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Abstract

The goal of this study was to assess the effect of farm size (FS) and farrowing order (FO) on the occurrence of 
endoparasites eggs in commercial sows housed in maternity and gestation areas during the period from May to July 
2014. Forty-three piglet production units were classified by FS: small (100 to 250 sows), medium (251 to 510 sows), 
large (511 to 1,000 sows) and very large (more than 1,000 sows). Sows were classified by FO: up to two, three to five 
or more than five parturitions. Faecal samples were processed using the simple flotation technique in a hypersaturated 
salt solution (30-35% NaCl). The results revealed that the overall prevalence of gastrointestinal endoparasites obtained 
in this study was 12.47%, in that 4.64% were positive for Ascaris suum, 0.56% for Trichuris suis and 8.27% for coccidia 
oocysts. The prevalence of endoparasites obtained for small and medium size farm, and for large and very large farm 
was 34.58% and 15.52%, respectively. In conclusion, the study shows that more than half of the farms were positive for 
A. suum and coccidia oocysts, but mainly for younger females. In general, sows with up to two parturitions and small 
farms showed a higher endoparasites percentage.
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Resumo

O objetivo deste estudo foi o de avaliar o efeito de tamanho de granja (TG) e a ordem de parição (OP) sobre 
a ocorrência de ovos de endoparasitas em matrizes suínas comerciais alojadas na maternidade e gestação durante o 
período de maio a julho de 2014. Quarenta e três unidades produtoras de leitões foram classificadas por TG: pequena 
(100 a 250 porcas), média (251 a 510 porcas), grande (511 a 1.000 porcas) e muito grande (mais de 1.000 porcas). 
As porcas foram classificadas por OP: até dois, três a cinco e mais que cinco partos. As amostras fecais foram processadas 
usando a técnica de flotação em solução salina hipersaturada a 30-35%. Os resultados revelaram que a prevalência 
global de endoparasitas gastrointestinais obtidos neste estudo foi de 13,59%, em que 4,64% foram positivas para 
Ascaris suum, 0,56% para Trichuris suis e 8,27% para oocistos de coccídeos. A prevalência de endoparasitas obtidos para 
fazendas de pequeno e médio porte, e para fazendas grandes e muito grandes foi de 34,58% e 15,52%, respectivamente. 
Em conclusão, o estudo mostra que mais da metade das fazendas foram positivas para A. suum e oocistos de coccídeos, mas 
principalmente para as fêmeas mais jovens. Em geral, as porcas com até dois partos e pequenas propriedades mostraram 
uma porcentagem maior de endoparasitas.
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Introduction

Production indices indicate that the Brazilian swine market 
has been growing gradually. Despite being among the best in 
the world, there is still much to develop and improve, a fact that 
presents opportunities for new scientific research and agribusiness 
development. Pig farming is a great choice from a social and 
economic point of view, since it is considered a strong activity for 
the supply of high-quality animal protein. Additionally, it provides 
raw material for cold storage industries and numerous jobs.

Some diseases can hinder satisfactory productive rates. Among 
them, gastrointestinal and pulmonary parasites receive extensive 
exploration worldwide. These diseases present health problems 
during all pig farming phases and are generally more associated 
with extensive breeding. Parasitised females are a source of infection 
for piglets via colostrum; larvae eggs attached to the skin of the 
mammary gland skin may also be ingested by the suckling piglets 
(KARAMON et al., 2007).

Despite the emphasis on the use of technology and sanitary 
management, pigs are still infected by many endoparasites even 
in locations with good management practices. In industrial 
breeding, the problems that arise from helminthiases are relevant 
and result in losses that need to be accounted for and analysed so 
that the pig industry can establish more effective control measures 
(KNECHT et al., 2011). However, since there are few studies on 
helminth infections in industrial pig farms further investigation 
is required.

In industrial breeding systems, Ascaris suum is the most important 
and prevalent helminth species in pigs (VLAMINCK et al., 2014). 
According to Pittman et al. (2010), Trichuris suis is present in 
modern pig systems, but it represents an unusual diagnosis and 
may be overlooked. In reports by Gagman et al. (2014), T. suis 
was common in store pigs but not often found in other groups. 
Some authors relate the occurrence of Eimeria spp. in pigs as an 
indicator of the hygienic state of a farm; it is particularly prevalent 
in places with poor sanitary status (KARAMON et al., 2007).

