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ABSTRACT

Swine production globally still has major challenges with swine intestinal disease, which
might be provoked by post-weaning diarrhea or growing pig diarrhea. The major etiological
agent of post-weaning diarrhea is enterotoxigenic Escherichia coli, characterized by the
presence of both fimbriae (adhesins; mainly F4 (previously known as K88) and F18) and the
presence of enterotoxins (thermostable toxin a and b; thermolabile toxin). Piglets affected
with post-weaning diarrhea have mild to severe watery diarrhea, dehydration, and retarded
growth which may lead to mortality. In contrast, growing pig diarrhea has, besides several
viral and parasitic causes, three major bacterial causes, namely Lawsonia intracellularis,
Brachyspira species or Salmonella species. Swine dysentery is provoked by Brachyspira
hyodysenteriae and leads to mild to severe diarrhea which can be associated with addition
of mucus, fibrin, necrotic material, or blood into the faeces. lleitis caused by Lawsonia
intracellularis causes mild to severe diarrhea with or without melena. Depending on the
clinical presentation, low mortality with sudden death may be observed. In contrast, Salmonella
is ubiquitous and clinical signs may be different depending on serotype or caused by dysbiosis.
Both under field and experimental conditions, the assessment of severity of swine intestinal
disease remains a challenge. Many studies only report presence or absence of diarrhea
without further differentiation of specific severity ranging from mild to severe faecal
appearance. Therefore, a need for standardized scoring to evaluate and analyze results
of treatment and prevention is crucial. Based on three published field studies, we discuss the
importance of a standardized faecal clinical scoring system adapted to a specific pathogenic
challenge, namely enterotoxigenic Escherichia coli or Brachyspira hyodysenteriae. For
enterotoxigenic Escherichia coli, a post-weaning diarrhea faecal clinical scoring based on
a score grid from O to 4 is applied, to differentiate between normal, pasty, mild, moderate,
and severe diarrhea. For Brachyspira hyodysenteriae, Lawsonia intracellularis and Salmonella
species a more differentiated approach is necessary considering the different possible faecal
additions (mucus, blood, fibrin, necrotic material). The swine dysentery faecal clinical scoring
system, therefore, includes 3 sub criteria shape-consistency, colour, and additions, which are
scored separately and subsequently combined into a total faecal score. Using both scoring
systems, several statistical analyses can be performed ranging from kinetics over time,
area under the curve, days to maximum score, and in case of individual piglet faecal clinical
scoring number of piglets with diarrhea on a particular observation day can be assessed.
These analyses are used to compare different intervention strategies in 3 field experiments.
They are vaccination against enterotoxigenic Escherichia coli using an oral live avirulent
Escherichia coliFA/F18 vaccine in the prevention of post-weaning diarrhea due to enterotoxigenic
Escherichia coli, inclusion of a B-mannanase enzyme to degrade B-mannans in the diet, and
therapeutic treatment with an oral Zn-chelate product to treat clinical signs of swine dysentery.
In conclusion, adapted faecal clinical scoring systems for different swine intestinal diseases
or phases of production can be an important tool in both field and experimental studies
to objectively assess the severity of swine intestinal disease and make an evidence-based

evaluation of clinical effects following therapeutic or preventive interventions.

Keywords: faecal clinical score, score grid, enterotoxigenic Escherichia coli, Brachyspira

hyodysenteriae, evaluation

© 2024 European Society of Medicine 1


https://doi.org/10.18103/mra.v12i10.5875
https://doi.org/10.18103/mra.v12i10.5875
https://doi.org/10.18103/mra.v12i10.5875
https://doi.org/10.18103/mra.v12i10.5875

1. Introduction

Swine production globally still encounters major
challenges related to swine intestinal disease, which
might be provoked by post-weaning diarrhea (PWD)"
3 or growing pig diarrhea®'’. Both disease conditions
are provoked by specific intestinal pathogens and
remain a major reason for reduced pig performance
and increased antimicrobial use to control or eliminate
the pathogen. Post-weaning diarrhea in pigs is a
worldwide economically important disease’,
characterized by increased mortality, weight loss,
retarded growth, increased treatment costs, higher
use of antibiotics, and pig weight variation®3'1>,
Enterotoxigenic E. coli (ETEC) is regarded as the
most important cause of PWD. The ETEC pathotype
is typically characterized by the presence of fimbrial
adhesins, which mediate attachment to porcine
intestinal enterocytes, and enterotoxins, which
disrupt fluid homeostasis in the small intestine. This
results in mild to severe diarrhea within a few days
post-weaning, associated with clinical signs of
dehydration, loss of body condition (= disappearance
of muscle volume) and mortality™. The adhesive
fimbriae most commonly occurring in ETEC from
pigs with PWD are F4 (K88) and F18?. Other fimbriae
such as F5 (K99), F6 (987P) and F41 rarely occur in
E. coliisolates from PWD'¢%, In contrast, growing
pig diarrhea has three major bacterial causes, namely
Lawsonia intracellularis, Brachyspira species or
Salmonella species, besides many viral or parasitic
etiologies. Swine dysentery (SD) is provoked by
Brachyspira hyodysenteriae - a B-hemolytic Gram-
negative oxygen-tolerant anaerobic spirochete -
and leads to mild to severe, characterized by bloody
to mucoid, diarrhea, which is associated with mucus,
fibrin, necrotic material, or blood in the faeces”.
Clinical signs usually start with loss of appetite and
mild, yellow to grey colored diarrhea, further
progressing to watery diarrhea with blood, mucus,
fibrin, and pseudo-membranes®. This results in
economic damage due to growth losses, mortality,
increased variation in pig weight, and decreased
feed conversion at farm level. lleitis caused by L.

