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RESUMORESUMORESUMORESUMORESUMO.-.-.-.-.- [Comparação de três métodos de diagnóstico paraComparação de três métodos de diagnóstico paraComparação de três métodos de diagnóstico paraComparação de três métodos de diagnóstico paraComparação de três métodos de diagnóstico para
detecção de leptospiras em rins de camundongos selvagensdetecção de leptospiras em rins de camundongos selvagensdetecção de leptospiras em rins de camundongos selvagensdetecção de leptospiras em rins de camundongos selvagensdetecção de leptospiras em rins de camundongos selvagens
(((((Mus musculusMus musculusMus musculusMus musculusMus musculus).).).).).] Foram capturados 41 camundongos (Mus
musculus) na região urbana, próximo à ferrovia da cidade de

Santa Fé, Argentina. Os rins de cada animal capturado foram
removidos para estudos bacteriológicos e histológicos. Um
dos rins foi imerso em meio semi-sólido de Fletcher para iso-
lamento de leptospiras, as quais foram serologicamente
tipificadas. O outro rim foi  microscopicamente examinado
por coloração de cortes histológicos pela hematoxilina-eosina,
impregnação pela prata e imunohistoquímica. Leptospiras
pertencentes ao serogrupo Ballum foram isoladas em 16 (39%)
das 41 amostras availadas. A presença do agente foi observa-
da em 18 (44%) e 19 (46%) das 41 amostras avaliadas por im-
pregnação pela prata e imunohistoquímica, respectivamen-
te. Leptospiras foram detectadas em grande numero na su-
perfície apical das células epiteliais e no lumen dos túbulos
medulares e foram menos frequentemente encontradas na
superficie apical de células epiteliais ou no lúmen dos túbulos
corticais, o que é considerado achado raro em animais porta-
dores. Lesões microscópicas consistindo de nefrite mononu-
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Forty-one wild house mice (Mus musculus) were trapped in an urban area, near railways, in
Santa Fe city, Argentina. Both kidneys from each mouse were removed for bacteriological and
histological examination. One kidney was inoculated into Fletcher semi-solid medium and isolates
were serologically typed. The other kidney was microscopically examined after hematoxylin-eosin,
silver impregnation and immunohistochemical stains. Leptospires, all of them belonging to the
Ballum serogroup, were isolated from 16 (39%) out of 41 samples. The presence of the agent was
recorded in 18 (44%) and in 19 (46%) out of 41 silver impregnated and immunohistochemically
stained samples respectively. Additionally, leptospires were detected in high number on the apical
surface of epithelial cells and in the lumen of medullary tubules and they were less frequently seen
on the apical surface of epithelial cells or in the lumen of the cortical tubules, which represents an
unusual finding in carrier animals. Microscopic lesions consisting of focal mononuclear interstitial
nephritis, glomerular shrinkage and desquamation of tubular epithelial cells were observed in 13
of 19 infected and in 10 of 22 non-infected mice; differences in presence of lesions between infected
and non-infected animals were not statistically significant (P=0,14). The three techniques, culture,
silver impregnation and immunohistochemistry, had a high agreement (k³0.85) and no significant
differences between them were detected (P>0.05). In addition, an unusual location of leptospires
in kidneys of carrier animals was reported, but a relationship between lesions and presence of
leptospires could not be established.
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clear intersticial focal, atrofia glomerular e descamação das
células tubulares epiteliais foram observadas em 13 dos 19
animais infectados e em 10 dos 22 animais não infectados.
Não houve diferença estatisticamente significativa entre pre-
sença de lesões em animais infectados e não infectados
(P=0,14). As três técnicas empregadas, isolamento, impregna-
ção pela prata e imunohistoquímica, apresentaram alta concor-
dância (k³0,85) e não apresentaram diferenças estatisticamente
significativas (P>0,05). Esse trabalho descreve a presença
incomum de leptospira em rins de animais portadores, porém
com esse estudo não foi possível estabelecer uma relação entre
lesões e presença de leptospira.

