Bjornkjeer-Nielsen and Bjgrnvad

ActaVetScand  (2021)63:28 Acta Veterinaria Scandinavica

https://doi.org/10.1186/513028-021-00592-0

REVIEW Open Access

. . ®
Corticosteroid treatment for acute/ et

acute-on-chronic experimental and naturally
occurring pancreatitis in several species:
a scoping review to inform possible use in dogs

Kari-Anne Bjarnkjeer-Nielsen' and Charlotte Reinhard Bjernvad?’

Abstract

Acute pancreatitis in dogs is a prevalent disease characterised by mild to severe inflammation. Treatment with anti-
inflammatory corticosteroids has been widely debated but is not generally recommended in veterinary medicine. The
objective of the present study was to present current evidence on the effect of corticosteroid treatment for acute/
acute-on-chronic pancreatitis across species. These findings were then used to evaluate if and how corticosteroid
treatment could influence disease outcome in canine acute/acute-on-chronic pancreatitis. A scoping review was
performed by searching the Agricola, CAB Abstracts, MEDLINE and Embase databases to identify relevant articles
published before June 24, 2021. The inclusion criteria were English language, original research published in a peer-
reviewed journal, and investigation of corticosteroid treatment effects on acute/acute-on-chronic pancreatitis by the
outcome parameters clinical score, circulating CRP level, hospitalisation duration, mortality and pancreas histopathol-
ogy. Research on any species was considered. Studies were rated based on the level of evidence, and methodological
quality was evaluated based on similarity between groups at baseline, risk of bias and study group size. The reporting
method was based on the PRISMA extension for scoping reviews. One thousand nine hundred fifty-four studies were
identified, and 31 met the inclusion criteria. Five were canine studies, with 4 investigating experimentally induced
pancreatitis; 5 were human clinical studies; and 21 were rodent studies of experimentally induced pancreatitis. The
level of evidence ranged between randomised controlled trials and case series, the estimated risk of bias ranged from
low to high, and the sample sizes ranged from very small to moderate. Evidence indicates that adding corticosteroid
to symptomatic treatment of acute/acute-on-chronic canine pancreatitis could have a positive influence on disease
outcome. However, the analysed evidence was based on several species, including both naturally occurring and
experimentally induced pancreatitis; thus, the authors suggest that large randomised controlled studies should be
performed in dogs with spontaneously occurring acute/acute-on-chronic pancreatitis to further elucidate a potential
benefit of corticosteroid treatment.
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Background
Canine acute pancreatitis is a common disease in veteri-
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Our understanding of the pathophysiology of acute
pancreatitis is largely extrapolated from human clini-
cal studies and experimental animal models. An apical
block is believed to cause intracellular fusion of zymogen
granules and lysosomes, which leads to the activation of
trypsinogen and release of cathepsin-B and other pancre-
atic enzymes within acinar cells. These changes activate
the apoptotic cascade and cause inflammation, which is
manifested by neutrophil migration to the pancreas as
well as probable complement activation and a “cytokine
storm” that further contributes to inflammation [2, 3].

The fact that pancreatitis is an inflammatory condition
is supported by increases in parameters associated with
inflammation, such as C-reactive protein (CRP), Inter-
leukin 6 (IL-6) and Tumor necrosis factor o (TNF-«) [4],
as well as histologic findings [5]. Although universally
standardised criteria are not available for the histologic
classification of pancreatitis in dogs [6, 7], canine acute
pancreatitis has been defined by Watson et al. as pancre-
atic necrosis that frequently presents with a neutrophilic
infiltrate but without fibrosis or chronic inflammation
[8]. This definition is consistent with Newman et al. [9]
who suggest that neutrophilic inflammation is often asso-
ciated with pancreatic necrosis and/or peripancreatic
fat necrosis. These findings are considered potentially
completely reversible. The presence of permanent his-
topathological changes, such as fibrosis and acinar atro-
phy, suggest chronic pancreatitis, and a mononuclear or
mixed inflammatory infiltrate is expected [8—10].

In the clinical setting, distinguishing between acute
and chronic canine pancreatitis is difficult. Truly acute
disease cannot be distinguished from acute-on-chronic
pancreatitis [11], and histopathological assessments are
infrequent due to the cost and/or possible associated
morbidity [7, 12, 13]. Furthermore, studies show that
in many histopathological samples, acute and chronic
changes are found concurrently [10, 14], which make the
distinction between acute and chronic pancreatitis less
relevant. This mix of acute and chronic disease has led
authors to conclude that chronic pancreatitis may result
from recurrent acute disease [7] and that some appar-
ently acute pancreatitis cases are in fact acute exacerba-
tions of previously unrecognised chronic disease [11].

Therefore, this study includes cases of acute-on-
chronic as well as truly acute canine pancreatitis, which
is referred to as CAP, when discussing the condition in
dogs with acute symptoms of pancreatitis.

Canine acute pancreatitis can result in acute life-
threatening systemic complications, such as disseminated
intravascular coagulation and multiple organ failure [2].
Ongoing inflammation can result in progressive fibrosis
and loss of exocrine and/or endocrine tissue, thus caus-
ing the development of exocrine pancreatic insufficiency
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and/or diabetes mellitus [2, 11]. Hence, initiating the
optimal treatment for CAP as soon as possible can have
considerable positive results.

Although multiple risk factors and rare underlying
causes have been identified [1, 7], most cases of CAP are
considered idiopathic and do not present an underlying
disease for treatment [6]. The mainstay treatment rec-
ommended for CAP includes aggressive fluid therapy, a
low-fat diet, antiemetics and analgesic agents, including
opioids [15, 16].

As a confirmed inflammatory disease, it is noteworthy
that anti-inflammatory medications are rarely discussed
for the treatment of CAP. A search of the literature shows
that although nonsteroidal anti-inflammatory agents
(NSAIDs) are generally not recommended [15-20], a
consensus has not been reached regarding the use of
corticosteroids. Corticosteroids are generally contrain-
dicated because of the risk of gastric ulcerations and
reduced reticuloendothelial activity [19]. Recent human
case studies have indicated that corticosteroids may even
induce acute pancreatitis [21, 22]. In dogs with hyper-
adrenocorticism, one study reported increases in canine
pancreatic-specific lipase (Spec-cPL) concentrations
without any obvious clinical evidence of pancreatitis [23].
However, dogs in this study were not evaluated for evi-
dence of subclinical pancreatitis. In another study, hyper-
adrenocorticism resulted in an increased prevalence of
ultrasonographic pancreatic hyperechogenicity com-
pared with normal dogs, despite that they had normal
Spec cPL concentrations and no obvious signs of clinical
pancreatitis [24]. It should also be noted that hyperadren-
ocorticism has been identified as a risk factor for devel-
oping fatal acute pancreatitis [25]. However, a study in
2018 on healthy beagles showed that even immunosup-
pressive doses of prednisolone did not induce clinical or
histological evidence of pancreatitis [26]. Several authors
have indicated the lack of evidence suggesting that ster-
oids reduce pancreatic inflammation [19], and some
have narrowed this statement to apply to dogs only [20].
In contrast, a recent publication suggested that morbid-
ity may be improved and/or mortality may be reduced in
CARP by using low-dose corticosteroids [16].

This study performed a scoping review of peer-
reviewed literature to present current evidence on the
effects of corticosteroid treatment on acute/acute-on-
chronic pancreatitis across species to provide recom-
mendations regarding the use of corticosteroids for CAP.

Search strategy

Methods

The method of reporting was performed according to
the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) extension for scoping
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reviews [27]. A review protocol including inclusion and
exclusion criteria for the screening processes as well as a
search strategy was defined prior to starting this review;
this protocol was dated May 12, 2019 and is available on
request. The clinical research question, which was for-
mulated by the PICO method [28], was as follows: In
dogs with acute/acute-on-chronic pancreatitis receiving
standard treatment, could adjuvant therapy with corti-
costeroids improve the disease outcome relative to that of
standard treatment alone? Markers of improved disease
outcome were clinical score (as defined by the authors),
circulating CRP levels, hospitalisation duration, mortality
rate and pancreas histopathology.

Eligibility criteria

Types of studies

Studies reporting how corticosteroid treatment affects
acute/acute-on-chronic pancreatitis with regard to at
least one of the abovementioned markers of disease out-
come were considered. As a sparse amount of literature
was expected, studies were not excluded based on the
study design or restricted by publication date; however,
the language was restricted to English. Articles for which
full text was not available or that were not peer-reviewed
according to the publisher’s webpage or the article’s cover
page were excluded. Conference abstracts were excluded
since they are frequently publicly unavailable. Reviews
and meta-analyses were excluded because the relevant
original studies were included when relevant and avail-
able instead.

Types of participants

As few studies in dogs were expected, exclusions based
on species were not performed. Individuals suffering
from acute/acute-on-chronic pancreatitis that sponta-
neously occurred or was experimentally induced were
included. In vitro studies were excluded. Human stud-
ies on autoimmune pancreatitis were excluded because
this disease has not been documented to cause acute
pancreatitis in dogs [7]. Human paediatric studies were
excluded because a strong genetic background is sus-
pected [29], which is unknown in dogs. Human studies
in which acute pancreatitis was found to be a sequela to
or part of another specific disease (e.g., systemic lupus
erythaematosus) or treatment thereof (medical or sur-
gical) were excluded. Concomitant biliary disease and
alcoholism in humans were accepted because they are
considered predisposing factors.

Types of intervention

Studies reporting corticosteroid treatment as a sin-
gle treatment or an adjuvant to standard treatment of
acute/acute-on-chronic pancreatitis were considered.
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No exclusion due to corticosteroid type or dose was
conducted. However, studies involving anabolic steroids
as well as endogenous corticosteroids were excluded.
Studies reporting the preventive effect of corticosteroids
given prior to or simultaneously with inducing experi-
mental acute pancreatitis and studies reporting corticos-
teroid treatment as a cause of pancreatitis were excluded.

Types of comparison/control

Individuals with acute/acute-on-chronic pancreati-
tis following the same supportive treatment protocol
apart from corticosteroid treatment were used as model
controls.

Types of outcome

The primary outcome was the corticosteroid treat-
ment effect based on the clinical score (as defined by the
authors), circulating CRP levels, hospitalisation duration,
mortality and pancreas histopathologic evaluation.

Information sources

A literature search was conducted by the first author
(KBN) from August 21 to August 28, 2019, using the
following databases: Agricola (1970-present), CAB
Abstracts (1910—present), MEDLINE (1946—present),
and Embase (1974—present). No limits were applied to
publication year.

Search

The following search terms were queried in the elec-
tronic databases: Steroid*; corticosteroid*; cortiso*; glu-
cocorticoid*; dexamethason*; hydrocortiso*; predniso*;
methylpredniso*; acute pancreatiti*; acute on chronic
pancreatiti*; acute-on-chronic pancreatiti*. For the com-
plete search strategy, see Additional file 1.

Study selection

The eligibility assessment was based on titles and
abstracts in an unblinded standardised manner. Studies
fulfilling the inclusion criteria and those in which crite-
ria fulfilment could not be determined by title or abstract
were retrieved as full texts and assessed by the same cri-
teria. References of included articles as well as publica-
tions reviewing corticosteroid treatment for CAP/acute/
acute-on-chronic pancreatitis from 2010 onward were
screened manually for additional articles of relevance.
Duplicates were manually removed. A Prisma 2009 flow
diagram was used to elucidate the study selection process

(Fig. 1).

Data collection process
A data charting form (Table 1) was developed using
Microsoft Word 2010 software to extract relevant



Bjornkjeer-Nielsen and Bjgrnvad Acta Vet Scand (2021) 63:28 Page 4 of 34

‘o
Records identified through
c .
£ database351e;5rch|ng Additional records identified
o (n= ) through other sources
=
£ (n=4)
(=
(7]
S
A 4 A 4
Records after removal of duplicates and
non-English language
(n=2230)
oo
=
o
() A 4
S
& Records screened R Records excluded
(n=2230) " (n=2170)
—
A 4
Full-text articles assessed Full-text articles excluded,
Z for eligibility with reasons
H (n=60) (n=29)
5o
= Articles not reporting corticosteroid
v treatment effect on acute pancreatitis
o . with regards to selected outcome
\ ) Studies included in parameters/study not relevant (n=6)
qualitative synthesis
( ) (n=31) Acute pancreatitis as a part/sequela
of another disease or treatment
there-off (n=1)
©
Q A 4 . .
S Corticosteroid treatment before or
% Studies included in simultaneously with induction of
£ quantitative synthesis experimental AP (n=3)
(meta-analysis) Not an original study (n=3)
(n=0)
—
Duplicate removed (n=2)
Non-English language (n=4)
Articles covering the same
experimental study, already included
bv the article of most relevance to
this review (n=10)
Fig. 1 PRISMA 2009 flow diagram elucidating the inclusion and exclusion process for studies found in the database search. From Moher et al. [89]

information from the included studies regarding the Dataitem

study protocol and the results of the corticosteroid The following information was assessed or directly
treatment effect. Ten randomly chosen studies were extracted from each included study: (1) Level of evi-
used to test the form and adjust the design. dence, study design and methodological quality; (2)
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Species studied; (3) Number of individuals in corticos-
teroid-treated groups (GC groups) and model control
groups; (4) Type of acute pancreatitis (AP) (spontaneous
or experimentally induced); (5) Corticosteroid treatment;
(6) Other treatments; (7) Data collection and timing;
(8) Outcome: Clinical score (as defined by the authors);
(9) Outcome: CRP level; (10) Outcome: Hospitalisation
duration; (11) Outcome: Mortality rate; and (12) Out-
come: Pancreas histopathology score.

Critical appraisal of individual sources of evidence

Both authors individually assessed the level of evidence
and quality of the method for all included studies. In
case of discrepancies, a consensus was reached through
discussion.

The individual studies were graded for level of evidence
(LOE) on a scale of I to IV [30]. LOE I studies included
relevant primary studies (systematic reviews and meta-
analyses were originally included but were ultimately
excluded) (Fig. 1); LOE II studies included randomised
controlled trials (RCTs); LOE III studies included non-
randomised controlled trials and retrospective case—con-
trol series; and LOE IV studies included case series and
represented the lowest LOE.

The quality of the method of the individual studies was
evaluated for the following 3 components: group similar-
ity, risk of bias, and study group sizes.

Group similarity was rated good, fair or poor according
to the description of health/disease status, age (or weight
of rodents), sex and breed (dog studies only) of study sub-
jects. When experimental animals were used, no descrip-
tion of disease was interpreted to mean that the animals
were healthy.

Good group similarity: All healthy before induction
of pancreatitis, or acute pancreatitis (AP) diagnoses for
all participants based on clinical signs compatible with
AP and at least one of the following: Positive cPLI (Spec
cPL) or DGGR lipase, diagnostic imaging (ultrasound
or CT) findings indicative of AP, histopathological find-
ings indicative of AP, and similar age, sex and breed
characteristics.

Fair: All healthy or AP diagnosis for all participants
based on at least clinical signs compatible with AP and
increased plasma lipase/amylase, no obvious skewing of
group participants regarding age, sex and breed.

Poor: Information on diagnostic criteria for AP diagno-
sis is lacking or information regarding age/weight, breed
or sex of study subjects is lacking.

