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Leptospirosis, one of the most widespread zoonoses,1

is a reemerging cause of renal failure and hepatic dis-
ease in dogs.2 The diagnosis of canine leptospirosis in
the United States and Canada substantially increased

between 1983 and 1998.3 Traditionally, Leptospira inter-
rogans serovars canicola and icterohaemorrhagiae have
been a major cause of canine leptospirosis. Experimental
disease caused by serovars canicola and icterohaemor-
rhagiae has been described,4–11 and the use of vaccines
containing these serovars has substantially reduced the
incidence of disease caused by them.12,13 However, in the
past decade, other serovars such as Leptospira kirschneri
serovar grippotyphosa and L interrogans serovars
pomona and bratislava have been associated with an
increasing percentage of reported cases,2,3,12,14–16 and until
recently, vaccines have not been available to protect
against them. Features of canine leptospirosis that may
be serovar specific have not been well characterized
because of the paucity of experimental studies and the
inability to determine the time of exposure in clinical
cases. Experimental studies are needed to better under-
stand the progression of clinical signs and clinicopatho-
logic abnormalities in the course of disease with these
reemerging serovars. The purpose of the study reported
here was to inoculate dogs with Leptospira interrogans
serovars pomona and bratislava and monitor clinical
signs, changes in CBC and serum biochemical profiles,
and gross and histopathologic lesions at necropsy.

Materials and Methods
Dogs—Twenty-seven 8-week-old female Beagles with-

out detectable antibodies against L interrogans serovars
bratislava or pomona (microscopic agglutination test
[MAT])17 were obtained from a commercial laboratory animal
vendor.a Upon arrival, dogs were examined and randomly
allocated into 3 groups: 4 control dogs, 12 serovar
pomona–inoculated dogs, and 11 serovar bratislava–inocu-
lated dogs. Inoculated dogs were housed in biosafety level 2
rooms at Iowa State University. Dogs were housed in pairs in
a room maintained at a constant temperature and humidity.
Cages were cleaned once daily, and food and water were
available at all times and freshened twice daily. All animal
experiments were performed with the approval of the Iowa
State University Committee on Animal Care.

Leptospires—Two bacterial isolates were used.
Leptospira interrogans serovar pomona type kennewicki
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Objective—To evaluate gross, histopathologic, and
serum biochemical findings caused by Leptospira
interrogans serovars pomona and bratislava inoculat-
ed in dogs.
Animals—Twenty-seven 8-week-old female Beagles.
Procedure—Dogs were randomly assigned to chal-
lenge or control groups. Challenge groups were con-
junctivally inoculated on 3 successive days with 
5 X 107 L interrogans serovar pomona (n = 12) or
serovar bratislava (11). Clinical signs were recorded
throughout the experiment, and clinical pathology
assays, bacteriologic culture, and necropsies (6 or 7
dogs necropsied at each time point) were done on
postinoculation day (PID) 7, 10, 14, and 20.
Results—Infection could not be confirmed in any
serovar bratislava–inoculated dog, and control dogs
remained healthy throughout the experiment.
Positive culture and fluorescent antibody test results
were confirmed in 11 of 12 serovar pomona–inocu-
lated dogs. Fever and lethargy starting at PID 7 were
the most common clinical signs in serovar
pomona–infected dogs. On day 10, gross lesions
included multifocal renal and pulmonary hemorrhage
and perirenal edema. Serovar pomona–inoculated
dogs had histopathologic lesions including hepatitis,
interstitial nephritis, and pneumonia at PID 7, 10, 14,
and 20. Increases in BUN, anion gap, and bilirubin
concentration occurred on PID 10, 14, and 20.
Platelet counts in dogs with positive results of bac-
teriologic culture were decreased from baseline val-
ues on PID 10, 12, and 14.
Conclusions and Clinical Relevance—
Conjunctival inoculation with L interrogans serovar
pomona resulted in a high rate of infection with con-
comitant hemorrhagic and inflammatory lesions of
the kidneys, liver, and lungs. (Am J Vet Res
2005;66:1816–1822)
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strain RM211 was isolated at the National Animal Disease
Center from neonatal kidney and liver tissues from an Iowa
swine herd that were submitted to the Veterinary Diagnostic
Laboratory at Iowa State University.18 The herd had a history
of 25 of 75 pregnancies resulting in abortion or stillbirth.
Leptospira interrogans serovar bratislava strain Alex was iso-
lated from urine obtained from a dog in Indiana with a 1:640
titer against serovar bratislava as detected by use of the
MAT.19 Organisms of both serovars used for inoculation were
grown from a frozen aliquot of the original culture.

