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In order to investigate the prevalence of urinary tract infections (UTI) in sow, lower urinary tract 

(LUT), kidney and urine samples were collected at slaughterhouse from 65 multiparous culled 

sows. Histopathology was performed on urethra, urinary bladder and kidney sections. Urine 

collected by cystocentesis was analysed for physical and biochemical parameters, in addition to 

microscopic examination of the sediment and quantitative culture (105 CFU/ml urine). The 

diagnostic accuracy of urinalysis and urine culture was calculated for the parameters that correlated 

with histological diagnosis: bilateral chronic lesions were found in 54 per cent of kidney samples 

and diffuse/ multifocal lymphoplasmacytic infiltration of the submucosa in 53 per cent of the 

bladder and 68 per cent of the urethra samples. In 49 per cent of cases, the co-occurrence of bladder 

and urethra lesions was statistically significant (P<0.009). Turbid urine (80 per cent sensitivity, 50 

per cent specificity), >5 white blood cells per high-power field (34 per cent sensitivity, 90 per cent 

specificity), intracellular or free bacteria (43 per cent sensitivity, 90 per cent specificity), and urine 

culture (49 per cent sensitivity, 97 per cent specificity) correlated with a finding of 

histopathological changes in the bladder. UTI appears to be common in culled sows in northern 

Italy. Compared with histopathology, urinalysis and urine culture showed low sensitivity but high 

specificity in detecting UTI. 

 

INTRODUCTION 

Urinary tract infection (UTI) is a common problem in human beings and domestic animals. Females 

are particularly predisposed to infection because perineal contamination leads to vulval and vaginal 

colonisation with faecal organisms, providing a pool from which bladder infection develops due to 

the ascent of bacteria through the relatively short female urethra (Carr and others 1995, 

Woldemeskel and others 2002, Little and others 2006). Economic loss from UTI in pig herds is 

heavy: UTI associated with postparturient swine urogenital disease decreases the farrowing rate and 

increases abortion and sow mortality (Biksi and others 2002, Waller and others 2002, Mauch and 

Bilkei 2004, Glock and Bilkei 2005, Drolet and Dee 2006). The proportion of sow deaths 

attributable to cystitis/pyelonephritis varies from 10 per cent to more than 40 per cent in Europe, 

and UTI is considered a primary leading cause for culling and sudden death worldwide 

(Chagnon and others 1991, D’Allaire and others 1991, Christensen and others 1995, Abiven and 

others 1998, Duran 2001, Sanz and others 2007). Furthermore, an increased risk of UTI has been 

reported in different reproductive states of the sows (Almond 2005, Martineau and others 2007). 

Data on the prevalence of UTI in sows in Italy are lacking. Because clinical examination is generally 

of limited value in the diagnosis of UTI, bladder evaluation by cystoscopy and ultrasonography has 

been advocated, but these complementary studies are expesive and not always feasible in the field 

(Wendt and Aengenheister 1989, Kauffold and others 2010). More often, the diagnosis is based on 

urinalysis and quantitative urine culture (Almond and Stevens 1995, Almond 2005). 

This study investigated the prevalence of UTIs in a sample of culled sows, and compared the 

accuracy of urinalysis and urine culture versus histological findings in the detection of UTI. 
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MATERIALS AND METHODS 

 

ANIMALS AND SLAUGHTERHOUSE SAMPLING 
 

The study was performed in accordance with animal welfare regulations (93/119/EC). Sixty-five 

multiparous (5–6 parity) sows, Duroc × (Large White × Landrace), culled during the 

postweaning stages of production from different farms, were randomly selected from a local 

slaughterhouse in northern Italy. The lower urinary tract (LUT), comprising the urinary bladder, 

urethra and the kidneys were collected during the slaughter operations. Urine collection was 

performed aseptically by cystocentesis immediately after bladder removal. To prevent sample 

contamination, the bladder neck was tied and the surface was surgically scrubbed before 

sampling. In accordance with the European Urinalysis Guideline (2000), the urine specimens were 

collected into sterile tubes, refrigerated at +4°C and processed within two hours. The LUT and 

kidneys were stored in a cooled box until macroscopic examination and histopathology. Owing to 

the high throughput of animals at the slaughterhouse, the ureters could not be removed and 

collected. 