The risk of bias of individual studies was graded as
high, moderate or low according to the evaluated risk
of selection, performance, detection, attrition, reporting
and other bias. The evaluation was performed using the
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criteria set up by the Cochrane Collaboration’s tool for
assessment of risk of bias [31].

Study group size was graded as good, moderate, small
or very small according to criteria used in other veteri-
nary systematic reviews: >50 (good), 2049 (moderate),
10-19 (small), <10 (very small) [32-35]. The collected
information is presented in Table 2.

Synthesis of results
The outcome parameters for evaluating the effect of
corticosteroid treatment on acute pancreatitis were the
clinical score (as defined by the authors), circulating CRP
levels, hospitalisation duration, mortality rate and pan-
creas histopathology score. Among the included studies,
evidence for the corticosteroid treatment effect for each
outcome parameter was collected and summarised nar-
ratively. The evidence for each outcome parameter was
graded good, fair or insufficient, according to the follow-
ing criteria modified from Jensen and Bjgrnvad [35]:
Good evidence: Multiple RCTs with a low risk of bias
or with a moderate risk of bias and a moderate to good
study size.
Fair evidence: At least 1 RCT had a low risk of bias or a
moderate risk of bias and a moderate to good study size.
Insufficient evidence: No RCTs had a low risk of bias or
a moderate risk of bias and moderate to good study size.
Good or fair evidence for positive effect of corticoster-
oid treatment would indicate support of corticosteroid
treatment. Alternatively, good or fair evidence for lack of
effect or adverse effects would result in the advice against
corticosteroid treatment.

Ethical considerations

In 20 of the 21 experimental rodent studies, the study
protocols were documented to have followed national
ethical guidelines and/or had been approved by an ethical
committee; the exception was Wang et al. [36]. No ethi-
cal considerations were mentioned in the canine studies.
Two human studies were approved by an ethical commit-
tee [37, 38].

Review

Study selection

After removing duplicates and non-English language
articles, a total of 2230 citations were identified by elec-
tronic databases and manual searches of article refer-
ences. Screening of titles and abstracts excluded 2170 of
these citations. Sixty full-text articles were assessed for
eligibility, and 29 were excluded for reasons stated in the
PRISMA flow diagram (Fig. 1). A reference list of the 29
excluded studies is available on request. Finally, 31 stud-
ies were included in this review.
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Study characteristics
Of the 31 studies included in the review, 5 involved dogs,
5 involved humans and 21 involved rodents (Table 1).

Regarding the study design, 20 studies were catego-
rised as RCTs (Tables 1 and 2); of these, 1 was a canine
study [39], 2 were human studies [38, 40] and 17 were
rodent studies [36, 41-56]. Only 1 study [38] described
the method of randomisation. Eight studies were catego-
rised as nonrandomised controlled trials, with 4 involv-
ing canines [57-60] and 4 involving rodents [61-64].
Two human studies were categorised as retrospective
case control studies [37, 65], and 1 human study was cat-
egorised as a case series [66] (Tables 1 and 2).

The studies involved mainly very small to moderate
size study groups ranging between 4 and 45 participants
(dogs, humans and rodents). One control group had 53
participants [40] (Table 2).

One canine study concerned dogs with spontaneously
occurring AP [57], and 4 studies concerned healthy
dogs with experimentally induced AP [39, 58—60]. The 5
human studies all concerned patients with spontaneously
occurring AP receiving treatment in hospital settings
(Table 1). All 21 rodent studies concerned experimentally
induced AP. Methods of inducing experimental AP var-
ied among the studies (Table 1).

All subjects in the included studies were provided
similar supportive treatment. Dogs suffering from spon-
taneous AP were treated according to standard proto-
cols, including IV fluids, antibiotics, opioid analgesics,
antiemetics, antacids and vitamin supplements [57].
Human subjects were treated with the previously men-
tioned supportive treatments as well as anticholinergics,
nasogastric suction, pancreatin secretion inhibition, par-
enteral nutrition, oxygen, dextran 40, Chinese Dachengqi
decoction, and blood plasma and albumin transfu-
sion [37, 38, 40, 65, 66]. Rodents and dogs subjected to
induced AP were generally not treated or only treated
with IV or SC fluids. Few were treated with analgesics
[47, 62] or antimicrobials [58, 64]. In addition, test sub-
jects (GC groups) were given corticosteroids while model
controls were not.

Different types of corticosteroids were used in the
included studies. Seven studies used hydrocortisone,
including 2 dog studies [39, 60], 2 human studies [37, 65]
and 3 rodent studies [43, 44, 61]. Prednisolone was used
in 1 canine study [57] and 2 rodent studies [44, 50], while
methylprednisolone was used in 6 rodent studies [42,
46, 51, 52, 55, 63]. Cortisone acetate was used in just 1
canine study [59], whereas dexamethasone was used in
1 canine study [58], 3 human studies [38, 40, 66] and 10
rodent studies [36, 41, 45, 47-49, 54, 56, 62, 64]. The type
of corticosteroid used for treatment was not specified in
one of the rodent studies [53]. The dose, administration
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route and start time of corticosteroid treatment varied
widely among studies (Table 1).

Of the outcome parameters, the clinical score was
reported in 4 studies. In dogs, Attix et al. [58] subjectively
evaluated the activity and general appearance by clinical
examination while Okanishi et al. [57] scored patients
0-3 on specific parameters (weakness/lethargy, appetite,
vomiting, stool condition, abdominal pain). In the two
human studies, the clinical outcome evaluation method
was not described [65, 66].

Circulating CRP was measured in 5 studies, namely, 1
canine [57], 1 human [37] and 3 rodent studies [44, 51,
52]; however, for 2 of the rodent studies [51, 52], the
results were not presented.

The duration of hospitalisation was reported in 1
canine study [57] and 1 human study [38].

Mortality rates were reported in 18 studies, including 4
canine [39, 57, 59, 60], all 5 human studies [37, 38, 40, 65,
66] and 9 rodent studies [36, 41, 42, 48, 50, 53, 61, 63, 64].

Histopathological examination of the pancreas was
performed in 23 studies, including 3 canine and 20
rodent studies (Table 1). A histopathological scor-
ing system was used in 17 of these 23 studies. Oedema,
inflammatory infiltration, necrosis and haemorrhage was
frequently rated using a score of 0-3 or 0—4, sometimes,
fat necrosis or vacuolisation was rated in a similar way.
In 6 studies, the histopathological scoring technique was
not reported [48, 49, 56, 58, 59, 64]. Ten studies did not
present histopathological results [36, 49, 51, 52, 56, 58,
59, 61, 64]; of these, 7 studies reported conclusions that
were not statistically evaluated [45, 49, 51, 52, 56, 59, 61]
while 1 reported statistically significant conclusions [36].
In one study the results were considered unclear [43].

Risk of bias within studies

An overview of the “risk of bias” for the individual stud-
ies can be found in Table 2. In general, a great variance in
risk of bias was found among the studies, and it did not
seem to depend on time since publication.

For studies concerning spontaneously occurring AP,
the estimated risk of bias was categorised as low for 2
human studies [37, 38], moderate for 1 canine study [57]
and 1 human study [40], and high for 2 human studies
[65, 66]. Study group sizes were found to be moderate in
1 canine study [57] and 3 human studies [38, 40, 66] and
small in 2 human studies [37, 65]. Similarity at baseline
was poorly characterised in 1 human study [40], fair in
2 human studies [65, 66] and good in 1 canine study [57]
and 2 human studies [37, 38].

For studies concerning dogs with experimentally
induced AP, the estimated risk of bias was categorised as
low for 2 studies [39, 60] and high for 2 studies [58, 59].
Study group sizes were small or very small, and similarity



Bjornkjeer-Nielsen and Bjgrnvad Acta Vet Scand (2021) 63:28

at baseline was poorly characterised for all 4 studies [39,
58-60].

Studies concerning rodents with experimentally
induced AP varied in risk of bias. A low risk of bias was
found in 8 studies [42, 44, 46, 47, 53-55, 61]. Six stud-
ies were categorised as moderate [36, 41, 43, 50, 62, 63],
and 7 studies were categorised as high [45, 48, 49, 51, 52,
56, 64]. Regarding group size, 6 studies were categorised
as very small [46, 51, 52, 55, 56, 62], 7 studies were cat-
egorised as small [42-44, 49, 50, 53, 64], 7 studies were
categorised as moderate [36, 41, 45, 48, 54, 61, 63] and 1
study did not provide group size information [47]. With
regard to similarity at baseline, all studies except for 1
were categorised as well characterised, and the exception
was categorised as fair [53].

No studies had sample size calculations performed
prior to the start of the study.

Few studies mentioned drop-outs. Okanishi et al. [57]
had 3 drop-outs, which they excluded from relevant
analyses without commenting on possible implications
regarding the results. No other canine studies mentioned
drop-outs. In human studies, only Wan et al. mentioned
that statistically significant differences were not observed
in the experimental groups following drop-outs, and they
clearly described the drop-out cases [38]. In the rodent
studies, one study chose to exclude from the histopatho-
logical analysis rodents that died during the experiment;
numbers were not presented and possible implications
for the results were not described [50]. The rest of the
studies did not report drop-outs.

Several studies did not include statistical analyses.
Among the human studies, 2 provided clinical score and
mortality conclusions without presenting statistical anal-
yses [65, 66]. Two canine studies did not present statisti-
cal evaluations of their conclusions on clinical score [58],
mortality and histopathology [59]. Six rodent studies did
not statistically evaluate histopathological outcomes [45,
49, 51, 52, 56, 61]. Two rodent studies presented conclu-
sions on mortality without statistical analyses [63, 64].

Results of the individual studies and synthesis of results
For an overview of the results of individual studies, please
refer to Tables 1 and 2.

Clinical score results were reported in 4 studies. One
canine study on spontaneous AP reported a significantly
shortened time (median 4 versus 7 days) to reach a clini-
cal severity score of <2/3 compared to the model con-
trols [57]. Three other studies (1 canine and 2 human
studies) reported results on clinical scores without statis-
tically evaluating the data [58, 65, 66].

Regarding the effect of corticosteroids on circu-
lating CRP levels, one rodent study [44] found that
hydrocortisone or prednisolone administered 1 h after
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induction of experimental AP resulted in slight but sta-
tistically significant decreases in CRP levels (16.8+1.4
and 19.2+1.6 mg/dL, respectively) compared with the
no-steroid treatment (25.6+1.7 mg/dL, P<0.05), while
the same treatment administered 3 h later did not have
these effects (24.3+1.6 and 24.8+1.8 mg/dL, respec-
tively, Table 1). For spontaneously occurring AP in
dogs, Okanishi et al. found that the time for CRP levels
to reach<2 mg/dL was significantly shorter in predni-
solone-treated dogs than in model controls [57]. Eklund
et al. [37] found that CRP levels were significantly lower
in hydrocortisone-treated human patients at 48 h after
starting treatment but not at 24 h relative to standard
(non-corticosteroid)-treated patients (Table 1).

The duration of hospitalisation was evaluated in 1
canine and 1 human study [38, 57]. Both studies found
that the duration of hospitalisation was significantly
reduced (median 5 vs 8 days and 32.5 vs 49.2 days) in
corticosteroid-treated patients compared to non-corti-
costeroid-treated patients (Table 1).

Eleven studies provided statistically evaluated results
on the mortality rate (Table 1). Seven studies found a
statistically significant improvement in survival or reduc-
tion in mortality. Four studies found no statistically sig-
nificant difference in mortality/survival. In dogs with
spontaneously occurring AP, Okanishi et al. [57] found
that 1-month survival was significantly higher (88.7% vs
57.9%) in prednisolone-treated dogs than in dogs receiv-
ing no corticosteroids (Table 1). In humans, Liu et al.
found significantly reduced mortality in dexamethasone-
treated patients compared to non-corticosteroid-treated
patients (Table 1) [40]. However, this study was con-
founded by the fact that the corticosteroid group was also
treated with dextran and Salvia miltiorrhiza. Wan et al.
[38] found no significant difference in mortality between
dexamethasone-treated and standard-treated human
patients (Table 1).

In canine studies of experimentally induced AP, two
studies reported significantly increased survival time
(Table 1). Studley and Schenk [39] administered low-
dose hydrocortisone 6 or 12 h after induction of AP and
administered hydrocortisone at low or high doses 6 h
after induction, and both of these studies showed a sig-
nificantly increased survival time with hydrocortisone
treatment compared to IV fluids only, regardless of the
dose or timing of treatment. Imahori et al. [60] admin-
istered a similar low dose of hydrocortisone 6 h after
induction and found that survival time was significantly
increased in the hydrocortisone-treated group compared
to the non-corticosteroid-treated group.

Six rodent studies statistically evaluated the corticos-
teroid effects on mortality in experimentally induced
AP (Table 1). Three studies found significantly improved



Page 8 of 34

28

(2021) 63

Bjornkjeer-Nielsen and Bjgrnvad Acta Vet Scand

sdnoib
1usulean]
[SEEWSELe}
9DU3J2IP ON
(500>d) ygb
Yoy uaL ‘uondnpul
'z dnoin 150d Y 9 By
(S00>4d) /Bwi €| suosn dnoib yoes
yosy:l -1020JpAH :z dnoi ul sbop pasiial
dnoiny /g ygb ygb By/6w ¢ | -oeleyd Apood 2w
'S|0U0D) DS By W 0L usy ‘uononpul 1ONp die 9:z dnoi JO Jaquinu -1adx3
sdnoib SUIeS %7°0 150d Y 9 ‘Al BY -aJoued ayy G:| dnoin |lews AIan ‘seiq [6¢]
pSENTEEN Ul 95011%ap /B 9gz:| dnoln  ojul pa1daful 95|01} JOS1I parew UaYIS
Ul paseaiul yes 055 U DD ON :S|0U0D 31 W ol -uod -1359 MO| ‘| DY pue
YN Wi [BAIAING VN VN YN o1dn |eAalAINg -9oe|dai pini4 2UOSI1I0D0IPAH 'Y paanpu| |9PON sbog 11301 A9|pnis
sdnolb
JuswWieal}
U99M13q
9DU3I341p ON
(€00>4d)
yesy
iz dnoin
(S00>d) uopdnpul isod
yzov yzlDo:gdnoin dnoib yoes
1| dnoi uopdnpul isod u1 sbop pasiial
yggl y9>9:| dnoin ->eseyd Apood | Jusw
'S|03U0D DD ON :S|0U0D 1DNp oie 9z dnoin Jouagquinu -ladx3
sdnoib ygb DS by ygb 6 -aJoued ayy 9:] dnoio |lews A1aA ‘seiq (617861
1usWieal} /1w 01 dulles /Bw ¢ usyy o1ul pa123(ul g:sjon JOdISU patew HUSYDS
Ul paseainul yzL 90 Ul 95011 ‘A BY/Bw 987 9)Iq W 01 -uod -1159 MOJ| ‘] DY pue
VYN SWh [eAIAINS VYN VN VYN 01dNn [eAIAINS X9 %G SPINY Al 3UOS11I030IPAH -dV p=anpu| [SPOW sbog 11301 Aolpnis
(skep / sisou dnoib
(%6'LS (shkep g SA 7 URIPBW) -beip Jsye yoes ul sbop
SA 9/°88) SA 7 UeIpaW) (1000>d) yuow | pasiaioeleyd
(S000=4d) (skep g (1000 > d) dnoib dnoib Do ul dn mojjo4 |[oM JO Jagquinu
dnoib Do SA G :UBIPaW) D9 Ul Jlamo| Jamol Appued ‘Aljerow RIS ET [ 91BI9POI ‘Selq
uliaybiy (Z000=4d) Kjuesyiubis -ylubis sem 44D ‘|endsoy ‘UIDeXOOIUD ableydsip :dnolib Do JOY{SU parew
Apuedyiubis dnoib Do sem Ip €/7> 21005 Ul uonenjead ‘sulplioue} o1 sisoubelp 0z -1159 91eI9PON
SeM [BAIAINS ul Jaxoys /Bl 7> payoeal [e1ul> 2105 [e21UI]D ‘Jueydolew wolj ‘DS Aep/byf dv |013U0d 1DY-UON  [/S][e1a
VN yauow-| Apuesyiubis — pey gy [nun skeq jun skeg Ajreg ‘spiNy Al /Bwi | Suojosiupald snosuejuods |9POW sbog 111301 1ysiueyO
paleis (z °19eL
asImIaylo 295 s|1e1ap
ssajun Buiwiy pue ainos 10) Ayjenb
uondnpul (sjonuod uonensiulwpe sdnoub uj |ea160j0poyiaw
ABojoyredolsiy uonesijeydsoy 3sod ‘bulwn  |9pow + dnoib ‘uonjeanp ‘asop adfy s1algns pue ubissp
seanued Ayjeyiopn jo uoneing 9103S [EDIUI|D) PUBUOIDB|I0d D)D) IudwWieas) ‘39 jo adAL sineanued jo Apnis ‘@dudpind
:dwodnQ :PWwodNQ :PWwodNQ dyd :dwonnQ :PWodIN0 eleq »Y10 suawieal) 21y Jaquiny  sapads Jo [9na] Apnis

