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Abstract : A 7-year-old castrated male Korean Shorthair cat was referred with lethargy and anorexia. Laboratory
examination revealed moderate degenerative changes of peripheral neutrophils on blood smear examination and
decreased levels of free and total thyroxine (T,) as well as bacterial growth on blood culture. Molecular analyses of
the 16S ribosomal RNA gene and heat shock protein 60 gene confirmed the bacterium as Enterobacter cloacae. A
minimal inhibitory concentration test showed multidrug resistance of the bacterium against 16 antibiotics. Polymerase
chain reaction (PCR) and subsequent sequencing specifically for blaypy, blagy, blacryxa, and plasmid-mediated ampC
genes revealed positive results to blargy., blacrxas, and plasmid-mediated bla,qr., genes, indicating that the isolated
bacterium contains plasmids containing genes encoding extended-spectrum beta-lactamase and plasmid-mediated ampC
beta-lactamase. After 1 month of treatment with antibiotics and levothyroxine, the cat’s condition improved; both the
thyroid function test and the blood culture showed no abnormalities. This is the first report of community-acquired
multidrug-resistant E. cloacae-induced euthyroid sick syndrome in a cat. By the prompt diagnostic procedures and
properly selected antibiotic therapy, the cat was recovered from the multidrug-resistant bacterium-induced septicaemia.
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Introduction

Enterobacter cloacae is a member of the normal gas-
trointestinal flora in both humans and animals, and it is also
widely distributed in the environment (5,20). In humans, E.
cloacae is an important hospital-associated pathogen respon-
sible for urinary tract infection, bacteraemia, pneumonia,
endocarditis, septic arthritis, osteomyelitis, and skin and soft
tissue infections (8,16). Recently, multidrug resistance of
these organisms has become a concern, particularly with the
emergence of extended-spectrum beta-lactamase (ESBL) and
ampC beta-lactamase producing strains (9,18). The number
of dogs with multidrug resistance has also increased, possi-
bly because of the popular use of intensive care units, longer
hospitalization periods, and introduction of a large number of
new antibiotics.

Euthyroid sick syndrome refers to the suppression of
serum thyroid hormone concentrations in response to concur-
rent illness (3). Euthyroid sick syndrome has been established
in both humans and dogs; however, serum thyroid hormone
concentrations are also altered in cats as a result of a variety
of nonthyroidal diseases, and there is a direct correlation
between the severity of illness and the magnitude of the
decrease in thyroid hormone concentration (11,13,15). Chronic
renal failure, diabetes mellitus, neoplasia, gastrointestinal dis-
orders, primary hepatic disease, hypertrophic cardiomyopa-
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thy, respiratory disease, and neurologic disease have been
described as causes of euthyroid sick syndrome in cats.

This report describes a case of euthyroid sick syndrome in
a free-ranging cat, provoked by systemic infection of multi-
drug-resistant (MDR) Enterobacter cloacae. The diagnosis
was made by blood culture, bacterial identification, minimal
inhibitory concentration (MIC) test, thyroid hormone assays,
and therapeutic trials. To our knowledge, this is the first case
report of euthyroid sick syndrome caused by MDR E. cloa-
cae in an adult cat.

Case

A 7-year-old castrated male Korean Shorthair cat, weigh-
ing 5.6 kg, presented with lethargy and poor appetite. The
symptoms were noticed 1 week earlier by the owner and
were thought to have slowly progressed. Before symptoms
onset, the cat had never been prescribed medication or vacci-
nations and had only been neutered. The patient was a free-
ranging cat living in a temple located downtown and was fed
commercial dry cat food. On physical examination, the cat
was slightly obese, and his coat was dull and matted. No
other abnormalities, except less sensitivity to external stim-
uli, were found.

Laboratory examinations including complete blood count
(CBC), serum biochemistry profiles, electrolytes, and urinal-
ysis showed no abnormalities. On blood smear examination,
Dohle bodies and cytoplasmic vacuolation were frequently
observed in the cytoplasm of neutrophils, indicating a moder-
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Table 1. Test results of free and total thyroxine (T,) concen-
trations in the cat

