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Leptospirosis is a worldwide zoonotic disease that is caused by Gram-negative spirochaetes, 
Leptospira species. Affected animals excrete the organism in the urine into the environment 
and act as a source of infection. Cattle are maintenance hosts for some serovars of leptospirosis 
and are important in the transmission of the infection to humans. At post mortem examination, 
affected cattle show white spots in their kidneys but these are not specific for leptospirosis. 
Sometimes it is necessary that leptospirosis be diagnosed in the carcass. Different direct 
methods, including polymerase chain reaction (PCR), Warthin-Starry silver stain (WS), 
immunofluorescence (IF) and immunohistochemistry (IHC) can be used in order to diagnose 
leptospirosis in the affected tissues, such as kidney. The main advantage of the WS technique 
is direct visualisation of the bacteria in the tissue samples. Silver staining is useful for 
retrospective studies on formalin-fixed and paraffin-embedded samples but little information 
is available on the sensitivity and specificity of the technique. The present study aimed to find 
a simple and inexpensive method that can be used in any laboratory and that also, if clinical 
samples are not available, can detect Leptospira in tissue samples post mortem. This study was 
performed on 19 paraffin-embedded kidneys of slaughtered cows that grossly had focal to 
multifocal white spots. Leptospirosis was confirmed in these samples with PCR based on the 
LipL32 gene. Out of 19 PCR positive kidneys, Leptospira was identified in 13 stained samples 
by WS. The kidneys revealed different grades of interstitial nephritis. No relationship was 
found between severity of lesions and presence of leptospires in the kidneys. The PCR results 
on the urine and blood were consistent with matching WS stained kidneys. Out of 13 kidneys 
that were positive with silver staining, 7 matching blood and 10 matching urine samples were 
confirmed positive for leptospirosis with PCR. In this study, the WS technique provided fewer 
positive results than PCR. This may be as a result of a low burden of Leptospira in the kidney, 
but the sensitivity of WS staining needs more investigation.

Introduction
Leptospirosis is a zoonotic disease occurring in domestic and wild animals worldwide that is 
caused by Gram-negative spirochaetes of the genus Leptospira (Adler & De la Peña-Moctezuma 
2010; Hazıroğlu & Milli 2001). This disease is significant for public health. In livestock, leptospirosis 
leads to septicaemia, hepatitis, nephritis, mastitis, decreased production of meat and milk, 
abortion and stillbirth (Hazıroğlu & Milli 2001). Leptospires enter through cuts or abrasions of the 
skin and mucus membranes such as the conjunctiva and urogenital system (Lilenbaum et al. 2008; 
Monahan, Callanan & Nally 2009). The leptospiraemic phase lasts for approximately 10 days until 
the specific immunoglobulins appear in the blood (Adler & De la Peña-Moctezuma 2010). After 
the immune response, leptospires localise in the kidneys of animal hosts (Monahan et al. 2009; 
Scanziani, Sironi & Mandelli 1989; Yang, Wu & Pan 2001) and contaminate the environment by 
excretion in the urine and act as a source of infection (Bharti et al. 2003; Faine et al. 1999).

Cattle are maintenance hosts for some serovars of Leptospira and may transmit infection to 
humans (Levett 2001). In necropsy, focal to multifocal white spots are seen in the kidney, but 
these lesions are not pathognomonic for leptospirosis. Access to a proper diagnostic test in 
clinical cases or after death is essential for treatment and prevention of leptospirosis. Diagnostic 
techniques should be easy to use, available and inexpensive, with high specificity and 
sensitivity. The routine and reference test for leptospirosis is the microscopic agglutination test 
(MAT) but this technique is expensive and needs a specialised laboratory and living Leptospira 
serovars (Céspedes et al. 2007; Hernández-Rodríguez et al. 2011). Molecular techniques 
have many advantages (Levett 2001). Polymerase chain reaction (PCR) is a rapid, sensitive, 
inexpensive assay and can identify low doses of bacteria (Céspedes et al. 2007). This technique 
is useful for identification of fastidious and slow-growing organisms, and can be used easily 
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even in non-specialised laboratories in comparison to MAT 
(Céspedes et al. 2007; Hernández- Rodríguez et al. 2011). 
The presence of Leptospira in the tissue can be detected 
by direct methods including culture, special staining of 
tissue and immunohistochemistry (IHC) (Ellis et al. 1983; 
Thiermann 1977). Microbiological culture is expensive 
and time consuming and may take more than 8 weeks for 
results (Obregón et al. 2004; Rahim, Gorbanpour & Haidari 
2005). For IHC, special antibodies need to be provided. 
Warthin-Starry (WS) silver staining is used for detection of 
spirochaetes and other bacteria in tissues and smears. It is 
a simple method and may be performed in any laboratory, 
but information on detection of leptospires in tissue by 
silver impregnation is scarce (Fornazari et al. 2012; Ortega-
Pacheco et al. 2008). In this study, paraffin-embedded 
kidneys were used for WS staining. All kidneys grossly 
had white spots on their surfaces and leptospirosis was 
confirmed by PCR. The agreement between PCR and WS 
was evaluated in this study.