Experimental design—Inoculations were performed
after a 6-day acclimation period. Two days prior to inocula-
tion, samples were taken from each dog for CBC, serum bio-
chemical profile, and urinalysis, and no abnormalities were
detected. The dogs were observed for clinical signs at least
twice daily and rectal temperatures recorded once daily
throughout the experiment. Dogs were challenged on 3 con-
secutive days (day 0, 1, and 2) with 5 X 107 leptospires in 
250 µL of 80/40 liquid culture medium20/eye (a concentration
of 2 X 108 organisms/mL quantified by use of a Petroff-
Hausser counting chamber), which was placed onto the
corneal surface of each eye of each dog and allowed to run
onto the conjunctiva. Dogs 1 to 4 (n = 4) served as controls
and were inoculated with an equal volume of sterile culture
media. Dogs 5 to 16 (n = 12) were inoculated with L interro-
gans serovar pomona type kennewicki strain RM 211. Dogs
17 to 27 (n = 11) were inoculated with L interrogans serovar
bratislava strain Alex.

Necropsy and sample collection—On days 5, 8, and
12 of the experiment, blood was drawn for bacteriologic
culture. Prior to necropsies done on days 7, 10, 14, and 20,
additional blood samples were drawn from all dogs for mea-
surement of CBC and serum biochemical panels including
concentrations or activities of sodium, potassium, chloride,
total CO2 calcium, phosphorus, BUN, creatinine, glucose,
total protein, albumin, alanine aminotransferase, alkaline
phosphatase (ALP), γγ-glutamyltransferase (GGT), creatine
kinase, direct bilirubin (Dbili), total bilirubin (Tbili), and
anion gap. For each time point, 2 or 3 dogs inoculated with
each serovar and 1 control dog were necropsied. Dogs were
euthanatized by administration of an overdose of sodium
pentobarbital. During necropsy, liver, kidney, and urine
were taken aseptically for bacteriologic culture and
immunofluorescence testing. Samples of kidney, liver, lung,
hepatic lymph node, adrenal gland, spleen, heart, tonsil,
mesenteric lymph node, pancreas, stomach, jejunum,
vulva, urinary bladder, bone marrow, iliac lymph node,
colon, ileum, and cecum were collected into neutral-
buffered 10% formalin. An eye and conjunctival sample
were collected into Bouin fixative.

Histologic examination—Tissues for histologic evalua-
tion were collected into neutral-buffered 10% formalin and
processed via standard paraffin-embedding techniques after
24 hours. Sections were cut at 5 µm except for kidney, lymph
nodes, and adrenal gland, which were cut at 3 µm. All sec-
tions were stained with H&E. Histopathologic grading of
selected lesions of liver and kidney was done using mild (+),
moderate (++), and severe (+++) designations. For interstitial
nephritis, tubular mineralization, and hepatic perivascular
inflammation, the scores were assigned as follows: (–) = no
change from control dogs, (+) = 1 to 3 foci/section examined,
(++) = 4 to 6 foci/section examined, (+++) = > 6 foci/section
examined. Tubular degeneration was graded (+) when scat-
tered cells were detected with pyknotic nuclei or loss of
polarity, (++) when these changes were present in larger sec-
tions of a tubule, and (+++) when multiple tubules in an area
were affected. Tubular dilation was scored (+) when scattered
tubular lumens were severely widened and lined by a thin

layer of epithelium, (++) when multiple tubules were affect-
ed, and (+++) when the cortex was diffusely affected.

