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A B S T R A C T

In human medicine, major infections are the most significant and critical non-cardiovascular complications in 
patients affected by chronic kidney disease (CKD), with bacteriuria being the primary source of bloodstream 
infections and its evolution toward sepsis. The availability of data on prevalence of bacteremia and its association 
with bacteriuria in dogs and cats with CKD is limited. The aim of this observational cross-sectional study was to 
determine the occurrence of bacteremia, bacteriuria, and bacteriuria-related bacteremia in dogs and cats affected 
by CKD. Client-owned dogs and cats with a documented history of CKD undergoing disease follow-up were 
enrolled. Each included animal underwent a comprehensive physical examination, clinico-pathological and 
microbiological analyses of blood and urine, along with molecular detection of the 16S rRNA bacterial gene in 
blood. Aseptically collected blood and urine were obtained through jugular venipuncture and cystocentesis, 
respectively. After collection, blood and urine samples underwent bacteriological culture within one hour. In the 
population enrolled, 2/47 dogs and 1/41 cats presented bacteriemia. Moreover, 8/47 dogs and 6/41 cats pre-
sented a positive urine culture. Additionally, in one out of the 47 dogs, the same pathogen was identified from 
blood and urine samples, with a final diagnosis of urosepsis. No instances of bacteriuria-related bacteriemia were 
observed in the cat population. In conclusion, this study shows a low prevalence of bacteremia and confirms a 
high prevalence of bacteriuria in companion animals affected by CKD. Moreover, a low prevalence of bacteriuria- 
related bacteremia was also found.

1. Introduction

Chronic kidney disease (CKD) is the most recognized form of kidney 
disease as well as an important cause of morbidity and mortality in dogs 
and cats (O’Neill et al., 2013; Marino et al., 2014). It is defined as an 
irreversible process characterized by persistent (≥3 months) loss of 
function or structural changes in the kidneys, most often leading to a 
progressive decline in kidney function and to the onset of typical extra 
renal complications (Polzin, 2011).

In human medicine, emerging evidence indicates that infections 
represent the most substantial and critical non-cardiovascular compli-
cations in patients affected by CKD (Ishigami and Matsushita, 2019), 
with urinary tract infections (UTIs) being the most represented (Xu 
et al., 2017). Additionally, patients with varying extents of CKD, ranging 
from albuminuria even in the presence of preserved renal function, to 
mild, moderate, or severe renal failure, face an increased risk of 

bacteremia and sepsis due to community-acquired bloodstream in-
fections when compared to non-CKD patients (Rojas et al., 2013; Dag-
asso et al., 2020). UTIs are the primary source of bacteremia and 
potential progression to urosepsis among human CKD patients (Rojas 
et al., 2013; Dagasso et al., 2020).

Several pathways potentially link CKD to infections, including 
chronic inflammation, uremic toxins retention, and metabolic disorders. 
Compromised immune function, as evidenced by observed lymphocyte- 
related abnormalities in cellular and humoral immunity, decreased 
neutrophil function, and oxidative stress, contributes to increased sus-
ceptibility to infections in human beings affected by CKD (Ishigami and 
Matsushita, 2019).

Consistent with human observations, canine studies revealed altered 
neutrophil oxidative metabolism, increased oxidative stress, and cell 
apoptosis among dogs with uremia (Bosco et al., 2017). This process 
contributes to an increased susceptibility to infections in uremic patients 
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(Bosco et al., 2017). Additionally, feline CKD is associated with oxida-
tive stress, which is characterized by reduced plasma antioxidant ca-
pacity and increased neutrophil oxidative metabolism (Keegan and 
Webb, 2010).

However, unlike in humans, there is a lack of data on the prevalence 
of infections, including bloodstream infections, in dogs and cats with 
CKD, with the only available data concerning the elevated prevalence of 
bacteriuria and UTIs (Mayer-Roenne et al., 2007; White et al., 2013; 
Foster et al., 2018; Dorsch et al., 2019; Lamoureux et al., 2019; Uva 
et al., 2022).

Therefore, this study aims to determine the occurrence of bacter-
iemia and bacteriuria in dogs and cats diagnosed with CKD stages 1 to 4 
according to the International Renal Interest Society (IRIS) staging 
system (IRIS staging guidelines of CKD, 2023) by clinico-pathological 
and bacteriological analyses of blood and urine, including molecular 
detection of the 16S rRNA bacterial gene in blood. In addition, the 
occurrence of bacteriuria-related bacteremia was also investigated when 
a positive blood culture was obtained.

