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Abstract

Background: Probiotics are widely used in dogs but can be associated with alter-

ations in some serum biochemistry test results.

Objective: To assess the effect of Enterococcus faecium SF68 administration for

14 days on serum alanine transferase (ALT) and alkaline phosphatase (ALP) activity

and total cholesterol and triglyceride concentrations in healthy dogs.

Animals: Thirty-six healthy privately owned neutered dogs were randomly allocated,

stratified by sex, to control or probiotic groups. Dogs were clinically healthy, with

normal physical examination findings, blood, urine, and fecal analyses and ultrasono-

graphic examinations.

Method: In this blinded, controlled study E. faecium SF68 was administered to the

probiotic group for 14 days. Blood samples were taken from all dogs at days 0, 14,

and 28. Serum ALT and ALP activity and total cholesterol and triglyceride concentra-

tions were determined on these 3 days.

Results: The probiotic induced no significant changes in mean ALT and ALP activity.

Mean cholesterol concentration did not change during probiotic administration but a

significant decrease was seen on day 28 (P < .01). Mean triglyceride concentration

increased progressively, becoming significant at day 28 (P < .05), with 1 dog develop-

ing hypertriglyceridemia.

Conclusions and Clinical Importance: E. faecium SF68 would not create confusion

when monitoring dogs with hepatobiliary disease because ALT and ALP activity did not

change significantly. A significant decrease in cholesterol and significant increase in tri-

glyceride concentrations were seen at day 28 but were not clinically relevant, with 1 dog

showing hypertriglyceridemia. A longer trial is warranted to assess if the probiotic effects

could be clinically relevant and to assess its potential use in hypertriglyceridemic dogs.
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1 | INTRODUCTION

Probiotics are lactic acid bacteria such as Enterococcus, Lactobacillus,

and Bifidobacterium,1,2 that confer a health benefit on the host when

administered in adequate amounts.2 Probiotics may modulate the

immune system, protect from enteropathogen infections, and enhance

growth and development in dogs. They are advocated for treatment

and prevention of gastrointestinal disorders and obesity.2,3 Studies in

mice, humans, and dogs have addressed the role of the gut microbiota

in fat storage. Germ-free mice with no microbiota have 42% less body

fat than do normal mice.4 More Firmicutes and fewer Bacteroidetes have

been found in obese mice and humans compared to their healthy coun-

terparts.5,6 In dogs, the phylum Actinobacteria and the genus Roseburia

were more abundant in the intestinal microbiota of obese dogs than in

lean dogs.7 Obesity and hyperlipidemia are associated with

hepatobiliary disease.8 Thus, strategies to modify the gut microbiota

would be indicated to decrease fat absorption and improve liver func-

tion in animals and humans. In human patients, probiotics represent a

therapeutic alternative to improve liver function and serum cholesterol

concentrations.9 In obese dogs, probiotics seem to be able to restore

the intestinal microbiota and modulate serum lipid concentrations,2,10

improving the prognosis of patients with liver diseases.3,11-14

Hepatobiliary alterations can be assessed by determining serum

hepatic enzyme activities. In dogs, serum alanine aminotransferase

(ALT) is the most specific liver enzyme activities to detect hepatocyte

membrane damage and necrosis, whereas serum alkaline phosphatase

(ALP) increases with biliary stasis, corticosteroid administration, and

bone lesions.15,16 Cholesterol and triglycerides represent the main

serum lipids in dogs.15 Cholesterol participates in forming cell mem-

branes and to bile acid and steroid hormone metabolism. Triglycerides

constitute the most important energy reserve in fat tissue of animals. In

dogs, serum total cholesterol and triglyceride concentrations depend on

liver synthesis but also on regulatory hormones and dietary intake.17

Few studies have considered the effect of probiotics on liver func-

tion in dogs.3,11-14,18 Reported results and conclusions can be contro-

versial, because of the use of different species and strains that may

exert variable biological effects, as reported in humans10,19,20 and

dogs.2,11,21,22 Furthermore, these probiotics were neither standard-

ized nor commercially available to other investigators.3,11-14,18

Enterococcus faecium SF68 is a commercially available probiotic

product approved for use in dogs. It has been reported to induce vari-

ations in serum folate and cobalamin concentrations in healthy

dogs,23 but its effect on liver function tests has not been studied.

Our aim was to assess the potential effect of E. faecium SF68

(Fortiflora; Proplan Purina, Spain) on serum activity of ALT and ALP

and on serum total cholesterol and triglyceride concentrations when

administered for 14 days to healthy dogs.