TERMOS DE INDEXACAO: Leptospira, técnicas de diagnóstico, Mus
musculus, lesões.

INTRODUCTIONINTRODUCTIONINTRODUCTIONINTRODUCTIONINTRODUCTION
Rodents have been reported as chronic carriers of pathogenic
serovars of leptospires (Babudieri 1958). The presence of
leptospires can be detected by culture or stain of renal
sections by silver impregnation or immunohistochemical
techniques (Thiermann 1977, Ellis et al. 1983) and histological
alterations can be observed with light microscopy by
hematoxylin-eosin stain (Scanziani et al. 1989). The isolation
of leptospires from kidneys of wild house mice has been
reported (Brown et al. 1960, Brockie 1977, Songer et al. 1983,
Vanasco et al. 2000). However, there is scarce information
about detection of leptospires in kidneys of wild house mice
by silver impregnation staining (Songer et al. 1983, Zamora
et al. 1995) and detection by immunohistochemical staining
apparently has not been reported. In addition, only a brief
description of microscopic findings in kidneys of wild house
mice infected by leptospires has been published (Songer et
al. 1983). The purpose of this study was to evaluate the
agreement among three different techniques for detection
of leptospires in kidneys of wild house mice and to determi-
ne the association of leptospire detection with
histopathological findings.

MAMAMAMAMATERIALS AND METHODSTERIALS AND METHODSTERIALS AND METHODSTERIALS AND METHODSTERIALS AND METHODS
Animals.Animals.Animals.Animals.Animals. Forty-one wild house mice (Mus musculus) were trapped

alive in an urban area, near railways, in Santa Fe city, Argentina,
using Sherman and Tomahawk traps. They were anaesthetised with
ethyl ether, euthanized by cervical dislocation, and both kidneys were
collected.

Bacteriological procedures.Bacteriological procedures.Bacteriological procedures.Bacteriological procedures.Bacteriological procedures. One kidney was aseptically removed,
macerated and inoculated into Fletcher semi-solid medium supple-
mented with 5 fluorouracil (200ug/ml) and neomycin (300 ug/ml), to
inhibit the growth of contaminants. Cultures were incubated at 28ºC
and examined weekly by dark-field microscopy during 2 months.
The isolates were serotyped to serogroup level by microscopic
agglutination test (MAT) performed with rabbit immune sera,
following the technique described by Faine (1982). Rabbit immune
sera, prepared according to the standard procedures (Int. Comm.
Syst. Bacteriol. 1984) and representing the following 23 leptospires
serogroups, were used: Australis, Autumnalis, Ballum, Bataviae,
Canicola, Celledoni, Cynopteri, Djasiman, Grippotyphosa,
Hebdomadis, Icterohaemorrhagiae, Javanica, Louisiana, Mini,

Manhao, Panama, Pomona, Pyrogenes, Ranarum, Sarmin, Sejroe,
Shermani and Tarassovi.

