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1 | INTRODUCTION

Cholangitis/cholecystitis are characterized by inflammation confined
to the portal region of the liver with either infiltration into the bile duct
epithelium or within the ductal lumen, involving the epithelium and
lumen of the gallbladder (van den Ingh et al., 2006). In addition, muco-
cele of the gallbladder is characterized by the accumulation of mucin-
laden bile in the gallbladder (Center, 2009; Crews et al., 2009) and
cholestasis, resulting in excessive distension of the gallbladder walls
(Kovatch et al., 1965).

Gookin and co-authors have reported gallbladder mucocele (GBM)
in dogs affected by hyperadrenocorticism, hypothyroidism and hyper-
lipidemia. The authors speculate that these diseases heighten the risk
of an already susceptible dog (Gookin et al., 2018). These conditions
can cause gallbladder paresis resulting in biliary stasis and cholecystitis
(Besso et al., 2000). Moreover, metabolic disturbances cause immune
dysregulation and may contribute to the development of aseptic chole-
cystitis in dogs with gallbladder mucocele (Mori et al., 2009).

Mucocele and cholecystitis were diagnosed in a 10 year-old Shetland-sheepdog pre-
senting aspecific clinical signs. Blood examinations and ultrasonography investigation
were performed before to surgical approach, which allowed to collect biopsies and
samples for bacteriological analyses. In addition, the patient was subjected to cholecys-
tectomy. A multidrug resistant Enterococcus faecium was isolated from the gallbladder
specimens. On the basis of antimicrobial susceptibility test, nitrofurantoin was used.
The correct bacteriological diagnosis is necessary to set up effective therapy, influenc-

ing the patient’s prognosis and improving the recovery time.

Enterococcus faecium, gallbladder, liver pathology, MDR bacteria, mucocele

Some cases of cholangitis/cholecystitis and mucocele caused by bac-
teria have been described in dogs (Neel et al., 2006; O’Neill et al., 2006;
Tamborini et al., 2016).

Usually, subjects suffering from cholangitis/cholecystitis do not
have specific clinical signs or alteration in the haematological param-
eters, and the causes are not routinely investigated. Ultrasound exami-
nation is essential to evaluate changes in the typical aspects of the liver
structures and to do diagnosis of liver pathology.

In this study, a case of mucocele and cholangitis/cholecystitis in a

dog, associated with Enterococcus faecium, is reported.

2 | MATERIALS AND METHODS
2.1 | Case report

A 10-year-old, intact male Shetland-sheepdog was referred to the
veterinary clinic “Cliniche Veterinarie Pinerolesi s.r.l”, presenting

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any
medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
© 2022 The Authors. Veterinary Medicine and Science published by John Wiley & Sons Ltd.

1366 wileyonlinelibrary.com/journal/vms3

Vet Med Sci. 2022;8:1366-1372.


https://orcid.org/0000-0002-2063-8744
https://orcid.org/0000-0002-8131-5594
https://orcid.org/0000-0002-3643-7568
mailto:alessio.sposato@izspb.it
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://wileyonlinelibrary.com/journal/vms3

SPOSATO ET AL.

FIGURE 1
(Esaote S.p.A., Genova, Italy) using MicroConvex Probe SC3123 VET
4-9 mhz at 9 mhz, showing the gallbladder over-distended with
hyperechoic material with an irregular structure referable to bile

Ultrasound examination obtained by MyLabAlpha

anorexia, vomiting, diarrhoea and fever (40.6°). In addition, the dog was
affected by severe depression, lateral decubitus with difficult in main-
taining the normal station, tachycardia and abdominal pain. The animal
was hospitalized and waiting for the results of blood analyses and ultra-
sound examination, fluid therapy was set up, associated with empiric
antibiotic treatment (enrofloxacin, 5 mg/kg body weight [BW]) and pain
relief therapy (buprenorphine hydrochloride, 0.02 mg/kg BW).

2.2 | Haematological and biochemical analyses
Several blood samples for haematological and biochemical analyses
were taken in order to investigate the blood parameters alteration on
day 1, 3, 6,15, 18,20, 24,27 and 77.

