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Hypothesis: Administration of an ADPP containing Enterococcus faecium 4b1707 will

placebo.

Animals: One hundred forty-eight client-owned dogs with acute diarrhea as the main
clinical sign.

Methods: Double-blinded, placebo-controlled, randomized, blocked, multicenter clin-
ical field study conducted at 14 primary care veterinary practices in the United
Kingdom and Ireland.

Results: The ADPP was associated with better clinical outcome compared to placebo
in dogs with acute, uncomplicated diarrhea. Dogs in the ADPP group had a signifi-
cantly shorter duration of diarrhea (ADPP: median, 32 hours; 95% confidence inter-
val [Cl], 2-118; n = 51; Placebo: median, 47 hours; 95% Cl, 4-167; n = 58; P = .008)
and the rate of resolution of diarrhea was 1.60 times faster in the ADPP group than
in the Placebo group (ratio, 1.60; 95% Cl, 1.08-2.44; P = .02). Fewer dogs required
additional medical intervention (AMI) for non-improvement or worsening in the
ADPP group compared to the Placebo group (3.5% of dogs and 14.8% of dogs,
respectively), with a relative risk of 0.88 (P = .04; AMI, ADPP, 3.5%, 2/57 dogs; Pla-
cebo, 14.8%, 9/61 dogs; relative risk, 0.88; 95% Cl, 0.77-0.99).

Conclusion and Clinical Importance: The ADPP may accelerate resolution of acute

diarrhea in dogs and decrease the requirement for AMI.

KEYWORDS
Enterococcus faecium, kaolin, montmorillonite, pectin, prebiotic, Pro-Kolin Advanced

Abbreviations: ADPP, anti-diarrheal probiotic paste; AMI, additional medical intervention;

PKA, Pro-Kolin Advanced.

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use, distribution and reproduction in any
medium, provided the original work is properly cited and is not used for commercial purposes.

© 2019 The Authors. Journal of Veterinary Internal Medicine published by Wiley Periodicals, Inc. on behalf of the American College of Veterinary Internal Medicine.

1286 wileyonlinelibrary.com/journal/jvim J Vet Intern Med. 2019;33:1286-1294.


https://orcid.org/0000-0003-4375-434X
mailto:sophie.nixon@protexin.com
http://creativecommons.org/licenses/by-nc/4.0/
http://wileyonlinelibrary.com/journal/jvim

NIXON ET AL.

Journal of Veterinary Internal Medicine AC\?I M | 1287

1 | INTRODUCTION

Acute diarrhea represents the most common cause of nonroutine vet-
erinary visits for dogs in the United Kingdom and the United States.>™*
Acute diarrhea constitutes a short-term increase in fecal water content
and consequently fecal fluidity, volume, and frequency of defecation.’
Although acute diarrhea tends to be self-limiting, it represents an
impaired state of health for the dog, a source of stress and inconve-
nience for the owner, and a potential zoonotic risk. In a recent study of
dogs with acute diarrhea in the United Kingdom, the most common
treatments were dietary modification (66% of cases) and antimicrobial
treatment (63% of cases).! Previous studies have reported that up to
71% of dogs with acute diarrhea are treated with antimicrobials®
despite emerging evidence that antimicrobial treatment is not effective
in dogs with hemorrhagic or uncomplicated acute diarrhea.>” Conse-
quently, acute diarrhea represents a considerable portion of antimicro-
bial usage in veterinary practice.

