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Stephanurus dentatus is a nematode that parasitizes the urinary tract of domestic and wild Suidae, especially in
tropical areas. However, there is a lack of information about stephanurosis in wild boar (Sus scrofa), thus making
it necessary to develop sensitive techniques with which to diagnose this pathogen in order to carry out further
research. In Spain, the high prevalence of this nematode has been evidenced in Donana National Park (DNP). The
objective of the present work is twofold. The first is to compare the efficacy of three parasitological techniques to
detect S. dentatus eggs in the urine of infected wild boar: (i) gravity sedimentation, (ii) sedimentation by
centrifugation, and (iii) flotation techniques, while the second is to determine whether the quantification of eggs
can serve as an indicative value of the host’s parasite intensity. In order to accomplish these purposes, 27 wild
boars from DNP were necropsied, and the urinary system of each animal was examined in order to determine
parasite intensity. While all the aforementioned techniques can be used to detect eggs in urine, the most effective
in terms of egg quantification are sedimentation by gravity and by centrifugation, as they allow a greater number
of S. dentatus eggs to be detected. However, none of the results obtained with these techniques significantly
correlated with the number of adult nematodes parasitizing the host, signifying that counts in urine can provide

guidance on only the parasite intensity of wild boar.

1. Introduction

Stephanurosis is a parasitic disease of great significance that is
widely distributed in domestic and wild Suidae (Stewart et al., 1964)
and is caused by Stephanurus dentatus (Diesing, 1839), a nematode
known as the pig’s kidney worm. Adult nematodes are located in cysts
and nodular granulomatous lesions in the perirenal fat, ureters and
kidney (Morosco et al., 2017). The clinical signs are rare, but it has been
shown that pigs with high parasite intensities can be harmed owing to
the destruction of the functional tissue of the kidney (Hale and Marti,
1983). This can lead to the retention of metabolic waste, which results in
a poor appetite and, therefore, a loss of weight and weakness in the
infected animal (Islam et al., 2015). This nematode has principally been
reported in tropical and subtropical countries, and is particularly com-
mon in pigs reared in traditional free-range production systems (Batte
et al., 1960; Waddall, 1969). Although S. dentatus is mainly present in
tropical areas, it has also occasionally been detected in different areas of
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the Iberian Peninsula (Cadiz, Granada, Madrid and Portugal) (Cordero
del Campillo et al., 1994). However, there is a lack of information about
S. dentatus in wild boar (Sus scrofa), and its distribution and prevalence
in wildlife, therefore, remain unknown. In a recent study conducted in
several populations of wild boar in South-central Spain, infection was
evidenced only in wild boar from Donana National Park (DNP), with a
remarkably high prevalence (76.5%), suggesting a clustered distribution
of this parasite (Moratal et al., 2018). However, since this is the single
epidemiological study of stephanurosis conducted in wild boar in
Europe, additional research is needed to clarify the role of wild boar as
potential reservoir of S. dentatus for domestic pigs. In fact, there are large
extensions of Iberian pig farms near DNP that are extensive systems.
Although S. dentatus has never been identified as a problem for the pig
industry in the Iberian Peninsula, the wild boar is a reservoir of many
diseases that are potentially transmissible to the domestic pig, since
there is a flow of pathogens between these two sympatric species
(Gortazar et al., 2007). Stephanurosis might, therefore, imply an
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important health problem that could be highly relevant in specific areas.

Precise diagnosis is a fundamental element when studying the
various epidemiological and health aspects of different parasitosis in
order to implement surveillance, control and preventive programs.
Endo-macroparasite infections in wildlife can be investigated by
employing post-mortem examination when the sampling of dead animals
is feasible. However, the diagnosis of nematode infections in living hosts
relies mostly on non-invasive methods to detect the presence of eggs or
larvae in host excreta, such as feces or urine. Individual intensity mea-
sures through the use of non-invasive methods can provide important
information on nematode distribution throughout the host population,
such as transmission rates or seasonal host-parasite interactions in
wildlife, thus increasing our understanding of parasite epidemiology
(Arneberg et al., 1998; Cattadori et al., 2005).

Considering that stephanurosis has barely been studied in the Iberian
Peninsula, and taking into account the hyperendemic focus recently
detected in DNP (Moratal et al., 2018), it is necessary to assess sensitive
diagnosis techniques to design further studies. In this context, the aim of
our study was: (i) to compare the efficacy of three parasitological
techniques (gravity sedimentation, sedimentation by centrifugation,
and flotation) in order to detect S. dentatus eggs in the urine of infected
wild boar, and (ii) to determine whether the quantification of eggs in the
urine can serve as a proxy for the adult parasite intensity in this host
species.