2. Materials and methods

2.1. Study population and data collection

From January 2021 to June 2023, client-owned dogs and cats, of any 
age and breed, both male and female in any reproductive state, were 
recruited if affected by a stable and at least 3-month-long CKD classified 
as IRIS stage 1 to 4. In this regard, CKD diagnosis had to be based on the 
presence of: (i) “inappropriately dilute” urine (IRIS staging guidelines of 
CKD, 2023) without another identifiable cause of polyuria, namely due 
to renal disease, and/or (ii) increased serum creatinine concentrations 
without identifiable cause of pre-renal or post-renal azotemia, and/or 
(iii) proteinuria of renal origin confirmed by a urine protein to creati-
nine ratio (UPC) > 0.2 in cats and > 0.5 in dogs and/or dipstick mea-
surements of 3+ positive (500 mg/dL) in cats and 2+ positive (100 mg/ 
dL) or above in dogs with inactive urine sediment. After diagnosis, CKD 
was staged according to the IRIS guidelines (IRIS staging guidelines of 
CKD, 2023).

For each included animal, signalment data (i.e., breed, age, and sex), 
baseline information (e.g., clinical history, concomitant treatments 
relevant to CKD, previous laboratory findings), and clinical signs re-
ported by the owner suggestive of UTIs (i.e., gross hematuria, stranguria, 
pollakiuria and periuria) were recorded (Wood, 2017). Furthermore, a 
complete physical examination, including body condition score (BCS), 
muscle condition score (MCS) and systolic blood pressure evaluation, 
was performed. Systemic inflammatory response syndrome (SIRS) was 
recognized when at least 2 out of 4 and 3 out of 4 clinical indicators, 
known as the SIRS criteria, were met in dogs and cats, respectively. The 
SIRS criteria included abnormal body temperature (fever/hypothermia), 
abnormal heart rate (tachycardia/bradycardia), tachypnoea, and white 
blood cell abnormalities (leukocytosis or leukopenia, bandemia) 
(Spillane et al., 2023). Renal imaging was performed to identify any 
anatomical abnormalities or structural changes.

Animals with known or suspected to be affected by acute kidney 
injury within the previous 28 days, azotemia of pre-renal or post-renal 
origin, congenital and acquired anatomical defects of the genitouri-
nary tract, urolithiasis, pyometra, infectious prostatic disease, treated 
with antimicrobials or immunosuppressive or immunostimulant drugs 
within the previous 4 weeks, undergoing urethral catheterization or 
previously urethrostomized, as well as animals known or suspected to be 
affected by comorbidities interfering with the immune system (i.e. hy-
perthyroidism, diabetes mellitus, hyperadrenocorticism, neoplasia, 
retrovirus infections) were excluded.

2.2. Sample collection

Peripheral blood samples were collected by jugular venipuncture for 

haematological and biochemical analyses. A 2 ml blood sample was 
collected in a BD Vacutainer™ K3-EDTA tube for CBC measurement. 
Serum samples were obtained by centrifuging 5 ml of blood collected in 
a BD Vacutainer® clot activator serum tube at 1500 x g for 15 mins. 
Blood samples for hemoculture (at least 2.5 ml) were aseptically 
collected in BD Vacutainer Plus Citrate Plasma Tubes (Becton, Dickinson 
and Company, US) by jugular vein puncture after aseptic skin prepara-
tion. All urine specimens were sampled by ultrasound-guided cys-
tocentesis and stored in BD Vacutainer® urinalysis preservative tubes (5 
ml) for physical-chemical examination and BD Vacutainer® Plus C&S 
Boric Acid Sodium Borate tubes (2 ml) for microbiological analysis.

After collection, blood, serum, and urine samples were promptly 
refrigerated until being sent to the reference laboratory. The samples 
were processed within 24 h. Urinary and blood samples collected for 
bacteriological culture were immediately sent to the microbiology lab-
oratory and processed within 1 h of collection.

