Received: 4 August 2017

|

Revised: 21 December 2017

|

Accepted: 18 January 2018

DOI: 10.1111/jvim.15072

STANDARD ARTICLE

Journal of Veterinary Internal Medicine

Fecal microbiota transplantation in puppies with canine
parvovirus infection
Giorgio Q. Pereira1 | Lucas A. Gomes1 | Iago S. Santos1 | Alice F. Alfieri2 |
J. S. Weese3 | Marcio C. Costa4
1
Department of Clinical Studies,
Universidade Estadual de Londrina,
Londrina, Parana, Brazil
2

Department of Preventive Veterinary
Medicine, Universidade Estadual de
Londrina, Londrina, Paran
a, Brazil
3
Department of Clinical Studies, Ontario
Veterinary College, University of Guelph,
Guelph, Ontario, Canada
4

Departement of Veterinary Biomedicine,
 de Me
decine Ve
 te
rinaire, Universite

Faculte
al, Saint-Hyacinthe, Quebec,
de Montre
Canada
Correspondence
partement de
Marcio Costa, De
decine Ve
 te
rinaire, Universite
 de
Biome
al, 3200, rue Sicotte, SaintMontre
Hyacinthe, QC J2S 2M2, Canada.
Email: marcio.costa@umontreal.ca

Background: Diarrhea associated with parvovirus infection is common in dogs. Supportive care is
the mainstay of treatment, but recovery may be prolonged and mortality rate can be high. Modification of the intestinal bacterial microbiota has been promising in human and veterinary medicine
as an adjunctive treatment of various enteric diseases.
Objectives: To investigate the safety and efficacy of fecal microbiota transplantation (FMT) on the
clinical recovery of puppies with acute hemorrhagic diarrhea syndrome.
Animals: Sixty-six puppies with parvovirus infection were evaluated at 2 veterinary hospitals.
Methods: Randomized clinical trial. Puppies were randomly distributed into 2 groups: standard
treatment (STD) and standard treatment 1 FMT (STD 1 FMT). The STD puppies (n 5 33) received
only treatment with IV fluids and antimicrobials and the STD 1 FMT puppies (n 5 33) received
FMT in addition to standard treatment. For FMT, 10 g of feces from a healthy dog diluted in
10 mL of saline were administered rectally 6-12 hours post-admission.
Results: Among survivors, treatment with FMT was associated with faster resolution of diarrhea
(P < .001) and shorter hospitalization time (P 5 .001; median, 3 days in STD 1 FMT; median, 6 days in
STD) compared to standard treatment. Mortality in STD was 36.4% (12/33) as compared to 21.2%
(7/33) in puppies treated with FMT, but there was no statistical difference between groups (P 5 .174).
Polymerase chain reaction indicated that all animals carried canine parvovirus, strain CPV-2b.
Conclusions: Fecal microbiota transplantation in parvovirus-infected puppies was associated with
faster resolution of diarrhea.
KEYWORDS

bacteriotherapy, diarrhea, dog, FMT, microbiome, stool transplant

1 | INTRODUCTION
Abbreviations: CPV, canine parvovirus; FMT, fecal microbiota transplantation;
PCR, polymerase chain reaction; STD, standard; TMS, trimethoprim-sulfa.
This study was performed at “Universidade Estadual de Londrina” and
“Universidade Philadelphia”, Londrina, Parana state, Brazil. There was no
support from funding agencies or private companies. Results were presented
as a research abstract at the 2016 ANCLIVEPA Congress, Goiania, Brazil.

Diarrhea can lead to serious and life-threatening conditions and can
have many causes, including infectious agents, such as bacteria, parasites, and viruses. Infectious gastrointestinal disease is common and
can be severe in puppies, with canine parvovirus (CPV) being a leading
cause of illness and death in some populations.1 Regardless of etiology,
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early detection, and management are important to decrease mortality

hours before FMT. The safety of FMT was assessed by the presence or

rates that can be very high, especially in young animals.2

absence of discomfort during and after the procedure and by monitor-

The gastrointestinal tract of dogs is colonized by an immense pop-

ing of vital parameters.

ulation of microorganisms, termed the microbiota, which is composed

Age, sex, alimentary habits, previous episodes of diarrhea, vaccina-

of bacteria, Archaea, fungi, viruses, and protozoa.3 The intestinal micro-

tion, and deworming history were obtained from the owners. After

biota benefits the host, acting as a defense barrier against enteropatho-

admission, physical examinations were performed daily (temperature,

gens, regulating the immune system, digesting complex fibers,

heart and respiratory rates, posture, level of consciousness, and appe-

providing nutritional support for enterocytes, and stimulating gastroin-

tite). Feces also were evaluated daily until the time of discharge, and

testinal motility.4,5 Alterations in the intestinal microbiota have been

classified as liquid (diarrhea), pasty, normal, or absent.