Recent evidence suggests that the fecal microbiome is altered in

dogs with acute diarrhea, 810

identifying modulation of the microbiome
as a potential therapeutic target. Probiotics and prebiotics are defined
as live microorganisms that confer a health benefit to the host when
delivered in adequate amounts®! and substrates that selectively pro-
mote the growth of microorganisms that confer a health benefit,'2
respectively. There is evidence that probiotics and prebiotics are capa-
ble of altering the microbiome of dogs.**=2° Probiotics and prebiotics
favorably modulate gastrointestinal health by diverse mechanisms, but
few studies have investigated the mechanism of action of putative
probiotics in dogs.21"2% In predominantly in vitro, ex vivo, and rodent
studies, probiotics and prebiotics have been shown to inhibit the
growth of gastrointestinal pathogens,?’~3? to improve gastrointestinal
barrier function, and to favorably modulate the immune system.33-3¢
The extent to which these findings can be extrapolated to dogs is
unknown. There is growing evidence in both the human and veterinary
medical fields for the therapeutic potential of probiotics and prebiotics
in treating and preventing acute diarrhea. A meta-analysis of 63 studies
found that the administration of probiotics shortened the duration of
clinical signs and decreased stool frequency in acute infectious diarrhea
in humans.” Probiotic interventions containing 21 strains of Enterococ-
cus faecium (strains SF68 and 4b1707), Bacillus coagulans, Lactobacillus
acidophilus, and Bifidobacterium animalis have been shown to decrease

153839 and cats.*® Strains of

the incidence of diarrhea in healthy dogs
Bifidobacterium animalis, E. faecium SF68, and a mixture of strains of
Lactobacillus, Pediococcus, and Bacillus have been shown to decrease
the duration of acute diarrhea in dogs.**™** A combination of 8 strains
of Lactobacillus, Streptococcus, and Bifidobacterium was associated with
accelerated normalization of the microbiome in dogs with acute hemor-
rhagic diarrhea syndrome** Despite a lack of evidence for strain
E. faecium 4b1707 in the treatment of acute diarrhea in dogs, anti-
diarrheal probiotic pastes (ADPPs) containing this probiotic are avail-
able. Our aim was to characterize the effect of a commercially available
ADPP containing E. faecium 4b1707 (Pro-Kolin Advanced; PKA) on the

clinical outcome of dogs with acute diarrhea. Specifically, we sought to
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identify whether the ADPP was associated with a shorter duration of
acute diarrhea and a decrease in the number of dogs requiring addi-

tional medical intervention (AMI).

2 | MATERIALS AND METHODS

2.1 | Study design

The study was a double-blinded, placebo-controlled, randomized, mul-
ticenter clinical field study conducted at 11 primary care veterinary
practices in the United Kingdom and 3 in Ireland. Block randomization
was performed with a block size of 2 stratified by site of recruitment.
Dogs were included in the study if they were presented to the veteri-
nary surgeon for acute diarrhea with an owner-reported episode of
diarrhea on 21 occasions in the 24 hours before presentation to the
veterinarian. The cause of diarrhea was not investigated. Dogs were
excluded from the study if their clinical signs were deemed unsuitable
for conservative management by the attending veterinary surgeon or
if they had received antibiotic or probiotic treatment in the 4 weeks
before Day O of the study. A full list of inclusion and exclusion criteria
is presented in the Supporting Information S1. Ethical approval was
obtained from an independent welfare representative of Charles River
Laboratories (Tranent, UK). A sample size of 43 cases per group was
required based on the primary objective of identifying a difference in
equality of survival curves in the proportion of dogs being free from
diarrhea on day 3 using a 2-sided log rank test with a significance level
of P <.05 and power of 80%; therefore, a target of 50 cases per
group was set. The sample size calculation was based on 80% of dogs
in the ADPP group and 50% of dogs in the Placebo group being free
from diarrhea on Day 3. One hundred forty-eight dogs that fulfilled
the inclusion criteria and none of the exclusion criteria were enrolled
in the study and randomly assigned to receive either the ADPP (ADPP
group) or a placebo paste (Placebo group) in a ratio of 1: 1. The ADPP
was a paste for PO administration containing E. faecium 4b1707,
Preplex prebiotic, combined kaolin and montmorillonite clay, psyllium,
pectin, and beta glucan (PKA; Protexin Veterinary, Somerset, UK). The
placebo was indistinguishable in packaging, appearance, and sensory
properties from the ADPP to study personnel. The ADPP and placebo
were dosed g8h according to the dogs' body weight on Day 0. Details
of the ADPP and placebo composition and the dosing regimen can be
found in Supporting Information S2. All dogs received concurrent
treatment with a highly digestible diet (Hills i/d, Topeka, Kansas) in
place of their usual food. Dogs were treated with both the PO admin-
istered paste and diet until the dog had either completed or was with-
drawn from the study, up to a maximum of 10 days, with completion
defined as the passage of 3 consecutive feces of normal consistency.
The primary efficacy criterion was duration of diarrhea, and a second-
ary efficacy criterion was the proportion of dogs withdrawn for AMI
because of non-improvement or deterioration. Withdrawal for AMI
and subsequent treatment was decided by the dog's owner and the

attending veterinarian.
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2.2 | Study procedures