2.3. Laboratory tests

Results from CBC (Siemens, ADVIA 2120), serum biochemistry 
(Beckman Coulter, Clinical Chemistry Analyzer AU680) and electro-
phoresis (SEBIA, Capillarys 2 Flex Piercing) were achieved with the 
same methods in all tested samples. Additionally, microscopic blood 
smear examination was performed for all samples. In the context of 
urinalysis, USG was measured using a refractometer (Leica Vet 360, 
Misco Products Division, Cleveland, OH, USA), and urine dipstick ex-
amination was interpreted according to the manufacturer’s recom-
mendations (Combur 9 Test, Roche, Rotkreuz, Switzerland). Based on 
USG, urines were classified as diluted (USG <1.013), moderately 
concentrated (USG 1.013 to 1.029 [dog] or 1.034 [cat]) or concentrated 
(USG >1.030 [dog] or >1.035 [cat]) (IRIS staging guidelines of CKD, 
2023). To determine the UPC ratio, the protein concentration (mg/dl) 
was assessed using the pyrogallol red-molybdate assay, while the serum 
creatinine (mg/dl) was measured through the Jaffé method in undiluted 
urine. Urine sediment was obtained by centrifuging 5 mL of urine for 10 
mins at 900 x g, removing 4.5 ml of supernatant, and resuspending the 
remaining 0.5 mL of urine. A 12 μl sample of the resuspended urine was 
microscopically assessed. The mean number of red blood cells and white 
blood cells per high power field (hpf) at 40 × magnification was 
expressed. Urine sediment with bacteriuria, and/or >5 red blood cells/ 
hpf and/or >5 white blood cells/hpf, was considered active.

2.4. Bacteriological analyses

Urine samples were divided into 2 aliquots, one for the bacterial 
count and one for the bacterial culture. For the count, 1 ml of the room 
temperature urine sample was subjected to serial dilution ranging from 
10^(− 1) to 10^(− 8) in 9 ml of sterile water. Subsequently, 1 ml of each 
dilution was plated on plate count agar media (PCA) (Liofilchem, Ter-
amo, Italy) and incubated at 37 ◦C for 24 h to determine the Colony 
Forming Unit per milliliter (CFU /ml).

For bacterial culture, 2 ml of urine underwent centrifugation for 5 
mins at 3000 ×g. The sediment was plated on Columbia Blood Agar 
(CBA), MacConkey Agar (MCK), Mannitol Salt Agar (MSA) and Tryptic 
Soy Broth (TSB) (Liofilchem, Teramo, Italy). All the cultural media were 
incubated for 48 h at 37 ◦C under aerobic conditions.

Blood samples were divided into three aliquots, with at least 1 ml 
designated for aerobic and anaerobic cultures and 100 μl for biomole-
cular examination.

For aerobic culture, 0.5 ml of blood samples were inoculated in 4.5 
ml of Hemo-Aerobic culturing broth (Liofilchem, Teramo, Italy) and 
incubated at 37 ◦C for 48 h. The broth was then sub-cultured in CBA, 
MCK, and MSA (Liofilchem, Teramo, Italy) for 24 h. For anaerobic 
culture, 0.5 ml of blood samples were inoculated in 4.5 ml of the Hemo- 
Anaerobic Culturing broth (Liofilchem, Teramo, Italy) and incubated at 
37 ◦C for at least 48 h. Subsequently, the broth was sub-cultured into 
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CBA for an additional 48 h. Bacterial identification was performed using 
Gram stain, biochemical micro-method tests (oxidase, catalase, and 
coagulase tests), and macro-method tests (API tests, Biomerieux, 
France).

