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Anja Joachim ™

" Department of Pathobiology, Institute of Parasitology, University of \ieterinary Medicine Vienna, Vienna, Austria, 2 CEVA
Santé Animale, Libourne, France

After introduction of the anticoccidial toltrazuril for the metaphylactic treatment of
suckling piglet coccidiosis, only few field evaluations on the effect of treatment against
the causative agent, Cystoisospora suis, were performed. In 2018, a field study was
conducted to detect the presence of the parasite on pig farms in four different European
countries, and to evaluate management parameters possibly associated with infection
and disease. A total of 49 farms from Austria, the Czech Republic, Germany and Spain
were included. Repeated pooled fecal samples from 603 litters were taken in the 2nd
and 3rd week of life. Samples were examined by autofluorescence for the presence of
C. suis, and fecal consistency was scored. For each farm a questionnaire was provided
to document management and treatment history. Feces scored as diarrhoeic were
not significantly more often positive for C. suis than non-diarrhoeic feces but samples
from litters with previously reported occurrence of diarrhea were significantly more often
positive (p = 0.000). Pasty feces were significantly more often positive than those of other
consistency (p = 0.005). Overall, 71.4% of the farms and 50.1% of the litters were positive
for C. suis at least once. The prevalence on the farms reached up to 100%. Diarrhea was
seen in samples from 53.1% of the farms (9.6% of the litters). Cystoisospora suis was
diagnosed on 80.8% of the farms with vs. 60.8% of those without diarrhea. Toltrazuril
was applied on 30 farms, and of these 53.3% had diarrhoeic samples and 66.7% were
positive for C. suis vs. 19 farms that did not use toltrazuril with 52.6% diarrhoeic and
79.0% C. suis positive samples (p > 0.05). Only on two farms a disinfectant with activity
against coccidia was used, and C. suis was not detected there. Current control of
C. suis appears to be insufficient on the majority of the examined farms. These findings
highlight the importance of correct application of medication, and an effective hygiene
management. To maintain effective parasite control, efficacy monitoring of the control
measures should be implemented.

Keywords: Isospora suis, toltrazuril, coccidiosis, piglets, swine, diarrhea, disinfection

INTRODUCTION

Cystoisospora suis (C. suis; formerly Isospora suis) is a common pathogen in suckling piglets
worldwide with high prevalence rates reported previously, e.g., 76% of farms in Germany, Austria
and Switzerland (1); 67% in Poland (2); 58% in Sweden (3); 70% in Canada (4); 82% in Venezuela
(5); and 66.3% in China (6).
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Piglets become infected by oral uptake of sporulated oocysts.
Sporozoites are released from these oocysts and penetrate
epithelial cells of the small intestine, replicate, and progressively
destroy intestinal cells. This leads to intestinal lesions including
villous necrosis, atrophy and fusion, and frequently results in
non-haemorrhagic diarrhea. Generally, morbidity is high while
mortality is low (7). However, piglet health can significantly
deteriorate by bacterial or viral co-infections (8-10). As piglets
that suffered from cystoisosporosis often show failure to thrive,
the infection can result in marked production losses (11-13). The
disease tends to take a more serious course in very young piglets
while age resistance results in mostly subclinical infections in
weaned animals [as reviewed in (14)]. To prevent early exposure
of piglets to the parasite, reduction or inactivation of infectious
oocysts is key to the control of cystoisosporosis. Efficient
hygiene strategies include steam-cleaning and the application of
a disinfectant with anticoccidial efficacy (15). On pig farms where
Cystoisospora-related diarrhea occurs, metaphylactic treatment
with the coccidiocidal drug toltrazuril is recommended. It has
been shown to be efficient in several laboratory and field studies
and can thus enhance animal welfare as well as farm productivity
(13, 16-18). Toltrazuril is now frequently used to control piglet
cystoisosporosis in Europe (19). As C. suis induces intestinal
damage during prepatency, i.e., before oocyst are excreted with
the feces, efficient treatment has to be applied to piglets exposed
to infection before the parasite can be diagnosed coproscopically
(16, 17). This highlights the importance of correct diagnosis of
the presence of C. suis in a herd in order to obtain relevant
information on the indication for and the correct time point of
treatment (20).