Dogs enrolled in the study were processed according to the study
procedures described in Figure 1. In brief, clinical examination was
performed on Day 0, and owners of dogs enrolled in the study were
given the ADPP or placebo syringes to administer q8h starting imme-
diately, and diaries in which they were instructed to record the date,
time, and consistency of all feces passed by their dog for the duration
of the study. Fecal consistency scoring was performed using a scale of
1 (hard) to 6 (watery) based on a modification of the Nestle-Purina
scoring system in which scores 1 (hard) and 2 (firm) of the Nestle-
Purina system were combined.**> Scores <3 were defined as normal
and scores 24 were defined as diarrhea. Owners were provided with
both a text and pictorial description for each score (Figure 1A and
Supporting Information S3). Dogs were reexamined on Day 3. If the
dog had reached the study completion criterion of 3 sequential fecal
scores of <3, the dog had completed the study. If the dog had not
reached the study completion criterion, the owner was supplied with
additional prescription diet, ADPP or placebo syringes, and diaries and
remained on the study until the dog completed the study or was with-
drawn, up to a maximum of 10 days (Figure 1B). No further examina-
tion of the dog was scheduled as part of the study protocol after Day
3, but owners were able to return the dog to the veterinarian if they
were concerned about the dog's health. The duration of diarrhea was

defined as the time elapsed between administration of the first dose

of ADPP or placebo and the time of the last episode of diarrhea, cal-
culated retrospectively from the contemporaneous owner diaries.
Owners, veterinarians, and the study monitor were blinded to the
contents of the syringe. Dogs with comorbidities were included if it
was believed that neither their underlying disease nor any treatment
that they were receiving would be expected to affect the course of
acute diarrhea. Concomitant medications that dogs received in the

study for unrelated problems are listed in Supporting Information S4.

2.3 | Statistical analysis

Statistical analyses of data were performed using GraphPad Prism
(v7.04) and Matlab (version R2018b). Sample size calculation was per-
formed using SAS (nQuery Advisor Version 7.0). Baseline comparability
of groups was assessed by means of descriptive tables on the following
baseline information of Day O: age, sex, breed (pure or mixed), and body
weight at start. In addition, fecal score and whether other clinical signs
were present at the start of the study (both variables as stated by the
owner) were included in the baseline comparability assessment. Dogs
withdrawn for AMI because of worsening or non-improvement of diar-
rhea were censored at the point of withdrawal for analysis of the dura-
tion of diarrhea. The distribution of normality of continuous variables
was assessed using a D'Agostino Pearson normality test. Data per-
taining to the population demographics and the duration of diarrhea

were found to be nonparametrically distributed. A Cox proportional

FIGURE 1 Overview of the
study procedures. A, Fecal

scoring was used to assess
response to treatment in dogs
with acute diarrhea. Fecal

scoring was conducted using a
scale ranging from 1 (hard) to
6 (watery) with a score >4

defined as diarrhea. B, Dogs with
acute diarrhea were randomly

(A)
Study definition | Score Description
1 = hard Hard or firm, should be pliable,segmented appearance, little or
no residue left on ground when picked up
Normal 2 = log-like Little or no segmentatign visible, moist surface, leaves residue
but holds form when picked up
3 = moist Moist but distinct log shape visible, leaves residue and loses a
bit of form if picked up (normal for some dogs)
4 = very moist Very moist but has a distinct shape, present in piles rather than
Y distinct logs, leaves residue and loses form if picked up
Diarrhea 5 = has texture Has textu're but no defmed shape, occurs as piles or as spots,
leaves residue when picked up
6 = watery Watery, no texture, flat, occurs as puddles

assigned to receive treatment
with either the ADPP or placebo,
in addition to a highly digestible

