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Abstract In this study, 51 piglets originating from five
different sows were included in the investigations. The
animal source of all sows had a history of Clostridium
perfringens type A (β2) infection. The piglets of three sows
(n=31) were experimentally infected with Isospora suis
within the first 4 h after birth and were randomly assigned
to the treatment group or the sham-dosing group. The
piglets of the two remaining sows (n=20) served as I. suis-
uninfected controls. Twelve hours post-infection, the
animals in the treatment group (n=15) were treated with
toltrazuril (20 mg/kg BW, Baycox® 5% suspension).
During an observation period of 14 days faecal consistency,

faecal oocyst counts, faecal germ counts, mortality, body
weight development and clinical status were recorded. One
piglet per study group and litter was necropsied, and
intestinal tissue samples were taken for histopathological
investigations and in situ hybridisation on study days (SDs)
3 and 14. I. suis-infected but untreated piglets showed
clinical disease resulting in liquefaction of faeces and
decreased body weight development. In 59.2% of the
observations, I. suis-infected but untreated piglets showed
abnormal faecal consistencies whereas only 12.0% or
respectively 4.4% of the faecal samples had a pasty
consistency in the I. suis-infected–treated or in the control
animals. The mean body weight at the end of the study was
3.37 kg in the I. suis-infected but untreated piglets while the
average body weight in the I. suis-infected–treated animals
was calculated as 4.42 kg and the control animal’s mean body
weight was 4.45 kg. Moreover, mortality, occurring between
SDs 8 and 14, in this study group was 38.5% (n=5), with
30.8% (n=4) died from necrotic enteritis. In contrast, no
piglets died in the I. suis-uninfected control group or in the
toltrazuril-treated study group. The results of this study
corroborate the hypothesis that simultaneous infection with I.
suis and C. perfringens type A soon after birth leads to
distinct interactions between the two pathogens and result in
an increase in clinical disease, mortality and metabolically
active C. perfringens type A.

Introduction

Toltrazuril has been shown to be an effective anticoccidial
compound when used in poultry, pigs, calves, lambs and
other species exposed to experimental or natural infections
with coccidia. In piglets, Isospora suis is generally regarded

H. Mengel :M. Kruger :M. U. Kruger : S. Schwarz :K. Dittmar :
A. Daugschies (*)
Centre for Infectious Diseases,
Faculty of Veterinary Medicine, University of Leipzig,
An den Tierkliniken 35,
04103 Leipzig, Germany
e-mail: daugschi@vetmed.uni-leipzig.de

H. Mengel :A. Daugschies
Coordination Staff for Veterinary Clinical Studies,
Faculty of Veterinary Medicine, University of Leipzig,
Leipzig, Germany

B. Westphal
Bayer Vital,
Leverkusen, Germany

A. Swidsinski
Laboratory for Molecular Genetics, Polymicrobial Infections and
Bacterial Biofilms, Charité Hospital, Humboldt University,
Berlin, Germany

H.-C. Mundt
Bayer HealthCare GmbH,
Leverkusen, Germany

Parasitol Res (2012) 110:1347–1355
DOI 10.1007/s00436-011-2633-8



as a primary causative agent of enteritis in young piglets,
and metaphylactic treatment with toltrazuril 3 to 5 days
after birth is a common control measure practised in many
countries. On the other hand, other infectious organisms
may occur simultaneously and contribute to the clinical
course of infection, or even trigger the disease in the
presence of per se subclinical exposure to I. suis (Westphal
et al. 2007). Clostridium perfringens is a ubiquitous agent
and part of the physiological gut flora of neonatal
piglets. Piglets are often typically infected with I. suis
and with clostridia, e.g. C. perfringens, and show clinical
disease associated with the infections (McDonel 1986;
Songer 1996; Songer and Anderson 2006; Songer and
Uzal 2005). A correlation between necrotic enteritis due to
clostridial infection and coccidiosis has been clearly
demonstrated in chickens (Baba et al. 1997; Collier et al.
2008; Williams et al. 2003). However, such data are
virtually lacking for mammalian coccidiosis although
natural disease related to co-infection appears probable
according to observations in the field (Westphal et al.
2007). Histopathological studies have shown that the
intestinal mucosa is severely altered where I. suis
reproduces, opening the mucosal barrier for other poten-
tially hazardous pathogens (Bach et al. 2003). The present
study explores the clinical response of newborn piglets
exposed to natural C. perfringens type A infection to low-
dose experimental infection with I. suis.