2.5. Biomolecular analysis of blood samples

For the biomolecular analysis of blood samples, nucleic acid isolation 
was conducted using the IndiSpin Pathogen Kit (Indical Bioscience, 
Qiagen, Leipzig, Germany) according to the manufacturer’s instructions. 
The isolated nucleic acid was then subjected to PCR targeting the 16S 
rRNA gene with universal primers BV5 and AV6 (Stecher et al., 2010). 
The primer sequences were as follows: BV5 5′-ATT AGA TAC CCY GGT 
AGT CC-3′ (tm 55 ◦C) and AV6 5′ ACG AGT GAC GAC ARC CAT G-3′ (tm 
69.8 ◦C). An internal positive control and sterile water as a negative 
control were included in the PCR. The cycling conditions were as fol-
lows: 95 ◦C for 10 mins; 35 cycles of (94 ◦C for 30 s, 57 ◦C for 30 s, 72 ◦C 
for 30 s); and a final extension at 72 ◦C for 8 mins. Reaction conditions 
(50 μl) comprised 50 ng template DNA, 50 mM KCl, 10 mM Tris-HCl pH 
8.3, 1.5 mM Mg2+, 0.2 mM dNTPs, 40 pmol of each primer, and 5 U of 
Taq DNA polymerase (AmpliTaq Gold™, Thermofisher, Italy). The PCR- 
amplified products (300 bp) underwent purification using the QIA-quick 
PCR Purification Kit (Qiagen, USA). Sequence analysis was performed 
using MiSeq NGS (Illumina, San Diego, California). The sequences were 
analyzed with Geneious v. 10.1 and compared with reference sequences 
available on the BLAST database (https://blast.ncbi.nlm.nih.gov/Blast. 
cgi).

3. Results

3.1. Study population

During the study period, 62 dogs and 60 cats were initially evalu-
ated. Fifteen dogs were excluded (i.e., n = 5 incomplete data; n = 5 
treated with antimicrobials within the previous 4 weeks; n = 2 
concomitant hyperadrenocorticism; n = 1 previous urethrostomy sur-
gery; n = 1 concurrent prostatic abscess; n = 1 concurrent urolithiasis). 
Nineteen cats were also excluded (i.e., n = 6 incomplete data; n = 4 
treated with antimicrobials within the previous 4 weeks; n = 3 
concomitant neurogenic bladder; n = 2 previous urethrostomy surgery; 
n = 1 concomitant feline immunodeficiency virus infection; n = 1 
concurrent urolithiasis; n = 1 concomitant feline leukemia virus asso-
ciated lymphoma; n = 1 treated with steroids within the previous 4 
weeks). Forty-seven dogs and forty-one cats were finally enrolled in the 
study.

Information regarding the age, sex, and breed of dogs and cats, 
categorized by the CKD IRIS stages is shown in Table 1 and Table 2. The 
supplementary material contains all laboratory test data for the animals 
enrolled in the study (Tables S1-S8).

3.2. Dog population

Two out of 47 dogs (one in IRIS stage 3 and one in IRIS stage 4) 
presented bacteremia, as identified by positive blood cultures and bio-
molecular analysis, both with a final diagnosis of sepsis after the fulfil-
ment of SIRS criteria. Serratia marcescens was identified in blood samples 
from both dogs. Additionally, one of these dogs had a positive urine 
culture (PUC) with the same pathogen isolated. The data on the bacte-
riological analysis, the haematological values and the SIRS criteria for 
dogs with bacteraemia are presented in Table 3. Forty-five out of the 47 
dogs tested negative for bacteraemia, as confirmed by both blood cul-
tures and PCR targeting 16S rRNA. Positive urine culture was found in 
further 7 dogs, 6 in a subclinical form and one with UTI presenting 
stranguria and pollakiuria. A total of 8 out of 47 (17%) dogs affected by 
CKD presented PUC with a single bacterial species isolated. (i.e., n = 5 
Escherichia coli, n = 1 Staphylococcus pseudintermedius, n = 1 

Pseudomonas aeuriginosa, and n = 1 Serratia marcescens).
Urine culture results according to IRIS stage, urinalysis data, and 

clinical presentation in dogs with bacteriuria are reported in Table 1 and 
Table 4.

3.3. Cat population

One out of 41 cats (IRIS stage 1) had bacteremia, as identified by 
positive blood cultures and biomolecular analysis, not associated with 
SIRS and with negative urine culture. The bacterial species isolated in 
the blood sample was Enterococcus spp. The data on the bacteriological 
analysis, the haematological values and the SIRS criteria for the cat with 
bacteremia are presented in Table 3. Forty of the 41 cats did not have 
bacteremia, as confirmed by negative blood cultures and PCR targeting 
16S rRNA. Positive urine cultures were detected in 6 out of 41 (15%) 
cats with one of them presenting periuria being classified as affected by 
UTI. A single bacterial species was isolated in 5 out of 6 cats with PUC [i. 
e., Escherichia coli (n = 2), Enterococcus faecalis (n = 2) and Streptococcus 
spp. (n = 1)], whereas 2 isolates were found in one cat (i.e., Staphylo-
coccus hominis and Micrococcus spp).