Leptospiral culture and polymerase chain reaction
assay—Bacteriologic cultures of blood were performed on
postinoculation day (PID) 5, 8, 10, 12, 14, 22, and 28. Liver
and kidney samples of approximately 1 g and aqueous humor
and urine samples of 1 mL were obtained at necropsy and
processed for isolation of leptospires. Three media were used
for isolations. First, Tween 80/Tween 40/lactalbumin
hydrolysate was used as described20 with slight modifications:
5-fluorouracil was used at a rate of 100 µg/mL, and nalidixic
acid was not used. Second, Ellinghausen-McCullough-
Johnson-Harris semisolid medium was used as described21

with the modifications of 10% bovine serum albumin, 100 µg
of 5-fluorouracil/mL, and 1% rabbit serum. Finally, commer-
cial polysorbate Leptospira mediumb was used with the addi-
tion of purified agar and 100 µg of 5-fluorouracil/mL.
Cultures were incubated at 29°C for 6 months. Dark-field
examination was performed at 1, 2, 4, 6, and 8 weeks and at
3, 4, 5, and 6 months. If cultures became contaminated,
approximately 1 mL was filtered through a 0.22-µm filter
into new medium. Representative isolates were identified via
restriction endonuclease analysis of chromosomal DNA.22

Isolation of genomic DNA was done with a commercial kit,c

and amplification by polymerase chain reaction (PCR) was
performed on kidney tissue as described.23

Serologic examination—Blood was obtained from dogs
prior to inoculation and at PID 7, 14, 22, and 28. Serum was
separated and tested for agglutinating antibodies against
serovars pomona or bratislava, respectively, by use of the
MAT.17

Immunofluorescence testing—Samples of urine, kid-
ney, aqueous humor, and liver were processed and stained as
described.24,25 Leptospires were identified by typical size,
morphologic characteristics, and fluorescence when exam-
ined via incident light fluorescence microscopy.

Immunohistochemical analysis—Immunohistochemical
staining was done on a subset of dogs’ tissues to determine the
patterns of antigen distribution after infection was confirmed
via positive results of culture or immunofluorescence. Two
primary antisera were used at the stated dilutions: polyclon-
al rabbit antiserad specific to the outer membrane protein
OmpL126 (1:6,000) and polyclonal rabbit antisera with
serovar pomona specificity (1:8,000) as described.25,27 Briefly,
5-µm sections were cut, placed on positively charged slides,
and deparaffinized with xylene and ethanol by use of stan-
dard procedures. Slide-mounted tissue sections were rinsed
in potassium phosphate–buffered solution (KPBS; 0.15M
NaCl, 0.034M K2HPO4, 0.017M KH2PO4; pH, 7.4), and anti-
gen retrieval was performed by incubating slides for 7 min-
utes in 37°C KPBS with 0.1% trypsin and 0.1% CaCl2. After
2 rinses in KPBS, endogenous peroxidase activity was elimi-
nated by 30-minute incubation in 0.3% hydrogen peroxide
solution in KPBS. The sections were then incubated for 2
hours in blocking solution (KPBS with 1% bovine serum
albumin,e 0.4% Triton X-100,f and 1.5% normal blocking
serum)g and incubated overnight at room temperature
(24°C) in primary antiserum. On the following day, tissue
sections were rinsed in KPBS with 0.2% Triton X-100 and
incubated in an appropriate biotinylated secondary antibodyh

for 2 hours at room temperature, rinsed, and incubated in
horseradish peroxidase-avidin-biotin complexi for 1 hour at
room temperature. Enzyme reactions were developed with a
substrate kit that produced a red reaction.j The reaction was
terminated in successive rinses of 0.9% NaCl solution. Slides
were counterstained with hematoxylin, dehydrated through
graded alcohols, and cover slipped.
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Results
Clinical signs and leptospiral culture—Clinical

signs in serovar pomona–inoculated dogs began on
PID 7 and included lethargy, fever, and inappetence.
Seven serovar pomona–inoculated dogs were febrile
(range, 39.3° to 40.2°C) on PID 7 (1/7), 8 to 9 (2/7),
11 to 13 (3/7), and 17 to 18 (1/7). Three serovar
pomona–inoculated dogs had loose feces with small
amounts of blood on PID 7 to 10. One dog necropsied
on day 20 had a progressively worsening wasting syn-
drome characterized by poor food intake; rough coat;
scant, dark feces; and failure to gain weight.