Materials and methods
Sample collection
This retrospective study was performed on 19 paraffin-
embedded kidneys of slaughtered cattle. These kidneys 
macroscopically had focal to multifocal white spots on their 
surfaces and leptospirosis was confirmed with PCR based 
on the LipL32 gene in a previous study (Azizi et al. 2012). In 
addition, data on serum and urine of these samples examined 
by PCR for leptospirosis are available.

Polymerase chain reaction procedure
Deoxyribonucleic acid (DNA) was extracted from frozen 
kidneys, buffy coat and urine samples with a high-yield 
DNA purification kit (Cinnagen Inc., PN811SC, Iran), 
according to the manufacturer’s instructions. Polymerase 
chain reaction based on the LipL32 gene was performed 
using the primers 5’ATCTCCGTTGCACTCTTTGC3’ and 
5’ACCATCATCATCATCGTCCA3’ as previously described 
by Tansuphasiri et al. (2006) to distinguish between 
pathogenic and saprophytic Leptospira species (also see Azizi 
et al. 2012). Polymerase chain reaction amplification was 
performed using the following programme: an initial cycle 
of denaturation at 94 °C for 3 min, 30 cycles of denaturation 
at 94 °C for 1 min, annealing at 60 °C for 90 s, extension at 
72 °C for 20 min, a final extension at 72 °C for 10 min and 
holding at 4  °C. The amplified products were analysed by 
electrophoresis on ethidium bromide-stained 2% agarose 
gels and the results were observed using ultraviolet (UV) 
light. A sample was considered positive when the 474 bp 
DNA band was obtained (Vital-Brazil et al. 2010; also see 
Azizi et al. 2012).

Microscopic investigations
Paraffin-embedded kidneys were sectioned at 5 μm thickness, 
stained with haematoxylin-eosin (HE) and WS silver and 
examined for interstitial nephritis. Interstitial nephritis was 

graded according to degree of inflammation as follows: (-) 
negative; (+) mild, < 4 foci; (++) moderate, 4–6 foci and (+++) 
severe, > 6 foci in each section (Rossetti et al. 2004).

Haematoxylin-eosin staining
For HE staining, the slides were deparaffinised in two jars 
containing xylene (10 min per step) and then hydrated with 
distilled water. The nucleus was stained with haematoxylin 
for 5 min, after which the slides were rinsed in running tap 
water for 7 min to remove the haematoxylin. Then eosin was 
applied for 1 min. Finally, the slides were dehydrated in 
graded alcohol, cleared in xylene and mounted.

Warthin-Starry staining method
The sections of PCR positive kidney were deparaffinised, 
rehydrated with triple-distilled water, and immersed in 
1% silver nitrate solution at 43  °C for 30 min. Developer 
solution was prepared during this time. The slides were 
flooded in developer solution until they became light 
brown to yellow and then washed rapidly in hot tap water 
(56 °C). After that the slides were rinsed in distilled water 
and then dehydrated, cleared in xylene and mounted (Luna 
1968). Investigation of tissue sections was carried out using 
an optical microscope with a magnification of ×1000. In 
addition, five kidneys that were negative for leptospirosis 
on PCR were used as negative control.

Statistical analysis
The association between the results of silver impregnation 
and PCR data for urine and blood was determined by the 
Kappa test (K) (Thrusfield 2005). In this statistical test, 
complete agreement between data corresponds to K = 1, and 
lack of agreement corresponds to K = 0.

Results
Gross and histopathological findings
Grossly, focal to multifocal white spots, 1  mm – 5 mm in 
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Source: Taken by optika B353 PL, Digital Pro 3, Italy
FIGURE 1: Numerous white spots related to leptospirosis distributed on the 
surface of a bovine kidney.
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diameter, were randomly distributed on the surface of the 
kidneys (Figure 1). Histopathological examination revealed 
mononuclear cells, especially lymphocytes and a few plasma 
cells, aggregated focally in the interstitial tissues (Figure 2). 
The lesions were confined to the renal cortex. Mononuclear 
cells were also infiltrated around the glomeruli and blood 
vessels. The degree of focal interstitial nephritis in 19 kidneys 
included 11 samples with mild lesions (+), five with moderate 
(++) and three with severe lesions (+++).