The biochemical analysis suggested a hepatocellular injury (all the
hepatic enzymes such as AST, ALT, ALP and GGT were altered), a
decreased hepatic function (moderate hypoproteinaemia and hypoal-
buminemia), with a severe form of cholestasis (hyperbilirubinemia and
markedly increased of alkaline phosphatase (ALP) as shown in Table 1.

Haematological data initially showed no increase of white blood
cells and a normal profile, except for a low platelets count (from day 1
up to 6). The animal presented right shift with presence of neutrophils
with toxic granulations (Table 2). No haemoparasites were found in the

blood smear.

2.3 | Ultrasound examination and cholecystectomy

A complete abdominal ultrasound examination was performed, and the
gallbladder was seen overstretched, with the presence of mucus, along
the walls and accumulation of bile in the centre of the cavity. The gall-
bladder appeared enlarged and over-distended, filled with compact
green material and was subjected to histological exam. The instrumen-

tal examination also showed an ultra-distension of the common bile
duct (Figure 1).

FIGURE 2 (a)Gallbladder, dog. The mucosa shows a mild
lymphoplasmacytic infiltrate in the propria-sottomucosa (yellow
asterisk), admixed with pigment macrophages (yellow arrows). A
moderate amount of pigment is present also in the cytoplasm of some
epithelial cells (black arrows) and abundant secretum fills the lumen
(black asterisk). Hematoxylin and eosin (H&E) stain, x40
magnification. Inset: low magnification of full-thickness wall delimiting
the lumen (asterisk). Gram stain, x2 magnification. (b) Gallbladder,
dog. In the lumen there are some Gram-positive cocci (arrow). Gram
stain, x40 magnification

Based on the results of diagnostic imaging, a gallbladder mucocele
was diagnosed, caused by outlet obstruction of the gallbladder wall in
the neck areas of the gallbladder or in the cystic duct. A cholecystec-
tomy was performed in order to collect biopsies for histopathological
examinations and bacteriological investigation.

At the histological examination (haematoxylin-eosin) the support-
ing stroma of the gallbladder wall presented inflammatory infiltra-
tion, mainly represented by lymphocytes and plasma cells containing
greenish-yellow pigment, attributable to the biliary pigment (Figure 2a)
In addition, Gram staining revealed the presence of Gram + in the gall-
bladder lumen (Figure 2b).

Few days after the surgery, although blood examinations of the pre-
vious days, showed no significant alteration, clinical conditions of the
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TABLE 1 Biochemistry data of the Shetland-sheepdog
Values
Parameters Reference range Day1 Day 3 Day 6 Day 15 Day 18 Day 20 Day 24 Day 27 Day 77
Creatine kinase Ul/I 20-150 87 186 91 - - - 86 - 69
AST (GOT) U/I 12-54 176 117 42 83 40 45 23 47 24
ALT (GPT) U/I 15-64 216 239 14 41 12 23 16 9 47
ALP UI/I 20-120 305 468 587 213 213 458 234 244 20
GGT Ul/I 2-8 9 9 11 — — - 7 - 3
Cholinesterases Ul/I 3600-7600 3399 4175 4897 = = = 2582 = 3630
Lipase mg/dl 5-120 68.7 - - - . - - - —
Total bilirubin (mg/dl) 0.08-0.3 0.97 0.67 0.56 0.25 0.57 0.43 0.23 0.18 0.15
Glucose (mg/dl) 75-115 107 109 95 88 106 108 97 95 95
Cholesterol (mg/dl) 110-330 189 202 192 = = = 184 = 212
Triglycerides (mg/dl) 23-110 304 92 88 — — — 42 — 46
Urea (mg/dl) 11-43 26 30 24 21 17 44 17 15 39
Creatinine (mg/dl) 0.7-1.30 0.72 0.72 0.74 0.52 041 0.50 0.78 0.45 0.54
Total protein (g/dl) 55-7.6 5.21 5.5 5.48 4.90 5.8 7.10 5.90 5.97 6.00
Albumin (g/dl) 24-38 224 2.36 2.67 2.39 261 3.16 274 242 2.82
Globulin (g/dl) 2.5-43 2.97 3.14 281 251 3.19 3.94 3.16 355 3.18
Albumin / Globulin (g/dl) 0.68-1.30 0.75 0.75 0.95 0.95 0.82 0.80 0.87 0.68 0.89
Calcium (mg/dl) 8.0-11.6 777 8.29 8.88 7.92 8.44 9.78 9.23 8.02 9.79
Phosphorus (mg/dl) 2.5-5.5 229 3.29 4 4.78 4.15 5.57 5.44 4.93 3.04
Calcium / Phosphorus (mg/dl) <60 21 31 39 — — — 54 — 30
Sodium (Na) (mmol/I) 140-154 136 142 145 141 145 146 143 141 141
Potassium (K) (mmol/I) 3.8-5.6 3.49 3.88 4.52 4.06 4.15 4.85 5.17 4.66 471
Na/K >27 39 37 32 35 35 30 28 30 30
Chloride (mmol/I) 102-117 108 109 104 112 110 109 108 108 107
Magnesium (mg/dl) 1.00-3.00 1.54 0.86 112 — - - 1.75 - 3.01
Iron (ug/dl) 100-220 57 67 93 47 63 158 105 835 138