Materials and methods

The study was designed as a randomised, single-blinded,
double-negative controlled clinical study. The sows (com-
mercial breed) originated from a farm with known history
health problems due to clostridial infection and were thus
expected to excrete clostridia with their faeces. The current
bacteriological status of the sows (excretion of clostridia)
was estimated by examination of three individual faecal
samples during the periparturient period, i.e. one sample
antepartum, one on the day of littering and one on study
day (SD) 3. The calculated day of farrowing was within
2 weeks after housing in the experimental farrowing unit.
Because piglets meant to serve as uninfected controls
are at high risk of attracting accidental infection when
kept in the same unit as piglets experimentally infected
with I. suis, two separate but equally equipped stables
were used (infection stable, control stable). Two sows
(nos. 3 and 5) were randomly assigned to the control
stable and three (nos. 1, 2, 4) were kept in the infection
stable. The litters of sows nos. 3 and 5 comprised 9 and 11
piglets; the litters of sows nos. 1, 2 and 4 contained 8, 10
and 13 piglets, respectively. Healthy piglets weighing at
least 0.8 kg at birth were included in the study. They were

individually marked with ear tattoos within 4 h after the
completion of farrowing including at least a first intake of
colostrum. In total, 51 piglets participated in the study.

The groups were denominated on the basis of
experimental Isospora infection (I+, I−) and toltrazuril
treatment (T+, T−). Piglets destined to be experimentally
infected with I. suis oocysts (strain LE-11-I. suis-98/X+8)
(I+) were randomly allocated immediately after birth
across litters nos. 1, 2 and 4 to either the treatment group
(I+T+, n=15) or to the sham-treated group (I+T−, n=16).
All the piglets in litter no. 3, i.e. nine animals, and five
piglets from litter no. 5 formed group I−T− (uninfected,
sham-treated, n=14) and the remaining six piglets from
litter no. 5 represented group I−T+ (uninfected, toltrazuril
treatment).

The sows were fed with commercial feed for farrowing
sows, and water was freely available. Piglets received milk
from the sow and, from the age of 10 days, were
additionally fed with probiotic-free piglet starter feed. All
piglets received iron supplementation within the 3 days post
natum to prevent iron deficiency.

Day 0 of the study was defined as the day of birth, i.e.
the time point of the experimental infection (SD 0).

The experimental infection took place within 4 h after
conclusion of the individual sow’s littering. All piglets in
groups I+T+ and I+T− were individually inoculated with
1,000 sporulated oocysts of I. suis suspended in 2 ml of tap
water by a single-use flexible plastic pipette deep into the
throat. The piglets in groups I+T+ and I−T+ received a
single oral drench of Baycox® 5% suspension (20 mg
toltrazuril/kg BW) 12 h after artificial infection with I. suis
oocysts, while 0.5 ml tap water was similarly administered
to those in groups I+T− and I−T−.

The following parameters were recorded: semiquanti-
tative oocyst counts, germ counts (e.g. C. perfringens,
Clostridium difficile, total germ count), mortality, weight
gain, pathological and clinical observations (faecal con-
sistency, behaviour, skin turgidity, conjunctiva, body
temperature, coughing and other noticeable observations).
The health status of the individual piglets was recorded
immediately after birth and daily until the termination of
the experiment on day 14 (SD 14) of the study.

During the study period, 18 piglets (one piglet per litter
and study group each on SDs 3 and 14) were euthanised for
necropsy.

