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ABSTRACT

Parasitism by intestinal nematodes may cause serious injuries to equines affecting their
performance, given that the parasites compete for food and cause irritation, internal bleeding
and anaemia. The diagnostic methods currently available are not efficient in detecting all the
species of parasites simultaneously, hampering reliable diagnosis. Therefore, the purpose of
this study was to evaluate four diagnostic methods for detecting equine intestinal parasites
in the southern hinterland of Pernambuco, Brazil. Fecal samples (n = 87) were collected and
examined through flotation based methods (Willis-Mollay, modified centrifugal flotation and
EPG/OPG) and sedimentation (Hoffman). Of the total number of samples examined, 77.0%
(67/87) were positive by modified centrifugal flotation; 44.8% (39/87) were positive by the
Willis-Mollay method; 34.5% (30/87) by the Hoffman method and 28.7% (25/87) by the EPG/
OPG method. The Kappa index indicated moderate concordance between the Willis-Mollay
and modified centrifugal flotation techniques (K= 0.477); Willis-Mollay and EPG/OPG (K=
0.466); EPG/OPG and Hoffman (K= 0.425). In conclusion, modified centrifugal flotation
presented high sensitivity for detection of parasites of the Strongylida order and Parascaris
spp. It may, therefore, be used in association with the Willis-Mollay technique as a safe and
accurate method of diagnosis.
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INTRODUCTION

Brazil has a herd of 5.3 million equines, of which 1.2 million animals
are in the northeast of the country (IBGE, 2016). These herbivores are affected
by a number of helminths such as small strongyles or cyathostomes (e.g.
Cyathostomum spp. and Cylicostephanus spp.), large strongyles (e.g. Strongylus
vulgaris, S. equinus and S. edentatus), as well as Parascaris equorum,
Oxyuris equi, Strongyloides westeri, Trichostrongylus axei, Habronema spp.,
Dictyocaulus arnfield and Anoplocephala spp. (Barbosa et al., 2001; Molento,
2005).
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These helminths are worrying to breeders due to their high incidence
affecting growth, weight gain and animal performance (Marbach, 1975;
Ogbourne, 1978). There are few studies related to diseases caused by helminths
in these animals (Aragjo et al., 2008). It is important to highlight that little or
no knowledge regarding the correct use of chemical compounds by owners and
workers often results in considerable economic losses.

Most of the nematodes mentioned above are pathogenic, due mainly
to bloodsucking and injuries caused by migration and inflammatory reaction
at the parasitism sites (Jesus, 1963; Reddy et al., 1976; Slocombe, 1985). This
damage may vary from injuries to vital organs in the digestive system, to
serious disturbances in the enzymatic and hormonal processes in these animals.
In addition, there is infection caused by cestodes risking ileum compaction
and cramps, mainly Anoplocephala perfoliata, which causes inflammatory
damage to the ileocecal valve, causing ulcerations of the mucosa (Proudman
and Edwards, 1993).

Nowadays, some diagnostic methods used present low sensitivity
hampering the correct diagnosis of these parasites. In fact, they are not effective
regarding the simultaneous detection of all species of helminths. Therefore,
studies are necessary to increase diagnostic methods (Almeida et al., 2008;
Forlano et al., 2012; Ferreira et al., 2014; Quadros et al., 2014). For these
reasons, the present study aims to evaluate four diagnostic methods (Willis-
Mollay flotation; EPG/OPG; modified centrifugal flotation and Hoffman, Pons
and Janer spontancous sedimentation) for detection of eggs and/or oocysts of
intestinal parasites in horses.

MATERIAL AND METHODS

Study area

The study was conducted in the southern hinterland of Pernambuco,
Brazil, specially in the municipalities of Capoeiras (Latitude 08°44’13” South
and Longitude 36°37°36” East); Garanhuns (Latitude 08°50°19” South and
Longitude 36°28°12” East) ); Jucati (Latitude 08°44°13” South and Longitude
36°25’44” East); Lajedo (Latitude 08°34°33” South and Longitude 36°37°07”
East); Sdo Jodo (Latitude 08°52°35” South and Longitude 36°26°55” East);
Brejao (Latitude 09°01°48” Southand Longitude 36°34°02” East) and Bom
Conselho (Latitude 09°10°11” South and Longitude 36°40°47” East).

Sample collection

From August 2014 to July 2015, equine fecal samples (n = 87) were
directly collected from the rectal ampule of the animals. The number of samples
per municipality were the following: Capoeiras (n = 11), Garanhuns (n = 15),
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Jucati (n = 11), Lajedo (n = 18), Sao Joao (n = 11), Brejao (n = 10) and Bom
Conselho (n = 11). Samples were placed in plastic bags, identified and stored in
isothermal boxes at 4° C for subsequent laboratorial processing. The collection
was performed regardless of sex or breed and in animals ranging from two to ten
years of age. One collection per animal was performed, which was subdivided in
four parts to be used in each of the methods.