Bold was used for the values that were different from the normal range of the individual analyzed parameters.
Abbreviation: GGT, gamma-glutamyl transferase; ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase.

dog worsened. Therefore, the blood examinations were repeated and
the leukogram showed the high presence of White Blood Cells (WBC),
segmented neutrophils and monocytes (at day 15th: WBC = 38.2 k/l,
segmented neutrophils = 34380 n/pl and monocytes = 1910 n/pl)
providing suspicion of a possible bacterial infection, responsi-
ble of cholangitis/cholecystitis and the subsequent evolution into

mucocele.

2.4 | Bacteriological analysis

Samples collected from the gallbladder lumen were taken by vet-
erinary personnel of the clinic using Amies Transport swabs and
were cultured onto Columbia blood agar (CBA), McConkey agar
(MCK), Mannitol salt agar (MSA), (Liofilchem, Teramo, Italy) and incu-
bated at 37°C, for 48 h with aerobic, anaerobic and microaerophilic

conditions.

White haemolytic smooth colonies, with a diameter of 2-3 mm,
grown on CBA plates, following 24 h of incubation in aerobic condi-
tions, were observed. No other bacteria were observed after 48 h of
incubation in other media.

Gram-positive cocci, catalase negative, were found and were bio-
chemically identified as Enterococcus spp. using the APl Strep System
(bioMerieux, Marcy-I'Etoile, France).

Considering the main route for the etiopathogenesis of a bacterial
cholecystitis (Sung et al., 1992), a rectal swab was also collected from
the dog and the same culture procedure was performed. From this sam-
ple we isolated other colonies, which were biochemically identified as
Enterococcus spp. using API Strep System (bioMerieux, Marcy-I'Etoile,
France). The sample was taken by a veterinarian using Amies Transport
swab.

Subculture in a selective medium for Enterococci (Slanetz and Bart-
ley agar medium; Oxoid Ltd, Hampshire, Unite Kingdom), was used to

obtain pure cultures for biomolecular identification.
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TABLE 2 Hematological data of the Shetland-sheepdog