associated with various diseases in numerous species, including acute
and chronic gastrointestinal diseases in dogs.6–8

2.2 | Collection and processing of biological samples

Because alterations of the microbiota have been associated with
disease, measures to restore or optimize the microbiota are of interest

On admission, blood samples were collected from all patients in EDTA

therapeutically. Probiotics and prebiotics have been used with limited

tubes for a CBC. The first fecal sample from each patient was obtained

success. Much attention has been paid recently in human medicine to

by spontaneous defecation and refrigerated in a conventional refrigera-

fecal microbial transplantation (FMT), whereby fecal suspensions from

tor at 68C for a maximum of 48 hours for parasitological examinations.

a healthy donor are administered to an individual with disease. Most

A rectal swab also was collected and stored in plastic tubes at 2808C

work in humans has involved recurrent Clostridium difficile infection,

for detection of CPV.

9–12

and FMT has resulted in high cure rates.

Feces for the FMT procedure were obtained by spontaneous defe-

Fecal microbiota transplantation has received limited study in

cation from a healthy 6-year-old American Pit Bull Terrier (donor) resi-

dogs.13,14 Encouraging results were reported for the treatment of

dent at the Universidade Philadelphia’s kennel. The donor dog was

chronic diarrhea in dogs in a pilot study, and the clinical response was

clinically normal, fed exclusively a commercial cooked diet (PremieR

consistent with significant changes in fecal microbiota after

Formula—Adults, Premier Pet, S~
ao Paulo, Brazil), was current on vacci-

15

treatment.

Our objectives were to evaluate the effectiveness and safety of
FMT in puppies with acute hemorrhagic diarrhea syndrome.

nations and deworming and had not received antimicrobials or had an
episode of vomiting or diarrhea in the last 6 months. Complete blood
count, serum biochemical profile, and fecal parasitology tests were normal. In addition, the dog was negative for parvovirus, distemper virus,

2 | MATERIAL AND METHODS

and Erlichia canis, based on PCR of blood.

2.1 | Experimental design

aliquots and frozen at 2208C. Consecutive collection was performed

Donor feces were harvested daily for 2 weeks, divided into 10-g

All dogs <1 year of age suffering from acute hemorrhagic diarrhea syndrome admitted to 2 veterinary hospitals, without restriction of sex
and breed, were enrolled in the study. Sixty-six dogs were evaluated

to minimize normal variations of the donor’s microbiota that might
have occurred over time, so that all patients received FMT containing a
similar microbiota.

from July 2015 to August 2016 at the Universidade Estadual de Londrina and Universidade Philadelphia, both located in the city of Lon-

2.3 | Sample analysis

drina, Parana state, Brazil. The study was approved by the Ethics

The Willis, Hoffman Pons and Janer, modified Faust, and modified

Committee on the Use of Animals of the 2 Institutions (numbers 128/

Ziehl-Neelsen methods were used for fecal parasitology.

2015 and 010/2015, respectively). The animals’ owners consented to
participate in the study by signing an Informed Consent Form for

Extraction of nucleic acid, PCR for detection of CPV, and sequencing of amplified products were performed as previously described.16

Research.
Patients were assigned to 2 groups: standard treatment (STD;
n 5 33) receiving only standard treatment and FMT (STD 1 FMT;

2.4 | Fecal microbiota transplantation

n 5 33) receiving FMT in addition to standard treatment. Standard

For FMT, 10 g of the donor’s feces was diluted in 10 mL of 0.9%

treatment consisted of IV fluid administration of polyionic isotonic sol-

sodium chloride solution, which was mixed and aspirated in a 20-mL

utions (lactated Ringer’s or 0.9% sodium chloride with 30 mEq/L of

syringe, connected to a urethral catheter, introduced anally, and the

potassium chloride added) at an infusion rate ranging from 50 to

contents deposited in the proximal portion of the rectum. Sedation or

150 mL/kg q24h, as well as anti-emetics (ondansetron, 0.2 mg/kg q8h

anesthesia was not used.