With this study we aimed to investigate the occurrence
of C. suis on selected conventional pig breeding farms in
four European countries and to evaluate management and
treatment strategies for their possible association with C. suis and
cystoisosporosis. We hypothesized that toltrazuril application
and/or appropriate hygiene management strategies reduce C. suis
infections in litters compared to farms that did not perform one
or both of these strategies. Also we hypothesized that diarrhea
occurred more often on farms where C. suis was detected.

MATERIALS AND METHODS

Farms and Samples

A non-randomized cross-sectional field study was performed.
The aim was to evaluate infection rates on swine farms with
different management conditions in four European countries.
With this we wanted to receive an updated insight in possible
influencing variables. Of particular interest was the effect of
toltrazuril treatment.

In 2018, we investigated 49 farms from four different
countries, 7 from Austria, 17 from the Czech Republic,
7 from Germany and 18 from Spain. These farms were
selected arbitrarily. From each farm, pooled litter samples
(four samples/ litter collected from the floor) were obtained.
We aimed to sample at least 10% of the litters that were
born during the examination period, but a maximum of 30
litters/farms. To increase sensitivity each litter was sampled

twice in one-week intervals due to the short periods of oocyst
excretions (20). Number of litters examined/farm are shown in
Supplementary Table 1. In 19 farms this minimum number of
litters could not be sampled, in eight of these all litters were
negative. As on these eight farms infection might have been
missed, they were excluded from statistical analysis. In total 6-63
litters per farm were included.

Coproscopical Analysis

Each sample was mixed well and aliquots of ca. 0.1-0.2g of
feces were examined by autofluorescence as described before
(20). Samples were considered positive when at least one oocyst
could be detected. Differentiation between Cystoisospora suis and
Eimeria spp. was based on morphological features and confirmed
by sporulation of positive samples (7). By repeated sampling we
estimated to achieve a sensitivity of 80% and a specificity of
95%. Depending on the density of oocysts in a sample semi-
quantitative scoring of the positive samples (from 1 = low
grade to 3 = high grade) was included. In the laboratory of the
Institute of Parasitology, fecal consistency was scored from 1 to
4 as described (21) and fecal scores 3 and 4 were considered
as diarrhea.

For each farm a questionnaire was provided for information
on farm structure, management, and medication of piglets during
the suckling period as well as previous records of diarrhea
(Data sheet 1). This questionnaire was completed by the farm-
veterinarian. Questions and response rates are shown in Table 1.

Statistical Analysis

As management parameters were collected per farm, most
analyses were performed on farm level. An association between
diarrhea and C. suis infection was also analyzed on the level of
litters (n = 603). Fecal score and C. suis-oocyst shedding were
compared for all samples (n = 1,206). Testing for significance
was done on a 95% CI with Pearson’s x* test (nominal data) and
the Mann-Whitney-U test (metric data). All statistical analyses
were performed using IBM SPSS Statistics 24 (IBM GmbH,
Ehningen, Germany).

RESULTS

Composition of Sampled Farms

All herds included in this study were from conventional pig
farms with 65-10,000 sows/farm. In Austria, only farms with
a maximum of 200 sows were examined, while in the other
countries also farms with more than 2,000 sows were included
(Table 2).

Not all of those farms answered the questionnaire regarding
their farming system (Table 1). Of the 49 farms 28 (57.1%) were
pure nursery farms. The remaining farms also kept fatteners, and
this was the case for 28.6% (Austria), 64.7% (Czech Republic),
57.1% (Germany) and 22.2% (Spain), respectively. With regard to
the numbers of sows per farm, medium sized farms (1,001-1,500
sows) most often only had nurseries (Figure 1).