A dog was considered infected if leptospires were
detected in tissues or body fluids via culture, immuno-
fluorescence, or immunohistochemical analysis.
Culture and immunofluorescence test results (Table 1)
were negative in all control dogs (4/4). Serovar
bratislava was not detected in any tissue by use of bac-
teriologic culture or immunofluorescence testing
(0/11). Serovar pomona was detected 11 of 12 inocu-
lated dogs. Results of bacteriologic culture of blood of
pomona-inoculated dogs (11/12) were positive at PID
7 or 8, but infection could not be confirmed by any
other method at those early time points. Culture,
immunofluorescence testing, and PCR methods yield-
ed positive results in these dogs (8/9) after PID 10.
Leptospires were cultured from kidney (8/9), urine
(5/7), aqueous humor (5/9), and liver (6/9) at PID 10
or later, and 11 of 12 dogs yielded positive results via
PCR during that time period. Immunofluorescence
testing revealed leptospiral antigen in kidney (8/9),
liver (6/9), and urine (5/7) at necropsy when per-
formed at PID 10 or later.

Necropsy—No abnormalities except ocular dis-
charge and conjunctival hyperemia in 2 serovar
pomona–inoculated dogs at PID 10 were detected via
external examination prior to necropsy. One serovar
pomona–inoculated dog necropsied at PID 10 continued
to bleed for an abnormally long period of time after
venipuncture for antemortem serum biochemical assays.
Gross lesions were evident in serovar pomona–inoculat-
ed dogs necropsied on PID 10, 14, and 20 and consisted
of multifocal pulmonary petechial hemorrhage 
(Figure 1) and renal petechial and ecchymotic subcap-
sular and parenchymal hemorrhage (Figures 2 and 3),
perirenal edema, friable liver with multifocal 1- to 2-mm
raised white foci, and enlarged and reddened hepatic
and internal iliac lymph nodes. One serovar
pomona–inoculated dog (with the described wasting
syndrome), which had been febrile on days 11 and 13

and was necropsied at day 20, had dark, bloody feces; a
friable, pale, and yellow liver; and multifocal brown pul-
monary hemorrhages. No gross lesions were detected in
serovar bratislava–inoculated dogs.

Histologic examination and immunohistochemi-
cal analysis—Tissues from necropsies performed on
PID 7, 10, 14, and 20 on serovar pomona–inoculated
dogs had histologic lesions in liver, kidney, and lungs
(Table 2). Lesions at PID 7 were subtle and confined to
perivascular inflammation in the liver and multifocal
interstitial nephritis. A single serovar pomona–infected
dog had a focus of coagulative hepatic necrosis. On PID
10, there was pulmonary (Figure 4) and renal hemor-
rhage (Figure 5); coalescing interstitial nephritis; and
heavier infiltrates of lymphocytes, plasma cells, and
neutrophils in portal areas and around hepatic portal
veins, relative to dogs necropsied on PID 7. On PID 14
and 20, multifocal renal hemorrhage was detected,
interstitial nephritis was more intense (Figure 6), and
hyaline droplets (Figure 7) were prominent in the tubu-
lar epithelium. Periportal inflammatory infiltrates of
lymphocytes, plasma cells, neutrophils, and
macrophages were thicker than previously; there were a
few small foci of hepatic necrosis and multifocal bile
plugs within bile canaliculi. Dilated proximal convolut-
ed tubules with flattened epithelium and mineral
deposits were evident at PID 20 only. Lesions that
occurred less frequently in infected dogs were renal
tubular syncytia, endocarditis and epicarditis, and focal
pneumonia. In the heart, there were infiltrates of neu-
trophils and lymphocytes and fewer plasma cells
around multifocal veins and arteries, subjacent to the
endocardium, and within the epicardium and epicardial
fat. In the lungs, groups of alveoli were filled and alve-
olar septa were expanded with free erythrocytes, serum,
fibrin, degenerate neutrophils, and fewer lymphocytes
and macrophages (Figures 8). In sections of perirenal
fat examined from dogs with perirenal edema, there was
necrosis of fat and heavy infiltrates of lymphocytes,
plasma cells, neutrophils, and macrophages. Sections
examined from the enlarged, reddened lymph nodes
contained large numbers of free erythrocytes within the
medulla. Erythrocytes often formed rosettes around
macrophages or were within macrophages.