Values
Parameters Reference range Day1 Day 3
WABC (k/pl) 6.0-14.4 8.1 10.8
RBC (10°6/ul) 5.5-8.1 5.76 6.14
Hgb (g/dl) 13.1-18.7 12.0 13.4
HCT (%) 38.6-54.5 38.7 413
MCV (fl) 61-72.6 67.2 67.2
MCH (pg) 20.8-25.3 20.8 218
MCHC(g/dl) 30-37 31.0 324
RDW (%) 11.9-15 13.2 13.8
PLT (10%/pl) 150-460 57 11
MPV (fl) 8-11.5 = =
PCT (%) 0.12-0.4 - -
PDW (%) 6-68 — —
% Myelocytes (%) 0-0 0 -
% Metamyelocytes (%) 0-0 0 —
%Band Neutrophils (%) 0-3 0 0
% Segmented Neutrophils (%) 43-77 88 90
% Lymphocytes (%) 12-40 6 6
% Monocytes (%) 3-10 4 4
% Eosinophils (%) 0-7 2 0
% Basophils (%) 0-1 0 0
Myelocytes (n/ul) 0-0 - -
Metamyelocytes (n/ul) 0-0 — -
Band Neutrophils (n/pl) 0-300 0 0
Segmented Neutrophils (n/pl) 3000-8900 7128 9720
Lymphocytes (n/pl) 1300-4100 486 648
Monocytes (n/pl) 200-1000 324 432
Eosinophils (n/ul) 150-1100 162 0
Basophils (n/pl) 0-100 0 0
Toxic Neutrophils 0 2+ 1+
Haemoparasites Neg. —

Day 6 Day 15 Day 18 Day 20 Day 24 Day 27 Day 77
11.2 38.2 56.2 37.6 19.9 39.7 9.53
6.33 5.80 5.05 5.20 571 4.75 6.18
13.2 12.4 10.4 10.9 13.4 10.8 14.4
42.7 39.0 337 34.7 38.9 321 42.6
67.5 67.2 66.8 66.8 68.2 674 68.9
20.8 214 20.6 210 234 22.6 233
30.9 31.9 30.8 314 34.3 335 33.8
14.2 13.1 14.2 13.1 14.8 14.3 12.7
8 211 34 421 464 271 385
= = = 18.20 14.20 = 9.14
— — — 0.765 0.660 — 0.352
= = = 220 19.6 = 18.3
— — —_ 1 — —_ —
0 0 1 2 2 1 0
71 90 87 86 75 88 55
13 4 4 5 8 3 31
16 5 8 6 10 7 13

1 0 0 4 1 1

0 0 0 1 0 0
0 0 562 752 398 397 0
7952 34,380 48,894 32,336 14,925 34,936 5241
1456 1528 2248 1880 1592 1191 2954
1792 1910 4496 2256 1990 2779 1238
0 382 0 0 796 397 95
0 0 0 0 199 0 0
2+ 1+ 3+ 2+ 1+ 3+

Bold was used for the values that were different from the normal range of the individual analyzed parameters.
Abbreviation: Hgb, hemoglobin; HTC, hematocrit; MCH, mean corpuscular hemoglobin; MCHC, mean corpuscular hemoglobin concentration; MVC, mean
corpuscular volume; MPV, mean platelet volume; PCT, plateletcrit or platelet hematocrit; PDW, platelet distribution width; PLT, platelet; RBC, red blood cell

count; RDW, red blood cell distribution width; WBC, white blood cell count.

2.5 | Biomolecular analysis

DNA was isolated from colonies grown on a selective medium, with the
QlAamp DNA extraction kit (Qiagen, Hilden, Germany) following the
manufacturer instruction and PCR was performed. Partial sequences
of 1.381 bp of the 16S rDNA gene from the 2 isolates (1 from the gall-
bladder specimen and 1 from the rectal swab) were obtained by ampli-
fication with primers 27F and 1492R (Gurtler & Stanisich, 1996). The
primers were: 27F 5-AGAGTTTGATCCTGGCTCAG-3’ (tm 57.3°C)
and 1492R 5'-GGTTACCTTGTTACGACTT-3’ (tm 52.4°C). Cycling con-

ditions were as follows: 94°C, 2 min; 35 cycles of (94°C, 15 s; 55°C,
155;68°C, 30s). Reaction conditions (50 pl) were as follows: 20 ng tem-
plate DNA; 20 pl Invitrogen Platinum Il Hot-Start PCR Master Mix (2x),
that contains Platinum Il Tag Hot-Start Polymerase premixed in an opti-
mized Platinum Il PCR buffer with dNTPs, 80 pmol of each primer. PCR
amplified products (1.381 bp) were purified by using enzymes QIA-
quick PCR Purification Kit (Qiagen, Hilden, Germany), and sequence
analysis was performed using the Geneious 9.1 Software and compared
with reference sequences available on the BLAST (Basic Local Allign-

ment Search Tool) database (https://blast.ncbi.nlm.nih.gov/Blast.cgi).
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Both isolates were confirmed to belong to Enterococcus spp. The iso-
late from the gallbladder was identified as E. faecium, while the isolate
from the rectal swab belonged to Enterococcus faecalis species.