Research to assess the influence of endoparasites in pig production 
reported effects such as severe diarrhea, anorexia and growth 
performance losses (PITTMAN et al., 2010), high morbidity and 
mortality in productivity and reproductive performance of pigs 
associated with helminth infections (NISSEN et al., 2011), growth 
deficits (VLAMINCK et al., 2014) and expressive reproductive 
losses and low reproductive performance (KARAYE et al., 2016). 
Thus, the goal of this study was to assess the effect of farm size 
(FS) and farrowing order (FO) on the occurrence of endoparasites 
eggs from A. suum, T. suis and Oesophagostomum sp. and oocysts 
from Eimeria sp. in commercial sows (part of intensive production 
systems) housed in maternity and gestation sheds.

Materials and Methods

Study design

Formal ethical approval is not required in Brazil for studies 
based on faecal samples. However, informed consent was requested 
from farmers who volunteered to participate in the study, and 
all results were reported directly to farmers. The authors declare 
that they have no conflict of interest. The study was carried out 

in 43 piglet production units (PPUs) located in the cities of Pato 
Bragado, Entre Rios do Oeste, Mercedes, Toledo, Quatro Pontes 
and Marechal Cândido Rondon, located in the western part of the 
state of Paraná, Brazil, during the period from May to July 2014.

The PPUs were classified into 4 categories according to FS 
(number of sows): 23 small farms (between 100 and 250) with 
4,097 total sows, 11 medium farms (251 to 510) with 3,854 total 
sows, 6 large farms (511 to 1,000) with 4,054 total sows and 3 very 
large farms (more than 1,000) with 5,120 total sows. Overall, 
the herd size was 17,125; sows were classified by FO into three 
categories: up to two parturitions (FO1), three to five parturitions 
(FO2) and more than five parturitions (FO3).

Faecal sample collections and processing

Faecal samples were collected randomly in several regions within 
gestation and maternity sheds from 10% of the sows on small and 
medium farms (n = 400 and 384, respectively) and from 8% of 
the sows housed in large and very large farms (n = 411 and 401, 
respectively). The faeces were collected fresh into sterile specimen 
bottles with the aid of a glove and transported in isothermal boxes 
containing ice to laboratory for parasitological examination. 
The faecal samples were first examined macroscopically for any 
parasites in the laboratory before processing for microscopical 
examination. For each farm, a report was filled out with individual 
data about the properties and the sows.

Quantification of the number of eggs per gram (EPG) of faeces 
and number of oocysts per gram (OPG) of parasites in faeces was 
performed according to the technique of Gordon and Whitlock 
(modified), described by Ueno & Gonçalves (1998). Faecal samples 
were weighed (2 g) and then added to 58 mL of hypersaturated 
salt solution. Subsequently, the solution was homogenised, sieved 
with the support of gauze and an aliquot of the suspension was 
collected and used to fill the McMaster chamber. After 1-2 min, 
the suspension was observed under a microscope with a 10x 
objective and endoparasites eggs counted. The number obtained 
for each parasite was summed up in the two cells of the chamber 
and the result was multiplied by the correction factor 50 (UENO 
& GONÇALVES, 1998).

Statistical analysis

Prevalence of total endoparasite eggs, individual percentage 
of occurrence of A. suum, T. suis, Oesophagostomum spp. (O. spp.) 
and oocysts from the genus Eimeria (OEI), as well as the logarithm 
(base ten) of (EPG + 1) of faeces for A. suum (LOGEPGAS), 
T. suis (LOGEPGTS) and OPG of faeces for endoparasites from 
the genus Eimeria (LOGEPGOEI) were evaluated.

Statistical analysis was performed by adjustment the Generalised 
Additive Models for Location, Scale and Shape (GAMLSS). The 
maximum penalized likelihood method was used to estimate the 
model parameters. For characteristics expressed by binary values, 
GAMLSS was adjusted with binomial distribution and logit 
binding function: g (μ) = log (μ/1- μ). For the data expressed 
by the logarithm of endoparasite + 1 counts, the GAMLSS was 
adjusted to the zero-inflated Poisson (ZIP) distribution, which 
has the binding function g (μ) = log, for modeling of μ, and g 
(μ) = logit, for modeling of σ. The GAMLSS used was represented 
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by the systematic portion η = μ + FSi + FOj + FS * FOij, where 
μ was the effect of the general average, FSi was the effect of farm 
size classes (i = 1, 2, 3 and 4), FOj was the effect of farrowing 
order classes (j = 1, 2 and 3), FS * FOij was the interaction effect 
between the i-th FS and the j-th FO.