Item Value (ng/dL)  Reference interval (ng/dL)
Free T, <03 1.00-2.50
Total T, <0.5 1.00-4.00

ate level of degenerative changes in neutrophils. Radio-
graphic and ultrasonographic examinations of the abdomen
and thorax showed no remarkable findings. As the cat was a
free-ranging animal with no vaccinations, in-house feline
antigen-capturing enzyme-linked immunosorbent assay (Ag-
ELISA) tests for feline immunodeficiency virus, feline leu-
kaemia virus, and feline parvovirus (SNAP® FIV/FeLV Combo
test, IDEXX, USA; Anigen Rapid FPV Ag test, BioNote,
Korea) were performed and confirmed to be negative.
Peripheral blood and stool were submitted to a referral diag-
nostic laboratory (Neodin Vetlab, Korea) for polymerase
chain reaction (PCR) assays to test for the following patho-
gens: Babesia spp., Ehrlichia spp., Haemobartonella spp.,
feline leukaemia virus, feline coronavirus, feline panleukope-
nia virus, feline herpes virus, feline calicivirus, feline immu-
nodeficiency virus, Chlamydia spp., Toxoplasma gondii,
Anaplasma phagocytophilum, and Borrelia burgdorferi; the
cat was confirmed negative for all of these pathogens. Gas-
trointestinal endoscopy and computed tomography under
general anaesthesia showed mild edema of gastric mucosa,
which was confirmed as benign non-inflammatory mucosal
hypertrophy in histopathologic examination.

The cat was further tested for thyroid dysfunction and
blood culture. Tests for free and total thyroxine (T,) revealed
values below normal reference intervals (Table 1), indicating
the possibility of hypothyroidism or euthyroid sick syn-
drome. The blood cultures under aerobic and anaerobic con-
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Fig 1. Aerobic (blue-labeled bottle) and anaerobic (red-labeled
bottle) blood culture showed opaque culture fluid in the bottle,
indicating bacterial growth.
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Fig 2. Neighbour-joining phylogenetic tree based on the align-
ment of heat shock protein 60 (4sp60) gene sequences of Enter-
obacter spp. The diamond indicates the sequence of E. cloacae
isolated from the cat. The Asp60 sequence of Staphylococcus
aureus was selected as an out-group. Sequence alignments were
performed using BioEdit v.7.0.5.3, and MEGA®6 v.6.06 was used
for phylogenetic analysis. Bootstrap values are shown on the
branches. The number following the species name indicates the
GenBank accession number of each Enterobacter spp.

ditions showed bacterial growth in both conditions (Fig 1).
The fluids from the culture bottle were subcultured aerobi-
cally or anaerobically on trypticase soy agar with 5% sheep
blood at 37°C for 24 h, and the resultant colonies were tested
for bacterial identification. Following DNA extraction using
a DNA mini kit (Qiagen, Valencia, CA, USA), the 16S ribo-
somal RNA gene (16S rDNA) and heat shock protein 60
(hsp60) gene of both isolates were amplified and sequenced
using a pair of 27F and 1492R primers (for 16S rDNA) and a
cocktail of h279, h280, h1612, and h1613 (for Asp60) as pre-
viously described (4,7). Compared with the sequences in the
GenBank database, the deduced nucleotide sequences of both
isolates were found to be 99% similar to the 16S rDNA or
hsp60 gene sequence of E. cloacae that had been deposited
by the Hisashi Nishiwaki Kinki University in Japan or by the
Sanger Institute in the United Kingdom (GenBank accession
numbers AB244457 for 16S rDNA or FP929040 for /Asp60;
Fig 2).

The MIC of isolated E. cloacae determined by the broth
microdilution method with the Sensititre plates EUST and
COMPNIF (TREK Diagnostic Systems, Cleveland, OH,
USA) showed that the isolated bacteria was resistant to 16
antibiotics (tetracycline, chloramphenicol, kanamycin, gen-
tamicin, trimethoprim, ciprofloxacin, cefoxitin, sulfamethox-
azole, ampicilin, amoxicillin/clavulanate, ticarcillin, trimethoprim/
sulfamethoxazole, cefpodoxime, ticarcillin/clavulanate, doxy-
cyline, and cefazoline), indicating multidrug resistance (Table 2).