Frontiers in Veterinary Science | www.frontiersin.org

March 2020 | Volume 7 | Article 113


https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/veterinary-science#articles

Hinney et al.

Cystoisospora suis Control in Europe

TABLE 1 | Topics addressed in the farm questionnaire and analyzed with regard to infections with Cystoisospora suis and diarrhea (dependent variables).

Farm structure and Number of farms p-values Number of farms with p-values

management (independent C. suis positive/ answer diarrhea/answer was “yes”

variables) was “yes”

e Number of sows [49, 41] n.a. 0.328* n.a. 0.773*

e Solely nursery farms? (yes/no) 14/17 0.646 9/17 0.938
[49, 41]

e Number of other pigs [47, 39] n.a. 0.472* n.a. 0.863*

e Closed system (yes/no) [44, 36] 13/18 0.074 9/18 0.738

e Allin all out? (yes/no) [48, 40] 30/3 0.738 18/34 0.533

Health observations

e Diarrhea (yes/no) on farm level 21/22 0.124 n.a. n.a.
[43, 41] (0.049)

e Diarrhea (yes/no) on litter level n.a. 0.051* n.a. n.a.
(percentage of litters with
diarrhea on farms) [24,22]

Treatment in the first 32 days of life

e Use of toltrazuril (yes/no)? [46, 20/24 0.662 14/24 0.476
41]

* Age of piglets at toltrazuril n.a. n.a. n.a. n.a.
application [26, 22]

e Day of iron application? [48, 40] n.a. n.a. n.a. n.a.

e Use of antibiotics (yes/no), if yes 16/20 0,453 9/20 0.321
which compound? [46, 38]

Cleaning/disinfection measures

e Cleaning and disinfection of 34/40 0.675 21/40 0.347
stables? (yes/no) [47, 41]

¢ Which disinfectant is used? [37, n.a. n.a. n.a. n.a.

31]

In square brackets: number of questionnaires (out of 49) that supplied information on this point, followed by the number of farms that could be included into statistical analysis. P-values
were calculated with Pearson’s x? test or the Mann-Whitney-U test (marked with an asterisk®).

Bold value indicate the significant when farms with insufficient sample size were excluded.

Samples

As 603 litters were examined twice a total of 1,206 fecal samples
were available, 39.3% of which were positive for C. suis; 15.0,
11.8, and 12.5% showed a low-, medium-, and high-grade
excretion, respectively.

Diarrhea (fecal score 3 or 4) was observed in 5.1% (4.8% semi-
liquid, 0.3% with liquid consistency), while 48.0% of fecal samples
were firm and 46.8% pasty.

When comparing fecal scores in relation to the grade of
C. suis infection, samples with pasty feces had a significantly
higher grade for C. suis (P = 0.005), which was not the case for
semi-liquid or liquid (diarrhoeic) feces.

Occurrence of C. suis and Diarrhea on

Litters and Farms

Overall, we examined 603 litters from 49 farms (mean 12.3
litters/farm) in the 2nd and 3rd week of life. A litter was
considered coccidia/diarrhea-positive when it was positive at
least in one out of the two samplings. For the further analysis
no distinction was made between litters tested positive once or
twice. In total 35 farms were positive for C. suis but only 23
were positive in both samplings (Supplementary Table 1). Thus,
24.5% of farms were identified as C. suis-positive which would

have been classified as negative with a single sampling. The total
number of litters that were tested positive for C. suis only varied
slightly (43.6 vs. 45.8%) between both samplings, however, these
were different litters so that the difference between sampling once
and sampling twice differed significantly (p = 0.000).

A farm was considered positive when at least one litter
was positive as defined above. Overall, 71.4% of the farms
and 50.1% of the litters were positive for C. suis at least once
(Supplementary Table 1). The prevalence on the farms varied
greatly from 0.0 to 100%. Number of litters tested per farm and
the proportion of C. suis positive litters are shown in Figure 2.