Histological methods.Histological methods.Histological methods.Histological methods.Histological methods. The other kidney was collected,
macroscopically inspected, transversally sectioned in half and fixed
in 10% buffered formalin for microscopic examination. After fixation
and dehydration, the tissues were embedded in paraffin and 4µm
thick sections were prepared. Specimens were deparaffinized, re-
hydrated and stained with hematoxylin-eosin (H-E) stain. In addition,
samples were silver impregnated according to Warthin-Starry (W-S)
method (Faine 1965) and immunohistochemically (IHC) stained, with
a Streptavidin–Biotin technique, using a commercial immunoper-
oxidase kit (Histomouse SPÒ, Zymed Lab. Inc., Camarillo, CA). The
rabbit immune sera-cocktail against 16 leptospiral serovars used as
a primary antibody was provided by Dr. S. Zaki (CDC, Atlanta, USA).
One kidney sample from a hamster experimentally infected with one
of the strain isolated from a wild house mouse and another one
from a hamster serologically negative and free from leptospire
infection were used respectively as positive and negative controls
for silver staining and IHC. The presence of the agent detected by
WS and IHC stained, was recorded as (+++: >60%), (++: 40 to
60%) or (+: <40%) according to the percentage of tubules filled with
the agent in 10 different (5 cortical and 5 medullary) microscopic
fields. Histopathological findings were also recorded as (+++), (++)
or (+) according to the following parameters: (+++): > of 6
inflammatory focus, > of 20% of tubules with epithelial cells
desquamated and > of 10% of glomerular shrinkage; (++): 4 to 6
inflammatory focus, 10 to 20% of tubules with epithelial cells
desquamated and 5 to 10% of glomerular shrinkage; and (+): < of 4
inflammatory focus, < of 10% of tubules with epithelial cells
desquamated and < of 5% of glomerular shrinkage observed in each
tissue section. Percentages of tubular epithelial cells desquamated
and glomerular shrinkage were determined after counting 10
different (5 cortical and 5 medullary) microscopic fields. Mice were
considered infected if leptospires were detected in kidneys at least
by one of the three diagnostic techniques used.

    Statistical analysis.    Statistical analysis.    Statistical analysis.    Statistical analysis.    Statistical analysis. The significance of association between
infection and microscopic lesions was calculated using Chi square
test (X2), performed by Statistics for Windows version 2.0 (Analytical
Software, Tallahassee, Florida, USA, 1998); P value of <0,05 was
considered statistical significant. The association between isolation,
silver impregnation and IHC was determined by Kappa test (k) (Landis
& Koch 1977).

RESULRESULRESULRESULRESULTSTSTSTSTS
Leptospires were isolated from 16 (39%) samples and their
presence was recorded in 18 (44%) and in 19 (46%) out of 41W-
S and IHC stained samples, respectively (Table 1). The three
techniques had a high agreement (k³0.85) and no significant
differences between them were detected (P>0.05). According
to the agglutination titers, all of the isolates were assigned
to the Ballum serogroup. The presence of the agent was
recorded as black filiform organisms in silver impregnated
(Fig. 1) and labeled of a brown color in IHC stained samples
(Fig. 2).

Leptospires were observed in high number on the apical
surface of epithelial cells and in the lumen of medullary
tubules in all positive silver impregnated and IHC samples,
and it was less frequently seen on the apical surface of
epithelial cells or in the lumen of the cortical tubules and in
no other place (Fig. 3).
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Only one of the kidneys collected (#160) showed
macroscopic alterations consisting of numerous gray-white
focal depressions in the cortex no greater than 1 mm in

diameter. Six H-E stained kidney sections were recorded as
(+++), 8 as (++) and 9 samples as (+) (Table 2). Lesions
were observed in 13 out of 19 infected and in 10 out of 22
non-infected rodents; differences observed in the proportion
of mice having kidney lesions among infected and non-
infected groups were not statistically significant (P=0.14).
Lesions were confined to the cortex and they were similar in
infected and non-infected animals. Focal interstitial infiltration
of macrophages with minor proportion of lymphocytes and
plasma cells, glomerular shrinkage and desquamation of
tubular epithelial cells were the principal alterations observed.
Tubules filled with leptospires had a normal epithelial cell
layer and lesions were not associated with them. It was not
possible to establish any relationship between degree of lesion
and the presence of leptospires (Table 2).

1

3

2

Fig. 1. Silver impregnation of a kidney of wild house mouse carrier of
leptospires. The agent is black stained on the apical surface of
epithelial cells and in the lumen of the renal tubules. Warthin-Starry
technique.

Fig. 2. Immunohistochemical detection of leptospires on wild house
mouse kidney. Leptospires are brown stained on the apical surface
of epithelial cells and in the lumen of renal tubules. Note the intact
epithelial cell layer in tubules infected and the absence of inflam-
matory reaction. Immunohistochemical stain, hematoxylin
counterstain.