Urine culture results according to IRIS stage, urinalysis data, and 
clinical presentation in cats with bacteriuria are reported in Table 2 and 
Table 4.

4. Discussion

This study shows a low prevalence of bacteremia in dogs and cats 
affected by CKD. Indeed, only two out of 47 dogs and one out of 41 cats 
presented bacteremia. To date, with the exception on Bartonella spp. 
infections in cats, few data are available regarding bacteremia in 

Table 1 
Demographic and urinalysis data for the total cohort according to the IRIS stage 
in the dog population.

Total 
Cohort 
(n = 47)

IRIS stage

1 
(n = 7)

2 
(n = 9)

3 
(n =
14)

4 
(n =
17)

Demographic dataa

Age (years) 9 ± 3.5 8.8 ±
3.5

10.4 ±
4.0

8.5 ±
2.6

8.9 ±
4.0

Sex
Male 22 5 4 9 4
Female 25 2 5 5 13

Breed
Mixed 12 3 2 2 5
Other breeds 35 4 7 12 12

Urinalysis dataa

Positive Urine 
Culture

8 1 1 4 2

USG
≤1.012 1 0 0 0 1
1.013–1.034 7 1 1 4 1
≥1.035 0 0 0 0 0

AUS
Yes 7 0 1 4 2
No 1 1 0 0 0

Negative Urine 
Culture

39 6 8 10 15

USG
≤1.012 7 0 2 1 4
1.013–1.034 28 3 5 9 11
≥1.035 4 3 1 0 0

AUS
Yes 8 2 2 2 2
No 31 4 6 8 13

Abbreviation: IRIS, International renal interest society; USG, urine specific 
gravity; AUS, active urine sediment.

a Table entries are reported as: Mean and Standard Deviation (M ± SD) for 
continuous variables, and proportions for categorical variables.
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companion animals, with most available information coming from sick 
patients with suspected sepsis (Greiner et al., 2008). To the best of the 
authors’ knowledge, this is the first insight into the prevalence of 
bacteremia in a cohort of dogs and cats affected by CKD, a recognized 
risk factor for bloodstream infections in human medicine (Rojas et al., 
2013; Dagasso et al., 2020).

Bacteria may gain access to the bloodstream from densely colonized 
mucosal surfaces or localized infection sites within the body. The con-
ditions most frequently associated with bacteremia are malignant neo-
plasms and infections of the skeletal, cardiovascular, and urogenital 
systems (Hirsh et al., 1984). However, sepsis only develops in patients 
with compromised immune defence, or when the host defences are 
overwhelmed by the number of bacteria entering the bloodstream 
(Goodwin and Schaer, 1989). In the CKD population herein considered, 
out of 3 animals with bacteremia (i.e., two dogs and one cat), only dogs 
presented sepsis. Moreover, both dogs were affected by advanced CKD 
with uremia while the cat had stage 1 CKD. Therefore, it is reasonable to 
suppose that uremia could have contributed to the onset of sepsis. 
Indeed, the accumulation of uremic toxins can inhibit the activation and 
disrupt the phagocytic functions of polymorphonuclear leukocytes 
(PMNLs). This condition, together with enhanced apoptosis, causes a 
decreased immune response which characterized the uremia (Cohen and 
Hörl, 2012).

Additionally, no instances of bacteriuria-related bacteriemia were 
observed in the cat population herein considered and only one out of the 
47 dogs enrolled received a diagnosis of urosepsis, which was confirmed 
by the identification of SIRS along with the isolation of the same path-
ogen (S. marcescens) in urine and blood cultures. In human medicine, 
bacteriuria represents the primary source of bloodstream infections and 
subsequent sepsis in patients affected by mild to severe CKD. The UTI 

Table 2 
Demographic and urinalysis data for the total cohort and according to the IRIS 
stage in the cat population.