2 | MATERIALS AND METHODS

A randomized, blinded, controlled study was performed using serum

samples obtained from dogs as a separate part of a previously

published study about the effect of E. faecium SF68 on serum cobala-

min and folate concentrations in healthy dogs.23 Briefly, 36 healthy pri-

vately owned neutered dogs were enrolled in the study. Dogs were of

different breeds of similar age (range, 2 to 5 years) that had not shown

any clinical signs in the previous 12 months as reported by the owners.

Physical examination findings, CBC, routine serum biochemistry profile,

urinalysis, and 3 fecal examinations (direct smear observation and flota-

tion techniques) at 48-hour intervals were normal. No abdominal

abnormalities were detected by ultrasonographic examination in any of

the dogs. For practical and ethical reasons, intestinal biopsy samples for

cytological or histological examination were not taken.

Dogs were allocated, stratified by sex, to a control (18 dogs;

9 females, 9 males) or a probiotic group (18 dogs; 10 females, 8 males)

using a computer random number generator set to generate numbers

between 1 and 36. Randomization was stratified by sex to produce a

balanced distribution of males and females between groups. When a

group was completed (9 males and 9 females), the remaining

unassigned animals were allocated to the other group.

A balanced diet for adult dogs (Brekkies, Affinity Petcare, SA, Spain)23

was given to all dogs twice daily for 2 weeks before the study and during

the study to eliminate the effect of diet on serum biochemical vari-

ables8,24-26 and gut microbiota composition.2 Owners having >1 dog living

in the same house were instructed to feed the dogs separately. E. faecium

SF68 NCIMB 10415 (5 × 108CFU/g; Fortiflora; Proplan Purina, Spain)

was given PO to dogs in the probiotic group for 14 days. One sachet (1 g)

of the probiotic was sprinkled daily over each dog's morning meal, as rec-

ommended by the manufacturer. No other PO supplement or treatment

was allowed in the probiotic or control groups during the study.

After an 18-hour fast,23 a blood sample was taken by venipunc-

ture from each dog at 3 different time points: day 1 (when starting

the probiotic administration), day 14 (when the probiotic administra-

tion ended), and day 28 (2 weeks later). All serum samples were

harvested immediately and frozen at −20�C until analyzed.

Serum ALT and ALP activity and serum total cholesterol and tri-

glyceride concentrations were determined at each time point using a

COBAS 6000 analyzer and specific reagents (Hitachi-Roche Diagnos-

tic). Serum ALT activity was determined by an absorbance technique.

To determine hepatic ALP activity, serum of each dog was heated at

55�C as described,15 and then ALP activity was measured using a col-

orimetric method. Serum total cholesterol and triglyceride concentra-

tions were determined using a colorimetric method. All samples were

run blindly and in duplicate using the same assay. The means of both

results were calculated for each parameter.

Statistical analyses were performed using Prism 5.04 for Windows

(GraphPad software, San Diego, California). Normal distribution of the

data was assessed by the Kolmogorov-Smirnov test. A 2-way

repeated measures (mixed model) analysis of variance (ANOVA) and

Bonferroni multiple comparisons tests were performed to statistically

compared serum ALT and ALP activity and serum total cholesterol

and triglyceride concentrations within and between groups. The

Grubbs' test for outliers was performed for all data sets (https://www.

graphpad.com/quickcalcs/Grubbs1.cfm). A value of P ≤ .05 was con-

sidered significant.
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In all dogs at the 3 time points, ultrasonographic examination was

performed to evaluate abdominal organs. The canine inflammatory

bowel disease activity index (CIBDAI)27 also was scored to document

any clinical sign or adverse effect at these 3 time points.

3 | RESULTS

Serum baseline ALT and ALP activity and serum total cholesterol and

triglyceride concentrations were within the reference range in all dogs

TABLE 1 Descriptive statistics for serum activity of ALT (IU/L) and ALP (IU/L) in the probiotic and control groups at days 1, 14, and 28 of the
study

ALT

Days

Probiotic group Control group

1 14 28 1 14 28

Mean ± SD 33.67 ± 12.23 34.39 ± 14.40 34.50 ± 16.13 29.69 ± 4.30 30.22 ± 3.99 30.01 ± 2.80

Range 22.00 to 62.00 19.00 to 81.00 19.00 to 87.00 23.00 to 39.00 24.10 to 38.90 25.40 to 35.20

Out ref. range 0 dog #9 dog #5 0 0 0

ALP

Mean ± SD 46.56 ± 23.33 49.28 ± 32.49 55.56 ± 33.25 47.33 ± 25.81 48.39 ± 20.94 45.06 ± 19.01

Range 17.00 to 108.0 8.00 to 154.0 14.00 to 129.0 23.00 to 137.0 26.00 to 115.0 23.00 to 109.0

Out ref. range 0 dog #2 (outlier) 0 0 0 0

Note: Dogs out of reference range and outliers have been included for each variable at the different time points. Range, minimum to maximum values; Out

ref. range, dogs out of reference range.