pue ‘uiR10id SAIIDRII-D) ‘UONEZIRIASOY JO UORRIND ‘240DS [BDIUID UO Siieaidued

21025 d1bojoyredolsiy

21ND8 JOJ SPI0ISISODILI000N|0 JO 10942 2yl BunenjeAs saIpnis Jo Alewwng L ajqel



Page 9 of 34

28

(2021) 63

Bjornkjeer-Nielsen and Bjgrnvad Acta Vet Scand

sbop
pazlia1oeleyd
1DNp Alood jo
dnoib Do ayr ygb oleasnued S J2qWINu |[ews
ul pansesaid ytzie DS By W L uononpul ay1 ol :dnoib o KI9A 'selq Jo s
191199 unbaul seanued ay) QUIeS 9670 Ul 150d Y gz pue 7| pa123(ul 9|19 95|01} parewnsa ybiy 7 Apnis
|eJn1oNAs 01 sabueyd 9S0IIXIP %S ‘91e by/bw €| snobojoiny -uod ‘ledy pajjonuod  [09] e 19
Jneainuey VN VN VN YN [eINIDNASE|N  JUSWiiesi pinj4 2UOSI1I0D0IPAH :dY pasnpu| |9POWN sbog 111301 1Ioyew|
(abeys
-Jouwaey
IR
‘sisoquiolyl
JejndseA ‘uol}
-eq(yur 914 dnoib yoes uj
-02on3| NIWd sbop pasusioe
(100>4d) ‘ewspao) 1DNp -leyd Ajjood Jo
(S00>4d) dnoib Do €-(0 2102s ygb ygb By/6w €| oleasnued Pl J2qWInu |[ews
dnoib Do ui ul [PAIAINS "yl lo YO Valiv uay} ‘'uononpul oY1 ol :dnoib o 'selq Jo st
paseainap Jo uoneinp yieap 1e Abo QUIeS 9670 Ul 150d 4y 9 ‘Al pa123(ul 9|19 ¥l P21eWIISd MO| | Apnis
Ajpuedylubis pasealdul -|loyedoisiy 9S0IIX3P %S 6x/6w 98¢ snobojoiny 1S|0J1U0D ‘et pajjonuod  [09] e 19
SISOID3U JRUIDY Ajueoyiubis VN N N ‘leAIAINS Y 7/ Juawieal) pinj4 2UOSI1I0D0IPAH :dY paonpu| |9POWN sbog 111301 1ioyew|
sKep G > Jae UMOYS 10U
paisdoine s)nsal pue umelp 1DNp
Sjewiue ul anbiuydal -UYum Ajjenpelb oneanued dnoib yoes ul
Juaiedde ss3) (09-5 Aep) uay) ‘skep 1 1o} urew ay1 sbop paspaioe
‘sKep maj 151y painsse yzLb buw og o1ul pa1daful -leyd Apjood jo
2y Ul uon SeM [BAIAINS uay1 'pasopd aq 21e|0yd0INe]} ¥4 Jaguunu |jews
-ewiweyul usaym Abo p|NoD UsWopae winIpos %t :dnoib Do 'selq Jo st
pue ewspao %8t dnoib Do -loyzedoisiy 9U1 S8 U00S pue uisdAiy 9] parewnsa ybuy
paseainap ‘969 |01 seasnued se‘W| bu 00l Jo uonnjos :S|03U0d ‘leuy pajjonuod  [66] e 19
peydnoib DD -UOD eAIAING N N N '[lPAIAING P91RIS QUON  91PIDDE SUOSILIOD) VY idY Padnpu| |9POW sboQ 111301 LeM3]S
skep 8 10} OdN
sojoyd Ajuo ‘'ygb | 6%
‘UMOoYs 10U /bw ¢ a1e)ns dnoib yoes uj
pauodal S)nsai pue upAweuey 1DNp sbop pasusioe
sdnoib anbjuydsy ‘g ‘yzLb Wi By/n oneasnued -leyd Ajjood jo
buowe A6o Kep 1e Abo 000°0Z O uld uononpul ulew ayl ¥ Jagquinu fjews
-loyiedoisiy ul -loyedoisiy -luad suredoid 150d Y ¢ Lels o1ul pa12a(ul :dnolb Do KJaA 'seiq Jo s
EREIENoNle)) ‘Ajlep sauiy ‘doysod shep § 'skep g 10} yyzb By W g 151043 parewnsa ybiy
SUOISN[DUO0D ERVEICTITe} € Uollen|eAs 10} 9500N|6 Al 63/6w 900 pIoe 21910 -uod lel} pa|jo1uoD) [89]
/S3Nsa1 ON VN VN VN [eS1Ul]5 ON [ean Purspiny Al auoseyiswexad ‘dV peanpuy| [9POW sbog 11307 eI xmy
pajels (z a1qeL
asimiaylo 995 s|ie1ap
ssajun Bujwi) pue aanos 10J) Ayjenb
uondnpul (sjos3uod uonensiuiwpe sdnoub ui |es160jopoyiaw
ABojoyredoisiy uonesijeydsoy 1sod ‘Bulwy  |9pow + dnoib ‘uoneinp ‘asop adAy  spalqns pue ubisap
seanued Aujerion jo uoneing 9J01S [EDIUI|) PUBUOIDB||0d D)D) udwieaiy ‘39 jo adAL snneanued Jo Apnis ‘@dusdpine
:dwonnQ W00 :dWodN0 dyD :dwonnQ :dwodnQ ejeq »yYlo BUETIGEEY] | 21ndy  Jquiny  sapads Jo [aAa Apms

(panunuod) L ajqey



Page 10 of 34

28

(2021) 63

Bjornkjeer-Nielsen and Bjgrnvad Acta Vet Scand

sKep / 1o} Aep dnoib
/W 0001-005 43 ay1 ul syusned
Op-uenxad :dnolb Do pasia1oeleyd
(wauadiwir) swoldwAs Jo (90us [|loMm AJliey jo
SJ10Ig1UR  195UO ISLe SABP 1 BETEY] Jagquinu a1e
PaA3I[21 SeM ‘SpINY Al 01y g buies ainiess -19pow ‘seiq Jo
%0t 2IN1 uled 1e1s Ayjeriow ‘uabAxo ‘uols ‘sKep G-€10} ypzb )0 SSU pa1ewss
-BI9Ml| %S¢l Juswiean ‘uonen|eas -sa1dwodap By/bw 1-50 dv :S|0JU0D ybiy ‘sauas-ased [99]
VN :dnoib Do N N JEMIAVE-=" [eo1ulD  agn3 dLseboseN auosey1awexad snoaueuods |9POW  suewiny AIJOT  |e1s buep
dnoib
yoea uj syualied
pasiisioeleyd
[|9M JO Jaquinu
|[EWS ‘Selq Jo
%9¢ ypzie (Kasow 195U0 ol SSU pa1ewss
S|01u0d 10U (E700=4d) SWIX0INJID) woldwiAs Jaye :dnoib Ho MOJ ‘Apnis
‘950¢€ dnoib Do Y 8t 1e dnoib Aujerow sonoignue pl -7 pauels Il -|0J3u0d 258D
Aul DD Ul Jlamo| Aep-0¢ 'y 8y spiny Al ‘Kep/Buwl 00v—€ dv :$|0J1U0D oADadsonay  [£€] e 19
YN -|exow Aep-0g VN Apuesyiubis gyd VN o1dn ¢y 'UOIIe|IIUSA SUOSI1I0D0IPAH snoauejuods |9POl  suewnp 111307 punp3
sisoubelp
1e palel dnoib yoes ul
-1} “JW 0€-07 syuaned pasyal
eziyonjiu -oeleyd Apood
eIAJeS pue Aep 4O Jaquinu a1
uopiinu /W 00§ uenxaQ -12pow ‘seiq Jo
(S00>d) |esa1uaied ‘spi 'sKep G—¢ 1an0 9 S Pa1eWIIS
9%80°CE SA -ny ‘sonoignue palade) ‘Aep :dnolb Do 9)eIpOW ‘[el}
%S 1L ‘uoniqiyu /bui 09-0¢ €S pajjoauod
dnoib )9 uoRI3s uay) bw 0g-0z dv 1S|0JIU0D pasiuopuey [ov]
VN Ul padnpay N VN VN Aujeuopy  uneanued ‘OdN auosey1awexad snoaueuods |9POW  suewiny 11301 ‘lels N
dnoib yoea
(9%S9) ul syuaned pasi
6/ dnoib Do 4 -19108IRYD ||]oM
(%£9) T1/8 :Buisnonau Ajiey Jo Jsquinu
Aljeyiow /216eyl ||ews ‘seiq Jo
[[BI9AQ dY spiny pasadey -Joulaey 31Ny JOSL SSU pa1ewsa
dibeyliowaeH Al ‘sonolqnue uay1 ‘skep -z 1S :dnoib Ko ybiy ‘Apnis
PaAIAINS pauodal Aujerow ‘so1b1aul| 10}y 8-9 A1ana 'SNOJEUWSP0 3 |0J3U0D 35BD
e :dy asuodsal ‘uonenieas -oyonue ‘uon Al BW 00z-001 21NDY SNO 'S|0JU0D 9ADadsonay  [59] e 19
YN SnOlewspa0 VN VN Jpewelq [eolulD  -oNs duiseboseN 2UOSI1I0D0IPAH -auejuods |9POl  suewnp 1113071 ue|dey
pajeis (z 31qeL
asimiaylo 295 s|1e1ap
ssajun Bujwn pue ainos 10y) Kyjenb
uondnpul (sjosuod uonensiuiwpe sdnoub ui |es160jopoyiaw
ABojoyredoisiy uonesijeydsoy 3sod ‘Bulwy  |9pow + dnoib ‘uoneinp ‘asop adAy  spalqns pue ubisap
seasued Ajeyon jo uoneing 210D |[EDIUI) puUB UOI3||0d D)D) Juswieal) ‘39 Jo adAL snneanued jo Apms ‘@duapina
:BWodINQ :dwodnQ :@wodnQ dyD :dwodnnQ :dwodnNQ ejeq Ryl BUETIEEY] ?1ndy  Jquiny  sapads jo [ana Apms

(panunuod) L ajqey



Page 11 of 34

28

(2021) 63

Bjornkjeer-Nielsen and Bjgrnvad Acta Vet Scand

(s1soidau
18] 'SIsoIdau
‘9beyl
-Jouwlaey 1Np
‘uonen|yul Jpeanued dnoib
Kiorew -Aleljiq 4oea uj sieJ
-wepjul 2y o1l pasiaioeleyd
‘eWIPa0) B3y/6w ST10 WD paidalul By Sl [[9M JO Jaquinu
€-0 21025 Aq pamoj|oy ‘uoi /1W T %S :dnoib Do |[PWS ‘selq Jo
Abo y 0c 1e Abo -onputisod y | 91e|0YD0INE] Sl 3SI palewnsa
-loyredoisiy [BAIAINS U] -loyedoisiy Yy wso ‘Al BY/Buw 6z suoj wnipos :S|0J1U0D MO ‘] DY [y
Ul 9DURISHIP ON  9JUISHIP ON N N N ‘lBAIAING 918128 SI9BUlY -osiupaidiAyray 4V paonpu| |9POW siey 11307 @18 zinyds
(sisoosu
18} ‘abeys
-Jowaey
‘a1e.|yul
JejnoseAad
(100>d) ‘uonew
ycliepue -weyul ‘sis 1DNp dnoib
(S00>d) Y9 -0J23u Jeupe oleasnued yoea ul s1es pasi
pue ¢ 1e 5|0.} 'ewapa0) -3|Iq oul -1910BJRYD [[9M
-Uod [apow -0 91035 pa129ful By S 4O J3guinu 918
sadnoib Do Abojoyiedoy uondnpul isod /W | %G'E :dnoib Do -lapoul ‘seiq Jo
Ul JSMOJ 21025 -sly seaidued Ul G| '9s0p 21ej0y20INE] 974 S Pa1eWIISD L]
Abojoyedol Aj[eriow ul yzl'o'e 3|buls Al ByY/Bw § wnipos 1S|0J3U0D 21eJ9pOW ‘| DY ‘e19
-SIY SP2IOUBd  2DUIaIp ON VN N VN 1€ [PAIAING pa1e1s SUON auosey1awexad ‘padNpU| |9POW siey 11307 Bueyz
s|elgoiniuiue
py| ‘Alessadau
Jruingie
pue ewse(d
'U012023( dnoib
SKep 70y SAG'TE 1bbuayoeg yoes ul syualied
(00=d) payIpow ‘uon pasiiaideleyd
dnoib )9 ENLVIENIE] Se [[oM JO Jaquinu
(SN) %€+ 1 Ul paonpai yiuow | -led ‘sionqiyul :dnoib Do 91eJopOW ‘seiq
:$|0J1U0D Kjuesyiubis jo0)dn dwnd uooid skep ¢ 19 JOSU parew
|9pOW ‘9%9'8 uonesijendsoy MOI|0) pue ‘elsableue 10} ygb By/6w | dv 1S|0J1U0D -1159 MO| ‘| DY [8€]
N :dnoib Ho Jo uoneing VN VN UOIIeAIRSGO 'SPINYAI'OIN Al duoseylauwexa@ — snosuejuods |9POW  suewINH 1307 ‘[e19 Uepp
pajels (z a1qeL
9sIMIaylo 995 s|ie1ap
ssajun Bujwi) pue aanos 10J) Ayjenb
uondnpul (sjos3uod uonesnsiuiwpe sdnoub ui |ed1b6ojopoylaw
ABojoyredoisiy uonesijeydsoy 1sod ‘Bulwy  |9pow + dnoib ‘uoneinp ‘asop adAy  spalqns pue ubisap
sealued Ajeyon jo uoneing 210D |EDIUI) puUBUOI3||0d D)D) Juswieal) ‘39 jo adAL snneanued jo Apms ‘@duapina
:dwonnQ W00 :dWodN0 dyD :dwonnQ W00 eleq »y10 uawieal] ady  Jaquiny  sapads JO [9na] Apnis