Total Cohort 
(n = 41)

IRIS stage

1 
(n =
14)

2 
(n =
11)

3 
(n = 9)

4 
(n = 7)

Demographic dataa

Age (years) 6.84 ± 4.43 5.32 ±
4.52

9.86 ±
5.07

6.11 ±
2.15

6.06 ±
3.72

Sex
Male 24 6 6 7 5
Female 17 8 5 2 2

Breed
Mixed 29 11 9 4 5
Other breeds 12 3 2 5 2

Urinalysis dataa

Positive Urine 
Culture

6 3 1 1 1

USG
≤1.012 0 0 0 0 0
1.013–1.034 5 2 1 1 1
≥1.035 1 1 0 0 0

AUS
Yes 4 3 1 0 0
No 2 0 0 1 1

Negative Urine 
Culture

35 11 10 8 6

USG
≤1.012 5 0 1 1 3
1.013–1.034 25 8 7 7 3
≥1.035 5 3 2 0 0

AUS
Yes 8 2 1 4 1
No 27 9 9 4 5

Abbreviation: IRIS, International renal interest society; USG, urine specific 
gravity; AUS, active urine sediment.

a Table entries are reported as: Mean and Standard Deviation (M ± SD) for 
continuous variables, and proportions for categorical variables.
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evolution into systemic infections is attributed to immunological, 
metabolic, and inflammatory disorders hindering bacteria clearance and 
triggering uropathogen proliferation (Scherberich et al., 2021). Though 
scant data are available from the scientific literature, a similar rela-
tionship between CKD, bacteriuria and bloodstream infections could be 
hypothesized in veterinary medicine. Indeed, previous evidence suggest 
that CKD leads to a systemic inflammatory status in cats (Uva et al., 
2023) and an immune system impairment in both dogs and cats (Keegan 
and Webb, 2010; Bosco et al., 2017). These conditions, along with the 
high prevalence of bacteriuria observed in both dogs and cats affected by 
CKD (Mayer-Roenne et al., 2007; White et al., 2013; Foster et al., 2018; 
Lamoureux et al., 2019; Hindar et al., 2020; Uva et al., 2022) could 
predispose these patients to bacteremia. Moreover, CKD has been listed 
among the most common preexisting conditions in dogs diagnosed with 
urosepsis resulting from varying causes (i.e., pyometra, prostatitis, or 
pyelonephritis) (Perry et al., 2022). Nevertheless, it remained uncertain 
whether the link between CKD and urosepsis was causal or merely 
associative (Perry et al., 2022). However, the low prevalence of 
bacteremia and bacteriuria-related bacteremia described in the present 
study fails to confirm this hypothesis. This finding agrees with a previous 
study involving a population of cats with neurogenic bladder in which, 
unlike in humans, bacteriuria did not result in systemic infection (Uva 
et al., 2022). None of the animals enrolled in the present study had 
experienced prolonged hospitalization or urinary catheterization, which 
are recognized as potential risk factors for urosepsis in humans, nor were 
affected by comorbidities commonly associated with systemic infections 
in humans with CKD, such as diabetes mellitus or pelvic malignancy 
(Dimitrijevic et al., 2021).

The bacterial species identified in the two dogs presenting bacter-
emia and sepsis, both affected by advanced stage CKD with uremia, was 
S. marcescens, a ubiquitous motile Gram-negative bacillus. Additionally, 
one of these dogs presented bacteriuria with the same pathogen isolated. 
This bacterium is rarely associated with UTIs in dogs (Loncaric et al., 
2020), except for one case report where it was found in the blood and 

urine cultures of a dog with systemic clinical signs unresponsive to 
previous antibiotic therapy (Broy et al., 1997). Considering the oppor-
tunistic nature of S. marcescens, it is possible to assume that the uremic 
condition of the dogs contributed to the evolution of the infection into 
sepsis.

Concerning bacteriuria, the available data indicate an increased 
occurrence of PUC in dogs and cats with CKD (Mayer-Roenne et al., 
2007; White et al., 2013; Foster et al., 2018; Lamoureux et al., 2019; 
Hindar et al., 2020; Uva et al., 2022). The clinical presentation of 
bacteriuria in both dogs and cats, including those affected by CKD, 
varies from subclinical bacteriuria (SB) (i.e., the presence of PUC in the 
absence of clinical manifestations of lower urinary tract disease) (Weese 
et al., 2019) to UTI (i.e., the presence of PUC accompanied by an in-
flammatory response and clinical manifestations such as gross hematu-
ria, stranguria, pollakiuria and periuria) (Wood, 2017). Consistent with 
previous findings, a high prevalence rate of PUC in dogs (i.e., 17%) and 
cats (i.e., 15%) affected by CKD has been herein detected, with SB being 
the most frequent clinical presentation observed in our population.