The significance of the coefficients associated with FS, FO and 
the interaction between FS and FO was verified with the deviance 
difference test between two models or type I analysis using the 
Wald statistic. The fit quality of the adjusted model was verified 
by the lower value of the Akaike information criterion together 
with a graphical analysis of the model residues, evaluated using 
the worm plot procedure of R program.

The observed proportions of total endoparasite eggs, A. suum, 
T. suis and oocyst coccidia related to the interaction between FS 
and FO, and which were expressed by the hierarchical effects of 
FS given FO and of FO given FS, were compared using a bilateral 
test of proportions equality with Yates’ continuity correction.

The observed averages of the log of the endoparasites counts + 1, 
related to the interaction effect between FS and FO, were compared 
by orthogonal contrasts related to the unfolding of the global 
deviance difference and the respective degrees of freedom, namely 
the chi-square statistic.

A 5% level of significance was adopted as the hypothesis for 
all statistical tests. Statistical analyses were performed using the 
procedures of the R Core Team’s GAMLSS package (R Core 
Team 2018) and SAS® University Edition software (SAS, 2019).

Results

The results revealed that the overall prevalence of gastrointestinal 
endoparasites obtained in this study was 12.47%. The prevalence 
of endoparasites obtained for small and medium size farm and for 
large and very large farm was 34.58% and 15.52%, respectively. 
From a total of 1,596 sow faecal samples, 73 (4.57%) were positive 
for A. suum, 9 (0.56%) contained T. suis and 135 (8.46%) had 
oocyst coccidia. Of the 43 farms we examined, 25 (58.14%) 
presented positive samples for A. suum, 3 (6.98%) for T. suis and 
30 (69.77%) for coccidia oocysts.

There was an interaction effect between FS and FO on the 
proportion of total endoparasite eggs (p = 0.0067). For the 
percentage of A. suum, T. suis eggs and Eimeria oocysts, the 
interaction effect between FS and FO were p = 0.0797, p = 1.0000 
and p = 0.0971. In farms with up to 1,000 sows, the incidence 
of A. suum and total endoparasite eggs was higher (p < 0.0001) 
in younger females with at most two parturitions (FO1), than in 
sows with more than two (FO2 and FO3). This result shows that 
female age inversely influences the proportion of samples positive 
for these endoparasites. The highest intensities were 19.42 ± 1.70 
(A. suum) and 38.13 ± 2.67 EPG in sows with up to two parturitions 
housed in small farms (up to 250 sows).

For this FS, we observed a significant difference (p < 0.0001) in 
the incidence of A. suum and total endoparasite eggs between sows 
classified with three to five parturitions (A. suum: 6.90 ± 1.66% 
and total endoparasite eggs: 17.24 ± 2.62%) compared to sows 
with more than five parturitions (A. suum: 0.86 ± 1.86% and 
total endoparasite eggs: 1.72 ± 2.93%) (Figure 1).

Figure 1. Observed averages of the incidence (%) of A. suum, T. suis, 
Eimeria and totals in sows according to the farrowing order and farm 
size. Observed proportions followed by different lowercase letters in 
the column for the effect of FO given FS (FO/FS), and by different 
capital letters in the row for the effect of FS given FO (FS/FO), differ 
from each other by the bilateral test of proportions equality with 
Yates’ continuity correction, at a 5% probability level. (A) = Eimeria 
oocysts incidence (%), (B) = Incidence of total endoparasite eggs 
(%), (C) = T. suis incidence (%) and (D) = A. suum incidence (%). 
FO: farrowing order, FO1: sows with a maximum of two parturitions, 
FO2: sows with three to five parturitions, FO3: sows with more than 
five parturitions.
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There were no differences (p > 0.05) in the proportions of 
A.  suum, T. suis, Eimeria oocysts and total endoparasite eggs 
among sows with different parturition orders from very large farms 
composed of more than 1,000 sows (Figure 1). There was a low 
occurrence of positive samples for T. suis in females with up to two 
parturitions (2.88 ± 0.63%) and with three to five parturitions 
(3.45 ± 0.61%) on small farms. However, these percentages were 
higher than the incidence of T. suis in females with more than 
five parturitions (0%) (Figure 1). This result indicates that there 
is a wide range of endoparasite occurrence.