(panunuod) L ajqey



Page 12 of 34

28

(2021) 63

Bjornkjeer-Nielsen and Bjgrnvad Acta Vet Scand

(sineasnued
buisnoidsu)
10oNp dneann

dnoib yoes
Ul S3ed pasial
-deJeyd [|9m Jo

(L00=d) -uedol|iq 3y} 4 Jaquinu jjews
NleJitien] uononpul o1ul pa1daful :dnoib Do KIaA 'seiq Jo s [ EY]
|9poud sns 150d ulw Q| %5 91|0Yd0) g:sjon P21eWIISS MO| -ladx3
-19An dnoib usw Al B¥/bw 0| -Ney Wnipos -uod ‘le1 pa|jonuoD [19]
VYN DD Ul paonpay N N VN |BAIAINS Y 7/ -ooe|dai pinj4 9UOSI1I0J0IPAH ‘Padnpu| |9POW siey 11307 |e 3121009
(abeys
-Jouwaey
'S|SOID3U) dnoib
/-0"(uon (snneasued yoea ul siel
-el1jyul K10} Buisioldau) pasuaioeleyd
-ewiweyyul 1oNp dnean |[oM JO Jaquinu
umoys 'eWwspPa0) -uedol|iq ayy o lelspowl
10U $3Nsal —( 91025 uononpul o1ul pa1daful :dnoib o ‘selq Joysu Zusw
'3102s ABo yi'yo'ye 150d ulw Q| 094G 918|0Yd0] ov P1eWIISS MO| -adx3
-Joyedoisiy 'yl 1eAbo usw A BY/BW QL -Ne1 WnIpos 1S|043U0D lel) pa|josuoD) [19]
Ul 92U3JRHIP ON N VN N VN -loyzedolsiy -ooe|dai pinj4 9UOS111020IPAH 4V paonpu| |9POW siey 11307 |e12100[D
(abeys
-Jouwaey
'SIS010aU) dnoib
/=0 "(uon yoea ul siel
-es3jyul K101 pasuaioeleyd
-ewiweyyul (shneanued [[9M JO Jaquinu
umoys 'ewspa0) SNO1eWaPa0) 43 21eiopow
10U S1|nsal -0 91035 uonanpul Al'Y 9 490 :dnolib Do 'seiq Jo sl [RIEY]
‘21025 Abo yzi'yo'ye 150d ulw 0| y/6x/6r g 43 pa1eWISS MO| -1adx3
-loyedoisiy 'y g1 1eAbo pSEIY AlBY/Bw QL uI9|nIad :5|0U0d ‘|lel) pajjo1IuoD) [19]
Ul 92U3J344Ip ON N VN VN VN -loyzedoisiy -9oe|dai pinj4 2U0S111030IPAH 4V paonpu| |9POW siey 11307 |e12 100D
pajels (z a1qeL
asimIaylo 995 s|ie1ap
ssajun Bujwi) pue aanos 10J) Ayjenb
uononpul (sjos3uod uonesnsiuiwpe sdnoub ui |ed16ojopoylaw
ABojoyredoisiy uonesijeydsoy 3sod ‘Bulwpy  |9pow + dnoib ‘uoneinp ‘asop adAy  spalqns pue ubisap
sealued Ajeron jo uoneing 210D |[EDIUI) puUBUOIB||0d D)D) Juswieal) ‘39 Jo adAL snneanued jo Apms ‘@duapina
:wodnQ :dWodN0 W00 dyD :dwonnQ :dWodN0 eleq Ry sJuawieal] ?1ndy  Jquiny  sapads Jo |9 Apms

(panunuod) L ajqey



Page 13 of 34

28

(2021) 63

Bjornkjeer-Nielsen and Bjgrnvad Acta Vet Scand

anssn
Jj3eanued
JON3L
‘(uonen|yur
JejnoseAusad
umoys ‘uonew
10U S3NsaY -wepul
Yl esdnoib 'S1S0409U
U99M13( 1€} ‘9beyl 1Np dnoib
sabueyd -Jowaey ‘sis oneanuedo yoea uj syel
s16ojoyred -0Id3U Jeupde g 841 01Ul pasa1oeleyd
3L pue ABo 'ewspa0) pa1daful by 4 [[oM JO Jagquinu
-|joyedoisiy (0 24025 /W | 9%t :dnoib Do 91eI9POW ‘selq
[SIERIEIETITe) ‘yzLpueyog uonoNpul JaYe 91e|0Y20INE] %4 JOS1 pajew
paxiew 'y ¢ 1e KBO Al B¥/bw 60 wnipos :S|0JIU0D -nsa ybiy 10y [s¥]
wiepd sioyiny N VN N VN -joyzedolsiy pa1e1S SUON auose1awexad 4V paonpu| |9POW siey 11301 ‘e 19 eyr
(s1soixau
AETRNIBET y ¥ paid i dnoin Gl
Jeupe ‘uon y | paid :€ dnoin 7 dnoio
2DURJaYIp Ou -enjyul Y ¥ DH ¢ dnoin 91
uopdnpul 3sod 91£003N3) Y L DH:L dnoin ¢ dnoin dnoib
Yt paud 1o 2DUJ3YIp OU ‘abeyi DD ON :S[0/UOD  12NP dleaid 91 yoea uj siel
JH (500> d) uononpur 1sod -louwsey uononpul -uedol|iq ayy z dnoin pasualdeleyd
2105 ABo Yt paid 10 DH ‘ewspao) 150d ypioy | o1ul pa1dsful 9l [[oM JO Jaquinu
-loyredoisiy jo (S00>d) 4D ¥—0 91035 05 By/bw 50 W L %8 L dnoig llews ‘seig Jo
Juswanoldwil 4O uaWaAoidwl ‘yolaie ElVeJleN[V[eEIX] 91e|0YD0INEY 91 SSU pa1ewsa ] e 12
uononpurisod uononpu 1sod Abojoyed 10 DS B%/6w 9 wnipos 'S|0J1U0D MO| ' DY Jauig
U L paidiodH VN VN U L pa1d 1o DH VN -01s1Y dD pa1e1s SUON 3UOSII030IPAH dv p=2npuj [SPOW siey 11301 -Ussod
(Sisoosu
AETRNNIRET
Jeuioe ‘uon
-eqyul
214000n9) 6
‘abeyi /bw z Doz dnoin dnoib
-Joulaey [ 1DNp 9l 4oea ul siel
punoy ‘eWapa0) /Bw D9 :| dnoln  dieanuedo :z dnoin pasuaideleyd
SI9M SSDURIS) -0 2105 DD ON MY 91 [|9M JO Jagquinu
-JIp [eDNsieIS ‘uononpul 'S|OAIUOD [PPOIN  PR123(Ul 96/ ;1 dnoin |[PWS ‘selq Jo
pue [eouaWNU 150d y 8 uon 31e|0YD0INEY 91 PHIN M) [e¥] 1219
s3nsal jo uon 1e ABo -onpurisod y ¢ wnipos :S|0JIU0D 91eJ9pow ‘] DY Jayulg
-duosap Jeappun N N VN N -loyzedolsiy P31RIS QUON DS 2UOSI1I0J0IPAH dY paonpu| [9POW siey 11307 -U3s0D
pajels (z a1qeL
9sIMIaylo 995 s|ie1ap
ssajun Bujwi) pue aanos 10J) Ayjenb
uondnpul (sjo13u0d uonensiuiwpe sdnoub ui |es160jopoyiaw
ABojoyredoisiy uonesijeydsoy 1sod ‘Bulwy  |9pow + dnoib ‘uoneinp ‘asop adAy  spalqns pue ubisap
sealued Ajeyon jo uoneing 210D |EDIUI) puUBUOI3||0d D)D) Juswieal) ‘39 jo adAL snneanued jo Apms ‘@duapina
:dwonnQ W00 :dWodN0 dyD :dwonnQ W00 eleq »y10 uawieal] ady  Jaquiny  sapads JO [9na] Apnis

(panunuod) L ajqey



Page 14 of 34

28

(2021) 63

Bjornkjeer-Nielsen and Bjgrnvad Acta Vet Scand

umoys (0Loz 1e1e
(S00>d) sjon synsaiing Bueyz ur psuon 1ONp d13eald dnoib
-Uod |apowl (S00>d) ‘(paute|dxa -uswl A|uo asop) -uedol|iq ays yoes ul siel
01 pasedwod yzlie J2yiny Jou) y/6 001/6W 500 01Ul pa1daful pasiiaioeleyd
dnoib Do ul $|0)uod yzi'yo [4D uay3 ‘uon Bool/ 1w 1o 9¢ [[9M JO Jsquinu
Yzl 1ealods |9pou 01 ‘Y € 18 91005 -onpuj 3sod 05G'€ 918 :dnoib Do 91eI9pOW ‘selq
AaA3s Abo pasedwod A1IDASS [€D Ul G Al -oydoiney o¢ JOYsU pajew
-loyiedossiy dnoib 5o -1bojoyeq 600L/6w 50 wnipos  :s|0u0d -1s3 yb1y 10y «[8Y]
pasnpay Ul Jamon VN VN YN ‘91el A)jeuop pa1e1s SUON auoseylawexad ‘PadNpu| |9POW siey 11307 ‘219 N0
(sisodau
‘uones
-l|onoea dnoib
's|192 K10y 10Np deand paiels yoea uj siel
(S0°0>d) sjoh -euluweyyul -uedolig oy 10U pasiiaioeleyd
-uod [apoud ‘eWapa0) 01Ul pa1daful :dnolb Do [[9M JO Jaquinu
01 pasedwod €—( 24025 U L'0 %S'E paiels umousjun ‘seiq
dnoib Ho ul ‘49 pue uopdnpul isod 91ej0YD0INEY 10U JOY{SU parew
4 91e SIS0Idau y € 1e Abo Wi B3/6w 70 y L I Bx/Bw | wnipos |011U0D -1so Mol 1Dy [/¥]e19
pasnpay N N VN N -loyredoisiH  aulydiouaidng auoseylawexad 4V padnpu| |9PON siey 11307 opnwiey
(siso1oau
‘uones dnoib
(S00>d) sjoh -ljonoeA yoes ui syel
-Uod [apow 's||92 A101 pasua1deleyd
01 pasedwod -ewiweyyul [|9M JO Jaquinu
dnoib Do ul ‘eUWaP0) (0ada) 9 |lews A1aA ‘seiq
y | 1e uonen €-0 2J02s uoldNIISqo :dnoib Do JO S parew
-|yul 214200n3) ‘Yzl pue uondnpul isod 1oNp dieand 95|01} -1159 21eI9poul
pue ewWapa0 y ¢ 1e Abo | B3/6w 70 y L W Bxy/Bw | -ued-3iq -uod ‘lely pa|joauod  [z9] e 19
paodnpay N N N N -loyredoisiH  suiydiouaidng auosey1awexad 4V paonpu| |9POW siey 111307 opnuiey
(siso1dau
19 Uol}
-BZ||0NdeA
(S00>d) sjon Jeuide ‘abeyl dnoib
-Uuod [apow -Jowaey 4oea ul siel
01 pasedwod ‘uonenjyul pasiiaioeleyd
dnoib Do ul 914003N3) |eAJaul Y | 8 9M JO Jaquinu
sio1awleled e ‘eWapa0) uononpul YUM 3D1MY :dnoib Ho |lews A1aA ‘seiq
uo 210235 Abo €—( 9102s Ja1e Y | Od B d1b/b st 85|01} JOYSU parew
-loyredoisiy 'y ¢ 18 ABO /bwi o€ suo| sujuibie-1 -uod -1159 MO| ‘| DY (o]
pasnpay N VN VN N -|loyzedolsiy pa1e1s sUON -osiupaldiAy1ay 4V paonpu| |9PON siey 11307 |29 0P
pajeis (z 31qeL
asimiaylo 295 s|1e1ap
ssajun Bujwn pue ainos 10y) Kyjenb
uondnpul (sjosuod uonensiuiwpe sdnoub ui |es160jopoyiaw
ABojoyredoisiy uonesijeydsoy 3sod ‘Bulwy  |9pow + dnoib ‘uoneinp ‘asop adAy  spalqns pue ubisap
seasued Ajeyon jo uoneing 210D |[EDIUI) puUB UOI3||0d D)D) Juswieal) ‘39 Jo adAL snneanued jo Apms ‘@duapina
:BWodINQ :dwodnQ :@wodnQ dyD :dwodnnQ :dwodnNQ ejeq Ryl BUETIEEY] ?1ndy  Jquiny  sapads jo [ana Apms