(A) (B)

(C) (D)

F IGURE 1 Scatter plot of serum ALT (IU/L) and ALP (IU/L) in the probiotic, A,C, and control, B,D, groups of dogs at days 1, 14, and 28. Solid
lines: mean serum concentrations. Dotted lines: reference range of each variable (ALT: 15-70 IU/L; ALP: 20-150 IU/L). (GraphPad software, San
Diego, California)
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in the probiotic and control groups. In dogs of both the probiotic and

control groups, ultrasonographic examination of the abdomen was

normal at the 3 time points. Similarly, all dogs had a null CIBDAI score

from the beginning to the end of the study. None of the dogs showed

alterations in general attitude, appetite, weight, consistency or fre-

quency of feces, and no adverse effects were observed.

The Grubbs' test showed that, in dog 2 in the probiotic group,

results for ALP activity and triglyceride concentration at time points

14 and 28, respectively, were outliers. These values were not omitted

because they were not caused by incorrect measurements and may

have represented an idiosyncratic response in this dog. Moreover, the

results of the statistical analysis did not change when the results of

dog 2 were excluded.

The repeated measures mixed-model ANOVA found no significant

interaction between time and probiotic administration levels; differ-

ences were significant (P < .05) at time level (within group compari-

son) and not significant at probiotic administration level (between

group comparison).

In the probiotic group, mean serum ALT activities were not signifi-

cantly different when comparing day 1 with day 14 and 28 (P > .05;

Table 1). Dog 9 had ALT activity higher than the reference range at

day 14 (81 IU/L) but activity returned to normal at day 28 (35 IU/L;

Figure 1A). In the control group, mean ALT activities were not signifi-

cantly different at the 3 time points of the study (P > .05; Table 1). In

all control dogs, ALT activity remained within the reference range

(15-70 IU/L; Figure 1B).

TABLE 2 Descriptive statistics for serum concentrations of total cholesterol (mg/dL) and triglycerides (mg/dL) in the probiotic and control
groups at days 1, 14, and 28 of the study

Total cholesterol

Days

Probiotic group Control group

1 14 28 1 14 28

Mean ± SD 191.8 ± 36.00 198.2 ± 33.92 185.4 ± 29.64 192.1 ± 27.03 195.0 ± 32.63 194.1 ± 34.76

Range 143.0 to 294.0 129.0 to 263.0 135.0 to 245.0 156.0 to 259.0 156.0 to 301.0 149.0 to 298.0

Out ref. range 0 0 0 0 0 0

Triglycerides

Mean ± SD 59.39 ± 14.65 61.17 ± 11.03 69.00 ± 20.96 56.39 ± 9.61 53.67 ± 12.26 57.56 ± 13.22

Range 38.00 to 85.00 46.00 to 89.00 51.00 to 145.00 45.00 to 79.00 32.00 to 82.00 35.00 to 80.00

Out ref. range 0 0 Dog #2 (outlier) 0 0 0

Note: Dogs out of reference range and outliers have been included for each variable at the different time points. Range, minimum to maximum values; out

ref. range, dogs out of reference range.

TABLE 3 Experimental procedures and conclusions of the studies previously reported about the effect of different probiotics on serum
hepatic variables in dogs