Despite a p value of 0.097 for the interaction effect on the 
proportion of Eimeria oocysts, on small farms a higher proportion 
(p = 0.001) of oocysts was observed in females with up to two 
parturitions (19.42 ± 1.70%) compared to those with higher 
farrowing orders (8.97 ± 2.27 and 0.86 ± 2.54%, respectively). 
In medium farms (251 to 510 sows), females with up to two 
parturitions (15.97 ± 2.28%) had a significantly higher proportion 
(p = 0.001) of oocysts compared to females with more than five 
parturitions (5.75 ± 2.93%). Indeed, the FO effect was not 
significant (p > 0.05) for large (511 to 1,000 sows) or very large 
(more than 1,000 sows) farms. The proportions ranged from 
2.63 ± 2.56% (FO3/FS3) to 9.09 ± 2.13% for FO1/FS4 (Figure 1).

For sows that had a maximum of five parturitions (FO1 and FO2), 
the incidence of A. suum was higher (p < 0.05) for sows housed 
on small farms compared to very larger farms. This result was 
also obtained for total endoparasite eggs, considering sows with 
a maximum of two parturitions (Figure 1). For sows with three 
to five parturitions (FO2), a higher proportion (p < 0.05) of total 
endoparasite eggs was observed for sows housed on small and 
medium farms compared to sows housed on large and very large 
farms. However, if FO2 sows were included, the Eimeria oocyst 
incidence was higher (p < 0.05) for sows housed on average farms 
(11.11 ± 2.21%) than sows housed in large farms (4.05 ± 2.08%) 
(Figure 1).

No differences (p > 0.05) were found for the proportions of 
A. suum, T. suis, Eimeria oocysts and total endoparasite eggs among 
sows housed on different farm sizes, for sows with more than five 
parturitions (Figure 1). There was an interaction effect between 
FS and FO for LOGEPGAS (p < 0.01), LOGEPGTS (p = 0.007) 

and LOGEPGOEI (p = 0.074). However, for LOGEPGOEI there 
was an effect (p = 0.017) of FO (Table 1).

Discussion

Although lower occurrence rates among sows were found in 
this study, parasitism should still maintain great importance in 
intensive pig farming because it can persist on farms with good 
hygiene practices due to faecal-oral transmission between females 
and/or the lactating sow and the piglet. Additionally, eggs are 
resistant and exhibit high survival even in production systems 
with concrete floors. In addition, there are few studies that relate 
FO and endoparasite occurrence in sows. In 532 pigs examined, 
Gagman et al. (2014) reported an incidence of 9.77% for A. suum 
and 7.52% for T. suis. That A. suum incidence was 113.78% higher 
than that found in our study. Therefore, the occurrence and/or 
prevalence of a particular endoparasite is directly related to the 
production system, breeding stage and sampling site.

In addition, the lack of an effective control system would 
require more information on the epidemiological pattern, the 
availability of the new anthelmintics and the better education 
of the producers (TAMBOURA et  al., 2006). Comparatively, 
Katakam et al. (2016) found the occurrence of A. suum was 15% 
for lactating sows, a lower value than that obtained by Nissen et al. 
(2011) with growing pigs (39.6% for A. suum). It is possible that 
the greater A. suum prevalence observed compared the results of 
other surveys can be explained by the fact that the sows are housed 
in pens with entirely concrete floors, and thus they were in direct 
contact with faeces.

Several endoparasites species were recorded in pig research. 
Eggs infected by Hyostrongylus sp., Oesophagostomum spp., 
Strongyloides sp. and Trichuris sp. were reported by D’Alencar et al. 
(2011). Pinto  et  al. (2007) identified, among the helminths, 
eggs from Oesophagostomum spp., A. suum, Metastrongylus 
salmi, Macracanthorynchus hirudinaceus and T. suis. A total of 
10,000 coccidia oocysts, 1,500 A. suum eggs and one T. suis 
occurrence were identified in 200 breeding females (HOFF et al., 
2005). The high prevalence of coccidia is related to poor efficiency 

Table 1. Observed averages and standard deviation (in parentheses) of the log (LOG) of the number of helminth eggs per gram (EPG + 1) of 
feces and the log of the number of oocysts of the genus Eimeria per gram of feces (OPG) in sows according to the farrowing order and farm size1.