(panunuod) L ajqey



Page 15 of 34

28

(2021) 63

Bjornkjeer-Nielsen and Bjgrnvad Acta Vet Scand

‘(abeyuio
-waey ‘uon
-ewiweyyu!
[ennsIa1ul
‘uoneis
umoys -uabap
10U synsal |92 Jeuide dnoib
‘dnoib Do uj 'eWapa0) Lede yoea ui syel
SIS0ID2U €-0 2102s y|'eybsz pasua1oeleYD
uopesauabap ‘uonosful auluibie-1 9 |[9M JO Jaquinu
||93 JeuDE aujuible-] uononpul Jo suondaful :dnoib Do ||ews AJaA ‘seiq
‘uonewweyU| 1se| Jaye 150d Y | Od Aep [EENe] gsjon JO{S1 parew [15)
'eUISPI0 $S3| Mmoys 1ou dnoib 4 ¢ Abojoyy /6%/B6w o€ 2uo| -padenu) -uod N9 ybIy 1Dy YSauoan
wiep sioyiny N YN DD I0JS)Nnsal dYD N -edoisiy 4y p31e1S SUON -osiupaldjAyiay Z:padnpuj |9POW siey 11307 pue sepeig
(S104|yUl
JejnoseAuad
‘uonew
-weyul AKep/By/bui 05
HeIRE Do ¢ dnoin Y9 Jano
1} ‘obey Kep/Bx/6uw Q1 uIs|NIad Y6y 4}
-Jowaey ‘sis D9z dnoin /b g AUyl ¢ dnoin dnoib
-0Id3u Jeuppe Kep/by 1onp d1eald 0l yoea uj syel
‘eUWaP0) /bw zDo: dnoin  -uedoligayy zdnoin pasuaioeleYD
sdnoib buoule sdnoib -0 21025 DD ON :$|0J3U0DD)  OUl pa1daful ol [[9M JO Jaquinu
9DUR.3YIp ON Buowe ‘quauiieal Y ¥ 1o} NW 0| pre | dnoip |[BWS ‘selq Jo
:SISOID3U JeU ERVEIETITo} 1Se[J21e Y9 UONdNPUI ISYe ygb ‘uononpul 2IloyaAx0 ol MSU pa1ewss
-1oe 10} 21025 ou ‘9%0%-0¢ Abojoyiedoy y g 10} y/by 194e Y 9 paniels -9p02A|H :$|0J1U0D 91BI9POW ‘| DY [09]
ABojoyredoisiy Aujenion VN VN VYN sy ‘Aujenon /19 SpIN Al 2UO|OsIUpald ‘dV paonpu| [9POW siey 11307 e 191z3104
yclie
Ajje1padsa sjo.l dnoib
-Uod [9pow 1vNp yoea ul siel
01 pasedwod umoys Sneanuedo pasuaideleyd
dnoib oo 10U S}|nsal PEmXIT] Sl [|[9M JO Jagquinu
Ul pasnpai ‘pa3e)s J0u pa123(ul 965 :dnoib Do |[PWS ‘selq Jo
SISOIDaU pue anbiuyoal uonaNpul buimoy 31e|0Yd0INEY Gl %S1 pa1ewnsa
eWIPa0 Buliods ‘Abo -0} Al BY/Bw § wnipos 1S|03U0D ybiy 1oy 6%
swile|d Joyiny VN VN VN VN -loyzedolsiy pa1e1s SUON auose1awexad 4V paonpu| |9POW siey 1307 e oeyz
pajels (z a1qeL
9sIMIaylo 995 s|ie1ap
ssajun Bujwi) pue aanos 10J) Ayjenb
uondnpul (sjo13u0d uonensiuiwpe sdnoub ui |es160jopoyiaw
ABojoyredoisiy uonesijeydsoy 1sod ‘Bulwy  |9pow + dnoib ‘uoneinp ‘asop adAy  spalqns pue ubisap
sealued Ajeyon jo uoneing 210D |EDIUI) puUBUOI3||0d D)D) Juswieal) ‘39 jo adAL snneanued jo Apms ‘@duapina
:dwonnQ W00 :dWodN0 dyD :dwonnQ W00 eleq »y10 uawieal] ady  Jaquiny  sapads JO [9na] Apnis

(panunuod) L ajqey



Page 16 of 34

28

(2021) 63

Bjornkjeer-Nielsen and Bjgrnvad Acta Vet Scand

(21e)yul
Jejnoseauad
‘uonewl
-wepjul
umoys ‘SIS0I29U 1ONp oie
10U S)Nsay 1€} ‘9bey -a/ouedolb dnoib
(S0°0>d) sjoh -lowaey ‘sis -Uejoyoesul 4oea Ul syel pas|
-Uod [apow -0Jd3U Jeupde ay1 ol -1912RJeYD [[9M
01 paledwod 'ewspa0) pa1daful by (o4 JO Jaquinu a1e
dnoib Ho ul (100>d) -0 9103 uononpul /W | %S :dnoib o -19pow ‘seiq Jo
S5 SIS0IDBU 90 :dnoib Do ‘471 e kbo JaYe UIW § 91e|0Yd0INEY 14 MSU palewnsa
Jeupern %6'CY 5|01} -loypedoisiy Al BY/Bbuw 60 wnipos :s|ouod S1eJ9POW ‘L )Y [9¢]
obeyliowaeH -Uod [2pOYy VN VN VN ‘Aijerion pa1e1s SUON auose1awexad :dV paonpu| |9POW siey 11307 [e 12 Buep
1oNp die dnoib
-aiouedoib yoea ul siel
-Ue|joyeiul pasua1deleyd
2y ol [[9M JO Jagquinu
paip pa1oaful By 1z 21eJ9pOW ‘seiq
dnoib Do ul uononpul /W | %S :dnolb Do JOY{SU parew
127/0 ‘palp J3)4e UlW O Al 31e|0Yd0INEY 7 -1153 S1esopoul
S|013U0d auljes £%/6W Qg suo| winipos |011U0d |eL) p3]j01IUOD) [€9]
VN [9poWw ¥/ VN VN VN Anjeniop S U/6/ 1w 9 -osupaidiAyiaiy -dV paonpu| [9POW siey 11307 ‘e3s ueng
(sbeyuio
-waey ‘uon
-ewiweyyut
|ennsIaul
‘uoneis
umoys -usbap
10U sy nsal |92 Jeurde dnoib
‘dnoib Ho ul 'ewspa0) 1ede yoea ul siel
SISOID3U €-0 21025 Y 'en/bse pasuaideleyd
uopessusabap ‘uondaful aujuibie-1 8 9M JO Jaguinu
|92 JeuDe auluible-] uondnNpul JO suonda(ul :dnolib Do |lews A1an ‘seiq
‘uolewweyU| umoys 18| Jo)P 150d Y | Od Aep |B2UOY g:sjon JOY{SU parew [es]
'eUISPa0 SS3) 1ou dnoib Do y ¢ Abojoyr /By/Bw o€ suo| -uadenu| -uod -nsa ybiy 10y Ysauaan
wiep sioyiny VN VN 104 S1INsal dY¥D N -edoisiy d4D pa1e1S SUON -ostupaldjAyiay Z:padnpu| |9POW siey [1307 pue sepeilg
pajels (z a1qeL
asImIaylo 995 s|ie1ap
ssajun Bujwi) pue aanos 10J) Ayjenb
uononpul (sjos3uod uonesnsiuiwpe sdnoub ui |ed16ojopoylaw
ABojoyredoisiy uonesijeydsoy 3sod ‘Bulwpy  |9pow + dnoib ‘uoneinp ‘asop adAy  spalqns pue ubisap
sealued Ajeron jo uoneing 210D |[EDIUI) puUBUOIB||0d D)D) Juswieal) ‘39 Jo adAL snneanued jo Apms ‘@duapina
:wodnQ :dWodN0 W00 dyD :dwonnQ :dWodN0 eleq »Yy10 uawieal] ady  Jaquiny  sapads Jo [9na] Apnis

(panunuod) L ajqey



Page 17 of 34

28

(2021) 63

Bjornkjeer-Nielsen and Bjgrnvad Acta Vet Scand

(uon
-esjjonden
‘s|so1oau dnoib
‘uonew By/6w 08 yoea uj syel
(100>d) sjonh -weyur) Jo |01 e pasu1oeieyd
-uod [apou -0 91005 uonoalul ulRINId ‘Sawl} 8 9M JO JaquInuU
01 pasedwiod ‘(ewapa0) 15e| YR Y | 18 G Apnoy :dnoib Do |lews A1aA ‘seiq
dnoib Ho ul €-0 21025 Alnoy 221m1 | dl pa1dalul g:sjon JOSI palew
J9MO| $3100S 'y 0z 1e ABo By/6w Q| Suo| u9|NJIad -uod -1159 MO ‘] DY [s6]
ABojoyredosip VN VN VN VN -|joyedolsiy pa1els sUON -osiupaidiAyian :dY paonpu| |9POW siey 11301 HERERINY
ycipueyo
‘Yyere w3l
pue a1enjyul
dnoib JejndseAuad
oo Ay Ul ‘uoneul
Ss9| A|padyiew -Wepjul
2I9M sabueyd 'SISOID3U 1oNp dne dnoib
|einionasen|n 18y ‘abeys -a1ouedolb yoea ui siel
(S0°0>d) sjoh -lowaey ‘sis -uejoyoeu| pasiuaioeleyd
-uod [apow -01D3U Jeuide 2y ol v [|9M JO Jagquinu
01 pasedwod ‘eWapPa0) pa12aful By :dnolb Do 91eJoPOW ‘seiq
dnoib Do ul €-0 21025 uondNpuUl Isle /1w | 1/6 o 174 JOY{SU parew
J9MO| 531005 AKbojoya Al B3y/bw g0 91e|0yD0INE| |011U0D 1159 MO ‘| DY 7S]
o160joyredoisiH VN VN N VN -edoisiH pa1e1S SUON auose1awexad :dV paonpu| |9POW siey 11301 ‘e19 BYS
(uon
-ewiweyul
JejndseAuad
'sIs0J23U
1€} ‘9bey
-louwlaey
‘a1e.1|yul
Kiorew
-uepjul ‘sis
-0Jd3U JeUDR 1ONp die
‘eWapa0) -a/ouedolb dnoib
(S0'0>d) sjon €-02102s -Uejoyoesul 4oea Ul syel pas|
-Uod [apow ‘4L pue 2y) ol -19128JeYD [[9M
01 pasedwod uedyubis yo'ygie pa12sful By ol Al1e} jo Jaquinu
dnoib )9 10N ‘%0t Abojoyy uononpul Jaye /W0 %S :dnoib Ko |lews ‘seiq Jo
31 Ul Jamo| dnoib o -edoisiy ‘uon y | DS by/bw oz 91e|0YD0INE] 9] YS1 PaIeWNSD
2I9M 521025 %05 -donpunsod (pa1e3s 10U 2dA1) wnipos :5|0U0D MO 1 DY [€5]
AbBojoyiedolsiH  S[o1IU0D [2PO VN N YN Yy Alenopw pa1e1s SUON PI021110200N|D :dV paonpu| |9POW siey 11301 REREN
pajels (z a1qeL
asimiaylo 995 s|ie1ap
ssajun Bujwi) pue aanos 10J) Ayjenb
uondnpul (sjos3uod uonesnsiuiwpe sdnoub ui |ed1b6ojopoylaw
ABojoyredoisiy uonesijeydsoy 1sod ‘Bulwy  |9pow + dnoib ‘uoneinp ‘asop adAy  spalqns pue ubisap
sealued Ajeyon jo uoneing 210D |EDIUI) puUBUOI3||0d D)D) Juswieal) ‘39 jo adAL snneanued jo Apms ‘@duapina
:dwonnQ W00 :dWodN0 dyD :dwonnQ W00 ejeq »yYlo BUETIGEEY] | 21ndy  Jquiny  sapads Jo [aAa Apms

(panunuod) L ajqey



Page 18 of 34

28

(2021) 63

Bjornkjeer-Nielsen and Bjgrnvad Acta Vet Scand

Ad0Ds0ID1W UO1}DB|D UOISSIWISURI} I ‘SNO3URINDGNS DG ‘[eli) P3||0IIUOD PASIWIOPUEI 1| DY ‘BUO|OSIUPaLd :pald

!so 1ad Buiyiou :0dN ‘a|qedijdde jou :yN {jeauoiiadesiul id| SSNOUSARIIUL A| {IRINDSNWIRIIUL (| DUOSIFIOD0IPAY :DH ‘SIN0Y 1y ‘PI0313410303N|6 DD ‘U1s304d 3A13IRI-D gy ‘UOISNJUI 33e) JURISUOD YD ‘siHyeasdued ainde iy

153nbai je 3|qejieAe S| 35| 32uaI4a1 € ‘| Bl 335 ‘PaPN|OXD 1X3} [[Nf SEM JIYIO B} 213y 3DUSI3J3] SB P3SN SeM JURAS|31 3SOW 33 ‘APNis [eIUBWILIAXS 3Wes 3y} BulqLIS3p PUNoy a1am s3PIIe Z

1s9nbai je 3|qeieAe st 1sl| 9Ua19421 B ‘| Bl 335 ‘PAPN|IXD 1X3} ||N§ SEM 6 JYI0 B} ‘DI3Y 3DUBI21 SB Pash sem JueAd|a] 1sow ay3 ‘Apnis [eausluliadxa awes ay3 buiqUISap punoj 31am saPIIe oL

$]0J3UOD [9POW 1O} JUSWILDI} O} UOIIPPE Ul DD YIM Pajeal} sased dy :dnolb Do ‘Juswiieal (J9Yio) piepue)s Jo ou BUIARIRI S3sed dY :S|0J3U0D [9PO

Al DY dnoib
sojoyd /Bw Do iz dnoin yoea ul 221w
AJUuo ‘UMmoys Al B3y/bw 0 Sl pasua1oeleyd
s} nsal Jo D9 | dnoin |eAs21ul Yy | 7z dnoin |[oM JO JIaquInu
anbiuyoal DD ON :S]03U0D YUM 3D1M] 0z ||ewWsS ‘seiq Jo
passnasip %/'9 'z dnoio ou'ypeie uonoNpul uopdNpu| dl pa1dalul 11 dnoin PHIN M)
10U 1Ng UMOYS %St 1| dnoio Kbojoyied 150d uiw 0| 150d UIW Q€ Al 6/6w g7 € s1el3powl zdnoin
2e Abojoyied %675 Sjon -0¥sIY 'Y ¢ A B3/6 QL 10 63/6W ¢ 10 0 auiuible-1 |0J3U0d 2/91ve ‘|el1 pa|joauod [#9]
-0151Y JO SNl -UoD [2pPOy VN VN VN 1e Alelo | UDAWeUep|an auoseylawexad :padNnpu| |9POW DIN 1307 e oeyz
sojoyd Al B dnoub yoea
AJUO ‘UMOYs /Bw ¢ Do :z dnoin Sl Ul 921w pasiial
s)nsal 1o Al B3y/bw 0 |eAss1ul Yy | ;7 dnoin -deJeyd [[am Jo
anbiuyday D9 :| dnoin UM 9DIM) 0¢ Jagquinu |jews
passnosip 9%/'9 1z dnoio ou 'y ie uonoNpul DD ON :S]0U0D dl pa1dalul :1 dnoi ‘se|q Jo ysu
10U INg UMOYS %S| 1| dnoio AKbojoyed 150d ujw Q| uononpul 6/6w g7 %3 palewnsa ybiy | dnoug
ale Abojoyied 05G°E€C 15|01 RON[VRVE4 A B¥/6 0L 10 150d ulw o§ aujuible-1 |013U0D 9/19/5D ‘|eL} Pa||0IU0D [+9]
0151y JO S2IN1dId -UoD [9pPOYy N N N 1e Ajjeroy | UDAweuepian auosey1awexad padnpu| [Elelel BRI 111307 e oeyz
sojoyd 1ONp die dnoib
AJUo ‘UMOYs -a1ouedolb yoes ui s1el
sioyine s)|nsal 1o -uejoyoeliul pasiiaioeleyd
01 buipiodoe anbiuyoa o1ul pa1daful 9 [|9M JO Jaquinu
dnoib Do ul ou quaW B/ W | %S :dnoib Ko |lews A1aA ‘seiq
SENNENEEIENY -1eai1 1s0d uononpur ysod 31e|0YD0INEY 9:sjon JO{S1I parew
sabueyd [ed Y 72 1e ABO y € dl by/bw | wnipos -uod -nsa ybiy 1oy [9g]
-16ojoyiedoisiy VYN VN VN VYN -loyiedoisiy pa3e1s sUON suoseyiswexad ‘dV peanpu| [9POW siey 11301 ‘19 1nd
pajeis (z a1qeL
asimiayilo 295 s|1e1ap
ssajun Bujwn pue ainos 10J) Ayjenb
uondnpul (sjos3uod uonensiuiwpe sdnoub ui |ed16ojopoylaw
ABojoyredoisiy uonesijeydsoy 3sod ‘Bulwpy  |9pow + dnoib ‘uoneinp ‘asop adAy  spalqns pue ubisap
seaidueq Aijeriow jo uoneing 9J01S [EDIUI|) PUBUOIDB|I0d D)D) uswieaisy ‘39 Jo adAL snneanued Jo Apms ‘@duapina
:3WodINQ :wodnQ :wodnQ dyD :dwodnnQ :dwodnQ ejeq Ryl sJuawieal) 21ndy  Jquiny  sapads Jo [aAa Apnis