IV or maropitant, 1 mg/kg q24h SC), gastric protectant (ranitidine,

The animal was maintained in lateral recumbency for 2 minutes,

3 mg/kg q12h SC), and IV antibiotics (cephalothin, 30 mg/kg q12h or

with the pelvis raised to approximately 458 from the surface, to aid in

trimethoprim-sulfa [TMS] 30 mg/kg q12h, and metronidazole 25 mg/

the diffusion of the transplanted contents by gravity. The FMT was

kg q24h). Treatment, including antibiotic treatment, was started in all

performed between 6 and 12 hours post-admission and repeated every

patients at the time of admission and therefore between 6 and 12

48 hours until resolution of the diarrhea or a total of 5 applications.
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Description of 2 populations of puppies with acute hemorrhagic diarrhea syndrome at admission to a veterinary hospital assigned
to receive standard treatment (STD) or standard treatment with fecal microbiota transplantation (STD 1 FMT) administered rectally between
6 and 12 hours post-admission

T AB LE 1

P value

STD

STD 1 FMT

.004

Age (months)
3.67 (1.86)
3.00
2–9 months

5.18 (2.54)
4.00
2–12 months

Body weight (kg)
5.03 (4.54)
2.95
0.85-16.80

5.74 (3.43)
4.50
1.00–14.30

Sex
51.52%
48.48%

60.60%
39.40%

Breed
72.72%
27.28%

54.55%
45.45%

CBC at admission
93.33%
2759.09 (2539.30)
39.71 (10.20)
6.30 (0.98)

87.87%
2962.12 (2864.74)
42.47 (9.59)
6.29 (1.36)

Canine parvovirus infection
100%

100%

Mean (SD)a
Median
Range
.238
Mean (SD)
Median
Range
.457
Male
Female
.125
Pure breed
Mixed breed

% of puppies with leukopenia
Leucocytes mean (SD) (3106/L)
PCV mean/(SD) (%)
Total protein mean/(SD) (g/dL)

.392
.381
.131
.494

Positive
a
Statistically different between STD and STD 1 FMT.
SD: Standard deviation.

2.5 | Statistical analysis

metronidazole. Supporting Information Table 1 contains individual
information about each dog.

Age, sex, body weight, and CBC data at baseline were compared using
a Student’s t test to ensure similarity between animals assigned to STD
or STD 1 FMT.
The mortality between groups (STD versus STD 1 FMT) and resolution of diarrhea within each time interval (0 to 48 hours; between 48
and 96 hours; > 96 hours after admission) were compared by the ChiSquare test. The number of days in hospital was compared between
groups by the non-parametric Mann–Whitney Test, using a statistical
software (Minitab 16, Minitab Inc, Pennsylvania, United States.)

The FMT was considered safe because none of the puppies
assigned to the STD 1 FMT group developed any clinical abnormalities
that were attributable to the procedure. The use of a fourth or fifth
application was not required (mean number of procedures per dog,
1.82; standard deviation [SD], 0.68; range, 1–3).
The mortality rate in dogs treated with FMT was 21.2% (7/33) and
36.4% (12/33) for STD (P 5 .174). Interestingly, among survivors, only
4.8% (1/21) of patients in the STD group, but 61.5% (16/26) in the
STD 1 FMT group, had resolution of diarrhea within 48 hours of hospitalization (P < .001; Figure 1). Nearly, 43% of dogs from STD (9/21)

3 | RESULTS

and 30.8% (8/26) from STD 1 FMT showed improvement of diarrhea
between 48 and 96 hours (P 5 .3912), and 52.38% (11/21) from STD

Thirty-four patients (STD, 17; STD 1 FMT, 17) were admitted to the

and 7.7% (2/26) from STD 1 FMT (P < .001) had improved fecal consis-

Universidade Estadual de Londrina teaching hospital and 32 (STD, 16;

tency after 96 hours of hospitalization (Figure 1).

STD 1 FMT, 16) to the Universidade Philadelphia during the trial

Dogs from the STD 1 FMT group spent statistically fewer days in

period. The characterization of animals assigned to STD and

the hospital (P < .001) compared to those in the STD group (median,

STD 1 FMT is presented in Table 1. At admission, no statistical differ-

3.00; range, 1–6; mean, 3.31; SD, 1.49 days in the STD 1 FMT group;

ences were found between groups in body weight (P 5 .238), breed

median, 6.00; range, 2–15; mean, 5.57; SD, 2.76 days in the STD group).

(mixed versus pure, P 5 .125), leukocyte count (P 5 .381), plasma total

The prevalence of CPV in the studied population was 100% (66/

protein concentration (P 5 .494), and PCV (P 5 .131; Table 1). Only age

66), and the molecular characterization of the virus indicated that

was statistically different between the 2 populations (P 5 .004).