intracellularis causes mild to severe diarrhea with or

without melena. Depending on the clinical
presentation, a chronic form (porcine proliferative
adenomatosis) with low mortality or an acute form
(porcine hemorrhagic enteritis) with sudden death
may be observed. A subclinical form is also described
causing weight loss and feed efficiency losses but
without diarrhea, so it is only mentioned for
completeness. In contrast, Salmonella is ubiquitous
and clinical signs may be different depending on
serotype or caused by dysbiosis.

These infectious intestinal diseases are currently
controlled using antimicrobials combined with
preventive management strategies such as oral
supplementation of acids through the waterline,
and adapted feeding strategies (dietary fiber, low
protein levels, prebiotics, probiotics). In many parts
of the world, the emergence of antimicrobial resistance
towards E. colistrains isolated from cases of PWD?™
% or B. hyodysenteriae strains isolated from cases
of SD urges the need for alternative control
strategies?3*.

Both under field and experimental conditions, the
assessment of severity of swine intestinal disease
remains a challenge. Many studies only report
presence or absence of diarrhea without further
differentiation of specific severity ranging from mild
to severe faecal appearance. Other experimental
studies collected faecal scores based on different
faecal clinical scoring grids varying between a 3-
(normal, soft, and watery®), over 4- (normal, soft, mild,
and severe®) to 5-level scale (dry-pelleted, formed,
moist cow-dung, diarrhea, and watery diarrhea®*).
Therefore, a need for standardized scoring grids to
evaluate and analyze results of treatment and
prevention is crucial both in PWD and SD**#4.

The objective is to demonstrate based on three
different published field examples how a standardized
faecal clinical scoring grid adapted to the specific
clinical disease can help to evaluate, analyze, and
interpret the results obtained from therapeutic or

preventive interventions under field conditions.
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2. Materials and Methods

2.1. EXPERIMENT 1 — EVALUATION OF FAECAL
CLINICAL SCORES DURING THE POST-WEANING
PHASE FOLLOWING AN ORAL LIVE AVIRULENT
ESCHERICHIA COLI F4 VACCINATION

2.1.1. EXPERIMENTAL FARM DESCRIPTION

The field trial was performed on a conventional
farrow-to-finish pig farm with 600 DanBred sows in
Flanders (Belgium). The farm was managed in a 4-
week batch-management system (with alternate
weaning) with 120 sows per production batch.
Piglets were weaned at 23 days of age and housed
in specifically equipped post-weaning facilities, where
they were raised for 7 weeks (50 days post-weaning).
The post-weaning facility was equipped with 40 pens,
which could each house 16 post-weaned piglets. Dry
feeders with two waterers, one on each side, were
located at the pen division, thus feeding two pens
with a total of 32 piglets. The pens were further
equipped with fully slatted plastic floors and were
heated with hot water tubes on the side walls near
the air inlet. Ventilation was performed through 3
ventilation tubes and fresh air entered the
compartment directly from the outside.

2.1.2. ENTEROTOXIGENIC ESCHERICHIA COLI
DIAGNOSIS AND CHARACTERIZATION AT FARM
The farm was selected following ETEC diagnostics
during the post-weaning period. A confirmatory
diagnostic sampling was performed consisting of
untreated piglets (n = 10) with typical clinical signs
of PWD, such as watery faeces, thin potbellied, and
signs of dehydration, were sampled using rectal
swabs (Sterile Transport Swab Amies with Charcoal
medium; Copan ltalia S.p.A., Brescia, Italy). All
sampled piglets were between 3- and 5-days post-
weaning. The diagnostic samples were sent to the
laboratory (IZSLER, Brescia, lItaly) under cooled
conditions for further processing.

Specimen were processed using standard procedures
forisolation and characterization of intestinal E. coli.
Briefly, samples were plated on selective media

and on tryptose soy agar medium supplemented

with 5% of defibrinated ovine blood and incubated
aerobically overnight at 37°C. Hemolytic activity was
evaluated and single coliform colonies were further
characterized.

DNA samples were prepared from one up to five
hemolytic and/or non-hemolytic E. coli colonies and
used to perform a multiplex PCR for the detection
of fimbrial and toxin genes, including those encoding
for F4 (K88), F5 (K99), F6 (987P), F18,F41, LT, STa, STb,
and Stx2e, but not discriminating between F4ab,
Fdac and F4ad.

