifuentes (G). Of the farms analyzed, large farms were considered, Units B and G with more than 1 500 sows, with the rest of the farms being considered small with no more than 500 sows. The sample size was calculated assuming a 50% expected prevalence, 5% absolute accuracy and a 95% confidence interval. For this calculation is used the formula n = 1.962 * Pexp * (1-Pexp)/d2   where n is the sample size, Pexp Expected Prevalence and d2 absolute precision (Thrusfield et al., 2018).
A total of 5 explanatory variables were included in the investigation to provide information on exposure levels to potential risk factors. The variables to know were: age (pre-fattening pig and sow), farm size (big and small), offspring per birth (<9 and >10), pre-fattening sex (male and female) and altitude (<199 meter above sea level (m.a.s.l) and >200 m.a.s.l). It is important to note that in all the farms, the genotype of the sows and pre-fattening pigs were York Land and York Land X CC21 respectively. In all the farms, both sow and pre-fattening pigs were in plastic slat floor.

Sample collection and serological survey. 

Blood samples were collected from a total of 420 pigs. The sample number collected in each farm was calculated by dividing the global number of samples to be collected among seven pig farms, giving a value per farm of 60 samples per unit. In each farm, 30 sows were randomly selected and 30 pre-fattening pigs divided into equal parts in terms of sex, with ages between 38 and 41 days old.

Serological examination

All individual animal blood samples (about 10 mL) from pre-fattening pigs and sows were obtained by puncture in the ocular venous sinus. Blood samples were then centrifuged at 4 800 x g for 10 min. Serum was separated, and stored  at −20 ◦C until tested.  

Serum samples were tested by in-house competitive enzyme linked immunosorbent assay (ELISA) for detect antibodies (IgG) against T. gondii. This ELISA use whole tachyzoites as antigen. Serum samples were analyzed at a dilution of 1:40, and results were expressed in inhibition positivity percentages (iPP). iPP were obtained through equation:

Sample iPP=(sample OD/negative control OD)*100 where, OD is Optical Density.

The OD was measured at 492 nm within 15 min in spectrophotometer (Biochrom® Anthos 2010 Microplate Reader, Harvard, Massachusetts, USA). The cut-off values recommended by manufacture were 20%. Cut-off values between 15% and 20% were considered weak positive. This ELISA under these conditions have shown a relative sensitivity and specificity of 100% and 97.62% respectively, as well as a concordance index (Kappa index) of 97% (Grandía et al., 2013). 
Statistical analysis.

T. gondii crude seroprevalence per individual farms was calculated by dividing the total positive results of each farm among the total tested animals with a 95% confidence interval. A similar procedure was used to calculate T. gondii seroprevalences in sows and pre-fattening pigs. These calculations were made with Win Epi 2.0 a collaborative web platform (WinEpi 2.0, Zaragoza University Veterinary Faculty, Spain). Seroprevalence values obtained from individual farms were compared through ANOM proportion comparisons of with Statgraphics v 15 software (Statgraphics Technologies, Inc. The Plains, Virginia, USA). 
Association between explanatory variables and seropositivity for T. gondii was tested in three steps. First, a bivariate chi-square test was performed to obtain the relevance of the explanatory variables in the risk of a pig being T. gondii seropositive. All variables with a P-value < 0.20 in the bivariate analysis were selected as potential risk factors. Secondly, in order to detect collinearity problems, Spearman bivariate correlations between pairs of variables was computed. When collinearity between variables was detected (P-value < 0.05), only the variable more clearly linked to T. gondii from an epidemiological point of view was retained. In the third step, the effect of the exploratory variables previously selected on the response variable (seropositivity to T. gondii) was investigated using a generalized estimating equations model (GEE). The number of seropositive animals was assumed to follow a binomial distribution and both farm and altitude were included as random effects. Biologically plausible confounding factors were tested using Mantel–Haenszel analysis and confounding was considered to be potentially significant if odd ratios shifted appreciably. Changes in the Odds Ratios (OR) greater than 30% were considered indicative of confounding. The statistical analyses were performed using SPSS v22.0 software (SPSS Inc., Chicago, IL, USA).

Results

In the present study, antibodies against Toxoplasma gondii were detected in 66 of 420 pigs tested, which implies an overall seroprevalence of (15.71%; 95% CI: 12.23-19.19). Sows and pre-fattening T. gondii seroprevalences from different farms were 23.33% (49/210; 95% CI: 17.61-29.05) and 8.10% (17/210; 95% CI:4.41-11.78) respectively. Significant differences were detected within-Pre-fattening pigs seroprevalence (Chi2=24.97, P<0.001) which ranged from 0% to 30%, whereas no significant differences were identified within-Sows seroprevalence (Chi2=8.57, P>0.05), varied from 10% from 33.33%. 

Farm and region prevalences were 100% and significant differences were evident within-Farm prevalence (Chi2=20.35, P<0.01) which ranged from 6.67% to 31.67%, whereas no significant differences were detected within-Region prevalence (Chi2=7.93, P>0.05), varied from 6.67% to 20%. 