Oocyst excretion

For oocyst quantification and evaluation of faecal consis-
tency, samples were collected individually on SDs 3, 7, 10
and 14 from the rectum by stimulation of the anus with a
lightly greased cotton swab until at least 1 g of faeces was
released spontaneously into an appropriately labelled tube.
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For estimation of oocyst excretion, drops of pasty to liquid
faeces were smeared on microscopic glass slides (two slides
per sample) with a single-use pipette. Dry, formed faeces were
homogenised in a few drops of distilled water with a wooden
spatula, and the resulting suspensions were smeared. Oocysts
were identified by epifluorescence microscopy (Daugschies et
al. 2001; Kuhnert et al. 2006) and counted semiquantitatively
at ×100 magnification in five separate randomly chosen
views per slide. Each view was scored individually, and the
average score was calculated for the sample.

The scoring system is described in Table 1.

Faecal consistency

Faecal consistency was judged immediately after faecal
sampling and recorded using a scoring system representing
four different qualities (see Table 2).

Determination of faecal Clostridia counts

Germ counts for C. perfringens and C. difficile were
determined after cultivation in specific culture media in
faecal samples collected on SD 1, 2, 3 and 14 (Table 3). In
addition, one faecal sample per sow collected before
littering, on the day of littering and 3 days postpartum
was examined bacteriologically.

Examination of intestinal tissue samples

On study days 3 and 14, one piglet per study group and per
litter underwent histopathological and micromorphological
examinations. These study animals were sacrificed and
intestinal tissue samples were taken at necropsy from the
duodenum, jejunum, ileum, caecum and colon. Three
samples at a time were taken from each intestinal site and
stored in Carnoy medium at a temperature of +4°C to +8°C
until examination.

Fluorescence in situ hybridisation was performed accord-
ing to the method as established and described by Swidsinski
et al. (2005).

Six different probes, including Non-338 nonsense probe
for specific binding verification, were used for in situ

hybridisation. Results shown and discussed in this paper
belong to the investigations with Eub338, Chis150 and
Clis135 probes. The Eub338 probe (Amann et al. 1990)
was used to detect eubacteria. For differentiation of
Clostridium spp., the Chis150 probe was used for the
Clostridium histolyticum group (the organism to be
expected in the samples collected in this trial was C.
perfringens), and the Clis135 probe was used for the
Clostridium lituseburense group (which includes C. diffi-
cile) (Franks et al. 1998). The Chis150 probe is specific for
a number of species within Clostridium clusters I and II, i.e.
C. histolyticum, Clostridium beijerinckii, Clostridium
butyricum, C. perfringens, Clostridium putrificum and
Clostridium cadaveris. Clis135 probe is specific for some
species of the C. lituseburense group which represents a
part of Clostridium cluster XI. Target species of Clis135 are
Eubacterium tenue, Clostridium ghoni, Clostridium sordellii,
Clostridium bifermentans, C. lituseburense, C. difficile and
Clostridium mangenotii.

Body weight development

Individual body weights of the piglets were investigated
after conclusion of the according sow’s littering and on the
last day of the study, i.e. on study day 14.

Statistics

All the raw data from the study were transferred to
spreadsheets. The statistical programme Testimate Vers.
6.4 from IDV Gauting was used for analysis, and the
recorded parameters were tested for normal distribution and

Table 1 Oocyst excretion score

Average of oocysts per view Score

0 −
0<x≤2 +

2<x≤5 ++

5<x≤10 +++

>10 ++++

Table 2 Faecal consistency score

Faecal consistency Score

Normal 0

Pasty to semiliquid 1

Liquid to watery 2

Liquid with blood and/or tissue 3

No faeces nf

Table 3 Overview of germ parameters and culture media

Germ Culture medium

Clostridium perfringens Columbia agar with polymyxin B and
neomycin

Clostridium difficile Clostridium difficile-selective agar
(Oxoid) with cysteine, moxalactam
and norfloxacin
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analysed using the two-sided Wilcoxon–Mann–Whitney U
test, Fisher’s exact test and descriptive statistics.

Results

Clinical observations (excluding faecal score)

No adverse effects on piglet health of administering toltrazuril
were observed; neither was a positive effect observed in
uninfected piglets. Also, the bacteriological examinations as
total aerobe germ counts, total anaerobe germ counts, enter-
obacteria or lactobacillus proved no statistical significant
differences between the I. suis-uninfected toltrazuril-treated
or I. suis-uninfected toltrazuril-untreated animals with excep-
tion of the total aerobe germ counts on SD 14 and the
enterobacteria counts on SD 3. The piglets in groups I−T+
and I−T− were therefore considered to be identical in status
and were combined to form control group I− for data
analysis.