 

MACROSCOPIC EXAMINATION AND HISTOPATHOLOGY 
For the macroscopic examination, all the LUTs were completely dissected, and the kidneys were cut 

along the longitudinal axis after removing the renal capsule. Gross kidney lesions, bladder content 

and wall thickness, state of the urothelium and the presence of concretions/calculi were recorded. For 

the histopathological examination, representative full-thickness samples (3 × 1 cm) were obtained 

from the kidneys, the bladder fundus, and the middle portion of the urethra, fixed in 10 per cent 

neutral buffered formalin and processed for routine paraffin embedding. Sections 3 µm thick were 

stained with haematoxylin and eosin and examined under light microscope by one of the authors 

(MT). Lesion distribution in the urethra and bladder was graded according to a classification 

scheme adapted from human medicine (Suttie and others 2003), wherein distribution was 

defined as focal when one to two isolated inflammatory foci per section were found; multifocal 

when three or more isolated inflammatory foci per section occupied up to approximately 30 per 

cent of the section; diffuse when the inflammatory focus occupied more than 30 per cent of the 

section. Within a given grade, a multifocal lesion was considered more severe than a focal 

lesion but less severe than a diffuse lesion. 

The inflammatory stage was graded as either acute, showing oedema and neutrophilic infiltrate 

in the lamina propria, superficial hyperaemia and haemorrhage, or chronic, showing mononuclear 

cellular infiltration and no or few neutrophils in the submucosa, and/or fibrosis in the lamina 

propria (Newman and others 2007). 

Cystitis and urethritis were diagnosed when the mucosa contained at least one inflammatory 

focus per section. 

Kidney lesions were graded on the basis of the inflammatory stage according to the criteria adopted 

by Isling and others (2010) wherein grade 1 (acute) displays areas of oedema, hyperaemia, 

haemorrhage and interstitial cellular infiltrations dominated by neutrophils, in some places 

forming microabscesses tubules dilated with suppurative exudates, and tubular destruction; grade 2 

(subacute) shows the same features as grade 1 but with a cellular infiltration characterised by 

mononuclear cells; grade 3 (chronic active) shows the same features as grades 1 and 2, plus mild 

fibrosis; and grade 4 (chronic) shows moderate to massive fibrosis, interstitial mononuclear cellular 

infiltration and no or few interstitial and intratubular neutrophils. 

 

URINALYSIS 
A volume of 10 ml of urine sample was transferred to a conical tip tube to inspect colour and 
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turbidity. The biochemical characteristics (pH, glucose, bilirubin, ketone, blood, protein, 

urobilinogen, nitrite and leukocytes) were evaluated using a test strip (Multistix 10 SG, 

Siemens) and a test strip reflectance photometry analyser (Clinitek 500 Urine Chemistry 

Analyzer, Bayer). Samples with levels outside the normal range were considered positive for 

the specific parameter. 

After centrifugation (1500 rpm for five minutes) the specific gravity was measured on the 

supernatant with a refractometer; the cell pellet was resuspended in a volume of 0.5 ml of urine 

and submitted to microscopic examination. 

Ten areas were observed under light microscope in low-power (10 × , LPF) and high-power field 

(40 × , HPF). Cellular components (red blood cells, white blood cells (WBC), epithelial cells), casts and 

crys- tals were reported as the mean value. The presence of contaminants and bacteria (intracellular 

or free) was also recorded. A count of >5/HPF formed elements in the urinary sediment was 

considered abnormal, as suggested by swine urinalysis guidelines (Almond and Stevens 1995). 