Laboratorial processing

The samples were analysed via four different methods for detection of
eggs and oocysts: 1) The Willis-Mollay qualitative method of simple flotation
(Willis, 1921); 2) flotation and counting of eggs and oocysts per gram of feces
(EPG/OPG) in a MacMaster chamber applying the Gordon and Whitlock
method (1939) using 2g of feces multiplying the average results by a correction
factor of 100; 3) modified centrifugal flotation using a sugar saturated solution
according to Martins et al. (2003) and 4) Hoffman, Pons and Janer spontaneous
sedimentation (Hoffman et al., 1934). Subsequently, the material was transferred
to microscope slides (1 slide for each technique), stained with a lugol solution
(2%), covered with coverslips and examined through an optic microscope at 10
and 40X magnifications. The identification of eggs and/or oocysts detected was
performed according to Taylor (2010).

Data analysis

A descriptive statistical analysis was performed on the data obtained.
The Kappa concordance analysis was applied to compare the diagnostic methods
used in this study. The Kappa values were interpreted according to Landis and
Kock (1977). The Willis-Mollay method was used as Gold Standard for the
calculation of sensitivity, specificity, positive predictive value (PV+) and negative
predictive value (PV-). The 5.0 version BioEstat software for microcomputers
was used for the statistical calculation (Ayres et al., 2000).

The present study was submitted to the Ethics committee for the use of
animals (ECUA) and was registered under number 23082.009734/2013-19 with
licence number 028/2014.

RESULTS

79.3% (69/87) of the samples analysed were positive in at least one of
the tests. 77.0% (67/87) of the positive samples were detected by the modified
centrifugal flotation method; 44.8% (39/87) by Willis-Mollay; 34.5% (30/87) by
the Hoffman method, and 28.7% (25/87) by the EPG/OPG method. The overall
results regarding simple infections and co-infections noted in each method are
presented in Table 1.
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Table 1. Simple infections and co-infections detected in equine fecal samples
from the Meridional Agreste of Pernambuco using four diagnostic methods.

. Frequency
Method Parasites %)
Simple
flotation Strongylida 437 (38/87)
(Willis- & '
Mollay, 1921)
Parascaris spp. 1.1 (1/87)
EPG/OPG
(Gordon and .
Whitlock, Strongylida 27.6 (24/87)
1939)
Parascaris spp. 1.1 (1/87)
Spontaneous
sedimentation .
Hoffman (et Strongylida 19.6 (17/87)
al., 1934)
Parascaris spp. 4.6 (4/87)
Eimeria spp. 2.3 (2/87)
Anoplocephala spp. 1.1 (1/87)
Strongylida + Parascaris spp. 4.6 (4/87)
Strongylida + Eimeria spp. 2.3 (2/87)
Modified
centrifugal
flotation Strongylida 52.9 (46/87)
(Martins et
al., 2003)
Parascaris spp. 4.6 (4/87)
Eimeria spp. 1.1 (1/87)
Oxyuris spp. 1.1 (1/87)
Strongylida + Parascaris spp. 12.6 (11/87)
Strongylida + Eimeria spp. 1.1 (1/87)
Strongylida + Parascaris spp. + Eimeria spp. 2.3 (2/87)
Strongylida+ Parascaris spp. + Anoplocephala spp. 1.1 (1/87)
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Table 2. Absolute and relative frequency, average number of eggs and standard
deviation of gastrointestinal parasites in equine fecal samples from the

Southern Hinterland, PE.

Strongylida Parascaris spp. Total (N)
Willis-Mollay
AF (n) 1037 5 1042
Min 0 0 -
Max 187 5 -
x+SD 11.914£33.0 0.05+0.53 -
RF (%) (0/N) 99.52 0.48 100.00
EPG/OPG
AF (n) 17100 100 17200
Min 0 0 -
Max 2200 100 -
x+SD 196.55+476.04 1.14+10.72 -
RF (%) (0/N) 99.41 0.59 100.00
Hoffmann
AF (n) 148 25 173
Min 0 0 -
Max 35 6 -
x+SD 1.70+4.73 0.28+1.10 -
RF (%) (n/N) 85.54 14.46 100.00
Modified centrifugal
flotation
AF (n) 13971 156 14127
Min 0 0 -
Max 2200 72 -
x+SD 160.58+314.15 1.79+8.33 -
RF (%) (n/N) 98.89 1.11 100.00

Legend: n — number of eggs; N — total number of eggs; AF — absolute frequency; RF — relative

frequency; X - average; SD — Standard deviation.
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Strongylida and Parascaris spp. parasites were the most frequently
detected helminths. The average number of eggs detected through all methods
is shown in Table 2.