Oocyst excretion

Oocysts were first detected on SD 7 in the faeces of nine
out of 13 piglets in group I+T− (Fig. 1). Two of the four
piglets that were negative on this occasion became positive
on SDs 10 and 14, respectively, while the remaining two
piglets showed no oocyst excretion at any of the faecal
oocyst examinations during the study. Most piglets contin-
ued to excrete oocysts on the following days, and six out of
ten piglets were still positive on SD 14.

Of the 12 piglets infected with I. suis and additionally
treated with toltrazuril (I+T+), only one excreted very low
numbers of oocysts on one occasion (SD 10, oocyst score 1).

No oocysts were detected in the faeces of the control
animals (I−T−, I−T+). Statistically, oocyst excretion in
group I+T+ differed significantly (P=0.0056 to P=0.0005)
from the values in group I+T− but not from those of the
uninfected controls (I−).

Clostridia excretion and in situ hybridisation

Clostridia excretion—sows

C. perfringens type A was detected in faecal samples from
all sows, and the highest numbers of excreted germs were
detected in faecal samples antepartum. No C. difficile was
isolated from sows.

The number of shed clostridia decreased distinctly in all
sows after littering and started to increase again at the last
sampling (SD 3).

The highest numbers of C. perfringens were excreted by
the sow of litter 4 with 7.18×log10 cfU/g at the antepartum
sampling, followed by the sow of litter 5 (6.92×log 10 cfU/g)
whose piglets belonged to groups I−T+ and I−T−. The
third and fourth highest numbers of excreted C. perfrin-
gens type A were found in the samples from the sows of
litter 2 (6.65×log10 cfU/g; I+T− and I+T+) and litter 3
(6.62×log10 cfU/g; I−T−). The lowest numbers of C.
perfringens type A were found in the faeces of the sow of
litter 1, which shed 6.2×log10 cfU/g antepartum.

Clostridia excretion—piglets

C. perfringens type A (β2) was the most prominent clostridia
to be found in the faecal samples within the study period. C.
perfringens type C was detected only in some piglets of the
I. suis-infected litters. C. difficile was not detected in any
faecal sample of the piglets. C. perfringens type Awas found
in faecal samples from all study groups. The mean faecal
colony-forming units per sample were higher for animals in
study group I+T− (4.94×log10 to 6.68×log10 cfu/g) than in
study group I+T+ (2.65×log10 to 4.70×log10 cfu/g) until
the last faecal sampling on SD 14. This difference was
statistically significant for faecal examinations on SDs 3 and
14 (P=0.049 and P=0.029). The differences in faecal
Clostridia excretion on SDs 1 and 2 could not be proofed
statistically (P=0.052 and P=0.298). On SD 14, significantly
higher numbers were counted for the I. suis-infected,
toltrazuril-treated study group. The groups not infected with
I. suis (I−) showed an independent dynamic of microflora
composition that differed clearly from both artificially
infected study groups (I+T− and I+T+; Table 4).

Fig. 1 Oocyst excretion

Table 4 Mean faecal C. perfringens counts per group of piglets

Study group Clostridium perfringens (log10 cfu/g)

SD 1 SD 2 SD 3 SD 14

I+T− 4.94 6.68 5.18 2.87

I+T+ 2.65 4.70 2.68 5.89

I− 1.08 5.53 8.51 4.92
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In situ hybridisation

The results of in situ hybridisation examinations of the
jejunum using Eub338, Chis150 and Clit135 probes
(Amann et al. 1990; Franks et al. 1998) show considerable
differences between study animals belonging to study
groups I+T− and I+T+ (see Fig. 2a, b; Table 5). Animals
in study group I+T− showed distinctly higher numbers of
Chis150-detectable clostridia in the small intestine than
piglets belonging to the infected study group treated with
toltrazuril (I+T+). This difference was investigated in
samples taken on SD 3, while on SD 14 this distinct
difference was no longer detectable. The average number of
Chis150-detectable clostridia in the jejunum of animals in
study group I+T− was 3.0±2.7×109/ml on SD 3, while for
study group I+T+, a mean of 0.007±0.01×109/ml was
determined and in study group I− no Chis150-detectable
clostridia could be found.