All collected samples were positive for F4 in
combination with STa, STb, and LT. No other virulence
factors could be detected.

2.1.3. VACCINATION WITH A LIVE ORAL AVIRULENT
ESCHERICHIA COLI F4 VACCINE

To vaccinate piglets at least 7 days before the clinical
signs to mount sufficient protective local immunity
in the gut®3¢, piglets were vaccinated at 18 days of
age (5 days prior to weaning), during the suckling
period. The live avirulent E. coli F4 vaccine has a
rapid onset of immunity (7 days) and a duration of
immunity of 21 days post-vaccination®>*, which
covers the most critical period of PWD'. An efficacy
trial using an experimental E. coli F4 challenge at 7
days post-vaccination showed reduction of the
severity and duration of PWD and reduction in
faecal shedding of pathogenic FA-ETEC3>3%.

Sows were randomly assigned to Vaccine
(Coliprotec®F4; Elanco, Greenfield, IN) or Control
group based on their parity and sow number.
Parities were equally distributed to both treatment
groups. Piglets from sows assigned to the Vaccine
group were vaccinated orally through drenching
with 2 ml of a live avirulent E. coli F4 vaccine
(Coliprotec®F4; Elanco, Greenfield, IN) at 18 days
of age. Piglets from sows in the Control group were
not treated nor vaccinated. No antibiotics were
administered to any piglets from 15 days of age
onwards, to omit interference with the development
of protective local immunity by the E. coliF4 vaccine
during the 7 days following vaccination.
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2.1.4. EXPERIMENTAL DESIGN

Atweaning, piglets were further divided by treatment
groups. The E. colivaccinated piglets were randomly
assigned to three groups with different feeding
strategies. The unvaccinated Control piglets were
randomly assigned to two groups with different feed
supplemented preventive measures against PWD
due to E. coli. Each treatment group consisted of
128 piglets divided over 8 pens with 16 piglets each.
Sexes were distributed equally within and between
different treatment groups. The treatment groups

were randomly allocated to the different pens within
the compartment to evenly distribute all treatments
for potential interaction with specific climatic subzones
within the compartment (outer walls, air inlet, central

part).

Details on the experimental design in relation to
feeding strategies and preventive measures are
given in Table 1. Piglet treatment identification was
blinded to both farmer and veterinarian involved in
trial follow-up by letter codes (A, B, C, D, and E).

Table 1. Schematic description of experimental trial set-up including study groups with a comprehensive

description and feeding strategies differences (weaning starter, starter and grow starter; blocks with the same

F* code have identical compositions), addition of ZnO (3,000 ppm), supplementary nutraceuticals (MCFAs,

organic acids and additional fibers), and vaccination with a live oral avirulent E. coli F4 vaccine.

A B C D E
High 3-
Normal + Normal start )
o Normal + ) ) High 3- phases +
Treatment description nutraceutica  / High 2™ & .
ZnO phases nutraceutica
Is 39 phase
Is
Weaning starter 3kg F1* 3 kg F1* 3 kg F1* 3 kg F2** 3 kg F2**
Starter 5 kg F3* 5 kg F3* 5 kg F4** 5 kg F4** 5 kg F4**
Grow starter ... kg F5* ... kg F5* ... kg F6** ... kg F6** ... kg F6**
ZnO (14d) 3,000 ppm 0 0 0 0
Nutraceuticals 0 2 kg / tonne 0 0 2 kg / tonne
E. coli F4 vaccine no no yes yes yes

* F1, F3 and F5 are diets with the normal energy (2421, 2389, and 2349 kcal NE/kg, respectively) and protein (16.7,

17.2, and 17.0 %, respectively) levels

** F2, F4 and Fé are diets with the increased energy (2530, 2447, and 2405 kcal NE/kg, respectively) and protein

(19.0,18.9, and 18.6 %, respectively) levels.

2.1.5. FEEDING STRATEGIES

Feeding strategies were based on previous results®,
showing that a 3-phase feeding strategy has resulted
in the most optimal production results. Additionally,
different combinations of normal or high energy
and protein levels in the 3-phase approach were
evaluated together with E. coli F4 vaccination and
addition of 2 kg per tonne of extra protective

nutritional  supplements, i.e., nutraceuticals,
consisting of a combination of MCFAs, organic
acids and additional fibers. Unvaccinated Control
groups were also fed the 3-phase feeding strategy.
One unvaccinated group (A) was designed to
resemble the current field situation at that moment
of the trial with addition of 3,000 ppm ZnO to the

feed during the first 14 days post-weaning
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representing a positive control group, whereas the
other unvaccinated group (B) was formulated with
addition of 2 kg per tonne of neutraceutical

supplement as a negative control group.