 

URINE CULTURE 

Urine specimens were inoculated onto Columbia agar containing 5 per cent sheep 

blood, and onto MacConkey agar plates and then incubated aerobically for 24 hours at 

37°C. Two separate 5 per cent sheep blood agar plates were also inoculated and incubated, 

respectively, in a CO2-enriched (5 per cent) atmosphere, for 24–48 hours at 37°C, and 

anaerobically, for 48–96 hours. The concentration of bacteria/ml in the samples was 

assayed by spreading a standard quantity of urine onto 5 per cent sheep blood agar, 

incubated aerobically for 24 hours at 37°C, in order to estimate the number of the bacteria 

isolated aerobically. Cultures showing more than 105 CFU/ml (pure or mixed culture) 

were considered positive; all other culture results were considered negative. Bacteria 

identification was performed using biochemical test (API System or colorimetric Vitek 2GP 

card identification system, bioMérieux). 

 

 

STATISTICAL ANALYSIS 
Statistical analysis was performed using a freeware statistical software package (R 

V.1.12.2). Nominal data are reported as the frequency and/or percentage. The results of 

gross and microscopic examination of the LUTs and kidneys were arranged in 

contingency tables and tested for their associations using the χ2 statistic. The 

histological diagnosis was compared with the results of urinalysis and urine culture using 

Fisher’s exact test or the χ2 statistic when appropriate. The diagnostic sensitivity, 

specificity, positive predictive value (PPV) and negative predictive value (NPV) were 

calculated for the laboratory parameters that correlated with the histopathological 

diagnosis. 

A P value ≤0.05 and a lower limit of the 95 per cent CI >1 were considered significant. 

 

RESULTS 
The LUTs and kidneys were collected from 59 sows, and only the urinary bladder from 

the remaining six. Gross examination of the kidneys was unremarkable, whereas 

microscopic examination revealed bilateral chronic lesions in 54 per cent (32/59). 

Macroscopic examina- tion of the urothelium showed moderate congestion in 68 per cent 

(44/65), concretions in 22 per cent (14/65), and calculi in 11 per cent (7/65). There was no 

association between the findings from gross examination of the LUT and kidney and 

those from histopathology (P=0.34, χ2 test). 

Inflammatory lesions consisting of lymphoplasmacytic infil- tration of the submucosa 
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TABLE 1:  Associations between histological findings (lesion distribution and inflammatory stage) recorded for the 

urethra and urinary bladder 

Urethra 
 

Diffuse and Multifocal 

chronic and chronic inflammation inflammation 

Urinary Diffuse and chronic 14 4 (4)*    n=35 bladder      inflammation 

Multifocal and 4 7 (2)* 

chronic inflammation 

[9]† [2]† 

n=40 

*Histological diagnosis of urinary bladder inflammation in the six animals from which the urethra was not collected 

†Histological diagnosis of urethral inflammation in the 11 animals in which the urinary bladder showed no lesions 

 
 
 
 

involved both the urethra and the bladder (49 per cent; 29/59) or only the urethra (19 per 

cent; 11/59). Similar inflammatory lesions were observed in the six animals from which 

only the bladder was collected. There was a significant association (P<0.009, χ2 test) 

between the histological findings (lesion distribution and inflammatory stage) of the urethra 

and urinary bladder (Table 1). There was no association between the co-occurrence of 

lesions in the kidneys and the bladder (P=0.10, χ2 test) and/or the urethra (P=0.80, χ2 

test). 

Two out of 65 urine samples were positive for nitrite and both nitrite and leukocytes; 

abnormal levels of bilirubin, ketones, glucose and urobilinogen were found in 4 samples, 

respectively; proteins and blood were detected in 14 and 20 samples, respectively. No 

statistical association emerged between biochemical parameters and histological diagnosis. 

Turbid urine, more than 5 WBC/HPF, bacteria (intracellular or free), and positive urine 

culture were all associated with inflammatory infiltration in the bladder (Table 2). There 

was no association between histological changes in the urethra and kidneys and the results 

of urinalysis and urine culture. 

A statistically significant association emerged between urine turbidity and crystalluria 

(p=0.0001, χ2 test), WBC/HPF (P=0.0001, χ2 test) and intracellular or free bacteria (P=0.01, 

χ2 test). Urine turbidity showed the highest sensitivity in detecting UTI and WBC count, 

occurrence of bacteria and positive urine culture the highest specificity (Table 3). 