2.6 | Antimicrobial susceptibility test

Antimicrobial susceptibility testing (AST) was performed on both iso-
lates by disk diffusion method (Bauer et al., 1966) on Muller Hinton
agar (Liofilchem, Teramo, Italy). The following antibiotics were tested
(antibiotic abbreviation and concentration in brackets): amoxicillin-
clavulanic acid (AMC, 30 pg), ampicillin (AMP, 10 pg), azithromycin
(AZM, 15 pg), cefovecin (CVN, 30 pg), cefoxitin (FOX, 30 pg),
cephalothin (KF, 30 pg), cephalexin (CL, 30 pg), chloramphenicol (C,
30 pg), ciprofloxacin (CIP, 5 pg), clarithromycin (CLR, 15 pg), clin-
damycin (CD, 2 pg), doxycycline (DXT, 30 pg), enrofloxacin (ENR, 5 pg),
erythromycin (E, 15 pg), gentamicin (CN, 30 pg), kanamycin (K, 30 pg),
levofloxacin (LEV, 5 pg), metronidazole (MTZ, 5 pg), moxifloxacin (MXF,
5 pg), nitrofurantoin (F, 300 pg), norfloxacin (NOR, 10 pg), ofloxacin
(OFX, 5 pg), oxytetracycline (OT, 30 pg), penicillin (P, 10 1U, prad-
ofloxacin (PRA, 5 pg), spiramycin (SP, 100 pg), streptomycin (S, 10 pg),
tobramycin (TOB, 10 pg), tylosin (TY, 30 pg) and vancomycin (VA, 30 pug)
(Liofilchem, Teramo, Italy).

The results were interpreted according to the Clinical and Labora-
tory Standards Institute criteria (CLSI, 2018). The two strains (E. fae-
cium and E. faecalis) exhibited the same resistotype, that is, resistance
to: AMC, AMP, AZM, CVN, FOX, KF, CL, CIP, CLR, CD, DXT, ENR, E, CN,
K,LEV,MTZ, MXF,NOR, OFX, OT, P, PRA, SPS, TOB, TY and susceptibil-
ity to: C, F and VA.

3 | TREATMENT AND FOLLOW UP

On the basis of the results of AST, nitrofurantoin (5 mg/kg body weight
-BW-, PO every 8 h) was prescribed, starting from day 25.

The exeresis of the altered gallbladder with fluid therapy, an anti-
inflammatory (meloxicam, 0,2 mg/kg body weight for the first day and
then 0,1 mg/kg BW, PO, SID) and the antibiotic therapy allowed the dog
to recover in a short time (64 days).

In the following days, the animal regained completely its appetite,
weight, started to stand up and recovering its normal conditions.

Regarding the biochemical and haematological analyses, all param-

eters turned up to normal value at day 77 as shown in Tables 1 and 2.

4 | DISCUSSION

Some breeds such as Shetland sheepdogs, Cocker Spaniels, Pomera-
nians and Chihuahuas appear to be predisposed to develop of GBM
pathologies, however, a genetic link has not yet been established
(Gookinetal., 2015,2018).

In addition, reported perioperative mortality rates in dogs undergo-

ing cholecystectomy are as high as 40% (Besso et al., 2000). The ambi-

guity about the optimal time for cholecystectomy in dogs with GBM
may, in part, contribute to the high perioperative mortality rate, in fact
a late timing of surgery can cause damage for the possible gallbladder
rupture and the development of peritonitis (Jaffey et al., 2018).