2. Material and methods
2.1. Sampling, necropsy, and parasite intensity

The study was carried out on twenty-seven wild boar (two females
and twenty-five males; seven sub-adults and twenty adults), which were
shot by park rangers as part of the DNP health-monitoring and popu-
lation control program, approved by the park’s Research Commission in
accordance with the management rules established by the Autonomous
Government of Andalusia. The sex-ratio in this study is skewed in favor
of males, since urine samples are more difficult to obtain in females in
which the bladder is normally emptied after the death. The necropsy of
these animals was performed in the field, and the urinary system,
including the perirenal fat, kidneys and ureters, was collected as
described by Moratal et al. (2018) from those animals whose urinary
tract was in a good condition in order to determine the intensity of
parasites (n = 23). Furthermore, urine samples were collected from
those animals in which there was bladder content (n = 27). The bladder
was specifically removed from the animal by making a cut in the lower
part of the urethra to prevent the contents from leaking out. The bladder
was subsequently shaken, and its content transferred to sterile jars. The
urine was preserved by the immediate addition of 10% formalin of the
total sample volume as a preservation method.

2.2. Laboratory procedures

The urinary tract of each wild boar was dissected to detect S. dentatus
specimens. Adult nematodes were collected in 70% ethanol and later
counted and morphologically identified in accordance with the method
described by Skryabin (1991). The sex ratio was calculated by means of
the microscopic examination (Motic, B1 Series) of adult nematodes at
40x magnification, as described by Skryabin (1991), and were found to
be 1 female per 1.1 male and relatively constant among the infected wild
boar (£5.1%). In order to compare the performances of the techniques
employed to quantify parasite eggs, each urine sample was analyzed
using three different techniques, based on the Manual of Veterinary
Parasitological Laboratory Techniques (MAFF, 1986), with some vari-
ations, as detailed below. Before carrying out the different techniques,
the urine samples were shaken in order to homogenize them. In the case
of the gravity sedimentation technique with a Favatti counting chamber
(hereafter referred to as “sedimentation”), 4 ml were taken from each
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sample and placed in a 15 ml falcon tube where they were left to settle at
room temperature for 1 h, after which 4.5 ml of the supernatant was
removed. A dilution of 1:10 of the sediment was made in distilled water
in order to facilitate the count of eggs. 0.5 ml were taken from this
dilution, and this volume was deposited in a Favatti chamber of 1 x 1
cm. The egg count was performed under a microscope (Motic, B1 Series)
with a magnification of 40x. In the case of the sedimentation by
centrifugation technique (hereafter referred to as “centrifugation”) and
the subsequent counting in the Favatti chamber, the protocol followed
was the same as that described above, but in this case the sample was
sedimented by means of centrifugation at 800xg for 5 min. Finally, the
flotation technique (hereafter denominated as “flotation”) was per-
formed by taking 4 ml of each sample and centrifuging it at 800x g for 5
min, after which 4.5 ml of the supernatant was removed. In this case,
zinc sulfate was used (specific gravity: 1.200) to perform the 1:10
dilution of the sediment and as a floating solution. The quantification of
the eggs was performed by waiting for 5 min after the sample had been
deposited and using a microscope with a magnification of 40x in a
McMaster chamber. These techniques were compared on the basis of the
number of S. dentatus eggs in wild boar urine that each parasitological
method detected, since there is no gold standard technique in scientific
literature or previous studies on the diagnosis of this parasite. This
assumption is based on the fact that parasitic diagnostic techniques that
detect a greater number of eggs have a greater precision (Godber et al.,
2015). Therefore, we assumed that the highest values obtained by the
different methods were the closest to the real value. The S. dentatus eggs
were identified on the basis of the descriptions provided by Skryabin
(1991).

2.3. Statistical analysis

The association between the number of eggs detected (continuous
response variable) and the technique used (explicatory factor) was
studied by performing a mixed generalized linear model, in which the
random variable was the host. We also included the number of parasites
present in the urinary tractas (continuous explanatory factor), and the
interaction between the technique and the number of parasites. A
negative binomial error and a loglink were used. The P-value was set at
0.05. Analyses were conducted using IBM SPSS V21 (StatSoft Inc.).

3. Results and discussion

Stephanurus dentatus eggs were detected in all infected animals,
showing that the sensitivity of all three techniques is 100% (Table 1).
These results indicate that any of the three techniques can be used as an
accurate method to diagnose the presence of this nematode species in
the urine of Suidae hosts. However, there are significant differences
between the three techniques in terms of the number of eggs counted in
the urine (F = 4.40, 2, 66 d.f., p = 0.015; Fig. 1), with the sedimentation
by centrifugation and by gravity being more efficient than the flotation
technique. In general, flotation methods are usually employed for the
laboratory diagnosis of nematode infections using the McMaster cham-
ber (MAFF, 1986; Kaminsky, 2014), since it is a rapid method and has a
high diagnostic sensitivity. However, in our study, the flotation tech-
nique detected the lowest number of eggs (Fig. 1).