There was positive immunoreactivity to polyclon-
al antisera at the brush border of multifocal proximal
convoluted tubules (Figure 9) and at the luminal sur-
face of bile duct epithelium. The pattern of immunore-
activity was consistent with intact leptospires (Figure
10). There was a similar pattern of immunoreactivity

Table 1—Results (No. of positive results/No. of dogs tested) of bacteriologic culture and immunofluorescence testing in control dogs
and dogs inoculated with 2 Leptospira serovars. 

Culture Immunofluorescence test

Blood Blood Blood Blood
Variable PID 5 PID 8 PID 12 PM Kidney Liver Urine AQ humor Kidney Liver Urine

Control 0/4 0/3 0/2 0/4 0/4 0/4 0/4 0/4 0/4 0/4 ND          
Serovar pomona 0/12 8/9 5/6 6/8 8/12 6/12 5/10 5/12 8/12 6/12 5/7
Serovar bratislava 0/11 0/9 0/6 0/11 0/11 0/11 0/11 0/11 0/11 0/11 0/10

PID = Postinoculation day. PM = Postmortem. AQ = Aqueous. ND = Not done.
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in kidney with the anti-pomona antisera. In affected
regions of lung, immunoreactivity with polyclonal
antisera against serovar pomona was evident as lep-
tospiral forms between bronchiolar epithelial cells and
free within alveoli or as granular deposits within intra-
alveolar phagocytes (Figure 11).

Figure 1—Photograph of the right lung of a dog inoculated 10
days previously with Leptospira interrogans serovar pomona
strain RM 211. Notice petechial hemorrhages that have multifo-
cally coalesced.

Figure 2—Photograph of the kidney of a dog inoculated 10 days
previously with serovar pomona. Notice multifocal subcapsular
hemorrhages.

Figure 3—Photograph of the sagittal section of a kidney of a dog
inoculated 10 days previously with serovar pomona. Notice mul-
tifocal irregularly shaped hemorrhages extending from the corti-
cal surface to the corticomedullary junction.

Figure 4—Photomicrograph of a section of lung from a dog inoc-
ulated 10 days previously with serovar pomona. Notice that
many alveoli are filled with free erythrocytes. H&E stain; bar =
50 µm.

Figure 5—Photomicrograph of a section of kidney from a dog
inoculated 10 days previously with serovar pomona. Notice that
the interstitium is expanded by edema; free erythrocytes; and
infiltrates of lymphocytes, plasma cells, and neutrophils. H&E
stain; bar = 50 µm.

Table 2—Distribution (No. of dogs affected/No. of dogs necropsied) of major histologic lesions in
kidneys and liver of dogs inoculated with serovar pomona and necropsied on various days after
inoculation.

Kidney Liver

Interstitial Tubular Tubular degeneration Perivascular 
Day nephritis mineral and dilation inflammation Bile plugs

7 3/3 + 2/3 + 1/3 + 1/3 + 3/3 –
1/3 ++ 

10 1/3 + 2/3 + 2/3 + 2/3 + 3/3 –
2/3 +++

1/3 +++
14 3/3 +++ 1/3 + 1/3 ++ 1/3 + 1/3

1/3 ++ 1/3 +++ 1/3 + 1/3 ++
20 1/3 ++ 2/3 + 1/3 +++ 1/3 + 1/3 +++

1/3 +++

The number of addition symbols indicates the severity of the lesions. 
– = No dogs had lesions.
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Clinicopathologic examinations—Sporadic increas-
es in BUN, anion gap, and bilirubin were detected only
in serovar pomona–infected dogs. The BUN concentra-
tions were increased in 2 dogs on PID 10 and a single
dog on each of PID 14 and 20. There were not con-

comitant increases in creatinine concentration.
Increases in Dbili, Tbili, GGT, and ALP were detected
in 4 dogs on PID 14 and a single remaining dog (from
this group of 4) that was necropsied on PID 20.

Figure 6—Photomicrograph of a section of kidney from a dog
inoculated 20 days previously with serovar pomona. Notice that
interstitial infiltrates are intense and composed primarily of plas-
ma cells and lymphocytes. H&E stain; bar = 50 µm.