Since the isolated bacteria was resistant to cefpodoxime, it
was further tested for ESBL and ampC beta-lactamase pro-
duction via double disc synergy test (DDST) with discs of
cefotaxime and amoxicillin/clavulanate (Oxoid, Hampshire,
United Kingdom) and PCRs specific for blapy, blagy,
blacrxn, and plasmid-mediated ampC genes as previously
described (2,12,17). While the discs of the DDST could not
suppress the growth of isolated bacteria, PCRs were positive
for the blarpy, blacrxa, and bla,cr, genes (Fig 3). After se-
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Table 2. Antibiotic resistance profiles of the isolated Entero-
bacter cloacae in this study

Antibiotic Te(it];il;ge iijit;;i Test result
Tetracycline 0.5-16 >16 > 16
Chloramphenicol 4-64 >17 > 64
Kanamycin 4-64 >25 32
Gentamicin 1-16 >8 >16
Trimethoprim 2-32 >16 >32
Ciprofloxacin 0.25-8 >4 >8
Cefoxitin 0.5-16 >32 >16
Sulfamethoxazole 64-512 >350 >512
Ampicillin 0.25-16 >32 > 16
Amoxicillin/ 423216 =32/16  >32/16

clavulanate

Ticarcillin 8-64 > 128 >4
Sﬁ;ﬁfg}‘zx;ﬁe 0.595238 22 >2/38
Amikacin 4-32 >32 <4
Cefpodoxime 2-16 >8 >16
Imipenem 1-8 >16 2
Ticarcillin/clavulanate ~ 8/2-64/2 >128/2 > 64/2
Doxycycline 2-8 >16 >8
Cefazolin 4-16 >32 >16

*Trimethoprim:sulfamethoxazole in the ratio 1:19. Breakpoint is
expressed as the trimethoprim concentration.
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Fig 3. Expression of blargy, blacrxa, and bla,cr, genes in the
target gene-specific PCR for E. cloacae isolate. All amplicons
were confirmed as their corresponding subtypes by subsequent
sequencing and sequence analyses.

quencing of the amplicons, the deduced nucleotide sequences
were identical to blargy.;, blacrxm.is, and plasmid-mediated
bla,cr., genes, indicating that the isolated bacteria contains
plasmids containing genes that encode for ESBL and plas-
mid-mediated ampC beta-lactamase. Thus, the case was ten-
tatively diagnosed as ESBL and ampC beta-lactamase-pro-
ducing MRD E. cloacae septicaemia causing euthyroid sick
syndrome.

In the meantime, the cat was hospitalized and treated with
intravenous crystalloid fluid with 5% glucose and nasogas-
tric tube feeding as well as a combination of intravaneous
antibiotics (ampicilin/sulbactam: 20 mg/kg and cefotaxime:

30 mg/kg), daily oral antibiotics (cefixime: 12.5 mg/kg and
ciprofloxaxin: 15 mg/kg) and levothyroxine (10 pg/kg) as
initial therapy. After the MIC test, ciprofloxacin was substi-
tuted by daily intravaneous injection of amikacin (20 mg/kg).
During 1 month of hospitalization, the cat started to display
an interest in food after approximately 2 weeks of amikacin
treatment, and his activity level slightly improved. The thy-
roid profiles and blood culture were rechecked and showed
values within the reference interval and were negative for the
bacterial growth, respectively. Based on the owner’s deci-
sion, the cat was discharged from the hospital and prescribed
the same dosage of oral antibiotic (cefixime) for another
month. During the phone call with the owner after the month,
the cat was confirmed to return to his daily life; however, fol-
low-up examination could not be performed because the
owner did not want to visit the hospital again.

Discussion

This report describes a case of bacterial septicaemia caus-
ing euthyroid sick syndrome, which was confirmed by blood
culture, antibiotic susceptibility testing, thyroid profiles, and
therapeutic trials. The bacterial identification and MIC test
identified the isolated bacteria as MDR E. cloacae. Interest-
ingly, the resistant gene-specific PCR and sequencing con-
firmed that the isolated bacteria concurrently contained 3
types of plasmid-mediated beta-lactamases (TEM-1, CTX-M-
15, and ampC), even though the cat was free-ranging and not
hospitalized or even treated before he presented with E. clo-
acae infection. Considering the fact that the cat was housed
in a temple located downtown, it is presumed that the route
of transmission for the community-acquired plasmid-medi-
ated antibiotic resistance might be a result of contact with
temple worshippers, as the cat was continuously exposed to
these people and directly touched or took food from them.