(B)

Completion = 3 consecutive normal feces

study diet. Dogs were reassessed
after 3 days, and treatment was
continued up to 10 days if the

Day O Clinical examination

Diagnosis of acute diarrhea
Day 1-3 Treatment with ADPP or

placebo Fecal

scoring
— — and or

Day 3 Clinical examination study diet
Up to Continued treatment if not
Day 10 completed

Additional medical
intervention if
clinical deterioration

non-improvement

diarrhea was still present. Dogs
were deemed to have completed
the study (diarrhea resolved)
after the passage of 3
consecutive normal (score <3)
feces. Dogs were withdrawn for
additional medical intervention if
they experienced non-
improvement or worsening of
their clinical signs. ADPP, anti-
diarrheal probiotic paste
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hazard multivariate regression model was used to investigate the dura-
tion of diarrhea in an intention-to-treat analysis. Multivariable analyses
were performed between duration of diarrhea and treatment (ADPP or
placebo), age, fecal score at enrollment, and whether or not clinical
signs other than diarrhea were present. A per-protocol analysis of the
duration of diarrhea was performed using the Mann-Whitney test. The
proportion of dogs withdrawn for AMI was compared using a chi-
square test, and relative risk was calculated from a contingency table of
the number of dogs that did or did not require AMI, stratified by group,
with the Koopman asymptotic score used to calculate the 95% confi-
dence interval (Cl). Values are presented as mean + SD. For box and
whisker plots, the box represents the 25th to 75th percentiles and the
whiskers represent the range. The 5% (P < .05) level of significance was

used to assess statistical differences.

3 | RESULTS

3.1 | Population demographics

One hundred seven of 148 dogs enrolled on the study completed the
study (Figure 2). Ten dogs failed to receive a confirmed dose of the
ADPP or placebo, 10 dogs were included inappropriately (no recorded
episodes of diarrhea), 10 dogs had serious dosing errors (8 for dosing
errors related to the ADPP or placebo and 2 for failure to accept the
study diet), and 11 dogs were withdrawn for AMI because of deteriora-
tion or non-improvement. Eleven dogs were withdrawn from the study
early because of worsening or non-improvement but were included in
the efficacy analysis. There was diversity among dogs enrolled in the
study in terms of their body weight (ADPP: median, 10.9 kg; range,
2.0-60.1 kg; Placebo: median, 16.1 kg; range, 2.7-58.0 kg; P = .5;
Mann-Whitney test) and age (ADPP: median, 45 months; range,
2-162 months; Placebo: median, 24 months; range, 2-140 months;
P = .06; Mann-Whitney test). Over 75% of dogs were pure bred
(ADPP, 79%, 45/57; Placebo, 75%, 46/61) and 40 different breeds
were represented in the study. No significant difference was found
between the 2 groups in terms of disease severity at recruitment,
as assessed by fecal consistency score of the last defecation before

Randomized n=148

n=118
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enrollment (ADPP: median, 6; range, 5-6; Placebo: median, 6; range
5-6; P = .6; Mann-Whitney test). Seventy percent (83/118) of dogs
had no clinical signs other than diarrhea on Day 0. Apart from diarrhea,
the most commonly reported clinical sign was vomiting (ADPP: 19%,
11/57 dogs vomiting; Placebo: 25%, 15/61 dogs vomiting). The ADPP
and the placebo pastes, as well as the study diet were well tolerated.
The study diet was accepted in 98.6% (146/148) of dogs, which was
comparable to the ADPP and placebo pastes (97.3% [71/73] and
98.7% [74/75] of dogs, respectively). The ADPP was accepted by the
dog on 92% (201/218) of dosing days, and the placebo was accepted
by the dog on 87% (221/253) days.