Figure 7—Photomicrograph of a section of kidney from a dog
inoculated 20 days previously with serovar pomona. Notice that
hyaline droplets are abundant in proximal convoluted tubular
epithelial cells. H&E stain; bar = 20 µm.

Figure 8—Photomicrograph of a section of lung from a from a
dog inoculated 20 days previously with serovar pomona. Notice
that alveoli and bronchioles are filled with degenerate neu-
trophils, macrophages, erythrocytes, and serum. Similar infil-
trates expand alveolar septa. Unaffected alveoli are overinflated.
H&E stain; bar = 20 µm. Inset: High magnification of bronchio-
lar epithelium and lumen. 

Figure 9—Immunohistochemical staining of a section of kidney
from a dog inoculated 20 days previously with serovar pomona.
Notice immunoreactivity with polyclonal antibody (antisera to
OmpL1) within multiple proximal tubules but not within foci of
interstitial inflammation. Bar = 50 µm.

Figure 10—Higher magnification of the immunohistochemical
staining in Figure 8. Notice that intense immunoreactivity to
leptospiral antigens is associated with organisms attached to
the microvillous surface of the proximal convoluted tubule.
Bar = 20 µm.

Figure 11—Immunohistochemical staining of a section of lung
serial to that in Figure 8. Notice that in affected regions of lung,
immunoreactivity with polyclonal antisera against serovar
pomona was evident as leptospiral forms between bronchiolar
epithelial cells and free within alveoli or as granular deposits
within intra-alveolar phagocytes. H&E stain; bar = 20 µm. Inset:
High magnification view of granular debris within macrophages. 
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Increases in serum ALP activity ranged from 834 U/L
to 1,413 U/L (reference interval, 20 to 115 U/L).
Platelet concentrations from dogs with positive results
of culture were decreased from baseline values on PID
9, 11, and 13 (Figure 12). A single serovar
pomona–inoculated dog had a slightly prolonged par-
tial throboplastin time on PID 10 (21.1 seconds; refer-
ence interval 8.9 to 18.7 seconds). On PID 14, 2
serovar pomona–inoculated dogs had glucose (+) and
bilirubin (3+) in the urine. Significant differences for
other variables in serovar pomona–inoculated dogs,
including leukocyte count, were not detected. Results
from CBC and serum biochemical profiles in serovar
bratislava–inoculated dogs did not differ from control
dogs.

Serologic testing—No MAT titer > 1:100 was
detected in any serovar bratislava–inoculated dog. Two
serovar pomona–inoculated dogs had MAT titers of
1:200 and 1:800, respectively, at PID 20. No other
agglutinating antibody titers ≥ 1:25 were detected in
any dogs.

Discussion
Several diagnostic methods were used to confirm

leptospiral infection, and infection was confirmed in
11 of 12 serovar pomona–inoculated dogs.
Bacteriologic culture of blood was the most sensitive
method of detecting infection by serovar pomona at
PID 7 or 8. The PCR samples collected at the PID 7
necropsies yielded negative results, but PCR assay was
attempted on renal tissue only. Neither PCR assay nor
immunofluorescence testing results were positive until
PID 10, 3 days after the onset of clinical signs. The
PCR assay was not attempted on blood samples but
may be indicated in clinical cases in which waiting
weeks for a bacteriologic blood culture result limits the
usefulness of culture in the diagnosis of acute cases.
Only 1 dog had an MAT titer that would be diagnostic
for leptospirosis by use of published standards of 1:800

to 1:3,200 used in retrospective studies.14,15 At PID 20,
1 serovar pomona–inoculated dog had an MAT titer of
1:200 and another had a titer of 1:800. Tissues and flu-
ids from a single dog necropsied on PID 20 did not
yield positive results by use of any of the detection
methods, despite being inoculated on 3 consecutive
days and being housed with a clinically ill cagemate
with detectable leptospires in blood, tissues, and urine.
Furthermore, this dog did not have a detectable titer by
use of MAT before or after inoculation.

Detection of hemorrhage was supported by gross,
histopathologic, and clinical pathologic data.
Hemorrhage in serovar pomona–infected dogs was
associated with sporadic increases in BUN concentra-
tion not accompanied by increases in creatinine con-
centration, which suggested gastrointestinal tract hem-
orrhage with absorption of blood.28 One of the dogs
with increased serum BUN concentration had loose
feces with flecks of blood prior to necropsy at PID 10.
A second dog with increased BUN concentration had
large amounts of digested blood within the intestine at
necropsy.