In this case, the isolated bacteria was first suspected to pro-
duce ESBL based on the resistance to cefpodoxime; however,
in the DDST, clavulanate in combination with cefotaxime did
not suppress the bacterial growth. The clinical microbiologi-
cal tests that are used for detecting ESBLs employ a beta lac-
tamase inhibitor (i.e., clavulanate) in combination with
ceftazidime or cefotaxime, which are third-generation cepha-
losporins (1). However, previous reports indicated that clavu-
lanate could not inhibit some gram-negative bacteria with
coexpression of both ESBLs and AmpC, because in such sit-
uations, clavulanate induces the expression of ampC beta-lac-
tamase that acts as cephalosporinase, resulting in a false-
negative result (10,19). Recently, a modified DDST with
cefepime, a fourth-generation cephalosporin, showed higher
diagnostic sensitivity than that with cefotaxime or ceftazi-
dime (5). In this report, the isolate was not suppressed by
DDST with cefotaxime and clavulanate, even though the iso-
late expressed 2 types of ESBLs (TEM-1 and CTX-M-15)
probably because of the expression of ACT-1, one of ampC
beta-lactamase. Our observation indicates that the modified
DDST with the fourth-generation cephalosporin and beta-lac-
tamase inhibitor is necessary to achieve accurate diagnosis
and epidemiologic study for ESBL-producing bacteria of ani-
mal origin.
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Regardless of its aetiology, accurate diagnosis of euthy-
roid sick syndrome in cats can be challenging, because none
of its pathognomonic changes -i.e. clinical signs, physical
examination, and routine laboratory test findings- are neces-
sarily unique to euthyroid sick syndrome (14). The current
recommendation for both diagnosis of and differentiation
between hypothyroidism and euthyroid sick syndrome in cats
is rechecking the patient for nonthyroidal illness, even if the
total and free T, simultaneously decrease, because severe
systemic illness can induce decrease of both forms of T, (3).
In this report, the cat did not show any of pathologic changes
upon laboratory examination, including CBC, serum bio-
chemistry profiles, and electrolytes; thus, the case was nearly
misdiagnosed as true hypothyroidism, especially since the cat
was negative for all blood-borne viral/rickettssial pathogens
based on Ag-ELISAs and PCRs. As final confirmation tests,
blood culture with molecular analyses for bacterial pathogens
revealed E. cloacae-induced septicaemia, and a final diagno-
sis of septicaemia-induced euthyroid sick syndrome was
made by therapeutic trials. To the best of our knowledge, this
is the first report that describes a case of E. cloacae-induced
euthyroid sick syndrome in a cat. We recommend that small
animal clinicians pay careful attention to cats with suspected
hypothyroidism to identify possible bacterial infection that
can provoke euthyroid sick syndrome.

References

1. Chaudhary U, Aggarwal R. Extended spectrum beta lacta-
mases (ESBL)-an emerging threat to clinical therapeutics.
Indian J Med Microbiol 2004; 22: 75-80.

2. Edelstein M, Pimkin M, Palagin I, Edelstein I, Stratchounski
L. Prevalence and molecular epidemiology of CTX-M
extended-spectrum beta-lactamase-producing Escherichia coli
and Klebsiella pneumonia in Russian hospitals. Antimicrob
Agents Chemother 2003; 47: 3724-3732.

3. Feldman EC, Nelson RW. Feline hypothyroidism. In: Canine
and feline endocrinology and reproduction, 3rd ed. St Louis:
Saunders. 2004: 143-151.

4. Hill JE, Town JR, Hemmingsen SM. Improved template re-
presentation in ¢pn60 polymerase chain reaction (PCR)
product libraries generated from complex templates by
application of a specific mixture of PCR primers. Environ
Microbiol 2006; 8: 741-746.

5. Kaur J, Chopra S, Sheevani, Mahajan G. Modified double
disc synergy test to detect ESBL production in urinary
isolates of Escherichia coli and Klebsiella pneumoniae. J
Clin Diagn Res 2013; 7: 229-233.

6. Keller R, Pedroso MZ, Ritchmann R, Silva RM. Occurrence
of virulence-associated properties in Enterobacter cloacae.
Infect Immun 1998; 66: 645-649.

7. Lane DJ, Pace B, Olsen GJ, Stahl DA, Sogin ML, Pace NR.
Rapid determination of 16S ribosomal RNA sequences for

10.

11.

12.

13.

14.

15.

17.

20.

phylogenetic analyses. Proc Natl Acad Sci USA 1985; 82:
6955-6959.

. Lee SO, Kim YS, Kim BN, Kim MN, Woo JH, Ryu J.

Impact of pervious use of antibiotics on development of
resistance to extended-spectrum cephalosporins in patients
with enterobacter becteremia. Eur J Clin Microbiol 2002;
21: 577-581.