Probiotic Control group Probiotic group

Probiotic
administration
time Effect* Authors

Enterococcus faecium

EE3

No 11 healthy dogs 7 days Cholesterol brought to

physiological levels

Decreased total lipids

Marciňáková et al11

Lactobacillus

fermentum AD1

No 15 healthy dogs 7 days Increased total lipids

Unaltered ALT and cholesterol

Strompfová et al3

Bilavet 7 healthy German

Shepherd dogs

7 healthy German

Shepherd dogs

30 days Decreased ALT and cholesterol

Increased AST

Sengaut et al12

Bifidobacterium animalis

B/12

10 healthy dogs 10 healthy dogs 14 days Increased ALT and ALP

Unaltered AST and cholesterol

Decreased triglycerides

Strompfová et al13

L. fermentum VET9A

L. rhamnosus VET16A

L. plantarum VET14A

19 dogs with diarrhea 25 dogs with

diarrhea

7 days Unaltered ALT and ALP Gómez-Gallego et al18

Lactobacillus

acidophilus

Lactobacillus johnsonii

5 healthy Labrador

Retriever dogs

10 healthy

Labrador

Retriever dogs

9 weeks Decreased cholesterol

Increased HDL/LDL ratio

Kumar et al14

Note: All these studies were carried out using commercially unavailable probiotics. *Effect of the probiotic on the hepatic variables compared to the

control group.

Abbreviations: ALP, alkaline phosphatase; ALT, alkaline phosphatase; AST, aspartate transferase.
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In the probiotic group, no significant differences were found when

comparing mean serum ALP activities at day 1, day 14, and day

28 (P > .05; Table 1). In dog 2, ALP activity was higher than the refer-

ence range (154 IU/L) at day 14, returning to normal at the end of the

study (82 IU/L; Figure 1C). In the control group, mean ALP activity did

not change significantly at the 3 time points (P > .05; Table 1). The

ALP activity was within the reference range (20-150 IU/L) in all con-

trol dogs (Figure 1D).

Mean serum cholesterol concentration in the probiotic group was

not significantly different at day 1 and day 14 (P > .05; Table 2) but at

day 28 mean serum cholesterol concentration decreased significantly

compared to day 14 (P < .01; Table 3; Figure 2A). In the control group,

mean serum cholesterol concentrations did not change significantly

during the study (P > .05; Table 2; Figure 2B). Cholesterol concentra-

tions were within the reference range (108-310 mg/dL) in all dogs of

the probiotic and control groups.

Mean serum triglyceride concentrations in the probiotic group were

significantly higher (P < .05) at day 28 compared to day 1, but no differ-

ences were found when comparing each with day 14 (Table 2). Dog

2 had a higher serum triglyceride concentration (145 mg/dL) at day

28 than the reference range (Figure 2C). In the control group, mean

serum triglyceride concentrations were not significantly different during

the study (P > .05; Table 2). In all control dogs, serum triglyceride con-

centrations were within the reference range (20-112 mg/dL; Figure 2D).

4 | DISCUSSION

One of our inclusion criteria for dogs was baseline serum activities of

ALT and ALP and serum total cholesterol and triglyceride concentra-

tions within the reference range. As expected, no significant changes

were found in the control group, but administration of E. faecium

(A) (B)

(C) (D)

F IGURE 2 Scatter plot of serum total cholesterol (mg/dL) and triglycerides (mg/dL) in the probiotic, A,C, and control, B,D, groups of dogs at
days 1, 14, and 28. Solid lines: mean serum concentrations. Dotted lines: reference range of each variable (total cholesterol: 108-310 mg/dL;
triglyceride: 20-112 mg/dL). (GraphPad software, San Diego, California)

2632 LUCENA ET AL.



SF68 was associated with a significant serum total cholesterol con-

centration decrease and a significant increase in serum triglyceride

concentration, both 14 days after ending probiotic administration.

Any potential effect of diet8 on these results was eliminated by feed-

ing all dogs with the same balanced commercial diet.

E. faecium SF68 administration did not induce any significant

change in mean serum ALT and ALP activities during the study. Only

2 dogs (5.5%, each variable) showed concentrations higher than the

reference range at day 14, but in both cases the dogs remained clini-

cally normal and enzyme activities returned to normal after dis-

continuing probiotic administration.