3.2 | Duration of diarrhea

With the exception of dogs that were removed for non-improvement
or deterioration, diarrhea resolved in all dogs within 167 hours (7 days)
of presentation to the veterinary clinic (maximum duration of diarrhea:
ADPP, 118 hours; Placebo, 167 hours). Using the Cox proportional
hazard model in an intention-to-treat analysis, treatment (ADPP or pla-
cebo) was significantly associated with the resolution of diarrhea, with
a resolution ratio of 1.6 between the ADPP group and the Placebo
group (95% Cl, 1.08-2.44; P = .02; Figure 3A). The variables age, fecal
score at enrollment, and whether or not clinical signs other than diar-
rhea were present at enrollment were not associated with resolution of
diarrhea (P = .68, P = .78, P = .62, respectively). In a per-protocol analy-
sis, dogs in the ADPP group had significantly shorter duration of diar-
rhea than did dogs in the Placebo group, with a difference in the
median duration of diarrhea between the 2 groups of 15 hours (ADPP:
median, 32 hours; range, 2-118 hours; n = 51; Placebo: median,
47 hours; range 4-167 hours; n = 58; P = .008; Mann-Whitney test;
Figure 3B).

3.3 | Additional medical intervention

Dogs that experienced non-improvement or deterioration were with-
drawn from the study for AMI. Treatment to be given as AMI was

determined by the attending veterinarian with owner consent after

Failure to receive confirmed dose (n = 10)
Inappropriate inclusion
Serious dosing errors (n=10)

(ADPP: 57, Placebo: 61)

Additional medical intervention
n=11
(ADPP: 2, Placebo: 9)

Diarrhea resolved
n =107
(ADPP: 55, Placebo: 52)

FIGURE 2 Summary of number of dogs recruited or excluded as part of the study. A total of 148 dogs were enrolled onto the study and
diarrhea resolved (study completion) in 107 dogs. The majority of dogs that failed to complete the study did so due to errors related to dosing of
the ADPP or placebo. A small number of dogs in both the ADPP and Placebo groups were withdrawn for medical intervention due to worsening
or non-improvement, and these were included in the efficacy analysis. ADPP, anti-diarrheal probiotic paste
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Duration of diarrhea was significantly shorter in the ADPP group compared to the Placebo group. A, The rate of resolution was

1.60 times greater in the ADPP group compared to the Placebo group (P = .02). B, Dogs in the ADPP group had a significantly shorter duration of
diarrhea than dogs in the Placebo group (P = .008). ADPP, anti-diarrheal probiotic paste; ** p < 0.01

repeat examination of the dog and included antiemetics, drugs to
modulate gastrointestinal motility, antimicrobials, and corticosteroids.
Dogs tended to receive multimodal treatment during AMI, with 5 treat-
ments given to 2 dogs in the ADPP group (amoxicillin, metronidazole,
sulfasalazine, loperamide, and dexamethasone) and 15 treatments given
to 9 dogs in the Placebo group (amoxicillin, metronidazole, maropitant,
butylscopolamine bromide/metamizole, ranitidine, and loperamide). Dogs
were withdrawn for AMI early in the study, with a mean time of with-
drawal of 58 + 37 hours. No difference was found between the ADPP
and Placebo groups in the timing of withdrawal for AMI (62 + 41 hours
and 45 + 3 hours, respectively). A lower proportion of dogs were with-
drawn from the study for AMI in the ADPP group compared to the

EE Additional medical

intervention
I Diarrhea resolved
*
100 - - .

= 75 <
=R
s
]
S <
B 5 504
S5
Q0
Q
" 25
o

0

Placebo ADPP
FIGURE 4 Frequency of dogs requiring additional medical

intervention when treated with either ADPP or placebo for acute
uncomplicated diarrhea. Of note, 3.5% (2/57) of dogs with acute diarrhea
received additional medical intervention in the ADPP group compared to
14.8% (9/61) in the placebo group (P = .04). ADPP, anti-diarrheal
probiotic paste; * p < 0.1

Placebo group, with 3.5% (2/57) of dogs receiving AMI in the ADPP
group compared to 14.8% (9/61) in the Placebo group (P = .04;
Figure 4), constituting a relative risk of 0.88 (95% Cl, 0.77-0.99) and
a number needed to treat of 9 dogs. No features could be identified
in the presentation of the 2 dogs in the ADPP group that required
AMI that differed substantially from the study population in terms of
age, sex, breed, findings on clinical examination, or the presence of

clinical signs other than diarrhea at enrollment.