Further data collected from microbiological investiga-
tions, including PCR typing of C. perfringens toxin genes,

and serological examinations are discussed by Krüger et al.
(2010).

Faecal consistency

Faecal scores—SD 1

On SD 1, increased faecal score values were observed in all
study groups (I+T−, I+T+, I−). This liquefaction of the faecal
consistency was found in six animals out of a total of 14 in
study group I+T− (two of faecal score of 1, four of faecal score
of 2), seven out of 15 piglets in study group I+T+ (four of
faecal score of 1, three of faecal score of 2) and in the control
group (I−) 14 animals out of 20 were noted as having a faecal
score >0 (three of faecal score of 1, 11 of faecal score of 2;
Fig. 3). As this first faecal sampling was done between
approximately 9 and 20 h after treatment (21 to 32 h after the
artificial infection) and taking the mode of action of
toltrazuril (e.g. sensitive parasite stages) into consideration,
the observed alterations of faecal consistency cannot be
explained by infection or treatment but were obviously due
to stress particularly in newborn piglets.

Therefore, SD 1 was not considered in the further analysis
and the following explanations refer to the period SDs 3 to 14.

Fig. 2 a Colonisation with clostridia—jejunum (piglet no. 2/4, group
I+T+, SD 3), Chis150 Cy5-Probe, 1,000-fold. b Colonisation with
clostridia—jejunum (piglet no. 4/4, group I+T−, SD 3), Chis150 Cy5-
Probe, 1,000-fold

Table 5 Selected FISH examinations of intestinal mucosa samples of
I. suis-infected toltrazuril-treated (I+T+) and I. suis-untreated (I+T−)
piglets and I. suis-uninfected controls (I−)

Group/location Eub338b Chis150b Clit 135b

Group IU I+T−; 3 days, n=3

Duodenum 0.7±1.1 0.03±0.06 0.03±0.006

Jejunum 5.0±3.6 3.0±2.7 0.04±0.06

Ileum 4.3±4.9 2.7±4.6 0.3±0.6

Caecum 9.3±3.1* 1.0±1.0 0.03±0.6

Colon 4.7±5.01 0.04±0.06 0.0007±0.0006

Group IB I+T+; 3 days, n=3

Duodenum 1.3±2.1 0.003±0.006 0.0003±0.0006

Jejunum 3.0±2.7 0.007±0.01 0.0003±0.0006

Ileum 7.3±7.1 3.4±4.1 0.4±0.5

Caecum 17.3±4.6* 4.3±0.6 0.03±0.06

Colon 14.7±5.8 2.0±2.0 0.03±0.06

Group UK I−a; 3 days, n=3

Duodenum 0.7±1.1 0 0

Jejunum 5.3±6.1 0 0.03±0.06

Ileum 8.0±8.1 0.07±1.2 0.4±0.6

Caecum 17.3±2.5* 0.5±0.5 0.2±0.3

Colon 14.0±2.1 0.2±0.3 0.001±0

*p<0.05 (below detection level of 104 /ml)
b Concentration of mucosa-associated bacteria (×109 /ml)±standard
deviation
a Control animals
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Faecal scores—SDs 3 to 14

Study group I+T− showed distinctly higher average faecal
scores than the other groups from SD 3 onwards (Fig. 4).
Faecal scores >0 were documented for 29 samples in piglets
in group I+T− (59.2%) during the experimental study period.
Of these, almost 30% (eight samples) were liquid to watery
(score 2) while the others were pasty to semiliquid (score 1).
A faecal score of 2 was observed exclusively in animals in
group I+T−.

In contrast, most of the piglets in group I+T+ showed no
diarrhoea. Pasty to semiliquid faeces (score 1) were occasion-
ally recorded (six out of 50 samples, i.e. 12.0%) for piglets
between SDs 3 and 14.