2.1.6. PEN FAECAL CLINICAL SCORE

Piglet faecal consistency was scored daily from dO
to d21 using a pen faecal clinical score (FCS) as
described in Table 2. FCS was performed by the
same person throughout the entire duration of the
study (0-21 days). For pen FCS, one score per pen
was attributed daily in the moming at 9 am. For
analysis, area under the curve (AUC) and days to
maximum score were calculated per pen. Clinical

assessment of piglets with diarrhea was performed

based on appearance of fluid watery stools in the
anal and perineal region. The number of piglets per
pen with these clinical signs was counted daily from
d0 to d21 and reported as total number of piglets
with diarrhea per treatment group over the entire
observation period (0-21 days).

2.1.7. STATISTICAL ANALYSIS

For the ordinal outcomes of pen FCS, effect of
treatment was assessed using pairwise comparison
using Wilcoxon rank sum test. The P-values were
adjusted with the Bonferroni method for multiple
comparison. All tests were performed at the nominal

level of 5%.

Table 2. Comprehensive description of the pen faecal clinical score (FCS) with its interpretation and clinical

aspect of the faecal clinical score.

Score Interpretation Clinical aspect

0 Normal Normal faecal consistency

1 Pasty Soft pasty consistency

2 Mild Presence of fluid, but more particles than fluid
3 Moderate More fluid than particles

4 Severe Fluid watery faeces

2.2. EXPERIMENT 2 — EVALUATION OF FAECAL
CLINICAL SCORES DURING THE POST-WEANING
PHASE FOLLOWING ADAPTED FEED
FORMULATIONS INCLUDING A 8-MANNANASE
ENZYME

2.2.1. EXPERIMENTAL FARM DESCRIPTION

The field trial was performed on a conventional
farrow-to-finish pig farm with 600 DanBred sows in
Flanders (Belgium), managed in a 4-week batch-
management system with 120 sows per production
batch. The farm was managed on all-in/all-out basis
in all production phases.

Piglets (DanBred x German Piétrain) were weaned at
21 days of age and housed in a specifically equipped
post-weaning facility, where they were raised for 7
weeks (49 days). The post-weaning facility was
equipped with 32 pens of 14 piglets, allocated in 8
rows of 4 pens, separated by 4 inspection aisles.

Every two pens were equipped with a dry feeder

with a waterer on each side, located at the pen
partition, so each feeder fed 28 piglets. The pens were
equipped with fully slatted plastic floors. Heating
was provided by hot water tubes on the ceiling near
the airinlet, and ventilation was performed through
3 ventilation tubes and fresh air entered through a
perforated ceiling air inlet system.

2.2.2. DESCRIPTION OF CLINICAL PROBLEMS OF
POST-WEANING DIARRHEA

The farm had a history of post-weaning diarrhea
(PWD), recurrently diagnosed as enterotoxigenic E.
coli (ETEC) F4, which expressed enterotoxins STa,
STb, and LT. Clinical signs of PWD were characterized
by watery yellowish diarrhea from 3 days post-
weaning (dpw) onwards and was controlled through
preventive vaccination with a live oral avirulent E.
coliF4 and F18 vaccine (Coliprotec®F4/F18; Elanco,
Greenfield, IN) at 5 days pre-weaning. Since onset
of immunity by this vaccine is 7 days, the piglets

© 2024 European Society of Medicine 5



were vaccinated timely in relation to the onset of
clinical signs of PWD. Without E. coli vaccination,
at least 10 days of antimicrobial treatment would
have been necessary, and mortality would increase
to 4-5%, as observed in previous trials with a non-
vaccinated control group®-®. The E. colivaccination
had been administered as a standard preventive
measure for several years prior to the trial. The
challenging F4-ETEC infection pressure on this
farm combined with the E. coli F4/F18 vaccine has
resulted in a stable clinical situation related to PWD,
although F4-ETEC might still be diagnosed post-
weaning. Since label claims of the E. coli vaccine
stated a reduction in F4-ETEC and F18-ETEC
pathogen excretion following vaccination, it is not
usual to diagnose F4-ETEC following vaccination®"
%. No other enteric pathogens were detected that
might cause PWD.

2.2.3. EXPERIMENTAL DESIGN

2.2.3.1. TREATMENT GROUPS AND FEEDING
REGIMEN

Two experimental treatments were used, where
the Control group received the standard diets and
Enzyme treated group received the adapted nursery
diets. A 3-phase feeding program with two basal
diets was used, a common commercial feeding
program, and a similar, adapted program with 300 g
per tonne of a heat-tolerant endo-1,4-B-mannanase
(Hemicell HT Dry; Elanco, Greenfield, IN), with
expensive protein sources partially replaced by
extruded SBM in phase 1 and fully replaced by
dehulled SBM in phase 2, and the enzyme was
formulated to provide 65 kcal’kg NE in phase 3.
The enzyme was added to the mixer with other minor
ingredients during production of the diets at the
feed mill. The diets used for the two treatments had
similar nutrient content per kg in all three phases:
digestible lysine content of 12.1 g/kg in phase 1,
11.8 g/kg in phase 2, and 11.8 g/kg in phase 3.
Identical NE content of both Control and Enzyme
treated group of 2,440 kcal’kg in phase 1 and
2,425 kcal/kg in phase 2 were used, while in phase
3, the NE content was 2,399 kcal/kg in the Control

diet and 2,334 kcal/kg in Enzyme treated diet for a
calculated NE reduction of 65 kcal/kg.