Warthin-Starry detection
Leptospira was identified in 13 (68.4%) out of 19 PCR positive 
kidneys by WS. Urine (n = 11/19) and blood (n = 7/19) 
samples matching these kidneys were PCR positive in our 
previous study (Azizi et al. 2012). Leptospira was detected 
by silver staining in all seven kidneys with matching PCR 
positive blood samples. Out of 13 WS positive kidneys, 
11 matching urine samples had been positive with PCR. 
Organisms were detected by WS in two kidneys of 
which the matching urine samples were negative with 
PCR (Table 1). No relationship was established between 
degree of histopathological lesions and the presence of the 
organism. Spirochaetes were observed as spiral or filiform 
on the apical surface of epithelial cells (Figure 3) and in 
the lumens of cortical tubules (Figure 4). Low numbers of 
Leptospira, from one to a maximum of five organisms, were 
found more frequently in the tubules of the superficial than 
the deep cortex, and none in the medullary region. The 
results of WS staining and PCR had moderate agreement 
with Kappa (0.55, p < 0.01) for urine and (0.42, p > 0.02) for 
blood respectively.

Discussion
Leptospirosis is a spirochaetal infection that threatens both 
animal and human health. Humans can be affected during 
occupational activities and contact with infected animals, 
for example meat inspectors and abattoir staff (Orrego et 
al. 2003).

Abattoir studies offer an opportunity for tissue sampling 
and diagnosis of diseases. Cattle act as maintenance hosts for 
leptospirosis (Levett 2001). Affected cattle may show multiple 
macroscopic white foci in the renal parenchyma, referred to 
as ‘white-spotted kidney’ (Baker et al. 1989; Hunter et al. 1987; 
Jones et al. 1987). Microscopically, these spots reveal interstitial 
nephritis, which is a common finding in leptospirosis but not 
pathognomonic for this disease and may occur with other 
pathogens. Different technical approaches including PCR, 
WS, immunofluorescence (IF) and IHC can be used in order 
to perform diagnosis of leptospirosis in the suspected tissues, 
such as kidneys (Ahmad, Shah & Ahmad 2005). The main 
advantage of WS and IF techniques is direct visualisation of 
the bacteria in the tissue samples. Silver staining is useful 
for retrospective studies on formalin-fixed and paraffin-
embedded samples, but little information is available on the 
sensitivity and specificity of the test (Szeredi & Haake 2006). 

Source: Taken by optika B353 PL, Digital Pro 3, Italy
haematoxylin-eosin, ×100.
FIGURE 2: Severe infiltration of mononuclear cells (arrows) in the interstitial 
tissues of the renal cortex.

Source: Taken by optika B353 PL, Digital Pro 3, Italy
haematoxylin-eosin, ×400.
FIGURE 3: Accumulation of inflammatory mononuclear cells around the 
glomeruli (asterisk).

TABLE 1: Comparative results of polymerase chain reaction and Warthin-Starry 
staining for detection of Leptospira in tissue samples.
Number PCR positive urine WS positive kidney PCR positive kidney
1 - - +
2 - - +
3 - - +
4 - + +
5 + + +
6 - + +
7 - - +
8 + + +
9 - - +
10 + + +
11 + - +
12 + + +
13 + + +
14 + + +
15 + + +
16 + + +
17 + + +
18 + + +
19 - + +

PCR, Polymerase chain reaction; WS, Warthin-Starry.
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The objective of the present study was to find a simple and 
inexpensive method that can be performed in any laboratory 
and can detect Leptospira in affected cases post mortem if 
samples from living animals are not available. Therefore, the 
original specimens were taken from a slaughterhouse.

The findings of this study agreed with the results of previous 
studies indicating that leptospires were localised on the 
apical surface of epithelium and in the lumens of proximal 
convoluted tubules of kidneys in carrier animals (Marshall 
1974; Sterling & Thiermann 1981). Seibold, Keech and 
Bokelman (1961) reported the presence of leptospires in the 
lumen of tubules at the corticomedullary junction of carrier 
cattle with an extensive inflammatory cortical reaction. They 
suggested that leptospires migrated to the corticomedullary 
tubules because of damage to the cortical tubules, but in this 
study no Leptospira was identified in the medullary tubules.

Silver staining is not commonly used as a diagnostic method 
for leptospirosis. In the present study, WS staining was 

applied to evaluate it as a rapid, easy, available technique 
that can be performed on formalin-fixed tissues. Some studies 
have described its efficacy for detecting leptospires in animals 
and humans (Chappel et al. 1992; De Brito et al. 1996; Léon et 
al. 2006; Ortega-Pacheco et al. 2008; Sebastian et al. 2005). A 
few studies have reported a low frequency of positive results 
using this method (Chappel et al. 1992; Hunter et al. 1987). In 
this study, WS technique showed fewer positive results than 
PCR. This may be because of a low burden of Leptospira in the 
kidney. There are some difficulties of interpretation in this 
method because reticulin fibres stain with WS and leptospiral 
fragments are not recognisable, especially if few organisms 
are present (Szeredi & Haake 2006). PCR was found in this 
study to be a more sensitive technique that could detect low 
numbers or deformed organisms in the tissue.