Item FO
Farm size (FS)

100 to 250 sows 251 to 510 sows 511 to 1,000 sows > 1,000 sows
LOGEPGAS FO1 0.504(1.055)aA 0.237(0.773)aA 0.250(0.686)aA 0.036(0.269)B

FO2 0.159(0.601)aA 0.053(0.376)bB 0(0)bC 0(0)C

FO3 0.017(0.186)b 0(0)c 0.015(0.160)b 0(0)
LOGEPGTS FO1 0.065(0.380)aA 0(0)B 0(0)B 0(0)B

FO2 0.086(0.457)aA 0(0)B 0(0)B 0(0)B

FO3 0(0)b 0(0) 0(0) 0(0)
LOGEPGOEI FO1 0.501(1.064)a 0.385(0.929) 0.180(0.646) 0.199(0.652)

FO2 0.214(0.704)a 0.251(0.736) 0.088(0.441) 0.136(0.590)
FO3 0.019(0.202)b 0.119(0.492) 0.049(0.302) 0.138(0.557)

1Observed averages followed by different lowercase letters in the column for the effect of FO given FS (FO/FS), and by different capital letters in the row for the 
effect of FS given FO (FS/FO), differ from each other by orthogonal contrasts related to the unfolding of the global deviance difference and the respective degrees of 
freedom, namely the chi-square statistic, at a 5% probability level.
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of sanitary management or a lack of sanitary management and 
adoption of biosecurity practices.

Joachim & Daugschies (2000) reported that sows are 
predominantly infected by Oesophagostomum spp., A. suum and 
Eimeria sp., with a minor proportion for T. suis, Hyostrongylus 
rubidus, Strongyloides ransomi and Isospora suis. Similarly, these 
findings corroborate with those reported in this study. Nissen et al. 
(2011) reported that Oesophagostomum spp. are favoured by high 
faecal egg excretion, and the free-living stages thrive particularly in 
moist and unhygienic conditions, similar to other endoparasites 
with a faecal-oral transmission cycle.

In our study, we did not identify any Oesophagostomum spp. 
occurrences, a finding that indicates the examined farms had 
favourable hygienic conditions for the sows. Susceptibility to 
parasitic infections may be related to the female life-cycle period 
(in this study either peri- or postpartum); that is, they were 
physiologically fragile due to birth or the piglet suckling period 
(VAZ et al., 2014).

Karaye et al. (2016) analyzed 50 faecal samples from pigs and 
obtained a prevalence of 13.5% for A. suum, while T. suis cysts and 
Oesophagostomum spp. oocyst prevalence was 2.5%. The authors 
attributed the high recorded prevalence to inadequate measures 
of animal husbandry and biosecurity, and differences in helminth 
prevalence may also be associated with differences in environmental 
conditions, stocking rate and the nature of the immunity status 
of the diet. These results differ from those obtained in our study 
because all the farms presented a biosecurity system. According 
with the authors, the low prevalence of intestinal endoparasites 
may be the result of effective farm management practices, such 
as daily cleaning and pen disinfecting, high-quality commercial 
foods and the use of effective anthelmintic drugs at the right time.

The susceptibility of young females to A. suum, especially 
on small farms, was greater from birth until about four months, 
common in growing pigs, but subsequently decreased, a possible 
reason why the endoparasites were infrequent in animals older than 
two years (THAMSBORG & ROEPSTORFF, 2003). This fact 
explains why the sows with greater farrowing order and/or older 
presented lower susceptibility. The infection percentage becomes 
more discreet as the sow age increases. Ascariasis in farms depends 
mainly on pigs aged between three and six months. Deworming 
medication-based treatment becomes of the utmost importance 
for newly acquired gilts on the properties where they are housed 
(FRONTERA et al., 2005).