The 3-phase feeding program was offered as
following: piglets were fed phase 1 feeds from days
1-15, phase 2 feeds from days 16-27 and phase 3
diets from days 28-49.

Substitution of expensive protein sources and
reduction of 65 kcal/kg NE resulted in a substantial
reduction of the feed costs. The reduction of expensive
protein sources in phase 1 had a substantial impact
and reduced the feed cost by € 29.00 per tonne,
whereas the substitutions in phase 2 and energy
reduction in phase 3 had a slightly smaller impact

of € 6.77 and € 4.45 per tonne, respectively.

2.2.3.2. STUDY ANIMALS

Two batches of 448 newly weaned piglets were
allocated to treatment by weight and sex. Castrated
males and females were penned separately. The
same number of castrated male and female pigs were
allocated to both treatment groups. All piglets were
ear tagged with individual identification numbers.
Pen represented the experimental unit. Sixteen pens
of 14 piglets were included per treatment in each
batch for a total of 32 replicates per treatment. The
piglets at each feeder were randomly assigned to
one of both treatment groups: Control or Enzyme
treated.

2.2.3.3. ASSESSMENT OF FAECAL CLINICAL
SCORE

Pigs were evaluated daily, and any unusual
observations were recorded, including but not
limited to altered behavior and disease. Diarrhea
scores were assessed for each pen by scoring five
droppings per pen based on the faecal clinical score
(FCS) shown in Table 233 The scoring was done
by the same observer on days O to 11 post-weaning
and on day 49 (end of trial). The scoring was done
by first counting all droppings with a score 4, then
score 3, subsequently 2 and 1, and finally score O, until
a total of 5 droppings had been recorded. FCS during
the observation period were expressed as area under
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the curve (AUCo.1) and days to maximum score
were calculated for each pen.

2.2.4. STATISTICAL ANALYSIS

All data analyses were performed using R version
3.6.3. All tests were performed at the 5% level of
significance. For FCS, the average values were
calculated for each trial, pen, treatment, and day
post weaning (dpw) combination. Subsequently,
the average values of AUCq4; for FCS were calculated
for each trial and treatment combination, and they
were used as outcome variables in two-way ANOVA
models with trial and treatment as factors. Trial
acted as a blocking factor. The F-test was used for
testing the treatment effects. The treatment effect
on the days to maximum score was tested with the
Wilcoxon rank sum statistic, stratified according to
trial, i.e., the test statistic is given by the sum of the
two trial-specific Wilcoxon rank sum statistics.

2.3. EXPERIMENT 3 — EVALUATION OF FAECAL
CLINICAL SCORE DURING THE POST-WEANING
AND GROW-FINISHING PHASE FOLLOWING
TREATMENT OF SWINE DYSENTERY WITH A ZN-
CHELATE PRODUCT

2.3.1. INCLUSION OF FARMS AND ANIMALS

Two farms with clinical disease due to B.
hyodysenteriae in post-weaning or grow/finisher
pigs within two weeks preceding the start of the
study or preventing clinical signs due to B.
hyodysenteriae by strategic application of
antimicrobial drugs (but showing relapse upon
cessation of therapy) were included in this study*.
Pigs were not allowed to receive any preventive or
therapeutic antimicrobial drug for B. hyodysenteriae
in the 10 days preceding Study Day (SD) O (first day
of administration of IntraDysovinol (ID; IntraCare
BV, Veghel, The Netherlands) — an oral Zn-chelate
therapeutic). Farms were representative for Dutch
commercial farms housing grow/finisher pigs under
the highest welfare conditions (three stars within the
welfare concept) with the capability of administration
of ID via drinking water using a dosing pump. Animals
were fed dry feed and no increased levels of zinc

or copper via the feed or drinking water were allowed.

Pens included in the study had identical stocking
density per pen, feed, climate, and management.

A pen was included when at least 10 percent of the
animals in the pen were gPCR-positive for B.
hyodysenteriae at SD-3 and at least one of the pigs
was showing a non-normal faecal score (score 1 or
higher on at least one aspect as described below).
Only post-weaned pigs, showing abnormal faecal
scoring and excreting B. hyodysenteriae at SD-3
and/or at SDO or SD2 (the latest) were included in
the study for individual follow-up within selected

pens.

2.3.2. ADMINISTRATION OF INTRADYSOVINOL
Upon inclusion, the pen was randomly assigned to
control or treatment with 1D at a dosage of 0.023 ml|
product per kg bodyweight for the duration of 6
days, starting at SDO and ending at SDé. Based on
the total bodyweight and total water consumption
of all animals in a single pen, 100 times concentrated
pre-dilution ID was dosed at 1 percent to the
drinking water using a calibrated dosing pump.