(Panunuod) 1 3jqey



Page 19 of 34

(2021) 63:28

Bjornkjeer-Nielsen and Bjgrnvad Acta Vet Scand

SO1ISINeNS
ou ‘syno-dolp oN "paniodal
2Jam Abojoyiedoisiy

10§ S}|Nsal Ou ‘paieany
DDH-UoU pue pa1eall Do
10} pasedwiod 3G 01 S1om
sainyeay dibojoyied pue
[e21Ul seiq Bunioday
JUSUISSISSE SWODINO JO
Buipuig ou :seiq uons313Qg
‘Abojoyiedoisiy pue uop
-en|eAs [ed1ul]d aAnd3fgns
Bulwiopad |puuosiad jo
Bulpulg ON :SeIg 2dUPWIO)
-19d "JUaW|eaduod/Uones

(/%) |lews AI9A  -lWopueI ON Seig UOIID3|95

paquosap
10U INq ‘sisAjeue 3e1S "SI0
-doup oN ‘Buihiiom ss3|
sem Bulpullq Jo %oe| syl
‘|BAIAINS SBM SUIODINO Se
1NQ ‘JUSWISSISSE SUIODINO
40 Buipul|g ON :selq uor
-D213p ‘Buipul|q ON 'selq
9OUBWIOYIR] ‘PAGIISap
10U UONESIWLOpUel JO

(8-5) I[ews AI3p POLIBIN iSeIq UoI1D3I8S

sisAjeue

JURAS|2J WO PIPN|IXD
sino-doup € 'paquIsap
SISA[RUE [BDIIS1IRIS "JUSW
-$$9558 WO02IN0 Jo Bul
-pul|g ON ‘selq uoide1eQ
‘1d2-2ads 03 Jouaju s
sisoubelp Ul pasn d1-A
‘Bulpul|q oN :seiq aduew
-10413d "pPaYyd1eW 10U 3I9M
sdnoib ui sabe pue spaaig
'9102-510z dnoib Ho-uou
10z 110¢ dnoib D9 01
syuedpied Jo uoiedolje

Kbojoyredoisiy Aq
PaULIYUOD sem sisoubelp
dV paanpul’,pasig-paxiu,
||e ‘pa3e1s Jou dnoib
Y2IYMm 03I X3S YDIYm JO
YbIH  UoISIAIp ‘palels Jou abe 100 Il [el} P3)|0AIUOD sboQ [85] '|e 19 X1y

sieanued padnpul
pawliyuod Abojoyiedoisiy

se 30 sisoube|d ‘paiels Z pue | yuswpadxy
MO 10U paalq/xas/abe 100 [|[el} pajjoiIuod pasiwopuey sboq [6€] 3uUaYDS pue A3|pnis
sdnoib

UDIM1DQ JB|IWIS UM
S9|geUeA aulseg dyD
‘punoseyn ‘ased| ewse|d
10 [1d2-23ds + subis

pasILIOPURI-UOU ‘Pajead [e21UIP |pul Sisoubelp leuy
(07/St) 21e19pOWN -UOD-UON :Selg Uond3|as 21eI3PON 'pa31q ‘x5 ‘abe) poon Il P3||0AUOD PISIUIOPUEI-UON sbog [£S] [P 12 IysiueO
(mo
‘ajelapow
wawabpnl  ‘yYbiy) seiq jo (1o0d “a1ey
9zis dnoup seiq Jo sty 10§ 1oddns  ysu parewiysy ‘poob) Aysejiwis dnoin  Al-1301 ubisap Apnis sapads Apnig Apnis

sieasdued s3nde Joj SPI0Ja1s01110202N|6 JO 19342 3yl Bujien|eAS S3IPNIS [eNPIAIPUL Ul Seid JO Ysly T dlqel



Page 20 of 34

(2021) 63:28

Bjornkjeer-Nielsen and Bjgrnvad Acta Vet Scand

$21151181S OU ‘syno-doup oN
JUDUISSISSE SWODINO JO
Bulpul|g ou :seiq uondA13Q
-a5easip Jappe|q ||eb jo
95USPIdUL YBIH JUSWIean
13410 pue Do Jo buiwn
puUe 350P Ul UOIIeLIBA
‘syuedpiied 1o [suuosiad
Jo buipuijg oN :seiq
9OUBWIOYID ‘SIUSWIR.]
10 sonsoubelp ul sdnolb
Buouwe uonesipiepuels
ON “JUSW|E3DU0D/UOIES

pa1e1s Xas pue abe
‘asejAwe ewse|d pue subis

Apnis

(87/S1) ||[PWS  -ILIOPUEJ ON :SBI] UOIID39S ybIH  [ea1uld Aq sisoubelp gy ‘req Il ]0JUOD—35ed 9A1122dS0.19Y suewnH [59] '|e 13 uedey
paule|dxa Jou
INQ $21151eIS 'sINo-dosp ON ABojoyedoisiy Aq pawy
15160j0y1edOlsiy papullg (Adoosoudiw -U0d sem sisoubelp gy
(9/5) ||ews AJaA JUSW|BIDUOD/UOIeS U0J123|9 10} pascnpul !, pPa31g-paxiw, ||e
Z Apn1s ‘(71 /%71) [[BWS | ApN1S  -IWOpPURI ON :Selq UOM123|9S YBIH) MO ‘pa1els 10U Xas pue abe 400 Il [eL} P3]|0AIUOD sboQ [09] '|e 3 Loyew|
S211511€1S OU 'SINO
-doip oN 'sa1es Ayjenow
a1 buiselq uonesadn |9
JO p3Ip Pa1eal) 2UOosI1I0D
€ 05 53| Abojoyredoisiy
‘Ia1owesed 9A1D3[qo ue si
[BAIAINS JISA3MOY ‘JUaW Abojoyredoisiy Aq
-$59558 9WODINO JO bul PaWIYUOD sem sisoubelp
-pul|q ON :Selq uonaa12Q dV pasnpul |, paig-paxiul,
‘BuIpul|g ON :92UPWLIOLISY ||e ‘pa1els Jou dnoib
"JUSW|BIOUOD/UOIeS Y2IYm 03Ul X3S YDIYMm Jo
(91/57) ||PUIS/21RI9POJN  -IUIOPUEI OU :SEIG UONDS|9S ybIH  UoISIAIp ‘paie1s J0u abe oo Il [eLY P3]|0AIUOD sboQ [65] e 19 LeMaIS
(mo)
‘ajesapow
wawabpnl  ‘yYby) seiq jo (100d “11ey
9zis dnoup seiq Joysiy 10 1ioddns  ysu parewiis3y ‘poob) Lisepiwis dnoun  Al-1301 ubisap Apnis saads Apnig Apnis

(panunuod) g ajqey



Page 21 of 34

(2021) 63:28

Bjornkjeer-Nielsen and Bjgrnvad Acta Vet Scand

(L1/01) llews

(€5/9¢) S1RISPOW

SDIIS11E1S 'SIN0
-doip oN 'sbop 1o} paie)
-0delIx3 2B S}NSaJ Uaym
PaJ3PISUOD 3¢ PNOYs
'sbop 104 sasned [ensnun
‘¢ S3U03S|[eb '/ |OYODY dY
JO 95NED) SIUBWIWOD JBYIQD
‘s1919ueled aA1D3[qo
aJe Ayjjerioul pue dyd
S9WO2IN0 Ing ‘Bulpul|g ON
'Selq UonDa1ep pue seiq
SDUBWIOI "PapN|oul
2I3M 30US dlweruApoway
10y poddns sunydauida
-1ou Buninbai snneasoued
91NDE 319A3S YIM siualjed
AJUQ :Selg Uoid3|es MO

paule|dxa sonsneis
's1no-dolp ON "95e3sIp
4O 195U0 Ja3e SAep ¢ |1}
paAe|ap sem Juawieal)
aAnUaARId Apies ‘dnoib Ho
Ul'syiesp ¢ 9yl Jo ¢ upDo
Yum Uanib sem uesixaQ
pue ez|yLon|i\ SelAes
'seiq JaYiQ “Ajeow s
3UWODINO Se ‘JUueA3|all
SUIDDS JUDUISSISSE SUWIO0D
-0 Jo Buipul|q Jo 3oe]
'SeIq U091 ‘pPaqudsap
10U UO[1eS|WOpUR] JO
POYIBN :Selq UoNI3|9S 91RISPON

sdnoib buowe Jejiwis
uonNQLIsIp xas pue abe
‘1D pue asejAue ‘subis |ed Apnis
-|ul Aq sisoubeip gy ‘poon Il |01Uod—-3sed aANdadsoaYy suewnH

pauoiUsW 10U syusned

JO X35 pue abe ‘(pajeioqeld

Jayuny 10u) sisoubelp
[e21Ul Aq Sisoubelp dy 1004 I |eL1 P3J|0aUOD pasiLopuUeY suewnH

[£€] 7232 punp3

[O¥] 1218 N

9zis dnoup

(mo)

‘ajesapow

wawabpnl  ‘yYby) seiq jo

seiq Joysiy 10 1ioddns  ysu parewiisy

(4+00d “rey
‘poob) Lisepiwis dnoun  Al-1301 ubisap Apnis saads Apnig

Apnis

(panunuod) g ajqey



Page 22 of 34

(2021) 63:28

Bjornkjeer-Nielsen and Bjgrnvad Acta Vet Scand

paule|dxa

$211513€3S ‘sn0-doup Jay1o
ON 'Y Zlieyiesp sy
01 9NP 3|qe|IeAR 10U SBM
dnoub [0J3u0d Woy s1el 7
Jo 21025 Abojoyiedoisiy
‘Selq uonuny sbulpuy
o1bojoyredolsty jo bul
-peib sanejuenbiwss
1nQ ‘paiess 1sibojoyied
-03s1 4o Buipuljq oN
'Selq UoN2a1ap pue
9OURWLIOYIS] ‘PIGLISP
10U UO[IeS|WOopuel JO

syel 3ybram Jejiulis

(S¥7/S¥) 21eI9PON POYI3A :Selg Uoid3|es 91eI2PON ‘Slew ||e ‘Ayyeay ‘poon [| [BL1 P3JjOAUOD pasiLOpuRY siey [L¥] e 10 Bueyz
paule|dxa
SD11S11BIS "9AIIDS(O SI91D
-weled ||e 1ng paieis
Buipul|g ou :seiq uor suonedldwod ‘Abo
-3313P PUB 3DUBWLIOLIS -|0133 "A11IaA3S 3seasip ‘abe
‘sdnoJb uaaMm1Iaq JUIYIP X35 01 buipiodoe sdnoib
JuedYIUbIS Aj[ed1siiels Jou Buowle adualzyIp |e2nsh
91eJ Ino-doup ‘21eMyos -e1s ou ‘] D ‘asedl| ‘subis |ed
(8¢/€Y) 91RI9PON SSdS Ag uolesjuopuey MO -lUIP Ag sisoubelp dy ‘poon [|  |BL1 P3J|0AUOD pasiuIopuURY suewny [8€] '|e 19 uem
SONSNeIS
ou ‘pauoiusw syno-doip
ON DD Yum buoje usaib
sem Qf Uesixad Sselq Jayio
‘9]geuonsanb si ainyeay
YUM All[e1IOW JO uoskied
-wo) :selq buioday
‘Uled palen|eAs oym ‘jau pa1e1s
-uosiad Jo syuedpnled X35 pue abe ‘| ) ‘punos
4o Buipul|g oN :selq uon -el)|n pue asejAwe ‘subis
(z€) 1eISPON -D319pP PUB 3DURULIOLS ybiH  |ediul Aq sisoubelp dy Hieq Al S31195-9580) suewny [99] ‘e 12 Buepy
(mo]
‘a1ei9pow
wawabpnl  ‘yYby) seiq jo (100d “11ey
9zis dnoup seiq Joysiy 10 1ioddns  ysu parewiis3y ‘poob) Lisepiwis dnoun  Al-1301 ubisap Apnis saads Apnig Apnis

(panunuod) g ajqey



Page 23 of 34

(2021) 63:28

Bjornkjeer-Nielsen and Bjgrnvad Acta Vet Scand

OL/91/91) llews

(8/12) llews A1an/o1e18pOW
(Ot/0v) S1es2po
(ze/cg) Sresspoy

(SL/S1) 11ewsS

paule|dxa Aj21enbape

10U SDNSNPIS PUB S1NSaY
'100'0 > d Aq payJew ale
synsa1 ybnoyje ‘1usawl
-anoidwl yonwl yuasaud
10U pIp, DD :S}Nsal JO
uondiosap Jesppun seiq
Huipioday 's1no-doip ou
‘sBulpuy |es1bojoyredolsiy
Jo buipeib anireIuenbiwas
‘sys1bojoyredolsiy

pspulig p=qudssp

10U UO[1eS|Wopuel JO

POYIIA Selq UonD3|aS DIEIETIN]

A)I[eLIOW UO SONSIIELS
1nq ‘ABbojoyredoisiy uo
S$21151183S OU ‘syno-doup ou
‘sbuipuy Abojoyredoisiy
Jo Buipeib aAeIUBNDIWSS
‘sysibojoyredolsiy papullq
‘pa1els uonesiuopuel
ON :SPIQ UOD3|9S MO
paule|dxa
SD11s1e)s ‘syno-dolp ou
‘sbulpuy Abojoyredoisiy
Jo buipeib aaieuenbiwas
‘1s16ojoyredoisiy
papulig ‘paquossp
10U UO[1eS|WOpUR] JO
POYIBN :Selq UoNI3|9S MO

syel 3ybram Jejiulis ojew

|8 ‘9a1-usboyired ‘poony I |eL1 P3J|0aUOD pasiwopuey

siel ybram

Je|IWIS ‘D[eW>y ||B ‘POOD) Il S|el) pa||0auU0D

s1ed 3ybram

JejIWIS ‘9[ew ||e ‘pooD) I |eL1 P3J|0aUOD pasiLopuUeY

siey

siey

siey

[€¥] e 19 JauIg-uasoD

[19] e 32 100|D

TaZRERERAUIRN

9zis dnoup

(mo)

‘ajesapow

wawabpnl  ‘yYby) seiq jo

seiq Joysiy 10 1ioddns  ysu parewiisy

(4+00d “rey

‘poob) Lisepiwis dnoun  Al-1301 ubisap Apnis

saads Apnis

Apnis

(panunuod) g ajqey



Page 24 of 34

(2021) 63:28

Bjornkjeer-Nielsen and Bjgrnvad Acta Vet Scand

(O1L/91/91/91) llPWS

$211s131e3S ‘sino-dolp ou
‘sbulpuy Abojoyredoisiy
Jo buipeib aaieuenbiwas
's1s1bojoy1edolsiy papullg
‘pa1els uonesiuopuel
(9/9) ||PWS AI9A ON :Selq Uo123|9s