In contrast to our research, Sowemimo et al. (2012) reported 
a prevalence of 11.1% for A. suum in 271 pigs examined in the 
Nigeria. In addition, the prevalence of intestinal endoparasites was 
higher in male (45.0%) than in female (30.4%) pigs. The A. suum 
prevalence may be as a result of ineffective anthelmintic administered 
on farms of origin before transport to the final destination, and 
action which can consequently lead to farm contamination. It is 
possible that sows raised on small farms received lower anthelmintic 
control compared to other farms because they showed a highest 
endoparasites prevalence.

With regards to the T. suis incidence, there are few reports 
in the literature of its occurrence in sows because of inefficiency 
or inability to identify them with the techniques normally used, 
difficult access to animals in contaminated areas or due to very 

low occurrence. The above reasons could explain our results, where 
the endoparasite was only identified in 3 of 43 farms. Indeed, 
Perfetti et al. (2013) reported a T. suis prevalence of 1.68%.

An incidence of 0.2% for T. suis, 1% for Strongyloidea and 3.4% 
for Hyostrongylus sp. was obtained from faeces samples from finishing 
pigs raised on farms with technology. These positive percentages 
were lower (p < 0.05) compared to the respective incidences from 
pigs raised on subsistence farms (D’ALENCAR  et  al., 2011). 
The authors reported that the frequency of these endoparasites 
was directly related to handling, hygiene and worming and on 
the floor type.

The T. suis prevalence may result from the ability of the eggs 
to survive for a long time in the environment (PITTMAN et al., 
2010). It is also possible that the variation between the surveys 
reflects an effect of weather extremes and hygiene conditions that 
may have favored or impaired eggs (KATAKAM et al., 2016). 
The low current incidences and faecal egg counts were different 
to those reported in a previous survey carried out by Lai et al. 
(2011) in intensive system farms in the China with 20.25% 
(A.  suum), 6.54% (T. suis) and 13.40% (Oesophagostomum spp.), 
and 11.84% for Eimeria spp.

According to Gagman et al. (2014), this can be attributed 
because young pigs that are still suckling or weaned have greater 
immunity to parasitic infections than adults. This fact is related to 
the antibodies that are provided in the female pig milk during the 
suckling phase. Later, the older female pigs have a health condition 
due to acquired immunity towards gilts, which is indicative of the 
results found in our study regarding the farrowing order.

Nejsum et al. (2009) reported that in infected herds, growing 
young pigs have the highest prevalence, while the sows are rarely 
infected. Independent of FS, the absence of T. suis in sows with 
more than five parturitions was unexpected, since the eggs are 
very resistant in the environment and can remain viable for 
more than two years in pastures and six years in rural facilities 
(RADOSTITIS et al., 2007). Although they infect pigs of all ages, 
these nematodes are more frequent in animals aged less than six 
months (ALCAIDE et al., 2005), which is in accordance with 
our findings.

Research on Eimeria prevalence in pig production is old and 
requires further investigation. This prevalence is related to a lower 
level of hygiene on the farm. In our study we verified that the 
prevalence of Eimeria is directly related to the farrowing order 
and farm size. Karamon  et  al. (2007) found oocysts of I.  suis 
and Eimeria spp. in 18 (6.7%) and 16 (6%) of the 267 sows 
examined, respectively. Endoparasites of the genus Eimeria present 
a cosmopolitan distribution, and it is estimated that 60 to 90% 
of pigs are carriers (CORDERO DEL CAMPILLO & ROJO 
VÁSQUEZ, 1999). The diseases occur mainly in young animals, 
but parasitism is frequent in adults (RADOSTITIS et al., 2007).

Overall, there is a need for combined efforts to control 
endoparasite infections in pig study areas for the ideal production 
of pigs. Although there was a low endoparasite prevalence in 
sows, at least one endoparasites species was detected at all farms, 
a finding that demonstrates the persistence of parasitism in the 
breeding units.

In conclusion, the results of this study suggest that sows with 
a maximum of two parturitions housed on small farms, composed 
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of 100 to 250 sows, have a higher incidence of endoparasites 
than sows with a higher farrowing order housed on farms with 
more than 250 sows. Small and medium sized farms presented 
a higher percentage of endoparasites compared to large and very 
large farms. Therefore, there is a need for combined handling to 
control endoparasite infections in sows for better production.
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