2.3.3. FAECAL CLINICAL SCORE

All animal observations and collection of animal
samples were carried out by the observer. Pigs were
individually identified by unique ear tag numbers.
For evaluation of the faecal quality, scoring was
performed at SD 0, 2, 4, 6, 10 and 14 according to
the scoring grid in Table 3%2. Faecal scoring included
consistency, colour, and additions (mucus, foam,
blood, and necrotic material) and was added to
obtain the total faecal score (TFS).

2.3.4. STATISTICAL ANALYSIS

Univariable analysis was applied to evaluate whether
significant differences were present between ID-
treated and control pigs regarding total faecal

score. P-values < 0.05 were considered significant.
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Table 3. Faecal quality scoring grid for assessment of individual faecal quality. Sum (total faecal score, TFS) of
faecal characteristics A, B and C was used for statistical analysis.

Parameters Score Description

A. Faecal shape and consistency Hard, dry, can be shaped by fingers
Normal, soft, but not watery
Pasty, soft

Watery

B. Faecal colour Normal dark green, brown, feed colour
Light brown to yellow

Grey

Dark brown to black

Normal, no additions

C. Faecal additions

Slimy or foamy

N = OlW N = O|lP, W N -

Bloody or fibrinous exudate

3. Results

3.1. EXPERIMENT 1 — EVALUATION OF FAECAL
CLINICAL SCORES DURING THE POST-WEANING

and the E. coli vaccinated groups (C, D, and E)
(Table 4). Although numerical differences in days to
maximum score occurred among treatment groups,

no significant differences (P > 0.05) were observed

PHASE FOLLOWING ORAL LIVE AVIRULENT
ESCHERICHIA COLI F4 VACCINATION
Pen FCS was collected daily for each individual pen

(Table 4).

The number of piglets with clinical signs of diarrhea

from 0 to 21 days post-weaning. Pen FCS, expressed was significantly higher (n = 151; P < 0.05) in group

as AUC, was significantly higher (P < 0.05) in group B (nutraceuticals) and group D (high energy and

B (nutraceuticals) as compared to group C (low/ protein) as compared to group A (ZnO) and two of

high/high energy and protein), whereas pen FCS in the E. colivaccinated groups (C; low/high/high energy

all other groups was not significantly different (P > and protein, and E; high energy and protein +

0.05) from each other. Overall, pen FCS was nutraceuticals).

comparable between group A (ZnO; gold standard),

Table 4. Area under the curve (AUC) of pen faecal clinical score, time to maximum score (mean = SEM) and total
number of piglets with diarrhea during the first 21 days post-weaning. Pen FCS was scored daily on a score from 0
(= normal) to 4 (= watery diarrhea). Different treatment groups differed in diets composition (normal or high energy
and protein levels) and preventive approach towards post-weaning diarrhea (ZnO, nutraceutical or vaccination
against E. coli F4). Different row superscript letters indicate statistically significant differences (P < 0.05).

Treatment
A B C D E
Pen FCS (AUCq21) 36.4 +=9.7° 72.2£10.1%® 271 +9.6* 443+12.6° 39.3+7.8°
Days to maximum score 7.00 £ 1.67 725110 9.62+x2.09 6.25+1.01 9.25 £ 0.90
# Piglets with diarrhea (0-21 d) 492 151b 412 99¢ 692
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3.2. EXPERIMENT 2 — EVALUATION OF FAECAL
CLINICAL SCORES DURING THE POST-WEANING
PHASE FOLLOWING ADAPTED FEED
FORMULATIONS INCLUDING A 8-MANNANASE
ENZYME

Pen FCS was collected daily for each individual pen
from 0 to 11 dpw. Daily average pen FCS (mean *
SEM) is given in Figure 1. Pen FCS, expressed as

1.75
1.5

1.25

0.75

0

Q1

Average fecal clinical score (0-2)

0.2

Q1

0 il |I |I II Ha =@ _
3 4 5 6 7 8 9

AUC, 11, was not significantly higher (P > 0.05) in
the Control group as compared to the Enzyme
treated group (Table 5). Although some numerical
differences in time to maximum score, expressed as
dpw, occurred between the treatments, no significant
differences in the time to maximum score (P> 0.05)

were observed (Table 5).

B Control B Enzyme

10 11

Day post-weaning

Figure 1. Average faecal clinical score (mean = SEM) from 0 to 11 dpw. Five relevant faecal droppings were scored
daily per pen during the observation period. Piglets in the Control group were fed a standard diet, whereas piglets

in the Enzyme treated group were fed an adapted diet with more soybean meal in phase 1 and 2, and a decrease

level of 65 kcal/kg net energy in phase 3. No significant differences between groups were observed.