E. faecium SF68 is a probiotic product approved for use in dogs

and cats but, surprisingly, few previous reports assess its potential

effect on the canine liver2,10,28 in contrast to reports on commercially

unavailable probiotics. The variables determined in our study to assess

hepatobiliary alterations and lipid status in dogs15-17 were selected

because they had been included in most related reports investigating

the potential effect of probiotics on the canine liver.3,11-14,18 Never-

theless, a direct comparison of results among these studies was pre-

cluded by differences in the numbers of dogs that received the

probiotic (range, 7-25 dogs), the clinical status of dogs (healthy dogs

and dogs with diarrhea) and the probiotic administration period (range,

1-9 weeks; Table 3). Lactobacillus spp. did not induce any change in

ALT activity in healthy dogs3 and a mixture of 3 different Lactobacillus

spp. did not alter ALT and ALP activity in dogs with diarrhea.18 On the

other hand, Bifidobacterium animalis B/12 administered to healthy

dogs for 14 days significantly increased ALT and ALP activity,13 and

the probiotic Bilavet slightly decreased ALT activity in German Shep-

herd dogs.12 It therefore can be concluded that probiotics may have

variable biological properties and different effects on these laboratory

tests depending on the species and strain. This fact must be taken into

account when prescribing any specific probiotic. E. faecium SF68, by

itself or through changes promoted in the intestinal microbiota, did

not induce alterations in ALT or ALP activity in healthy dogs. The ALT

and ALP activities were slightly increased above the reference range

in only 2 dogs (5.5%). In any case, ALT and ALP activity returned to

normal when the probiotic was discontinued. In contrast to other pro-

biotics capable of increasing ALT and ALP activity, E. faecium SF68

may be the probiotic of choice in dogs with hepatobiliary alterations

in which interference in analytical monitoring is undesirable. This lack

of effect of E. faecium SF68 on serum ALT and ALP activities should

be confirmed in further studies including longer administration periods

and dogs with hepatobiliary disease.

Mean serum cholesterol concentrations did not change significantly

and remained within the reference range during probiotic administra-

tion. However, at day 28 after ending the administration, mean serum

total cholesterol concentration was significantly decreased compared

to day 14. Alternatively, mean serum triglyceride concentration pro-

gressively increased with probiotic administration and became signifi-

cant 14 days after discontinuing its administration. At the end of the

study, 1 dog (5.5%) had serum triglyceride concentrations higher than

the reference range but remained clinically normal. Similar to the ALP

and ALT activity, the effect of E. faecium SF68 on serum cholesterol or

triglyceride concentrations in dogs has not been reported previously

but has been assessed when evaluating other probiotics, with different

study designs and conflicting results. Regarding cholesterol, when

E. faecium EE3 was administered to asymptomatic dogs, high choles-

terol concentrations were brought into the reference range,11 whereas

Lactobacillus fermentum AD13 and Bifidobacterium animalis B/1213 did

not modify serum cholesterol concentrations in healthy dogs. On the

contrary, dogs receiving Lactobacillus johnsonii and Lactobacillus aci-

dophilus experienced a decrease in serum cholesterol concentrations14

as did German Shepherd dogs treated with the probiotic Bilavet12 and

dogs given Lactobacillus rhamnosus.29 With regard to triglycerides,

Bifidobacterium animalis B/12 significantly decreased serum triglyceride

concentrations in healthy dogs,13 but an increase in serum triglyceride

concentrations was seen in healthy dogs given L. rhamnosus.29 The

effect of a probiotic on specific serum lipids seems to be variable. This

variability also was reported in a previous study on the effect of

E. faecium SF68 on serum vitamin concentrations in healthy dogs.23 In

our study, E. faecium SF68 administration was associated with a slight

but significant decrease in serum total cholesterol concentration, but a

slight significant increase in serum triglyceride concentrations occurred

in healthy dogs, once the probiotic was discontinued. E. faecium EE3

can survive gastrointestinal transit and persist in canine feces for

3 months after its administration has been discontinued.11 Although

the viability of E. faecium SF68 in the canine gut has not been assessed,

the prolonged effect on serum cholesterol and triglyceride concentra-

tions could be a result of persistence of this bacterial strain within the

canine gut after probiotic discontinuation. Moreover, the effects on

serum cholesterol and triglyceride concentrations could be proportional

to the duration of probiotic administration. It would be interesting to

assess if these effects associated with E. faecium SF68 would reach sta-

tistical significance and be clinically relevant with longer administration,

because a clear relationship has been described between hyperlipid-

emia and liver and gallbladder diseases in dogs30,31 and humans.9,32

In conclusion, E. faecium SF68 administered to 18 healthy dogs for

14 days induced no significant variation in serum ALT or ALP activity

during the study. In dogs with hepatobiliary alterations, this probiotic

could be administered to monitor the treatment response of dogs. In

contrast, both serum total cholesterol and triglyceride concentrations

were significantly decreased or increased, respectively, after dis-

continuing the probiotic, with 1 dog experiencing hypertriglyceridemia

although these changes were not clinically relevant. A longer trial will be

necessary to assess if the probiotic effects could be clinically relevant

and to assess its potential use in dogs with hypertriglyceridemia.
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