In this study, Leptospira was detected in the kidneys of 
all seropositive animals by silver staining. Similarly, WS 
positivity in the kidney is reported more frequently in 
seropositive animals in other studies. Jansen et al. (2007) 
investigated leptospirosis in wild boars in Germany. They 
found antibodies to leptospires in 25 (18%) out of 141 wild 
boars. A total of 29 kidney specimens (17 from seropositive 
and 12 from seronegative boars) were examined with HE 
and WS. Moderate to severe chronic lymphoplasmacytic 
interstitial nephritis was observed in 15 (88%) kidney samples 
from the 17 seropositive boars and five out of 12 seronegative 
boars. Leptospires were detected by silver staining in three 
(30%) out of 10 specimens from seropositive wild boars with 
chronic interstitial nephritis and were confirmed by PCR 
targeting LipL32 in two of the Leptospira-positive samples. 
These researchers stated that wild boars could be a potential 
source of human leptospirosis in urban environments. 
Hodgin, Miller and Lozano (1989) easily found spirochetes 
in the cortical and medullary interstitium of the kidney as 
well as the liver and placenta of aborted foals by WS in the 
acute stage of disease.

In the present investigation, the histopathological and WS 
findings were similar to results described by Rossetti et al. 
(2004). They detected leptospires in the kidneys of 41 wild 
house mice (Mus musculus) with three diagnostic techniques, 
namely bacteriology, WS and IHC. Leptospira belonging to 
the Ballum serogroup was isolated from 16 (39%) out of 41 
samples by culture and identified in 18 (44%) and 19 (46%) 
kidney specimens by WS and IHC respectively. With WS 
staining, leptospires were identified in high numbers on the 
apical surface of epithelial cells and in the lumen of cortical 
tubules. IHC detected the presence of the agent in one sample 
that was negative with WS staining. These researchers 
suggested that low numbers of leptospires in that sample 
was the reason for WS negativity. Histopathologically, 13 
out of 19 infected mice showed interstitial nephritis caused 
by mononuclear cell infiltration. These researchers observed 
that these three techniques had a high level of agreement 
and no significant differences between them were present. In 
agreement with the present study, no relationship was found 
between severity of lesions and presence of leptospires.

Source: Taken by optika B353 PL, Digital Pro 3, Italy
×1000.
FIGURE 4: Warthin-Starry staining of kidney. Presence of filiform, dark brown 
Leptospira (arrows) on the apical surface of epithelial cells in the cortex.

Source: Taken by optika B353 PL, Digital Pro 3, Italy
×1000.
FIGURE 5: Warthin-Starry staining of kidney. Presence of spiral shaped 
Leptospira (arrow) in the lumen of renal tubule.
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The higher sensitivity of PCR technique as opposed to 
WS has been reported in previous studies. Fornazari et 
al. (2012) compared different techniques for diagnosing 
leptospirosis in kidney, liver and blood samples of 465 
slaughtered sheep. The sera were analysed by MAT. Kidney 
and liver samples of seropositive animals were examined 
using four techniques, including bacterial culture, WS, 
conventional PCR (cPCR) and quantitative PCR (qPCR). 
With MAT, 21 animals (4.5%) were positive. None 
were positive by bacteriological culture. WS and cPCR 
techniques detected four and six positive kidney samples 
respectively. Eleven animals were positive by qPCR (eight 
kidney samples and three livers). Their results showed that 
qPCR had the highest sensitivity amongst the techniques 
used to detect Leptospira spp. in tissue samples, followed 
by cPCR, WS and bacterial culture. However, some studies 
have reported high sensitivity for WS. Wild et al. (2002) 
examined formalin-fixed kidneys of 12 dogs with chronic 
interstitial nephritis for leptospirosis. Leptospira was 
identified in six samples with silver staining. Leptospiral 
antigens were detected by IHC in all WS positive samples. 
Sections that were negative by silver staining were also 
negative by immunostaining.

The association of interstitial nephritis with positive PCR 
results and demonstration of leptospires in the kidney 
specimens indicate that cows act as a maintenance host for 
Leptospira spp. in this area (Hernández-Rodríguez et al. 2011). 
The differences between two techniques may be related to 
lack of experience with the WS technique (Orrego et al. 2003). 
However, it is accepted that if silver staining is performed 
carefully, it is a highly sensitive and reliable method 
(Thiermann 1977). Further studies will be carried out to 
determine the bacterial burdens in various tissues, especially 
kidney, in different hosts. Also, localisation of Leptospira in 
the kidney should be investigated in the acute and chronic 
stages of disease to determine in which stage the bacterial 
burdens are greater and can be detected by the WS technique.
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