Anamnestic information on diarrhea was available for 359
litters from 24 farms, and 31.8% of these farms reported diarrhea.
Of the litters with an anamnesis of diarrhea, 82.6% were positive
for C. suis. This rate was significantly higher (P = 0.000) than that
for litters without anamnestic diarrhea (58.1%).

Diarrhea was detected by scoring of the fecal samples in
9.6% of the litters and 53.1% of the farms (Table2). Farm
prevalences for diarrhea ranged between 0.0 and 80.0%. Of the
litters classified as diarrhoeic (n = 58), 53.4% were positive for
C. suis, while of the non-diarrhoeic litters (n = 545) 49.7% were
positive. On the farm level, 80.8% of the farms with diarrhea-
positive litters and 60.8% of the farms without diarrhoeic litters
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TABLE 2 | Number of farms and litters positive for C. suis and diarrhea.

Country [N farms]

Austria Czech Republic Germany Spain Total

N=7 N =17 N=7 N=18 N =49
Min-max number of 65-200 250-2,600 95-6,500 240-10,000 65-10,000
sows/farm Mean: 1249.7

Median: 600

N positive farms [%; 95% 5 12 3 [42.9; 15.82-74.95] 15[83.3; 60.78-94.16] 35 [71.4; 57.59-82.15]
confidence interval] [71.4,35.89-91.78] [70.6;46.87-86.72]
N farms >50 % positive 0[0.0] 3[17.6] 1[14.3] 12 [66.7] 16 [32.7]
litters [%]
N litters 78 161 71 293 603
N positive litters [%; 95% 9[11.5; 6.19-20.50] 53 [32.9; 11 [15.5; 8.88-25.65] 229 [78.2; 73.08-82.51] 302 [50.1; 46.10-54.06]
confidence interval] 26.13-40.50]
N farms with diarrhea [%] 4[57.0] 81[47.1] 4[57.1] 10 [565.6] 26 [53.1]
N litters with diarrhea [%)] 11 [14.1] 12[7.5] 719.9] 2819.6] 58 [9.6]

were positive for C. suis. When eight farms with an insufficient
sample size negative for C. suis were excluded (see Material and
Methods), farms where diarrhea was present had significantly
more often an infection with C. suis (P = 0.049). These
differences were, however, not significant when all farms were
included (P = 0.124).

In the questionnaire, 26 of 43 farms reported a general
problem with diarrhea. Of these 80.8% were C. suis-positive,
compared to 17 farms with no problems with diarrhea of which
64.7% were C. suis-positive (P > 0.05).

Occurrence of C. suis by Country

Farms from Germany had the lowest farm-related rate for C. suis
infection, while the highest was observed in Spain (P > 0.05)
(Table 2). Farms from Spain were also those with the highest on-
farm-prevalence; on two thirds of these farms more than half of
the litters were positive for C. suis, compared to less than one
fifth in the other countries (Table 2). Compared to the on-farm
prevalence of other countries, farms from Spain had significantly
higher prevalence rates than the other countries (Austria: P =
0.006 for all farms, P = 0.003 when farms with low sample size
were excluded; Czech Republic: P = 0.011/P = 0.003; Germany:
P =0.009/P = 0.003).

Farm Size and Occurrence of C. suis
Regarding the occurrence of C. suis on farms in relation to farms
size, infection rates were highest on medium sized farms (1,001
1,500 sows), and this group of farms also had the highest on-
farm-prevalence (Figure 3). These differences, however, were not
significant (P > 0.05).