4 | DISCUSSION

Treatment with the ADPP compared to placebo in dogs with acute,
uncomplicated diarrhea led to a decrease in the duration of diarrhea and
a decrease in the requirement for AMI because of non-improvement or
deterioration. Existing evidence suggests that probiotics can exert a ben-
eficial effect on gastrointestinal health in dogs.!® Probiotics have been
shown to accelerate the resolution of nonspecific acute diarrhea, 43
improve the outcome of parvoviral enteritis in puppies,*® and facilitate
the restoration of the normal microbiome in dogs with acute hemor-
rhagic diarrhea syndrome** although the clinical benefit of microbiome
modulation is unclear. Our study provides evidence that a synbiotic con-
taining E. faecium 4b1707 may exert a therapeutic benefit in pet dogs
with acute diarrhea.

The study population was selected to represent the population of
pet dogs that present to veterinarians for acute, nonspecific diarrhea.
Diarrhea resolved in the majority of dogs in both treatment groups
within 72 hours of enroliment, and with the exception of dogs that
were withdrawn because of non-improvement or deterioration, diar-
rhea resolved in all dogs within 7 days. The 2 treatment groups were
comparable at the start of the study in terms of their demographic
diversity, disease severity, and product acceptance. The ADPP led to
a statistically significant decrease in the duration of diarrhea of
15 hours, which is of questionable clinical relevance. However, the

ADPP offered a more convincing clinical benefit in a decrease in AMI
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for acute diarrhea from 15% to 4%. Although the clinical benefit of
the ADPP was relatively minor overall, the ADPP offers an advantage
over other treatments commonly used for managing acute diarrhea,
such as antimicrobials and dietary modification,* which lack evidence
for their efficacy. Few studies demonstrate the efficacy of dietary
modulation with either proprietary or home-cooked diets, and some
evidence suggests that antimicrobial treatment is not effective in dogs
with acute diarrhea.®” The ADPP could decrease antimicrobial usage
both by a shift in prescribing habits away from the use of antimicro-
bials in favor of the ADPP in dogs with acute diarrhea and by a
decrease in antimicrobial use in those dogs given the ADPP that
would otherwise have required AMI.

Compliance with the ADPP was high and comparable with the
study diet. Fewer than 3% of owners involved in the study were
unable to administer either the study diet or the ADPP or placebo
pastes. In order for the study to accurately reflect field conditions,
dogs that missed doses of the ADPP or placebo were not censored in
the analysis, provided they had not missed >2 doses on a single day
and providing the dosing interval did not exceed 24 hours. In the
absence of dose-finding studies for the ADPP, it is not known
whether the inclusion of dogs that received <3 doses for each full day
on the study impacted the magnitude of the effect of the ADPP. A
similar study exploring the effect of variable doses of Bifidobacterium
animalis AHC7 on gastrointestinal function in healthy dogs undergoing
kenneling stress did not identify a dose-response relationship,® but
further studies examining the relationship between dosage frequency
and the effect of the ADPP are warranted.

Two dogs in the ADPP group required AMI. No defining charac-
teristics were identified in the signalment of these dogs that would
identify them as being unsuitable for management with the ADPP and
dietary modification, although such characteristics may be identified
in a larger scale study. The study design attempted to target dogs with
simple, acute diarrhea, but it is possible that some dogs included in
the study had complicated or chronic diarrhea. It is also possible that
the ADPP is ineffective against specific types of acute diarrhea. The
study population was likely to comprise dogs with acute diarrhea of
diverse etiologies, and diagnoses were not sought. For example, dogs
with giardiasis may have been included in the study because parasito-
logical screening was not performed. A study of E. faecium SF68 in
dogs with subclinical giardiasis indicated that the probiotic had no
effect on cyst shedding,*” which may indicate a lack of efficacy for
the species E. faecium in clinical giardiasis. Inclusion of dogs with clini-
cal giardiasis in our study could have led to underestimation of the
efficacy of the ADPP in dogs with nonparasitic diarrhea, although it is
likely that their inclusion rate, and consequently their impact on study
findings, was low.*®4? Further studies in defined populations of acute
diarrhea would inform the clinician about dogs that are the best candi-
dates for treatment with the ADPP.