A further study evaluated how a cholecystitis is a common comor-
bidity (28%) in cases of mucocele (Rogers et al., 2020). Apparently,
the presence of bacteria as a cause of cholecystitis in dogs with GBM
subjected to cholecystectomy does not affect survival rate. However,
in that study the association between cholecystitis and an infectious
agent could not be ruled out because most dogs received empirical
antimicrobials treatment before cholecystectomy, impacting on the
results of bacteriological culture.

The increase in triglycerides is a sign of hepatic distress or cholesta-
sis, and the low ironemia is typical in the inflammatory process. A high
GGT value is common in cases of liver or biliary damage (as intra or
extrahepatic cholestasis), attributable to a case of jaundice.

In the study, the biochemical data returned to a normal value after
the surgical treatment, while the haematological parameters showed a
different trend.

In particular, a severe leukocytosis was shown, starting from day 15.
The inflammatory profile could be related to post-operative reactivity.
This could explain the lowering of the leukogram values  around day
24, linked to the reduction of the acute inflammatory component after
surgery. The existence of an infection in the biliary system was con-
firmed by the haematological findings of day 27 (that is, increase in the
leukogram profile). We can assume that surgery alone perhaps would
have solved the physical and mechanical problem but would not have
solved the infection.

In dogs, a gallbladder thickening is often associated with cholangio-
hepatitis, acute or chronic hepatitis or cholecystitis, which can cause
narrowing of the lumen and subsequent obstacle to the bile flow
(Center, 2009) and it can be identified in case of sepsis or neoplasia.

The presence of compact greenish-yellow material in the lumen of
the gallbladder with the thickening of the gallbladder were also clear
signs of infectious cholecystitis, which was confirmed by the bacterial
culture.

Sung and co-authors suggest two main routes of infection in bacte-
rial cholangitis/cholecystitis in dogs: bacteria can reach the biliary tract
by ascending infection from the duodenum or via the hepatic portal
vein (Sungetal., 1992).

Two different species of Enterococcus were identified, one from the
gallbladder and one from the intestine. Due to the sequencing results,
this could probably mean that no ascending route has been occurred,
but this cannot be completely excluded because, unfortunately, the fae-
cal swabs were collected at a later time.

However, it is interesting to note that both isolates were multidrug
resistant and had the same resistotype.

This case report was mainly based on the phenotypic evaluation
of antimicrobial resistance (AMR). Enterococci are commensal bacte-
ria, present in gut of mammals and birds (Byappanahalli et al., 2012)
and the phenomenon of exchange of mobile genetic elements among
bacteria belonging to this genus is very common (Troscianczyk et al.,

2021). The selective pressure related to the increase in the use of
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antibiotics in human and veterinary medicine brings out new resis-
tances and it has been observed for several classes of antibiotics
such as fluoroquinolones, macrolides and tetracyclines. For instance,
a simultaneous transfer of resistance genes such as erythromycin and
tetracycline resistance localized on the same transposon has been
demonstrated in E. faecalis strains (Hidano et al., 2015; Nowakiewicz
et al.,, 2017). In this case the therapy with nitrofurantoin appeared to
be successful. Nitrofurantoin has been successfully used the treatment
of vancomycin resistant enterococci infections in humans. In fact, co-
resistance of nitrofurantoin with other antibiotics, transferable with
mobile elements, has not been reported (Meena et al., 2017).

Several studies confirmed the presence of the same genotypes of
Enterococcus spp. isolated from various animals and also in humans, sug-
gesting interspecies transmission of strains (Larsen et al., 2010), and
indicating that pets could easily act as a potential reservoir of bacte-
ria causing problems regarding public health. Biomolecular studies are
needed to better understand the mechanisms of resistance of the iso-
lates from the dog and analyze the genetic profile.

The results presented in this case report should be viewed and inter-
preted with caution, but still considering that there is no evidence of
how episodes of bacterial cholecystitis can affect the survival rate after
a cholecystectomy for mucocele (Rogers et al., 2020). Early diagnosis
of the bacterial biliary infection and the study of the antibiotic pro-
file are necessary to practice an effective therapy which could allow to
increase the chances of survival.

All samples were taken following a procedure by the Ethics Commit-
tee for Animal Experimentation of the DVM number 17.17.
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