In the uninfected control group (I−), only three out of 20
animals (three out of 68 samples, i.e. 4.4%) had the
maximum faecal score of 1 on SD 3 or later, with the
highest average value of 0.10 being calculated for SD 3.

Statistically, group I+T+ piglets showed clearly less
severe clinical disease compared to I+T− piglets over the
whole study period (P=0.000), although average scores
were actually slightly higher in group I+T+ than in the two

other groups on SD 3. No statistical difference in faecal
scores was evident between group I+T+ and I−.

Body weight

The average body weight in the study groups was
1.28 kg (I+T−) or 1.29 kg (I+T+, I−) on SD 0. At birth,
the lightest piglet weighed 0.86 kg (I+T−, I+T+) or 0.90 kg (I−)
and the heaviest 1.70 kg (I+T−), 1.68 kg (I+T+) and 1.63 (I−).
Therefore, the groups are considered to be very homogeneous
in terms of weight at birth.

When the experiment was concluded on SD 14, the
piglets in group I+T− had a mean body weight of 3.37 kg
with a range of 1.66 to 3.55 kg. The average weight in
group I+T+ was considerably higher at 4.42 kg (range, 2.54
to 5.54 kg), and these values were almost identical to those
in group I− (average, 4.45 kg; range, 2.60 to 5.29 kg; see
Fig. 5). When the weight gains of piglets in groups I+T+
and I− were compared with those in group I+T−, the
difference was statistically different (P=0.0002), whereas
no such difference was present between groups I+T+ and
the controls in group I− (P>0.05).

Mortality

Unforeseen deaths occurred in five of the study animals
during the study period. Natural mortality occurred between
SDs 8 and 14. The numbers of piglets per study group
within this study period, i.e. after the first experimental
necropsies, were 13 piglets in study group I+T−, 12 piglets
in study group I+T+ and 17 piglets served as uninfected
controls (I−). The piglets showing natural mortality
belonged to litter no. 2 (one piglet dead on SD 8) and litter
no. 4 (one piglet on SD 8, one piglet on SD 11, two piglets
on SD 14), and all of them were infected with I. suis but not
treated (group I+T−).Fig. 4 Median faecal scores per study group per study day
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One piglet in litter no. 4 was diagnosed as probably
having died as a result of meningitis and massive ulceration
of the whole non-glandular part of its stomach, and death
was thus obviously not related to the experimental
conditions.

According to the necropsy reports, four piglets died
from enteritis, i.e. one animal with catarrhal enteritis,
and all other piglets were found to suffer from necrotic
enteritis (see Fig. 6). In addition to Isospora stages,
moderate to massive intestinal colonisation with micro-
scopically ‘bacillary bacteria’/‘clostridia-like bacteria’ was
recorded in all cases. Thus, almost 38.5% of the piglets in
group I+T− died, 30.8% obviously from necrotic enteritis.
No such observations were made in any of the other
groups.

Discussion

It is generally acknowledged that intestinal coccidiosis
caused by I. suis is one of the major drawbacks in piglet
production (Maes et al. 2007; Mavromatis et al. 2004).
Toltrazuril is widely administered as a metaphylactic drug
to avoid diarrhoea due to coccidiosis in suckling piglets and
to prevent the related economic losses. Although the
prevalence of I. suis is very high, particularly during the
first weeks of life, this is not always associated with clinical
disease (Niestrath et al. 2002). Experimental single infec-
tions with I. suis induce typical diarrhoea and have been
shown to result in an average of 5 to 7 days of oocyst
shedding, mild loss of body weight (gains) and histopath-
ological villous necrosis or atrophy, mainly in the anterior
part of the jejunum. This starts within the first 5 days p.i.
and decreases in intensity until 14 days p.i. (Mundt et al.
2003, 2006). The presence of a second pathogen is not
necessary to induce clinical disease (Harleman and Meyer
1984, 1985; Vítovec and Koudela 1990).

In addition to its role as a primary pathogen, I. suis has
been assumed to also participate in multifactorial diarrhoea
and may in particular be associated with necrotic enteritis
due to clostridial infection. This may occur soon after birth,
whereas typical isosporosis is generally seen later (second
and third weeks of life).