A total of 3 explanatory variables were selected from the bivariate analysis (P<0.20) (Table 1). In the bivariate analysis, statistically significant differences (P<0.05) were observed in T. gondii seroprevalence and age (higher seroprevalence in sows versus pre-fattening pigs), and altitude (>200 compared to <199).
The variables, up to a total of 3 explanatory variables, that showed P-values<0.20 in the bivariate analysis, were also included in the GEE model. The model showed that the main risk factors associated to T. gondii seroprevalence were: age (sows compared to pre-fattening pigs) (OR=3.576; 95 % CI=1.979–6.463) and altitude (higher seroprevalence in >200 versus <199) (OR=2.565; 95 % CI=1.469–4.480) (Table 2). 
Discussion

Seroprevalence of T. gondii in pigs is highly variable among countries and regions within the same country. Researches conducted in different countries indicate a seroprevalence in pigs from 0.4% to 90.4% (Herrero et al., 2017). Seroprevalence of T. gondii varied dramatically among the classes of pigs surveyed (market pigs versus sows, indoor pigs from biosecure housing systems versus free-range). The higher seroprevalence in sows compared with market age pigs is epidemiologically relevant with respect to transmission of T. gondii (Dubey, 2009).  

This is the first report of seroprevalence and some risk factors associated with the Toxoplasma gondii epidemiology in domestic pig farms in the central region of Cuba. The results showed that T. gondii infection is widespread in pigs raised in Villa Clara, with the highest seroprevalence values in sows and mountainous farms (altitude 350 m.a.s.l). 

The overall seroprevalence found in our study (15.71%) is the same magnitude as found in pigs from other Latin America regions such as Mexico (13% - 17.2%) (Alvarado-Esquivel et al., 2015, 2012), Brazil (19.5%) (Feitosa et al., 2014), and Colombia (15.3%) (Cañón-Franco et al., 2014); also similar to those reported by some authors in the USA (17.7%- 23%) (Hill et al., 2014), and in some European countries with seroprevalence values ranging from 5.2% to 28.9% (García-Bocanegra et al., 2010). 

With regard to the risk factors considered, the results of the multivariate logistic regression model showed that age and altitude were significantly related to the presence of T. gondii-positive domestic pigs. These results coincide with the presented by several previous epidemiological studies (Djokic et al., 2016; Papatsiros et al., 2016). 

Regarding altitude, there was not a wide variation in T. gondii seroprevalence levels among farms, but statistically significant differences were observed between F farm and remaining surveyed farms. These results could be due to the fact that F farm is the only one located at an altitude higher than 350 m.a.s.l., coinciding with reports made by several researchers in different regions of the world (Papatsiros et al., 2016; Alvarado-Esquivel et al., 2012). These results could probably be explained because F farm is located in a region where the flora, fauna, relief and behavior of meteorological variables are different from remaining zones where the rest of the pig farms are situated. Previous epidemiological studies have highlighted that environmental conditions are important for oocyst survival. Moist conditions can increase oocyst survival during long periods of heat, which likely accounts for the high prevalence in tropical countries of South America and Africa (Robert-Gangneux and Darde, 2012). Climatic conditions (high temperatures, medium precipitation and medium relative humidity) have been significantly related to higher Toxoplasma gondii seroprevalence levels in domestic pig farms, as well as favors oocysts survival and sporulation in the environment, thus facilitating T. gondii spread and maintenance (García-Bocanegra et al., 2010). 
Age was another risk factor in our study. Sows had the highest prevalence (23.3% versus 8.1% in pre-fattening pigs). The higher T. gondii seroprevalence observed in sows compared to pre-fattening pigs is in accordance with those previously reported for several authors as an indication of increased contact with age and to lifelong persistence of antibodies (Djokic et al., 2016; García-Bocanegra et al., 2010; Hill et al., 2014). 

In conclusion, this is the first study documenting the seroprevalence of T. gondii infection of pigs in Villa Clara, central region of Cuba. These results indicated widespread exposure to T. gondii among domestic pigs in Villa Clara. Higher exposure was related to age and altitude, with the highest seroprevalence levels observed in sows and farms located on the mountain (altitude > 300 m.a.s.l.). Therefore, these variables constitute risk factors associated with the epidemiology of T. gondii in the province. These results may contribute to the development of optimal preventive measures against T. gondii infection in domestic pig farms to avoid the Toxoplasma gondii infection in humans.
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Annex
Table 1. Explanatory variable selected from bivariate analysis and included in the generalized estimating equations model.
	Variable
	Exposure Level
	Number/Overall
	% ELISA Positive
	OR
	 95 % C.I.
	Chi-square
	P-Value

	Age
	Sows
	49/210
	23
	3,455
	1,915-6,233
	18,408
	0,000

	
	Pre-fattening pigs
	17/210
	8,1
	
	
	
	

	Altitude
	< 199 m.a.s.l
	30/120
	25
	2,44
	1,424-4,196
	10,937
	0,001

	
	>200 m.a.s.l
	36/300
	12
	
	
	
	

	Offspring per births
	<9
	11/32
	34,38
	1,93
	0,856-4,350
	2,573
	0,109

	
	>10
	38/140
	27,14
	
	
	
	


Table 2. Results of the generalized estimating equations model of risk factors associated to T. gondii seroprevalence in pig farms in Villa Clara, central region of Cuba.

	Variable
	β
	OR
	95 % C.I.
	P-Value

	Age
	1,274
	3,576
	1,979-6,463
	0,000

	Location
	0,942
	2,565
	1,469-4,480
	0,001
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