Fig. 3.  Localization of leptospires in a kidney of wild house mice naturally
infected. Leptospires are present in high number (+++, brown
color) in medullar tubules and less frequently in cortical ones.
Immunohistochemical stain, hematoxylin counterstain.

TTTTTable 1. Comparative results among the three diagnosticable 1. Comparative results among the three diagnosticable 1. Comparative results among the three diagnosticable 1. Comparative results among the three diagnosticable 1. Comparative results among the three diagnostic
techniques for the detection of leptospires and thetechniques for the detection of leptospires and thetechniques for the detection of leptospires and thetechniques for the detection of leptospires and thetechniques for the detection of leptospires and the

presence of microscopic lesions in kidneys of infectedpresence of microscopic lesions in kidneys of infectedpresence of microscopic lesions in kidneys of infectedpresence of microscopic lesions in kidneys of infectedpresence of microscopic lesions in kidneys of infected
mice (C: contaminated; - : negative; +, ++, +++:mice (C: contaminated; - : negative; +, ++, +++:mice (C: contaminated; - : negative; +, ++, +++:mice (C: contaminated; - : negative; +, ++, +++:mice (C: contaminated; - : negative; +, ++, +++:
different degree of positivismdifferent degree of positivismdifferent degree of positivismdifferent degree of positivismdifferent degree of positivism     [see text for details])[see text for details])[see text for details])[see text for details])[see text for details])

# Sample Isolation W-S IHC Lesions

111 +   + + +
112 + +++ +++ ++
113 + ++ ++ +
114 + ++ ++ +++
115 + + + +
116 + ++ ++ ++
117 + ++ ++ +
122 + ++ ++ -
124 + + + -
125 + +++ +++ -
157 + +++ +++ ++
158 + ++ ++ ++
159 + ++ ++ ++
160 C + + +++
200 - ++ ++ +
206 + + + -
212 C ++ ++ -
222 + + + +
244 + - + -

TTTTTable 2. Rable 2. Rable 2. Rable 2. Rable 2. Relationship between the degree of microscopicelationship between the degree of microscopicelationship between the degree of microscopicelationship between the degree of microscopicelationship between the degree of microscopic
lesions (H/E stain) and the presence of the agent (IHClesions (H/E stain) and the presence of the agent (IHClesions (H/E stain) and the presence of the agent (IHClesions (H/E stain) and the presence of the agent (IHClesions (H/E stain) and the presence of the agent (IHC

stain) observed in kidneys’ section of 41 wild house micestain) observed in kidneys’ section of 41 wild house micestain) observed in kidneys’ section of 41 wild house micestain) observed in kidneys’ section of 41 wild house micestain) observed in kidneys’ section of 41 wild house mice
(- (- (- (- (- negative; +, ++, +++: different degree of positivismnegative; +, ++, +++: different degree of positivismnegative; +, ++, +++: different degree of positivismnegative; +, ++, +++: different degree of positivismnegative; +, ++, +++: different degree of positivism

[see text for details])[see text for details])[see text for details])[see text for details])[see text for details])

Degree of lesions Presence of the agent
- + ++ +++

- 12 3 2 1
+ 3 3 3 -

++ 3 - 3 2
+++ 4 1 1 -
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DISCUSSIONDISCUSSIONDISCUSSIONDISCUSSIONDISCUSSION
This study shows a strong agreement between leptospires
isolation, W-S and IHC staining for detecting infected mice.
However, there are qualitative differences among the
techniques used. Isolation is the only technique employed
that allows the subsequent specific identification of the agent.
Moreover, silver impregnation was the least sensitive
technique used, because it demonstrates the presence of
spirochaetes and any spirochaeta like-artifact stained can be
misidentified. Anyhow, it is accepted that if silver impregnation
is done carefully, it is a highly sensitive and reliable method
(Thiermann 1977). IHC has proven to be a useful marker for
antigen detection in tissue samples. Employing a polyclonal rabbit
serum as a primary antibody allows detecting a higher number
of positive cases than using a monoclonal serum, but the
identification of the agent is up to the genus level (Leptospira
spp).