With regard to the possible negative effect of the sample preservation
method on the estimates of the number of eggs recovered and the
technique performance, Maurelli et al. (2014) carried out several diag-
nostic methods to detect the eggs of Capillaria plica, a nematode that
parasitizes the urinary tract of dogs, using fresh urine and urine
conserved in formalin; after using different flotation solutions, the
aforementioned authors concluded that the flotation technique with
saturated saline solution and fresh urine provided the best results. In our
study, the samples were taken in the field and could not be processed
immediately, so they were preserved in 10% formalin. Therefore, we
could not compare our method with other preservation methods, which
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Table 1
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Mean (+SD), maximum and minimum number of Stephanurus dentatus adults found in infected wild boar (n = 23) and number of eggs counted in urine according to

each parasitological technique (n = 27).

Technique Minimum Maximum Mean +SD N
N° of eggs per ml Gravity sedimentation 85 18180 2923.37 4637.91 27
Sedimentation by centrifugation 254 62415 7116.5 14953.5 27
Flotation 1 18724 2220.11 4730.72 27
N° of adult nematodes per animal Necropsy 239 61.43 63.6 23
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Fig. 1. Average number of Stephanurus dentatus eggs (Log1o+ S-E.) detected by
the three techniques.

is a factor to be considered in future studies. Interestingly, in our study
we have observed the formation of aggregates in the urine, possibly as a
result of the addition of formalin, as described elsewhere (Boon and Kok,
2008); this flocculation process may have influenced the detection of
S. dentatus eggs, especially when using the flotation technique. In
particular, aggregates of coagulated proteins may have prevented the
eggs from floating freely, and they might, therefore, have been outside
the upper detection area of the McMaster chamber. This could explain
why the flotation technique was the least effective diagnostic method in
our study.

Although there was a positive trend, none of the egg counts obtained
with any of the techniques can be reliably applied in order to infer the
number of adult nematodes infecting the host (F = 3.05, 2, 66 d.f., p =
0.054; Fig. 2), and counts in urine can, therefore, provide only guidance
on the parasite intensity in wild boar. Numerous studies have attempted
to develop non-invasive methods with which to determine parasite in-
tensity by associating the number of excreted eggs or larvae with the
adult parasites found in the host (Budischak et al., 2015; Seivwright
et al., 2004). However, previous studies have shown that the estimation
of parasite intensity through the use of the non-invasive method of
counting parasite stages excreted by the infected host is not always
reliable (Gillespie, 2006; Romeo et al., 2014). There are several factors
related not only to the parasite, the host and the environment, but also to
the diagnostic methods, that determine the number of eggs and larvae
excreted and detected. In particular, it has been shown that the elimi-
nation of parasitic forms is usually intermittent over time, as the
excretion of eggs and larvae of some nematodes that infect wild un-
gulates have daily or seasonal fluctuations (Vicente et al., 2005). One
relevant determinant of parasite eggs is the number of adult reproduc-
tive females present in the host, along with the presence of mature males
(Stear et al., 1997). This factor is not relevant for our study since, as
mentioned above, the sex ratio of mature nematodes remained relatively
constant in our study population. Several host dependent factors (e.g.,
age, sex, nutritional status and mating or breeding season) that poten-
tially influencing the host immune response may condition the number
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Fig. 2. Association between the number of eggs counted in urine and the
parasite intensity of each infected wild boar, based on the results obtained using
the three techniques. Values in log10.

of reproductive females that are eventually installed and the number of
eggs that they successfully produce and excrete (Vicente et al., 2007).

4. Conclusion

This is the first study to investigate and compare different diagnostic
methods by which to detect the presence of S. dentatus in infected Sui-
dae. Moreover, if we assume that the technique is equally effective in the
domestic pig, which is a sympatric species of wild boar, the diagnostic
techniques described here would be useful to detect and monitor the
presence of S. dentatus in the pig farming sector, especially in endemic
tropical and subtropical areas in which it may lead to economic losses.
Further studies are required in order to develop a precise and effective
diagnostic method, and to propose essential tools for the study of the
epidemiology of this parasitic disease that has rarely been studied in
Europe. There is also a need to evaluate other potential factors that may
affect the S. dentatus egg count in urine, such as the sample preservation
method.
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