$1s11e3s ‘sino-dolp ou
‘sbulpuy Abojoyredoisiy
Jo Buipeib saieuenbiwas
1s160j0y1edoisiy
papul|g ‘pa1els 10U uon
(8/8) ||[eWS KIS -BSIULIOPUEY :SPIQ UOID3|9S

syno-doip oN “W3L
10 dnoub DD Jo 21035 ABO
-loy1edoisiy Uo so1siels
ou ‘suoisnjpuod yum said
-wexa ojoyd A|uo ‘umoys
N3 o 21025 ABojoyied
-0151Y JO S}NSaJ ON :Selq
Bulpioday 1s160j0yredoy
-SIY papullg 'paguasep
JOU UOI1eS|WOpURI JO
POUISIN ‘selq UoN3|eS
SIS
'$|0J1U0d Sse A10631ed
95P3SIP SWeS Y} Ul 359y}
1nd synsal Ing ‘|njuliey si
uondNpulIsod Y ¢ Jusw
-1e311 1BY3 2181S SIoYINy
:selq bupioday sino-doup
ou ‘sbulpuy Abojoyied
-0151Y Jo Buipelb aAn
-eIUBNbIWaS ‘s15160joYIed
-01s1y papul|g ‘Pagldsap
10U UO[1eS|WOpUR] JO
POYIBN :Selq UoNI3|9S

(vC/vC) S1eI9POW

siel

21eI9PO  1YBIaM Jejiwis djeul |8 ‘pooD)

siel

1YBIam Jejiulls jew |je ‘poon

siel

1YBIam Jejjulls jew ||e ‘poon

s1eJ 1yBIom Jejiuis sjeu
||e ‘9a1-uaboyied ‘Poon

I [el) pajjonuoD

Il [eL1 p3Jj0aUOD pasiuopuUey

Il |eL3 Paj|01IUoD pasiwopuey

I |eL1 P3J|0aUOD pasiLopuUeY

siey

siey

siey

siey

[29] |e 1° opnuwiey

[ov] [e18 OlsN

[Sv] e eyr

(] |2 13 JjUIg-U3s0D

uawabpn(

9zis dnoup seiq Joysiy 10 1ioddns  ysu parewiisy

(4+00d “rey

‘poob) fyuejiwis dnoin  AlI-1301

ubisap Apnis saads Apnig

Apnis

(panunuod) g ajqey



Page 25 of 34

(2021) 63:28

Bjornkjeer-Nielsen and Bjgrnvad Acta Vet Scand

syno-doip
ou Abojoyiedoisiy uo
213511815 Ou ‘Abojoyred
-0151Y 3n0ge uonsanb
21e353) ON "PaIelS 4am
SUOISN|2UOD 1NQ ‘UMOYS
10U s3nsal Abojoyiedoisiy
‘PaquDSap snbiuyda)
Bul0ds ou ‘paess 10U
sem (s)1sibojoyredoisiy
Jo buipuiig :seiq bu
-Jodas pue uondAIp
'9DUBWIONRd "PaLISIP
10U UOIIES|WOpURI JO
(SL/S1) Jlews POYIR| selq UodR[RS
SD13S13€1S ‘'syno-doup oN
‘paule|dxa 10U S| uonIuyap
11343 Ing ‘uodn papnppuod
218 ,24025 A1IaASS [e2160|
-oyied, Jo synsay :seiq
Bulpioday ‘pareis 10u bul
-pul|g :selq uondaap pue
9OUBWIOYIR] ‘PAGIISIP
JOU UOI1eS|WOpURI JO
POUISIN ‘selq Uono3|eS
sonsiess ‘sino-dolp
ou ‘sbulpuy Abojoyied
-0151Y Jo Buipelb aAn
-eIUBNbIWaS ‘s15160joYIed
-01s1y papul|g ‘Pagldsap
paiels 10U UO[1eS|WOpUR] JO
Jou sazis dnoub ‘umousiun POYIBN :Selq UoNI3|9S

(9€/9€) S1eI9POW

S1es ybrom J
Slew || ‘opelb ues|d ‘poon I |eM1 P3J|0AUOD PasILOpURY

abe pue

1YBIam Jejjulls 3jew |je ‘poon I |eL3 Paj|01IUOD pasiwopuey

siel

1yB1am Jejiuls Sjeul ||e ‘pooD I |eL1 P3J|0aUOD pasiLopuUeY

siey

siey

siey

l6v] e 18 oryz

(871232 NO

[£5] e 12 opnuwey

uawabpn(
9zis dnoup seiq Jo sy 10} 1oddng

3s1 pajewnsy

(4+00d “rey

‘poob) Lisepiwis dnoun  Al-1301 ubisap Apnis

saads Apnis

Apnis

(panunuod) g ajqey



Page 26 of 34

(2021) 63:28

213513815 OU ‘sino-doup
ON "Pa31€15 SUOISNDUOd
1Ng ‘UMoys 21025 Abo
-joy1edoisiy 4oy s)nsas ou
"UMOYS dYD 10 UOISN|DUOD
10 s3|nsaJ ou ‘|o1uod sod
Se pasn ‘uonsanb ydiessal
33 Ul 10U DO :seiq bul
-1oday 11s1bojoyredoisiy
papulig paquassp
10U UOI1eSIWOPURI JO siel
(8/9) |lews A1op POYI3|\ SBIg UOI1D3|9S YBbIH  1yBlom Jejiuis ojew ||e ‘pooD I |eM1 P3J|0AUOD PasILOpURY siey [25] YS2199A pue Jepellg

213513815 OU ‘sino-doup
ON "Pa31€15 SUOISN|DU0d INq
‘umoys 21025 Abojoyiedol
-S4 10} $1|NSaJ OU ‘UMOYS
d¥D Joj uoisnpuod Jo
$1|NSaJ OU ‘|0J1U0D 2ARISOd
se pasn ‘uonsanb yoieasal
ay1 ur10u OO seiq bul
-1oday 11s1bojoyiedoisiy
papulig paquasep

10U UOI1eSIWOpPUE] JO siel [15]

(9/9) |lews A1op POYIS|\ SBIg UOI1I9|9S YBIH  1yBlom Jejiuis Sjew ||e ‘pooD I |BM1 P3J|0IUOD PasILOpURY siey 710T YS9 pue Jepelig

SD13513P1S JUSW
-119dXa 3|0yM Y1 PIAIAINS
1ey3 S|ewiue asoyl Ajuo
papn|aul sisAjeue [e2160]|
-oyiedoisly :seiq uonune
9]qISs0d ‘DUOp sem Bulods
Abojoyredoisiy anneul
-uenbiwss ‘parels 10U sem
(s)s160joyzedolsiy Jo bul
-pul|g :selq uoioaep pue
9OUBWLIOYI "PRHISIP

10U UOoJIeS|WOopUR] JO siel
(0L/Z1/01/01) |[BWS POYIBIN ‘selq UoNda|eS 91eI9POW  1YBlom Jejiwls S[eu ||e 'pooD) [l [el} pajjoliuod pasiwopuey siey (05112 12 X173104
(moj
‘a)ei9pow
wawabpnl  ‘yYby) seiq jo (100d “a1ey
9zis dnoup seiq Joysiy 10 1ioddns  ysu parewiisy ‘poob) Lisepiwis dnoun  Al-1301 ubisap Apnis saads Apnig Apnis

Bjornkjeer-Nielsen and Bjgrnvad Acta Vet Scand

(panunuod) g ajqey



Page 27 of 34

(2021) 63:28

Bjornkjeer-Nielsen and Bjgrnvad Acta Vet Scand

(¥2/¥C) 1esspoN

(9L/91) |leWS

(5¢/5¢C) =1eI9POW

(¥C/1C) S1RISPOW

sino-doip
ON "9PeW 4B SUOISN|DUO0D
1NQ ‘UMOYS .. 51 NSaJ OU
NIL Jo 'sisAjeue [eonsiels
puUE SUOISN|DUOD 3Je I3y}
pue 21025 Abojoyiedoisiy
10} UMOYS 1€ $1|NSay :selq
Bulnioday 1s1bojoyredoy
-SIY peopullg 'paqudsep
JOU UO[IesS|Wopuel JO
POYISN :Selq UoNnI3|eS
SO11S1elS
's1n0-dolp ON "21en|eAs
0} pley asop ayi bupew
payidads 10U Sem plodN
-10202n|6 Jo adA1 ay] :seiq
9dUPWIOR{ sisibojoyred
-O3sIYy papullg ‘paquosop
10U UOIIES|WOpURI JO
POYI3|A :Selq Uond3|as
sonsiess ‘sino-dolp
ON "uodn papnjpuod 1nq
‘UMOYS 10U alam Abojoyl
-edois|y 10j s3Nsay :seiq
Bunioday -sisibojoyred
-O3sIYy papullg ‘paqudsop
JOU UOI1eS|IWOpURI JO
POUISIN ‘selq UoNI3|RS
SDI1S13€1S OU
‘syno-dolp o “Bulkiiom
$S9] Bulpul|q Jo 3oe| ay)
Sa3eW YoIym ‘Alijeriow
sem Ja1aweled Jueaajal
AJUO ‘pa1e3S 10U UoNes
-lWopURY :SEIq UOIID3IS

MO

MO

91eIopPON

°1RI9PON

1ybram Jejl

siel

PaqLIDSIP 10U SSIMISYI0
1yBIam Jejiuis Jo siel e

siel

1YBIam Jejjulls jew ||e ‘poon

sieJ abe pue

1yB1am Jejiuls Sjeul ||e ‘pooD

IS 3]ew ||e ‘pooD

Il |eul paj|o1U0D pasiuopuey

I |eL3 Paj|01IUOD pasiwopuey

Il |eL3 Paj|01IUoD pasiwopuey

I [e1) pajjonuoD

siey

siey

siey

siey

[#S] |e 19 BYS

[€slere N

[9€] |2 13 Buem

[£9] |e 18 ueng

9zis dnoup

uawabpn(
seiq Jo sy 10} 1oddng

(mo)
‘ajesapow
‘ybry) seiq jo
)su pajewnysy

(4+00d “rey
‘poob) Lysejiwis dnoun

AI-1301 ubisap Apnis

saads Apnis

Apnis

(panunuod) g ajqey



Page 28 of 34

Jlews A19A 1o [|ews ‘a)1esspow ‘poob se papelb sem azis dnoib Apnis pue Jood 4o Jiey ‘poob pajel
sem Aye|iwis dnolb ayy ‘] 03 | JO 9]eDS B UO (JOTT) DUSPIAS JO [9A3] 10) PapeIB 31aM SIIPNIS [ENPIAIPUL DY "MBIASI DY} Ul O} Pa1J231 SIPNIS [BNPIAIPUL U SeIq JO XS pajewlsa ay3 pue subisap Apnis ay3 skedsip ajqe3 ayL

(2021) 63:28

SIN0-doJp ON "BUOp SeMm
UOIIBN|PAS [BIN1SIIELS OU
1Nq ‘papiroid synsal ‘swie
9Y3 Ul papN|oul Sem a3el
A)[PLIOIA 'UO PRIUSWILIOD
10U pue sooyd Ag umoys
NG 'swie syl Ul papnpaul
10U sem sealdued ayi Jo
sabueyo |eaibojoyredolsiy
‘pa1e1s bulpulg ON :selq
Buniodai pue uonda1ep

'9DUBWIONS "P3e1S UoNes sadA10usb ¢ Jo ad1w
(P€/07/S1) lBWS  -IWOpURI ON :Selq UoND3|eS ubIH abe Jejiwis ‘Sew | ‘poon Il [Bl} pajjouoD DN [¥9] e 18 oeyz
sino-doip

ON "UonEeN[eAd 3AId3(gNS
UO paseq SUOISN|PU0D 34
01 SWa3S ‘'UoNeN|eA |ed
-11S11B1S OU ‘W1SAS BulIodS
Abojoyredoisiy paieis

ou ‘buipuliq oN :seiq bul
-Jlodal pue uond1ap
'9DUBWIO}NSJ "PaqLISIP

10U UO[1eS|WOopuUel JO 1ybram pue
(9/9) |jwWs AISA POYISN :Selq UoND3IRS ybiH abe Jejiwis ‘ajeW ||e ‘pooD) [|  [eu} pajjoiIuod pasiwopuey siey [96] e 19 1IND
syino-doip

ON 'PaJamsue sem uol
-sanb YoJeasal ‘uolien|eAd
[BO1SIIR1S PUB S} NS Je3|D
‘WR1sASs Bullods Abojoyred
-01sly ‘Buipuilg ‘pagudsap

10U UOoJIeS|WOopUR] JO 1yb1am Jejiwis
(8/9) |lews AJap POYIS| Selg UoIId3|95 MO ‘syiuow g—/ pabe siel ‘poos | |eM1 Pajj0AaUOd pasiwopuey siey S REREBIN
(mo]
‘ajelapow
wawabpnl  ‘yYby) seiq jo (100d “a1ey
9zis dnoup seiq Joysiy 10 1ioddns  ysu parewiisy ‘poob) Lisepiwis dnoun  Al-1301 ubisap Apnis saads Apnig Apnis

Bjornkjeer-Nielsen and Bjgrnvad Acta Vet Scand

(panunuod) g ajqey



Bjornkjeer-Nielsen and Bjgrnvad Acta Vet Scand (2021) 63:28

survival [36, 48, 61], and 3 studies found no significant
difference in survival between corticosteroid-treated and
model controls [42, 50, 53]. A comparison of the studies
highlighted certain features. Five out of 6 studies used
the same mode of AP induction, and all studies reported
high mortality rates of non-treated rodents (20-86%).
However, the type, dose and timing of the corticosteroid
treatment varied greatly. For the studies reporting no dif-
ference in mortality, a dose of 2, 10 and 50 mg/kg predni-
solone [50], 25 mg/kg methylprednisolone [42] or 20 mg/
kg glucocorticoid of unknown type [53] were used, and
they were all administered 1 h or later following induc-
tion. For studies reporting significantly improved sur-
vival, rodents were treated with 10 mg/kg hydrocortisone
[61], 5 mg/kg dexamethasone [48] or 0.5 mg/kg dexa-
methasone [36] within 15 min after induction.

Seven studies reported mortality results that were
not statistically evaluated [37, 41, 59, 63—-66]. Only the
experimentally induced AP studies performed histo-
pathological analyses of the pancreas (Table 1). Thirteen
studies presented statistically evaluated results. Three of
these did not report blinding of the histopathologists [41,
48, 50]. Eleven studies reported significantly less severe
histopathological changes in the pancreas of corticos-
teroid-treated animal groups than in the noncorticoster-
oid-treated groups. Of these, 7 studies concluded that the
pancreas histopathological score was significantly lower
in the corticosteroid group than in the model control
group. The results are generally based on similar scor-
ing systems for oedema, acinar necrosis, inflammatory
infiltrate, and haemorrhage and certain including rating
of fat necrosis and perivascular inflammation as well [41,
44, 46, 53-55]. One of the studies did not define their
grading system [48]. In 4 studies, the following histo-
pathological changes were significantly milder than those
in the control groups; acinar necrosis [60], oedema and
leucocyte infiltration at 12 h [62]; necrosis at 6 h [47];
and haemorrhage and necrosis at 12 h [36]. Two studies
found no significant difference between the histopatho-
logical findings in rodents treated with corticosteroids
and untreated rodents [42, 50].