Toltrazuril Treatment

Farm Level

Thirty farms administered toltrazuril to their piglets according to
the questionnaire. On 66.7% of these farms at least one litter was
positive for C. suis and on 53.3% diarrhea was detected. In the
19 farms that did not use toltrazuril, C. suis and diarrhea were
present in 79.0 and 52.6%, respectively (P > 0.05). Twenty-six

farms provided information about the age of the piglets upon
toltrazuril application. For several farms, a range of time points
was listed. Nine farms stated to treat piglets with toltrazuril not
later than the third day of life (regarded as “early treatment”),
while 10 farms treated after the third day of life (“late treatment”).
Seven farms treated in an overlapping range between early
and late time points. Significantly more farms applying “late
treatment” (90.0%) compared to those treating early (44.4%)
were positive for oocyst excretion (P = 0.033). This difference
was even more obvious when the farms with insufficient sample
sizes that were negative for C. suis were excluded (n = 4 farms for
this variable, two with “early;” one with “late” treatment, one with
overlapping time points). All nine farms with “late treatment”
were C. suis-positive, while 57.1% of the seven farms with “early
treatment” were C. suis-positive (P = 0.029).

Litter Level

Oocysts were detected in 52.5% (n = 200) of the litters from farms
that stated to use toltrazuril and 46.0% (n = 102) of the litters
from farms that did not apply toltrazuril. Diarrhea was present
in 10.5% of litters (n = 40) and 8.1% (n = 18) in litters from
farms without toltrazuril treatment. None of these differences
were significant on the farm or litter levels (P > 0.05).

Disinfection

Except for two (4.2%), all participating farms stated to clean
and disinfect the stable, and 80.9% of those gave information
on the product they used. The spectrum of activity of the
disinfectants was checked against a list of disinfectants approved
by the German Veterinary Society (http://www.desinfektion-
dvg.de/index.php?id=2150) for their effect on coccidia. Only
two farms applied (cresol-based) disinfectants listed as effective
against coccidia. On these farms no oocysts were detected.

DISCUSSION

With an occurrence of C. suis on 71% of farms and up to 100%
positive litters per farm the prevalence of C. suis in the examined
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population was considerable. These rates are in line with a study
from Sweden that showed a cumulative herd prevalence of 76%
in piglets up to 4 weeks (3). However, a direct comparison of
infection rates between studies must be interpreted with caution
due to non-representative sampling and different diagnostic
methods with different sensitivities (20, 21). As Meyer et al.
(22) pointed out, individual samples from piglets from a litter
pooled to a litter sample are preferable for examination. We here
considered taking single samples from the floor for a pooled
litter sample as equivalent. In line with the recommendation

of Meyer et al. (22), double sampling of litters in a weekly
interval significantly increased sensitivity in our study. A third
sampling may have further increased sensitivity (22), however,
three samplings at weekly interval were not feasible for this
study. As samples were not taken individually from animals but
collected from the floor, pooled sample composition differed
between both samplings, which may have lowered sensitivity to
a certain extent.

Although farms from Spain had the highest infection rates
while German farms had the lowest, this observation has to be
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interpreted with care. Convenient samples were taken without
an a priori sample size calculation. Spain was the country were
most samples were taken, so the probability to detect positive
farms in this country was higher. The confidence intervals also
clearly showed overlaps in infection rates between countries. In
addition, different farm structures and sizes may have introduced
a bias. True differences in infection rates between countries thus
have to be confirmed by representative and stratified sampling.
Interestingly, medium sized farms were those with the highest
infection rates. With the data we collected with our questionnaire
we could not detect any explanatory factors for this observation.
The finding that medium-sized farms were mostly located in
Spain might also mask the true reason for the higher infection
rates in this sub-group. A further observation was that farms
with fattening pigs had fewer C. suis infections than those
that specialized in nurseries only. These again were mainly the
middle-sized farms and the farms from Spain, so this observation
could be related to farm size, country, or be confounded by other
unknown factors and cannot be interpreted unambiguously.
Although oocyst shedding can occur despite toltrazuril
treatment in single cases (13, 16, 23) a surprising finding of
this study was that farms that used toltrazuril did not show a
significant decrease of C. suis infection or diarrhea compared to
farms without treatment. This is in distinct contrast to several
laboratory and field-studies that demonstrated the high efficacy
of toltrazuril in the control of cystoisosporosis experimentally
and in the field (13, 16-18, 24). Conceivable reasons for that
could be application errors or antiparasitic resistance. Although
recently a toltrazuril-resistant C. suis strain was isolated from
The Netherlands (19), we consider geographically expanded (but
to date unrecognized) toltrazuril-resistance to be an unlikely
explanation. The Dutch resistant strain was isolated from a single