Table 5. Area under the curve (expressed in AUCq.11) of pen faecal clinical score, days to maximal FCS (expressed
in dpw; mean * SEM) for piglets during the first 11 dpw are given. Piglets in the Control group were fed a standard
diet, whereas piglets in the Enzyme treated group were fed an adapted diet with more soybean meal in phase
1 and 2, and a decrease level of 65 kcal/kg net energy in phase 3. Different row superscript letters indicate

statistically significant differences (P < 0.05).

Control Enzyme
Pen FCS' (AUCq.11) 14.40 £ 0.2152 13.65+0.134°
Days to maximum score (dpw) 7.06 £ 0.100° 6.25 +0.077°

'"Pen FCS was scored daily on a score from O (= normal) to 2 (= watery diarrhea).

AUCq.11; area under the curve 0-11 dpw
dpw; days post-weaning

© 2024 European Society of Medicine 9



3.3. EXPERIMENT 3 — EVALUATION OF FAECAL
CLINICAL SCORE DURING THE POST-WEANING
AND GROW-FINISHING PHASE FOLLOWING
TREATMENT OF SWINE DYSENTERY WITH A ZN-
CHELATE PRODUCT

The total faecal score (TFS) of the individually
monitored pigs was comparable between ID-treated
pigs and control pigs on SDO with an average score
of 3.16 and ranging from 0 to 7 for both treatment
groups (t-test, P> 0.05). ID-treated pigs had a lower
TFS as compared to the control pigs (P> 0.05; Figure
2) from SD2 to SDé6. Overall, at SD6, 25 of the 60 ID-
treated pigs showed a TFS of zero compared with

20 out of the 57 control pigs.

5

N O8] =~

Total fecal score (0-9)

—_

-
;
' |
' |
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0 H -
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At SD14, 8 days after the end of the ID treatment,
TFS in ID-treated animals (TFS 0.39) remained
significantly lower (P < 0.01) as compared to control
pigs (TFS 1.23). This difference was mainly due to
faecal consistency and faecal colour scores. Over
the entire study, ID-treated pigs showed an average
daily improvement of their TFS of 0.74, whereas
TFS in control pigs only had an average daily
improvement of 0.38. Moreover, an increase in TFS
was observed in control pigs at SD14 (Figure 2). At
SD14, the number of ID-treated pigs with a TFS of
zero was 39 out of 60, while in control pigs, a TFS

of zero was at 20 of 60.

mID control

6 14

Study Day

Figure 2. Total faecal score (average = SEM) of ID-treated and control pigs per study day from SD 0O to 14.
Pigs were treated with ID from SD 0 to 6. Significant differences (P < 0.05) are indicated with asterix*.

4. Discussion

The objective is to demonstrate based on three
different published field examples how a standardized
faecal clinical scoring grid can help to evaluate,
analyze, and interpret the results obtained from
therapeutic or preventive interventions under field
conditions.

In the first field experience with a live oral avirulent
E. coli F4 vaccine to protect against PWD (C, D,
and E), both a negative control group (nutraceutical
approach; B) and a positive control (ZnO 3,000 ppm
for 14 days; A) were included in the evaluation. The
nutraceutical approach (B) resulted in a significant
increase (P < 0.05) in the total number of piglets
with diarrhea as compared to the E. coliF4 vaccinated

groups and the positive control group. Pen FCS in
the nutraceutical group (B) was also significantly
higher than in the E. coli F4 vaccinated group with
the low/high energy and protein diet (C). Pen FCS
in the nutraceutical group was only numerically
higher as compared to positive control (A) and the
E. coli F4 vaccinated groups with high energy and
protein (D), and high energy and protein with
additional of nutraceuticals (E). No difference in the
days to maximum score could be observed between
all treatment groups, indicating that independent
of the clinical severity of PWD, the timepoint with
maximal loose stools was quite similar in all study

groups.
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Indeed, intestinal pathogens have many different
mechanisms to interact with their host, which
makes complete inhibition of their pathogenesis
through specific feed additives or combination of
these additives rather challenging®®*'. Incomplete
control may explain the results obtained for total
number of piglets with diarrhea and pen FCS being
inconsistent. However, when combining the
nutraceutical supplementation with an E. coli F4
vaccination in a high energy and protein diet, pen
FCS improved and total number of piglets with
clinical signs of PWD decreased. This indicates that
under conditions of additional protection with an
E. coli F4 vaccine, the nutraceuticals could support
general gut health to improve the supplemented
piglets’ clinical condition. Recently, vaccination with
a live oral avirulent E. coli F4 or E. coli F4 and F18
vaccine has demonstrated efficacy against PWD
due to F4-ETEC, and F4-ETEC and F18-ETEC3%3,
Immunization against the F4-ETEC and F18-ETEC
pathogens resulted in decreased severity and
duration of PWD clinical signs but faecal shedding
of F4-ETEC and F18-ETEC may still occur®>3. Our
results are in line with these observations, indicating
that feeding strategy with an increased content of
energy and protein had no negative impact on
results induced by immunization with an E. coli F4
vaccine under field conditions. This implies that
farms suffering from PWD due to F4-ETEC can still
explore alternative or feeding strategies that result
in higher piglet performances when piglets are
concurrently protected through immunization with
an E. coliF4 vaccine. Immunization may mitigate the
increased risk of feeding higher energy and protein
diets currently thought to induce PWD.