Urine culture was positive in 27 per cent (18/65) of samples, with Escherichia coli the most 

frequently isolated bacteria in 10/18 cases, together with Enterococcus faecalis (n=1), E 

faecalis (n=4), Staphylococcus species (n=3), and Streptococcus species (n=1). Positive urine 

culture was associated with the occurrence of an inflammatory infiltrate in both the 

urethra and the bladder in all but one case, where an inflammatory infiltrate was found only 

in the urethra. 
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TABLE 2: Correlation between laboratory results and histopathological findings of urinary bladder 

inflammation 

Laboratory 

finding 

Urinary bladder 

with 

inflammatory 

infiltrate (n=35) 

Urinary 

bladder 

without 

inflammatory 

infiltrate 

(n=30) 

 

 

 

 

OR 

 

 

 

 

95% CI 

Urine 

appearance 

 

Turbid 28 15 3.9 1.2 to 14.1 

Clear 7 15 – 

WBC count >5 cells/HPF 

Positive 12 3 4.6 1.1 to 28.4 

Negative 23 27 – 

Intracellula

r or free 

bacteria 

 

 

Present 15 3 6.5 1.5 to 40.1 

Absent 20 27 – 

Urine culture (>105 CFU/ml urine) 

Positive 17 1 26.2 3.5 to 1175.4 

Negative 18 29 – 

HPF, high-power field 

 

Discussion 
To the best of the authors’ knowledge, this is the first study to investigate by histopathology the 

prevalence of UTI in multiparous culled sows in Italy. The results indicate a higher prevalence of 

UTI than previously reported (Chagnon and others 1991, D’Allaire and others 1991, Duran 2001, 

Sanz and others 2007). However, since those studies took into account only the proportion of sow 

deaths due to cystitis/ pyelonephritis, the UTI prevalence might have been underestimated, given 

that death is considered an extreme outcome of UTI. In the literature, UTI is more frequently 

found in older sows (Chagnon and others 1991, D’Allaire and others 1991, Mauch and Bilkei 2004) 

and at the end of gestation (Almond 2005, Martineau and others 2007). As in this study, the 

population was represented by old but weaned culled sows, the high prevalence of UTI could be 

explained by the fact that subclinical and chronic forms were diagnosed by histopathology, in the 

absence of urine abnormalities in more than half the cases. Indeed, according to Almond (2005), 

subclinical forms of UTI can be easily overlooked. 



Paper   

 

In agreement with observations by Biksi and others (2002), the findings from macroscopic 

examination of the LUT did not correlate with histological findings, thus underscoring the 

importance of histopathology in the diagnosis of UTI. Despite the lack of generally accepted 

diagnostic criteria for urocystitis in swine, histopathology should be regarded as a reference 

method. The classification scheme we applied for lesion distribution in the LUT seems applicable 

in swine, but because it was adapted from a mouse model suggested for human medicine (Suttie and 

others 2003), further studies are needed to confirm its reproducibility. 

In the majority of cases, there was an association between the histological diagnosis of UTI in 

the urethra and the bladder, thus supporting the hypothesis for the urethra as a potential source 

and carrier of an ascending infection; however, microscopic lesions were found only in the 

urethra but not in the bladder of the same animal in 11/65 cases. This difference could be 

explained by the fact that all the sows were multiparous and, as reported elsewhere (Carr and 

others 1995, Duran 2001), urethral damage during breeding, a recognised predisposing factor for 

urethritis, may precede and eventually lead to an ascending cystitis. 

Fibrosis was the predominant renal lesion on microscopic examination. This finding is in 

agreement with observations by Isling and others (2010) and Martineau and others (2007). The 

former hypothesised that renal fibrosis could be attributable to chronic pyelonephritis secondary to 

an ascending bacterial infection in a setting of intra-renal reflux; the latter stated that in case of an 

ascending pyelonephritis, bacteria should be found in the renal pelvis and papilla. In this study, 

despite the lack of renal culture, no associations between microscopic renal and LUT lesions, and 

microscopic renal and urine culture were found. As a consequence, the LUT as a presumed source 

and carrier of chronic pyelonephritis could not be confirmed. 