farm and surrounding farms were not affected (Jansen, pers.
comm. 2017), so an extensive spread of resistance appears highly
speculative, especially under high biosafety conditions which
many piglet producing operations are employing. Therefore,
more likely reasons of failure to control C. suis must be
considered first. These include significant application errors of
toltrazuril and the lack of a sufficient hygiene management.
Application of toltrazuril is only fully efficient when given
regularly and timely and at the right dosage to all piglets at
risk. Delayed or sporadic treatment cannot be expected to result
in a significant benefit. Nonetheless the possibility of resistance
should not be disregarded and further studies on the spread of
resistance against anticoccidial compounds are necessary.

Interestingly, we could observe a significantly lower
occurrence of C. suis in farms that applied toltrazuril
not later than on the third day of life compared to those
that treated after this time point. Although full efficacy of
treatment up to the 5th day of life (2 days after infection)
was confirmed for toltrazuril in experimental studies (17),
earlier application [used by e.g., (9)] might be more effective
under field conditions. Additionally, good hygiene management
is essential for the control of cystoisosporosis. We could
only identify two farms that stated to use disinfectants that
are effective against coccidia; both were negative for C suis.
Although these few cases cannot be statistically evaluated,
the regular use of disinfectants with anticoccidial action is
strongly recommended (15) to inactivate as many oocysts as
possible for reduction of the infection pressure in the new-born
piglets’ environment.

While diarrhoeic fecal scores were not correlated with the
detection of C. suis in a sample, pasty feces correlated significantly
with the presence of oocysts, as did the anamnestic report
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of diarrhea in litters. One reason for the difference between
detected and anamnestic diarrhea in our study could be that
semi-liquid and liquid fecal matter is difficult to collect from
the (especially slatted) floor so that formed to pasty feces might
have been overrepresented in the sampling. This assumption is
corroborated by the correlation between diarrhea and C. suis
excretion on the farm level. Another reason for the poor
correlation between a diarrhoeic fecal score and C. suis detection
in samples may also be due to the finding that the peak of oocyst
excretion often does not coincide with diarrhea, resulting in a
poor correlation between oocyst excretion and fecal consistency
(23). The finding that pasty feces was significantly correlated to
C. suis infection supports this explanation. In addition, although
C. suis is known to be a causative agent of piglet diarrhea, piglet
scours in this study might also have been caused by a variety of
other pathogens.

Based on our findings, we strongly recommend to monitor the
effects of toltrazuril treatment on farms and to pursue regular
diagnosis of the possible causes of piglet diarrhea and stunted
growth to obtain maximum treatment benefits in terms of piglet
health and performance.

With appropriate coproscopical examination (20) also
toltrazuril-resistance could be detected early, and this would
allow for a quick intervention to minimize its further spread. If
toltrazuril is prescribed, the pig farmer should be informed about
the correct application of the drug. Additionally, the correct
application and efliciency of the drug should be monitored by
the responsible veterinarian. Also, accompanying measures such
as inactivation of infectious oocysts by suitable disinfectants
are essential.

In conclusion, C. suis is still a common enteropathogen of
suckling piglets in the investigated areas. Control does not seem
to be sufficiently elaborated on several of the investigated farms.
To reveal the explanatory factors a thorough analysis of farms,
ideally as part of a cohort study, should be performed.
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