As expected, supplementation of ZnO resulted in
the acceptable pen FCS although days to maximum
FCS did not differ among treatment groups.
Nevertheless, from 14 days post-weaning onwards,
at removal of the ZnO from the feed, pen FCS
increased (data not shown), in contrast to the other
groups, where pen FCS remained stable during
that specific period. In practice, this phenomenon

is referred to as ‘post-ZnO diarrhea’ and sometimes

even needs antimicrobial treatment. E. colivaccinated
piglets had similar pen FCS, which remains an
important evaluation parameter in practice, due to
lack of many other directly available data for
evaluation of preventive or clinical interventions to

prevent or control PWD due to E. coli.

In the second field experience with supplementation
of a B-mannanase enzyme combined with an adapted
feed formulation, we compared pen FCS and days
to maximum score in a Control group with a normal
3-phase diet to an Enzyme group with an adapted
dietincluding replacement of digestible proteins by
SBM and reducing the NE content with 65 kcal/kg
of feed. Although some differences in kinetics could
be observed for pen FCS, AUCq.; did not differ
significantly (P > 0.05) between both treatment
groups. Neither did time to maximum score during
the entire period from 0-11 dpw differ significantly
(P> 0.05) between both treatment groups. These
results indicated that feeding post-weaned piglets
with an adapted diet with more SBM in the phase 1
and 2 combined with supplementation of 300 g per
tonne of a B-mannanase enzyme did not deteriorate
piglet intestinal health during this critical period
post-weaning. Therefore, feeding post-weaned
piglets a cheaper diet with inclusion of a B-mannanase
enzyme could be an alternative to cope with high

feed prices under the current economic circumstances.

In poultry, beneficial effects of a B-mannanase enzyme
on the performance of chickens challenged with
Eimeria sp. and Clostridium perfringens when
observed together reduced lesion scores in disease-
challenged birds*. Therefore, we selected a field
trial facility with a substantial intestinal challenge
related to PWD due to E. coli, which was partly
ameliorated using an oral live oral avirulent E. coli
vaccine (Coliprotec® F4/F18; Elanco, Greenfield,
|A). Indeed, based on the pen FCS, we observed a
clinical challenge with a maximum score between
6 and 7 dpw.

In the third field experience of an innovative
therapeutic treatment of SD using ID (an oral Zn-
chelate product) for 6 consecutive days, we compared

© 2024 European Society of Medicine 11



a Control group with a standard therapeutic
approach to an ID Treatment group. Treatment
with ID for 6 consecutive days significantly improved
TFS, which is a cumulative score of faecal consistency,
colour, and additions (mucus, foam, blood, and
necrotic material). Although the level of TFS was
higher at SDO in the Treatment group as compared
to the Control group, treatment with ID resulted in
a more rapid decrease (-55% vs. -24% in Treatment
and Control group, respectively) of TFS. The faecal
quality remained acceptable following the end of
the 6-day ID treatment and even continued to
decrease until SD14, the end of the field experience.
This observation is rather interesting, especially since
the pigs were housed under challenging conditions,
including a high-welfare environment, which
implicates more than 80 percent solid flooring,
partly (50 percent) bedded with straw, and only a
very little slatted surface. These circumstances do
not favor the lowering of B. hyodysenteriae-infected
faeces throughout the study and might expose the
pigs to moderate to high amounts of potentially
contagious faecal material. Moreover, intensive
observation of the pigs during the study revealed
thata high percentage of pigs consumed liquid faecal
material present on the solid pen floors (coprophagia).
Therefore, the continuing reduction of TFS in the
ID-treated group, even after the 6-day treatment
period, remains a remarkable and encouraging

finding.

Based on these different field experiences, we can
conclude that the practical use of a differentiated
faecal scoring grid with multiple levels has its
advantages over a simple score indicating only
presence vs. absence of diarrhea. Using a 3- to 5-
level scale, depending on the situation and the
specific infection, gives one the opportunity to
analyze several aspects of the clinical evolution and
severity of diarrhea problems in pigs at different
production stages. From a kinetic point of view,
AUCpeiod and days to maximum score can be
calculated and compared among different study
groups, resulting in a more detailed documentation

of clinical differences of preventive or therapeutic

interventions. When including the total number of
pigs with diarrhea over a defined period, the total
impact of an intervention can also be assessed in a
more quantitative approach. These advantages
allow a more sophisticated statistical analysis to be
performed to quantify the effect of preventive or

therapeutic interventions on the clinical outcomes.

5. Conclusions

In conclusion, adapted faecal clinical scoring systems
for different swine intestinal diseases or phases of
production are an important tool in both field and
experimental studies to objectively assess the
severity of swine intestinal disease and make an
evidence-based evaluation of clinical effects following

therapeutic or preventive interventions.
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