Renal lesions were evident in all serovar
pomona–infected dogs. Interstitial nephritis increased
in severity over time,but was not associated with indi-
cators of renal failure, as it was with inoculation of
dogs with L kirschneri serovar grippotyphosa.25 Because
most infected dogs had serum BUN and creatinine con-
centrations within the reference intervals, > 25% of
renal function remained, but that did not exclude the
possibility of renal disease. Hyaline droplets in the
proximal convoluted tubules, formed when resorption
by the cell outpaces the digestion of protein during
pinocytotic vesicle fusion with lysosomes, suggested
plasma protein leakage from abnormal glomerular cap-
illaries or abnormal protein processing by tubular
epithelium. Glucosuria without hyperglycemia, which
occurred in 2 dogs at PID 14, may have further sug-
gested a renal tubular dysfunction.

Clinical pathology data and histopathologic exam-
ination in severely affected dogs were consistent with
cholestasis on PID 14 and 20. Increased Tbili and Dbili
concentrations and substantially increased serum
activity of ALP were detected in 4 dogs, and these
abnormalities were associated with histologic evidence
of dense perivascular infiltrates of lymphocytes, plas-
ma cells, macrophages, and neutrophils in portal areas;
bile plugs in bile canaliculi; and multifocal areas of
hepatic necrosis that corresponded to multifocal raised
white areas noted grossly. Increased ALP activity also
can occur in young, growing animals because of induc-
tion of the ALP bone isoenzyme; however, the greatest
magnitude of increase in ALP was associated with liver
lesions.

Serovar bratislava infection was not confirmed in
any dog by use of immunofluorescence testing, bacte-
riologic culture, immunohistochemistry, or PCR assay.
The inability of this canine-derived isolate to cause dis-
ease in dogs may be the result of changes in expression
of virulence factors caused by passage in culture. The
organisms grew rapidly in culture, indicating adapta-
tion to culture conditions that often is associated with
loss of virulence.29 Infection with serovar bratislava has
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Figure 12—Mean platelet counts (percentage of control values)
of dogs inoculated with serovar pomona. Notice a transient
decrease in platelet counts at postinoculation days 9 to 13,
when dogs were clinically ill.
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been associated with reproductive failure or renal dis-
ease in dogs in Great Britain.30,31 Failure of this isolate
to cause disease in dogs does not imply that all isolates
of serovar bratislava are unable to cause disease in dogs
because different strains can have substantial differ-
ences in virulence factors. Perhaps an isolate from
another host would be suitable as a more effective
canine challenge organism.

Dogs infected with serovar pomona had unique
clinical signs, clinicopathologic abnormalities, and
lesion patterns, compared with dogs infected with 
L kirschneri serovar grippotyphosa.25 Serovar grippoty-
phosa infection causes severe renal and hepatic failure
resulting in severe serum biochemical abnormalities
and death by PID 12. Serovar pomona–infected dogs
frequently had evidence of hemorrhage in lung and
kidney, but fewer serum biochemical abnormalities,
although histopathologic lesions in kidney were more
severe than those in serovar grippotyphosa–infected
dogs.

a. Marshall Farms, North Rose, NY.
b. PLM 5, Intergen Co, Purchase, NY.
c. DNeasy tissue kit, Qiagen, Valencia, Calif.
d. Monoclonal antibody No. 338, Dr. Rudy Harskeerl, Royal

Tropical Institute, Amsterdam, The Netherlands.
e. Bovine serum albumin, Sigma Chemical Co, St Louis, Mo.
f. Fisher Chemicals, Fairlawn, NJ.
g. NBS, donkey, Vector Laboratories Inc, Burlingame, Calif.
h. Donkey anti-mouse or donkey anti-rabbit, Jackson

ImmunoResearch Laboratories Inc, West Grove, Pa.
i. Vector Elite ABC Kit, 1:600, Vector Laboratories Inc,

Burlingame, Calif.
j. Nova Red, Vector Laboratories Inc, Burlingame, Calif.
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