Kappa analysis yielded the following results: Willis-Mollay against
EPG/OPG (K=0.466; p<0.001): moderate concordance. Willis-Mollay against
Hoffman (K= 0.337 p<0.001): considerable concordance. Willis-Mollay
against centrifugal flotation (K= 0.447 p<0.001): moderate concordance.
EPG/OPG against Hoffman (K= 0.425 p<0.001): moderate concordance.
EPG/OPG against centrifugal flotation (K= 0.293 p<0.001): considerable
concordance. Hoffman against modified centrifugal flotation (K= 0.240
p<0.001): considerable concordance. The values of sensitivity, specificity,
predictive positive value (PV+), predictive negative value (PV-) and accuracy
are presented in Table 3.

Table 3. Evaluation of the EPG/OPG, Hoffman and modified centrifugal flotation
methods in relation to Willis-Mollay (Gold Standard) for the diagnosis of

gastrointestinal parasites found in equine fecal samples, Meridional Agreste, PE.

EPG/OPG Hoffman Modified cefntrlfugal
flotation
. Parascaris . Parascaris . Parascaris
Strongylida Strongylida Strongylida

gy spp. 2y spp. gy spp.
Sensitivity  55.0% 0.0% 47.0% 0.0% 97.0% 100.0%
Specificity 92.0% 99.0% 90.0% 95.0% 45.0% 80.0%
Predictive ¢4 0y 0.0% 78.0% 0.0% 51.0% 6.0%
Value (+)
Predictive 5 o, 99.0% 69.0% 99.0% 96.0% 100.0%
Values (-)
Accuracy 76.0% 98.0% 71.0% 94.0% 64.0% 80.0%
DISCUSSION

In this study, four different parasitological diagnostic methods (Willis-
Mollay flotation, Gordon and Whitlock (EPG/OPG), Hoffman, Pons and Janer
spontaneous sedimentation and modified centrifugal flotation) were evaluated.
The results proved distinctive according to each of the techniques, especially
considering positivity, namely 77.0% (67/87), 44.8% (39/87), 34.5% (30/87)
and 28.7% (25/87) applying the modified centrifugal flotation, Willis-Mollay,
Hoffman and EPG/OPG methods respectively.

The differences noted may be related to specific characteristics
presented by each method (Table 1). The Strongylida order parasites were the
most frequently detected, regardless of the method used, followed by Parascaris
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spp., Anoplocephala spp. and Oxyuris spp. Similar results were obtained in a
previous study in which a large number of animals infected by parasites of the
Strongylida order were observed (Forlano et al., 2012; Quadros et al., 2014).

The diagnosis of Anoplocephala spp. and Eimeria spp. was only possible
by the sedimentation and modified centrifugal flotation methods. On the other hand,
Parascaris spp. was the most common parasite detected using the Hoffman method
(14.5%). A previous study performed in the South of Minas Gerais, detected low
parasite frequencies by the EPG/OPG method. The disparity observed in the
number of analysed samples in both studies may likely have influenced the final
result (Rosa, 2014).

It is important to highlight the high number of eggs detected in some
samples. For instance, Strongylida and Parascaris spp. eggs (2200 and 100)
and (2200 and 72) detected respectively via EPG/OPG and centrifugal flotation,
revealed that these animals presented high parasitism, reinforcing the importance of
using these methods for diagnosing equine intestinal parasites.

Considering the Willis-Mollay method as Gold Standard, the modified
centrifugal flotation method presented high sensitivity (97.0%) to Strongylida and to
Parascaris spp. (100.0%) indicating that this method is the best in comparison with
the Hoffman and EPG/OPG methods which presented low sensitivity for detecting
Strongylida eggs (47.0% and 55.0%), respectively. These findings corroborate
those described by Martins et al. (2003), where a 96.0% sensitivity was noted.
Although the EPG/OPG technique, when compared to Willis-Mollay presented
moderate concordance (K=0.466) the sensitivity of this method to Strongylida was
low (55.0%).

The results pointed to a higher reliability regarding the identification of
infection by intestinal parasites in the modified centrifugal flotation method, which
also detected parasitism by Oxyuris spp., not noted in the other methods. According
to Almeida et al. (2008) the centrifugal flotation method is better regarded than the
simple flotation technique, due to its superior sensitivity and specificity.

The variation between the methods according to the Kappa values was
0.24 to 0.46 interpreted as “considerable” to “moderate” concordance respectively,
indicating the need for parallel tests, in order to enhance the diagnosis of Strongylida
and Parascaris spp. In general, the Willis-Mollay and centrifugal flotation methods
proved accurate when used simultaneously, detecting a higher number of eggs of
the Strongylida order and Parascaris spp.

In this context, the use of more than one method for fecal parasitological
diagnosis is recommended, since the use of only one technique might not reveal the
true parasitism, especially considering that, in many cases the animals present co-
infections.

In conclusion, the modified centrifugal flotation method presented high
sensitivity to parasites belonging to the Strongylida order and to Parascaris spp. and
may be used in association with the Willis-Mollay method for reliable diagnosis.
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