C. perfringens type A agents are parts of the physiolog-
ical flora of the large bowel in swine herds, but under
certain circumstances, they can cause severe diseases. We
hypothesised that I. suis infection of newborn piglets in
concert with exposure to C. perfringens type A might lead
to enteritis at an early age that depends on the presence of
both pathogens (Krüger et al. 2010). This hypothesis has
been corroborated by the results of this trial.

The study was performed simultaneously for all 51
study animals, although the study schedule was adapted
individually for each litter on the basis of farrowing
dates. To model neonatal necrotic enteritis due to co-
infection, newborn piglets naturally exposed to C.
perfringens type A were additionally artificially infected
with 1,000 oocysts of I. suis, a dose that is below the
standard experimental dose for I. suis (Mundt et al. 2006,
2007). Even lower oocyst numbers may induce clinical
disease when inoculated into young piglets (Mundt et al.
2003); however, the bacteriological status of these animals
was not recorded.

Although the piglets in the I. suis-infected litters were
randomised per litter, the piglets in study group I+T−
excreted significantly higher numbers of C. perfringens in
comparison with both the animals in group I+T+ and the
controls that were not infected with I. suis (I−) until SD 14.
However, faecal microbiological investigations of clostridia
do not show the effective amount of microflora, i.e. theFig. 6 Necropsy results—piglet group I+T−, SD 3: necrotic enteritis

Fig. 5 Body weight development
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number of intestinally active germs, and moreover depend
on the faecal consistency as the results are calculated on
basis of moist mass. The intestines of slaughtered animals
therefore underwent examination by in situ hybridisation to
investigate the metabolic activity of the clostridia in the
intestinal tissue samples. Fluorescence in situ hybridization
(FISH) response to the used 16S rRNA probes depends on
the amount of ribosome per cell which corresponds to
growth rates of the agents (Amann et al. 1995; Poulsen et
al. 1993). This influence is most prominent in samples of
study group I− which had the highest numbers of colonies per
gram of faeces on SD 3 but showed no detectable response at
the FISH investigation of the same study day’s tissue samples.
A lack of metabolic activity of the C. perfringens in these
samples may be concluded. Therefore, the distinctly higher
response in samples of study group I+T− in comparison to
the infected and toltrazuril-treated group (I+T+) shows also
an increased metabolic activity of the intestinal clostridia in
the animals of this group on SD 3. On SD 14, there were no
longer differences in results of the in situ hybridisation
detectable. The fact that differences in the number of
intestinally metabolic active clostridia were only detectable
in the jejunum, the section of the intestines mainly affected
by I. suis infections (Niestrath et al. 2002; Robinson et al.
1983; Stuart et al. 1980) supports the assumption of
interaction between the two pathogens. Consequently,
mortality was observed in 38.5% of piglets exposed to
isosporosis and clostridiosis (I+T−), whereas no such
observations were recorded in the absence of Isospora
infection or when infected piglets were appropriately treated
with Baycox® 5% suspension (toltrazuril).

Our results show that piglets with high faecal C.
perfringens type A counts but not infected with coccidia do
not necessarily develop necrotic enteritis. This was evident in
the piglets in litter no. 3. These piglets showed very high
antibody titres to C. perfringens alpha toxin but no
considerable clinical disease (data not shown). We assume
that I. suis paves the way for extensive development of C.
perfringens by inducing massive intestinal production of
mucus which serves as a growing substrate for clostridia
(Collier et al. 2008).

Conclusions

The present study clearly underpins the hypothesis that
simultaneous infections with I. suis and C. perfringens type
A induce strong interactions which may lead to a distinct
increase in the severity of clinical disease in piglets, i.e.
necrotic enteritis. Both I. suis and clostridia are widely
distributed in piglet breeding units, and thus, co-infection
appears to be a likely event in conventional herds.
Anticoccidial treatment may thus not only protect piglets

from parasite-induced lesions but may also help to prevent
secondary necrotic enteritis.

Acknowledgements Special thanks to Yvonne Kuhnert for the
detection of excreted I. suis oocysts via epifluorescence microscopy.
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