Our results should be interpreted in the context of limitations in
the study design. First, it was assumed that the placebo paste would
have no effect on the outcome of acute diarrhea, but differences in
the macronutrient profile of the ADPP and placebo could have

influenced the duration of diarrhea. For example, the fat content of
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the placebo was slightly lower than that of the ADPP (39% and 42%,
respectively). A low-fat diet is commonly recommended in dogs with
acute diarrhea because of the effect of dietary fat on gastrointestinal
motility and the possibility that undigested fat in the colon could exac-
erbate diarrhea.’®=>® However, the small difference in fat content
between the ADPP and placebo was deemed unlikely to affect clinical
outcome in the context of the total dietary intake of macronutrients.
Secondly, it is likely that the duration of diarrhea was affected by the
management of the dog, because the frequency with which dogs were
provided with the opportunity to defecate outside was likely to affect
the time of defecation. It was presumed that both groups would be
equally affected, but it is possible that substantial differences between
the 2 groups in the management of dogs (eg, more owners in 1 group
working away from home) could have confounded the study findings.
Furthermore, the effect of management was likely to differentially
affect dogs with small bowel and large bowel diarrhea, with dogs having
the latter disorder being more likely to defecate indoors than dogs with
small bowel diarrhea because of a greater urgency to defecate. The
proportion of dogs with small versus large bowel diarrhea in the study
was unknown, and therefore differences in this variable between the
2 groups could have confounded the results. Taken together, it is possi-
ble that the measurement of duration of diarrhea in terms of hours was
overly sensitive, but it was deemed pragmatic in the context of a field
study, and measurement with a lower granularity could have adversely
impaired the ability to compare the 2 groups. A further limitation of the
study design was reliance on owners' recollection of the consistency of
the dog's last feces before enrollment to compare disease severity at
Day 0 between the 2 groups. Collection of data about the number and
duration of episodes of diarrhea before enrollment was not performed
because of expected inaccuracies in the recollection of complex data
and the possibility that not all carer-givers of the dog were present at
enrollment. Consequently, the 2 groups may have differed in disease
severity at enrollment. Finally, all dogs were fed a single, proprietary
highly digestible diet, and therefore it is unclear how the ADPP would
perform in comparison to other control groups (such as dogs in which
different dietary modulations are performed) or in the absence of die-
tary modulation.

There also are limitations in the scope of our study. The ADPP con-
tained a number of active ingredients, which confers 2 key restrictions to
the interpretation of the study findings. First, it is unclear to what extent
each active ingredient contributed to the positive effect identified for the
ADPP, and consequently further work is necessary to elucidate the mech-
anism of action of the ADPP. The ADPP could act by mechanisms such as
inhibition of pathogen growth:2?*° modulation of gastrointestinal immune

13,17,18,20,35,56-58

function, 1833355456 the gastrointestinal microbiome, or

gastrointestinal motility;>® the binding of water and toxins;> 42

or any
combination of these factors. Second, the use of a compound formulation
limits the extent to which our findings can be extrapolated to other com-
mercially available ADPPs. Because of heterogeneity in the composition
of proprietary ADPPs, small differences in either the combination of,
quantity of, or source of active ingredients could affect the efficacy of dif-
ferent ADPPs. For example, intraspecies variation in E. faecium could lead

to heterogeneity in the behavior of different probiotic strains of
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E. faecium.®® Further studies using single active ingredients would provide
information about the relative importance of individual components of

the ADPP in dogs with acute diarrhea.

5 | CONCLUSION

The ADPP was palatable and safe in dogs with acute diarrhea. Dogs
receiving the ADPP experienced a small decrease in the duration of
diarrhea and a decrease in the requirement for AMI because of deteri-
oration or non-improvement of diarrhea. The ADPP represents a
novel product that exerts some clinical benefit in the management of

dogs with acute diarrhea.
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