100% of the positive samples consisted of strain CPV-2b.

Twenty-eight puppies from STD and 25 from STD 1 FMT received

Only 5.1% (3/59) of patients had positive results on fecal parasitol-

TMS and metronidazole as antimicrobial treatment, and 5 puppies from

ogy: 2 with Toxocara spp. (STD and STD 1 FMT) and 1 with Entamoeba

STD and 8 from STD 1 FMT were treated with cefalotin and

spp. (STD).

710

| Journal of Veterinary Internal Medicine

PEREIRA

ET AL.

of the pathophysiology of these diseases and perhaps lead to refinements in FMT to provide a more specific, standardized approach.
Mortality rates in puppies with parvovirus infection can reach 36%
in dogs receiving standard treatment and up to 91% in untreated animals.19 In our study, both STD and STD 1 FMT groups responded well
to standard treatment, but there were almost twice as many deaths in
the STD group. Although this result did not achieve statistical significance, it indicates the potential benefits of adding this easy, low cost,
and practical treatment.
It was not possible to fulfill all of the clinical trials standard guidelines (eg, blinding, placebo treatment) in our study. Animals assigned to
the STD 1 FMT group were slightly older than controls. Although this
Time for resolution of diarrhea in survivor puppies with
parvovirus infection treated with fecal microbiota transplantation
(STD 1 FMT) compared to standard treatment (STD)

FIGURE 1

could have an impact on their capacity for recovery, it is unlikely that
this difference (1.5 months on average) could be responsible for the
differences observed in diarrhea resolution between the groups. Further studies evaluating larger and less diverse populations are

4 | DISCUSSION

necessary.

We report for the first time the use of FMT in puppies with gastroen-

the importance of standard supportive care for the treatment of CPV

teritis caused by parvovirus infection. The procedure proved to be safe

or other acute diarrheic diseases in puppies must not be overlooked.

It is important to emphasize that FMT alone was not assessed, and

with no adverse effects on the animals studied, which is in agreement
with other studies.14,15 No discomfort was identified during the procedure with the volume used, and there was no need for physical
restraint, sedation, or analgesia.
A striking difference in resolution of diarrhea within the first 48
hours of hospitalization was evident with FMT in the dogs that survived (61% in STD 1 FMT versus 5% in STD). The rapid response is

5 | CONCLUSIONS
Fecal microbiota transplantation was associated with more rapid clinical
recovery and decreased time of hospitalization in survivor puppies with
acute hemorrhagic diarrhea caused by CPV.

beneficial from numerous standpoints. Cost can be a limiting factor
in the treatment of diarrhea in puppies, and a faster response can

CONFLI CT OF INT ER ES T DE C LAR ATION

decrease treatment time and the likelihood of euthanasia for eco-

Authors declare no conflict of interest.

nomic reasons. The rapid response also means that typically only 1
FMT procedure is required per patient, decreasing the cost and

OFF- LAB EL ANT IMIC ROBI AL DE CLAR AT ION

effort. Although diarrhea in puppies is very different from recurrent
C. difficile infection in humans, the rapidity of response noted here

Authors declare no off-label use of antimicrobials.

is consistent with various studies in humans that noted high cure
rates, often with a single treatment.12 More rapid resolution of diar-

INST IT UT IONAL ANIMAL C AR E AND U SE COMMIT TE E

rhea likely was the main reason associated with the faster clinical

(IACU C) OR OT HE R AP PR OVAL DE CLAR AT ION

recovery and fewer days in the hospital observed in treated animals.

Authors declare no IACUC or other approval was needed.

In addition to decreasing cost and euthanasia for economic reasons,
shorter hospital stays also decrease the risk of hospital-associated

ORC ID

infections and other complications.
Parvovirus infects crypt cells from the intestinal villi decreasing

Marcio C. Costa

http://orcid.org/0000-0001-5067-7501

absorption and increasing permeability.17 Currently, the mechanism of
how FMT resolves clinical sign in dogs with virally-mediated diarrhea is
uncertain. It can be hypothesized that diarrhea is perpetuated by bacterial dysbiosis caused by inflammation, hypersecretion, and hypermotility and changes in osmolality and pH.18 Although scientific evidence
about FMT is scarce, response to the procedure is likely related to
reconstitution of the intestinal microbiota and its corresponding metabolites.6,7 Evaluation of the microbiota has been performed in a small
number of FMT studies in humans and in 1 study in puppies,14 but was
not done in our study. Further evaluation of the mechanism of FMT
response in CPV or other conditions would improve the understanding
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