. Manzur A, Tubau F, Pujol M, Calatayud L, Dominguez

MA, Pefia C, Sora M, Gudiol F, Ariza J. Nosocomial
outbreak due to extended-spectrum-beta-lactamase-producing
Enterobacter cloacae in a cardiothoracic intensive care unit.
J Clin Microbiol 2007; 45: 2365-2369.

Mohanty S, Gaind R, Ranjan R, Deb M. Use of the
cefepime-clavulanate ESBL test for detection of extended-
spectrum beta-lactamases in AmpC co-producing bacteria. J
Infect Dev Ctries 2010; 4: 24-29.

Mooney CT, Little CJ, Macrae AW. Effect of illness not
associated with the thyroid gland on serum total and free
thyroxine concentrations in cats. J Am Vet Med Assoc 1996;
208: 2004-2008.

Pérez-Pérez FJ, Hanson ND. Detection of plasmid-mediated
AmpC Dbeta-lactamase genes in clinical isolates by using
multiplex PCR. J Clin Microbiol 2002; 40: 2153-2162.
Peterson ME, Gamble DA. Effect of nonthyroidal illness on
serum thyroxine concentrations in cats: 494 cases (1998). J
Vet Intern Med 1996; 197: 1203-1208.

Peterson ME. Feline focus: Diagnostic testing for feline
thyroid disease: hypothyroidism. Compend Contin Educ Vet
2013; 35: E4.

Peterson, ME, Melian C, Nichols R. Measurement of serum
concentrations of free thyroxine, total thyroxine, and total
triiodothyronine in cats with hyperthyroidism and cats with
nonthyroidal diseases. J] Am Vet Med Assoc 2001; 218: 529-
536.

. Sanders WE, Sanders CC. Enterobacter spp.: pathogens

poised to flourish at the turn of the century. Clin Microbiol
Rev 1997; 10: 220-241.

Schmitt J, Jacobs E, Schmidt H. Molecular characterization
of extended-spectrum beta-lactamases in Enterobacteriaceae
from patients of two hospitals in Saxony, Germany. J Med
Microbiol 2007; 56: 214-249.

. Sidjabat HE, Hanson ND, Smith-Moland E, Bell JM,

Gibson JS, Filippich LJ, Trott DJ. Identification of plasmid-
mediated extended-spectrum and AmpC beta-lactamases in
Enterobacter spp. isolated from dogs. J Med Microbiol 2007;
56: 426-434.

. Song W, Bae IK, Lee YN, Lee CH, Lee SH, Jeong SH.

Detection of extended spectrum beta-lactamases by using
boronic-acid as an AmpC beta-lactamase inhibitor in clinical
isolates of Klebsiella spp. and Escherichia coli. J Clin
Microbiol 2007; 45: 1180-1184.

Weese JS. Investigation of Enterobacter cloacae infections
at a small animal veterinary teaching hospital. Vet Microbiol
2008; 130: 426-428.



MDR E. cloacae Septicaemia in a Cat

KA ZEAMAL Al =S5 19f0[o] X[QAlS|EIE el ql ZzlAp|s

ampC beta-lactamase M CIfM|LHM Enterobacter cloacae {EE

2 % 748, 43t FA Zdelrt g A8 R YAt AEd Arke BEEY 35N SR
o] EgJAd W3}, free E total thyroxine®] &% 74 2 FAufefolr Algs2]o] B SIct. 16S ribosomal RNA
9 heat shock protein 60 A} HA} és} Al Enterobacter cloacae®. A= JTE FAYA FHA Xﬂ*"—‘: 7}
7“*} 1670 AA] tist Tk o] BEEHJTE TFaAAAS D A A blay, blacrxas B S8k~
= ol blayer, AR i FA ‘ﬂ%"] HEEGeH, Ao FRlE Alto] FH9 beta-lactamase B
ampC beta-lactamaseZ 3= FEAP|ES HAe 21S It 32k Y 7F A9 levothyroxine X|
EE WS T Z”‘°] TARJL, A5 F 7&’8"1‘1 715 7AeE G A3t ol AaAS ’\"'ﬂ‘}i‘:} o] Tl 1Y
o]¢] AAAB|EE teAUA E. cloacaed «]??_ A A AR S5 A dott. &g e Hdg
YA Ao -45}] o|3he 1 ole HEForRE IFEEHIUT

F0{ : %), 8=, Enterobacter cloacae, E}‘l.bﬂ]\ﬂ"é, A FHAH

=

2%k

o|\

<
T4

o

Freh

195