IHC yielded more positive results than the other methods
used, but the difference with other techniques was not
significant. Agreement between W-S and IHC staining in this
study to detect leptospires on the epithelial cells or in the lumen
of renal tubules was similar to that obtained by Scanziani et al.
(1989) in pig kidneys and greater than that described by Yener
and Keles (2001) in bovine kidneys. In the present study, there
was only one case in which the presence of the agent was
weakly detected by IHC from an infected mouse and were not
observed by W-S staining. This could have been due to low
number of leptospires present in the sample that were not
detected by W-S stain which is considered a less sensitive
diagnostic method than IHC. Hamsters were used instead of
mice as positive and negative controls of WS and IHC stains
because they showed higher susceptibility to infection with
the strains isolated (data not shown). The lowest rate of infection
was obtained by leptospiral isolation. This result was expected
since leptospires are fastidious microorganisms, difficult to
grow in vitro. However, the percentage of isolates reached was
high, probably because samples were taken and processed
immediately post-mortem. Delays in sample collection could
have decreased leptospire isolation because tissue biochemical
postmortem changes rapidly reduce the number of viable
leptospires (Faine 1982). The association observed in this study
between IHC and isolation was similar to that obtained by Ellis
et al. (1983) studying naturally infected porcine kidneys.
Conversely, the association between kidney silver staining and
culture was greater in the present study than in those conducted
by Thiermann (1977) in rats and Songer et al. (1983) in house
mice.

There is general agreement that leptospires are localized
on the apical surface of epithelial cells and in the lumen of
proximal convoluted tubules of kidneys in carrier animals
(Babudieri 1958, Miller & Wilson 1967, Marshall 1974, Sterling
& Thiermann 1981). Sterling and Thiermann (1981)
hypothesized that in this location leptospires could not only
obtain nutrients from fluids to fulfill requirements for growth
and replication, but also be protected from the host immune
system. In the present study, leptospires were primarily seen
on the apical surface of epithelial cells and in the lumen of

medulla tubules, an unusual location in kidneys of carrier
animals. Seibold et al. (1961) reported the presence of
leptospires in the lumen of tubules of corticomedullary junction
of carrier cattle with extensive inflammatory cortical reaction.
The authors suggested that leptospires migrated to the
corticomedullar tubules because of the damage to the cortical
ones. Conversely, in the present study leptospires were seen on
the epithelial cells and in the lumen of medulla tubules although
generalized lesions were not observed in the cortical area.

Histological alterations registered in 13 infected and 10 non-
infected kidneys were similar to those observed by Songer et al.
(1983) in kidneys of wild house mice. However, the percentage
of kidneys of mice carriers of leptospires with microscopic lesions
in this study was higher than that reported by Songer et al.
(1983) (68 vs. 57%).

Lesions observed were consistent with those produced
by leptospires in carrier animals (Sterling & Thiermann 1981,
Scanziani et al. 1989, Kener & Yeles 2001), but according to
the nature of this study, it could not be ascertained that lesions
in infected kidneys were the consequence of the present
infection of leptospires. Lesions in non-infected kidneys could
have different origins. For instance, Songer et al. (1983) found
organisms morphologically identical to Klosiella muris in
kidneys of non-infected wild mice with histological lesions
compatible with leptospirosis, and Babudieri (1958) theorized
that lesions observed could be the consequence of previous
infection by leptospires in animals recovered from the disease.
Conversely, infected kidneys without histopathological lesions
could be explained by the small area of each sample examined
or by the absence of damage in kidneys of some carrier
animals of leptospires (Babudieri 1958).

In conclusion, the three techniques evaluated showed a
strong agreement for detecting wild Mus musculus carrier of
leptospires. In addition, an unusual location of leptospires in
kidneys of carrier animals was reported; however, a
relationship between lesions and presence of leptospires
could not be established.
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