Currently, the clinical relevance of SB in patients affected by CKD 
remains unclear, and there is a need for more definitive guidance on its 
ideal treatment. Actually, treatment of SB with antimicrobials is rarely 
indicated and discouraged. Indeed, the current International Society for 
Companion Animal Infectious Diseases (ISCAID) guidelines recommend 
treatment of SB only for a few urinary conditions, which do not include 
CKD (Weese et al., 2019). However, investigating the long-term out-
comes for dogs and cats with CKD and concurrent SB may provide 
valuable information about the occurrence of UTIs and their potential 
evolution toward systemic infections and urosepsis. This is a critical 
issue as bacterial urinary tract disease ranks among the primary causes 
of over prescription of antimicrobials in dogs and cats (Hardefeldt et al., 
2018). An improper approach to infection management in companion 
animals can pose a significant threat to global Public Health. Indeed, 
evidence that antimicrobial use in animals may contribute to some 
multidrug-resistant bacterial infections in humans is increasing 

Table 4 
Data on urine culture, urinalysis, and clinical presentation in dogs and cats presenting bacteriuria.

ID IRIS 
Stage

Urine culture Urinalysis data Clinical 
presentation

Bacterial species Microbial 
count

USG pH RBC/ 
hpf

WBC/ 
hpf

Bacteria Urine 
sediment

Dog 
population

DOG3 III Escherichia coli > 103 CFU/ml 1022 6 10 5 Absent Active SB
DOG4 III Escherichia coli > 103 CFU/ml

1017
6,5 10 50 Bacilli+++ Active SB

DOG7 I Staphylococcus pseudintermedius nd*  1014 6 <5 <5 Absent Inactive SB

DOG9 III Pseudomonas aeruginosa nd* 1014 6 <5 20 Bacilli+ Active SB
DOG11 IV Escherichia coli nd* 1012 6 5 10 Absent Active SB
DOG21 IV Escherichia coli 106 CFU/ml 1020 7 10 50 Bacilli++ Active SB
DOG35 III Serratia marcescens 103 CFU/ml 1016 6,5 30 50 Bacilli++ Active UTI
DOG37 II Escherichia coli 106 CFU/ml 1019 6 20 20 Bacilli++ Active SB
Cat 

population
CAT1 I Escherichia coli > 105 CFU/ml 1020 6,5 <5 10 Bacilli++ Active SB
CAT2 II Streptococcus spp. > 103 CFU/ml 1015 6 <5 <5 Absent Inactive SB

CAT13 I Escherichia coli > 101 CFU/ml 1035 7 10 <5 Absent Active SB

CAT14 I
Staphylococcus hominis +
Micrococcus spp. nd* 1022 6,5 50 <5 Absent Active UTI

CAT33
IV Enterococcus faecalis > 109 CFU/ml

1018
6 5 5 Absent Inactive SB

CAT36 III Enterococcus faecalis 3 × 107 CFU/ 
ml

1024 7 5 10 Cocci ++ Active SB

Abbreviation: IRIS, International Renal Interest Society; USG, urine specific gravity; RBC/hpf, red blood cells per high power field; WBC/hpf, white blood cells per high 
power field; CFU/ml, colony forming unit per milliliter; nd, not determined; SB, subclinical bacteriuria; UTI, urinary tract infection.
nd*: microbial count not determined due to insufficient sample size.
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(Guardabassi et al., 2018).
Although in the present study, one-time blood sampling to assess 

bacteremia in enrolled patients was used instead of three blood samples 
taken one hour apart (Willems et al., 2012), biomolecular analysis was 
performed on all blood samples to increase the likelihood of detecting 
bacteremia (Florio et al., 2018). In this regard, it is worth noting that the 
outcomes of biomolecular analysis were consistent with the results 
derived from blood culture analysis.

5. Conclusions

In conclusion, this study provides preliminary results on the occur-
rence of bacteremia in dogs and cats affected by CKD, demonstrating a 
low prevalence in both species examined. Furthermore, this study con-
firms a high prevalence of bacteriuria in companion animals with CKD. 
Finally, within our study population, only one dog and no cats presented 
bacteriuria-related bacteremia. This is the first-time data have been 
obtained from concomitant blood and urine cultures executed in the 
entire population of enrolled dogs and cats.
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