Except for urine turbidity, all other urinalysis parameters showed a low sensitivity and high 

specificity for UTI detection when compared with histological diagnosis. The lack of urine 

abnormalities in chronic cystitis may be attributable to the fact that only slaughtered sows which 

would not be expected to show clinical symptoms, were included in the study. Furthermore, as 

observed by Woldemeskel and others (2002), bladders infected with unspecific bacteria alone show 

less severe lesions and urine abnormalities than in a cystitis caused by specific germs such as 

Actinobaculum suis. 

In our study, urine turbidity was related to the finding of WBCs, bacteria and crystals. Crystalluria 

is a suggested risk factor for UTI in sows (Wendt and others 1996), but in our study it was not 

always associated with the finding of histological lesions, thus reducing the specificity of urine 

appearance in UTI detection. 

The test strip was found to be ineffective in the diagnosis of chronic forms of UTI. 

Particularly, a nitrite test was positive in a lower number of samples than what was reported in 

literature (Martineau and others 2007). It should be noted, however, that the test’s accuracy has 

not yet been established in female pigs, and its diagnostic use is limited in both swine and 

human medicine because repetitive urine sampling is needed to improve its sensitivity (Little 

and others 2006, Martineu and Almond 2008). In addition, an increase in positivity has been 

found in late gestation (Salle and Le Roux 2006, Martineau and others 2010). The lack of an 

association between the finding of WBCs in the sediment and by the urinary strip test may be 

because some cells (ie, lymphocytes) contain no leukocyte esterase (McBride 1998, Osborn and 

Stevens 1999) and do not produce a positive strip result. Furthermore, microscopic examination 

of urinary sediment has lower sensitivity in UTI detection than histopathology since, as 

previously described by Liebhold and others (1995), sows with normal urine sediment may have 

histological evidence of cystitis. 

In disagreement with Biksi and others (2002), the quantitative urine culture showed high 

specificity and PPV in UTI detection, a result which might have been related to the different 

sampling criteria operated. 

A positive urine culture in the absence of microscopic bladder lesions found in 1/18 cases could 

be explained by the fact that bacterial colonisation might precede the development of lesions 
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(Liebhold and others 1995). 

The UTIs observed in this study were ascending infections caused by non-specific agents originating 

from the intestinal tract, mainly E coli. As reported elsewhere, the urinary tract can be colonised 

by both specific (ie, A suis) and non-specific bacteria (eg, E coli, Streptococcus species, Staphylococcus 

species and Enterococcus species) (Carr and Walton 1993). The lack of isolation of specific bacteria, 

such as A suis in our study, can be attributed mainly to the use of artificial insemination on Italian 

farms. Indeed, it is well documented that the boar prepuce is a natural habitat for A suis, and the 

use of diluted semen to which antimicrobials have been added reduces the possibility of infection 

(Carr and others 1995, Isling and others 2010). 

In conclusion, because laboratory investigations have a low NPV for detecting UTIs, histopathology 

holds importance for estimating UTI prevalence in swine practice. In addition, the strip test does 

not appear to be a useful screening method for UTI detection; instead, urine appearance does, 

which is why cloudy samples should be sent for microscopic examination, and urine culture 

should be obtained when pyuria and bacteriuria are present.

 

TABLE 3: Diagnostic accuracy of laboratory results that correlated with a histological diagnosis of 

urinary bladder inflammation 

 

Laboratory 

investigation 

Sensitivity (%) Specificity (%) PPV (%) NPV (%) 

Turbid urine 

appearance 

80 50 65 68 

WBC count >5 

cells/HPF 

34  90 80 54 

Intracellular or 

bacterial free 

43 90 83 57 

Urine culture 

(>105 CFU/ml urine) 

49 97 94 62 

 

HPF High-power field, NPV Negative predictive value, PPV Positive predictive value, WBC White blood cells 
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