Three studies presented no histopathological results or
unclear findings [43, 58, 64]. Seven studies did not pre-
sent statistical evaluations of their results [45, 49, 51, 52,
56, 59, 61]. Furthermore, in 2 studies that presented elec-
tron microscopy results for the pancreas [45, 60], statisti-
cal evaluations were not performed.

Risk of bias across studies

In the assessment of risk of bias that could influence the
cumulative evidence, Performance and detection bias
frequently contributed to a classification of moderate to
high risk of bias (Table 2). Several studies reported no
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blinding of outcome assessment of subjective parame-
ters, such as clinical score and histopathology [41, 48-50,
56, 58, 59, 65, 66].

Reporting bias had the potential to severely influence
the cumulative evidence, especially in cases where his-
topathological examinations were performed without
scoring guidelines, results were not reported or statistical
evaluations of the results were not performed but conclu-
sions were made nonetheless [36, 45, 48, 49, 51, 52, 56].

Discussion

Summary of evidence

The aim of the present review was to evaluate whether
dogs with acute/acute-on-chronic pancreatitis that
received standard treatment could benefit from addi-
tional treatment with corticosteroids to improve disease
outcome as indicated by the clinical score, circulating
CRP levels, hospitalisation duration, mortality rate and
pancreas histopathologic evaluation.

For the clinical score, the overall evidence was insuf-
ficient. There were no RCTs with a low risk of bias or a
moderate risk of bias and moderate study size to establish
recommendations regarding the use of steroids to reduce
clinical scores.

Regarding the circulating CRP levels, one RCT with a
low estimated risk of bias [44] concluded that treatment
within 1 h was significantly beneficial while treatment
within 4 h was not. Hence, fair evidence was found that
corticosteroid treatment can reduce CRP levels if given
early in the disease process. Furthermore, a canine non-
randomised controlled trial and a human case control
study found significant reductions in circulating CRP lev-
els in patients treated with corticosteroids compared to
the model controls [37, 57].

Fair evidence was found that corticosteroid treatment
can shorten hospitalisation length. This evidence was
based on 1 canine and 1 human study in which a signifi-
cantly shortened duration of hospitalisation was reported
in the corticosteroid-treated groups compared to the
model controls [38, 57]. The latter was a RCT with low
estimated risk of bias.

The overall evidence for corticosteroid treatment
reducing mortality in AP is conflicting. Seven studies
provided results of significantly improved survival of
corticosteroid-treated patients compared to model con-
trols. Of these, 3 studies were RCTs of low risk of bias
or moderate risk of bias along with moderate study size,
thus providing good evidence for improved survival with
corticosteroid treatment of AP [36, 39, 40]. However, 4
studies found no significant difference in survival and all
were RCTs presented a low estimated risk of bias or mod-
erate risk of bias along with moderate study size [38, 41,
42, 53], thus providing good evidence that corticosteroid
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treatment is of no significant benefit for survival. Nota-
bly, in rodent studies with improved survival [36, 48,
61], corticosteroids were administered early in the
experimentally induced disease process (within 15 min),
whereas in most of the studies without improved survival
[42, 50, 53], corticosteroids were given later in the disease
process (1 h or later).

The overall evidence that corticosteroid treatment
results in less severe histopathological changes in experi-
mentally induced pancreatitis is good. Eight RCTs with
low estimated risk of bias or moderate risk of bias that
also had a moderate study size found significantly less
severe histopathological changes in the pancreas in the
corticosteroid-treated animal groups than in the model
controls [36, 41, 44, 46, 47, 53—-55]. One RCT with a low
estimated risk of bias provided fair evidence that corti-
costeroid treatment results in no significant improve-
ment of histopathology [42].

Limitations

The most obvious limitation of this review is the limited
number of studies performed in dogs. Therefore, the
results are useful for providing general conclusions on
acute pancreatitis but insufficient for generating robust
conclusions on canine acute pancreatitis. Among the
5 canine studies included, only the work of Studley and
Schenk [39] was a RCT with a low estimated risk of bias;
thus, it was the only canine study with the power to grade
evidence for the general results in this review. Neverthe-
less, 3 of the 4 other canine studies were consistent with
the positive effect of corticosteroids reported by Studley
and Schenk [39]. A controlled clinical trial of moderate
group size was recently reported in Okanishi et al. [57],
and they found a significant benefit of prednisolone
treatment with regard to clinical score, CRP level, hos-
pitalisation duration and survival in dogs. Stewart et al.
[59] and Imahori et al. [60] both found a positive corti-
costeroid effect on survival and pancreas histopathol-
ogy in dogs with experimentally induced pancreatitis. A
striking difference between these studies and a previous
canine study, in which corticosteroids did not confer a
benefit [58], was the timing of corticosteroid treatment
start. The above 4 studies started treatment early in the
disease process (at diagnosis, or no later than 12 h after
experimental induction) and the study by Attix et al
started treatment 24 h after induction [58].

Similarly, early treatment was supported in the
included rodent studies. No positive effect of corticos-
teroid treatment on mortality was observed in studies
that started treatment 1 h or later after induction, while
a positive effect was frequently observed in studies that
started treatment early (within 15 min). Cosen-Binker
et al. [44] concluded that hydrocortisone or prednisolone
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administered 1 h after induction resulted in slight but
significant improvement of histopathology score and
CRP levels while the same treatments administered 3 h
later did not. Overall, the findings indicate that the early
start of corticosteroid treatment might be important for a
positive effect.

Cosen-Binker et al. [44] indicated that hydrocortisone
and prednisolone seemed to have the same effect, and
Studley and Schenk [39] did not observe differences in
the positive effect of low or high doses of hydrocortisone.
In the included studies, a wide range of types and doses
of corticosteroids were used, and identifying associations
between the type or dose of corticosteroids and the effect
was difficult. Any association found in this multispecies
review would be of questionable use for specific canine
treatment recommendations.

Another limitation of this review was that two of the
human studies involved treatments with dextran or Salvia
miltiorrhiza along with corticosteroids. Although these
treatments are not recommended by international treat-
ment protocols and could bias the results [40, 66], one of
these studies was included here as evidence for reduced
mortality [40].

Another limitation of the current review is the use of
studies concerning experimentally induced acute pan-
creatitis because this disease does not necessarily mimic
spontaneous disease. In particular, the severity of the
induced disease, which is typically described as severe
acute pancreatitis with tissue necrosis and mortality rates
up to 86% [61], is not directly comparable with the veteri-
nary clinical setting, where the severity of acute pancrea-
titis varies from subclinical to very severe.

Two meta-analyses were found during the literature
search, one on humans and one on rodents; however,
they were excluded and only relevant individual stud-
ies were retained. The human meta-analysis included
5 studies, but only one was included in this review [38]
because the others were only published in Chinese and
hence excluded based on the English language criterion
[67]. Consistent with the current review, the human
meta-analysis concluded that corticosteroid therapy
may improve outcomes in patients with severe acute
pancreatitis. From the meta-analysis on rodents, 6 stud-
ies were included [36, 41, 47, 48, 61, 62], the text for one
study could not be retrieved, and the remaining stud-
ies included pretreatment with steroids and were thus
excluded [68]. This meta-analysis also concluded that
corticosteroids have beneficial effects on rodent animal
models of severe acute pancreatitis.

None of the included studies presented sample size
calculations; thus, the possibility of studies being under-
powered cannot be ignored. Drop-outs were often poorly
described or not described in the included studies.
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However, drop-outs were considered to have a minor
influence on the results, especially for the experimental
studies, where animals typically were closely followed for
a short period of time (hours or a few days). Similarities
at baseline were reasonable, and only 7 of the 31 studies
rated poor or fair. Older human and canine studies pre-
sented less than adequate descriptions. The level of evi-
dence was also reasonable among the studies, with just 1
study graded LOE IV.

Acute pancreatitis is known to be a very painful con-
dition. As most of the experimental studies had been
evaluated by an ethical committee, one might wonder
why only 2 of the experimental studies used analgesics in
addition to corticosteroids, which meant that all animals
in the control groups were not provided pain relief. Pain
could very possibly influence the disease outcome and
results.

In this review, 5 disease outcome parameters were eval-
uated. Clinical scores were reported in 4 studies; how-
ever, they were all differently defined, thereby limiting
any conclusions on this parameter.

CRP is a major acute phase protein in several species,
including mice, humans and dogs. It is one of the most
sensitive markers of inflammation in dogs and used to
confirm the presence of underlying inflammation and
monitor the response to therapy [69, 70]. Furthermore,
CRP testing is widely used in clinical practice. There-
fore, CRP was included as an outcome parameter. In
earlier human guidelines on acute pancreatitis, a CRP
level >150 mg/L was indicative of severe pancreati-
tis [71]. However, later studies found that CRP meas-
ured at the first visit is not a reliable prognostic marker
for human acute pancreatitis because CRP peak lev-
els are reached only after 48-72 h [72]. Kuzi et al. [4]
found that CRP correlated significantly with cPLI and
the canine acute pancreatitis severity score (CAPS), and
CRP levels in survivors and nonsurvivors were similar
on day 0 and day 1. Nevertheless, CRP levels measured
48-72 h following initial presentation might correlate
with acute pancreatitis outcome. Holm et al. found that
CRP was significantly elevated in dogs with spontane-
ous acute pancreatitis compared with healthy controls,
and it decreased significantly from day 1 and 3 to day 5
in association with clinical improvement [73]. Sato et al.
[74] found significantly lower CRP levels on days 3 and
4 in survivors compared with nonsurvivors among dogs
with acute pancreatitis. In the present review, one human
study [37], one canine study [57] and one rodent study
[44] followed CRP over time. In the human study, there
was a significant difference in CRP levels between HC-
treated and nontreated patients at 48 h [37], and Okani-
shi et al. [57] found a significant difference between
prednisolone-treated and nontreated dogs with acute
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pancreatitis on day 3. However, whether these improve-
ments in CRP levels reflect a true reduction in inflamma-
tion and disease severity or a direct suppression of IL-6,
which is the main inducer of hepatic CRP production, is
not known. Many other parameters have been reported
to be improved by corticosteroid treatment and could
have been evaluated, including ascites [50], acute respira-
tory distress syndrome [38, 40], time to vasopressor ces-
sation [37], arachidonic acid breakdown products [61],
amylase, lipase, TNFa, and IL-6 levels [46, 51], and mor-
phological changes of the lungs [54].

The reason why corticosteroids may positively affect
the development of acute pancreatitis could be related to
findings in human studies of relative adrenal insufficiency
(RAI), which is also called critical illness-related corticos-
teroid insufficiency (CIRCI). Clinical studies have found
that human patients suffering from severe acute pancrea-
titis have low corticosteroid baseline levels and/or poor
response to ACTH stimulation. RAI/CIRCI in severe
acute pancreatitis patients has been associated with
higher clinical severity scores, pancreatic necrosis, need
for surgical intervention and higher mortality [75, 76].
These findings, along with the abovementioned human
meta-analysis by Dong et al. [67], have led to the cautious
recommendation of corticosteroid therapy for severe
acute pancreatitis in humans by some authors [77]. How-
ever, to the authors knowledge, this recommendation has
not yet been implemented in any official treatment guide-
lines of human acute pancreatitis. Additionally, whether
RAI is present in dogs with acute pancreatitis and
whether it relates to survival is still controversial [78, 79].

As mentioned in the introduction, it is believed that
CAP becomes life-threatening with the development
of disseminated intravascular coagulation and multiple
organ failure [2], and it could therefore be speculated
that the use of corticosteroids in the treatment of CAP
could be of particular benefit in severe cases at risk of
developing these complications. Recent evidence has
shown that corticosteroid treatment is beneficial for
COVID-19 patients needing oxygen therapy or ventila-
tion but not for patients managing without such therapy
[80]. A common feature of human patients with severe
acute pancreatitis and COVID-19 is the excessive for-
mation of neutrophil extracellular traps (NETs) by acti-
vated neutrophils, leading to thrombosis and multiorgan
damage [81, 82]. NETosis has been recognised in several
species, including humans, mice and dogs [83]. Human
patients with acute pancreatitis have increased levels of
circulating NETs compared with healthy controls [84],
and in mice, NETs can directly induce trypsin formation;
moreover, mitigation of NET formation reduces pancre-
atic inflammation and lung damage [85]. Corticosteroids
have been shown to downregulate NETs in the lungs of
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an experimental equine model of asthma [86], and in
humans with chronic inflammatory lung disease, NETSs
were decreased in patients who frequently used corticos-
teroid inhalers [87]. The important role of neutrophils in
disease progression is further supported by the recent
approval in Japan of the drug fuzapladib sodium hydrate
(BRENDA"'Z, Ishihara Sangyo Kaisha Ltd. Osaka, Japan)
for improving clinical signs in the acute phase of pancre-
atitis in dogs [88]. Fuzapladip sodium hydrate prevents
the translocation of neutrophils from blood vessels to the
extravascular tissue. It is not as broad-acting as corticos-
teroids and may have fewer side effects; however, until it
is approved for global use, early short-term corticoster-
oid treatment could be considered for mitigating NET
formation.

In addition to the anti-inflammatory effect, corticos-
teroids may also act as procoagulants, which could be an
unwarranted effect in patients with acute pancreatitis.
Therefore, based on current data, specific CAP subgroups
may respond differently to corticosteroid treatment.
Whether subgroups exist and how they should possibly
influence recommendations on the dosage, treatment ini-
tiation and duration needs further investigation. When
considering corticosteroid dosage and treatment dura-
tion, practitioners should keep in mind that studies have
found evidence of corticosteroids causing or increasing
the risk of acute pancreatitis [21, 22].

Conclusions

The current review of 31 studies evaluating corticos-
teroid treatment of acute pancreatitis provides fair evi-
dence indicating the beneficial effect of corticosteroids
on the duration of hospitalisation and circulating CRP
levels. With respect to mortality rate and histopathologi-
cal severity, a clear conclusion is more difficult to reach.
Good evidence has been provided for a decreased mor-
tality rate with corticosteroid treatment, while at the
same time, good evidence has been provided of a lack of
significant effect. Good evidence has been provided for a
lower histopathological score of pancreatic changes with
corticosteroid treatment, while fair evidence has also
been provided for a lack of difference.

These findings lead to the cautious conclusion that
additional treatment with corticosteroids in the acute/
acute-on-chronic phase of canine pancreatitis might have
a positive influence on disease outcome.

Because the evidence in this review was gathered for
several species and included experimentally induced
pancreatitis, specific treatment recommendations can-
not be provided regarding the type, timing and dosage for
dogs with CAP in the clinical setting.

In conclusion, although corticosteroid treatment of
CAP may be beneficial, this review recommends larger
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randomised controlled studies in dogs with spontaneously
occurring acute/acute-on-chronic pancreatitis to further
elucidate the effect of corticosteroid treatment, determine
the type, dose and length of corticosteroid treatment and
identify possible CAP patient subgroups that could possi-
bly benefit.
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