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A PRACTICAL APPROACH
Dogs affected by Leptospira
species infection can
experience illness that
ranges from mild to severe.
With appropriate medical
care, the prognosis for most
patients is favorable.
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Dogs become infected when their mucus membranes
or abraded skin comes into contact with
Leptospira-infected urine or substrates contaminated
with infected urine (e.g., water or soil) from a reservoir
host. The most common reservoir hosts are wild
animals such as rodents. Leptospira serovars have
adapted to reservoir hosts, in which a carrier state is
established and leptospires are intermittently shed in
reservoir hosts’ urine.

SIGNALMENT
Leptospirosis has conventionally been thought to most
commonly affect young adult, male, large-breed or
hunting dogs living in rural areas. Indeed, some studies
have found intact male dogs and working dogs to be
overrepresented among leptospirosis patients.1,2
However, other studies have found similar
seroprevalence among dogs of large and small breeds,
both sexes, and all age groups.3,4 In addition, living in
an urban or suburban environment has been identified
as a significant risk factor for the development of
88

SEPTEMBER/OCTOBER 2019

todaysveterinarypractice.com

leptospirosis, resulting from increased interactions
between dogs and wildlife in periurban settings.5 Thus,
leptospirosis should be suspected in any dog with
consistent clinical signs, regardless of signalment or
perceived exposure.

PRESENTATION
The clinical signs and examination findings for dogs
with leptospirosis can vary considerably, depending on
severity of illness, infecting serovar, and the dog’s
immune status.6,7 Leptospirosis is typically an acute
disease; clinical signs become apparent in the first week
after infection.6 Common clinical presentations can
range from a mild febrile illness to acute kidney injury,
hepatic injury, hemorrhagic disease, or some
combination thereof (BOX 1). Other clinical findings
include uveitis and reproductive failure.6,8-11

DIAGNOSIS
Clinicopathologic Abnormalities
The most common clinicopathologic findings in dogs
with leptospirosis are those associated with acute injury
to the kidneys and liver. The most common abnormal
biochemical abnormality is azotemia, found in 80% to
90% of dogs with leptospirosis.7,8,11 Elevated liver

shutterstock.com/Alex Zotov

Leptospirosis is an emerging zoonotic disease found
throughout most of the United States. Leptospirosis
affects many organ systems and varies in severity; clinical
signs range from none or mild and self-limiting to severe
with acute kidney injury, hepatopathy, and/or vasculitis.
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enzymes (e.g., alanine aminotransferase, aspartate
aminotransferase, alkaline phosphatase) and bilirubin
are noted in 30% to 50% of leptospirosis patients and
may be present in the absence of azotemia.7,9,11,12 Other
findings can include electrolyte abnormalities (e.g.,
hyponatremia, hypokalemia, hypochloremia, and/or
hyperphosphatemia).9-11,13 In dogs with oligoanuria,
serum potassium may be paradoxically normal or low
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BOX 1 Common Clinical Signs and
Physical Examination Findings in
Dogs with Leptospirosis


Lethargy



Arthralgia and myalgia



Polydipsia and polyuria



Oliguria or anuria



Altered hydration status (overhydration with
oliguria/anuria or dehydration with polyuria)



Gastrointestinal abnormalities (decreased appetite,
vomiting, diarrhea)



Icterus



Bleeding tendency (petechia, melena,
hematochezia, epistaxis)



Tachypnea



Conjunctivitis

A

because of alterations in the electrolyte transporters in
the renal tubules.5 In dogs with myositis, creatine
kinase levels can be elevated.7 Common hematologic
abnormalities in dogs with leptospirosis include
anemia, neutrophilia, and thrombocytopenia.8,9,11

B

Urinalysis findings in dogs with leptospirosis are
typically compatible with acute kidney injury and
include isothenuria, glucosuria, and proteinuria.7
Bilirubinuria may be noted in dogs with an associated
hepatopathy. Leptospires cannot be visualized by
routine light microscopy of urine sediment and do not
readily grow on routine urine cultures.

Imaging Findings

FIGURE 1. Thoracic radiographs of an 11-year-old spayed
female Labrador retriever dog with leptospirosis.
(A) Dorsoventral projection. (B) Right lateral projection.
The pulmonary parenchyma is affected by a marked diffuse
miliary pattern with an alveolar pattern in the cranioventral
thorax consistent with leptospirosis-associated pulmonary
hemorrhage syndrome. The dog had progressive respiratory
distress with tachypnea and hypoxemia. Despite ventilator
support, the dog’s respiratory status declined and the client
elected euthanasia.

In Europe, abnormalities have been found on up to
70% of thoracic radiographs of dogs with
leptospirosis.14,15 Findings can range from a mild to
moderate interstitial pattern to a nodular or alveolar
pulmonary pattern in dogs with severe pulmonary
hemorrhage (FIGURE 1).14,15 Common ultrasonographic
changes include renomegaly, mild pyelectasia,
medullary rim sign, or increased cortical
echogenicity.16,17

Leptospira-Specific
Diagnostic Testing
Several diagnostic assays, serologic and molecular, are
todaysveterinarypractice.com
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available to aid in the diagnosis of leptospirosis. Often,
a definitive diagnosis requires use of a combination of
these assays.

Serologic Testing
The standard serologic reference for leptospirosis is the
microscopic agglutination test (MAT), which provides
a quantitative antibody titer. The results report titers to
a panel of 6 to 8 Leptospira serovars, representing the
common serogroups that infect dogs and that vary
according to geographic location. Failure to include a
member of the infecting serogroup in the panel could
lead to false-negative results.
Testing of 2 serum samples, collected 7 to 14 days apart
and representing acute- and convalescent-phase titers, is
recommended.18 A 4-fold increase in titer indicates
seroconversion and a diagnosis of leptospirosis.18 When
paired samples are submitted, the sensitivity of the
MAT is 100% and the specificity is 70% to 100%.19,20
A single acute serum sample is not as sensitive (50%)
while antibodies are being produced and should not be
relied on to rule out disease.19,20 Vaccination can result
in positive MAT results; maximum titers can reach
1:6400. Titers of >1:1600 to vaccinal or nonvaccinal
serovars can persist 1 year after vaccination.21-23
Therefore, although a single positive MAT result may
be suggestive of leptospirosis, convalescent-phase
testing is still recommended.18,24
Point-of-care assays have become commercially
available and provide rapid diagnostic results. These
assays are modified enzyme-linked immunosorbent
assays and qualitatively detect Leptospira antibodies.25-28
As such, the limitations of these diagnostics are similar
to those of the MAT. Results from these point-of-care
diagnostic tests should be confirmed with paired MAT
titers and/or polymerase chain reaction (PCR)
results.18,24

BOX 2 Antibiotic Therapy for Leptospirosis
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Ampicillin 20–30 mg/kg IV q6–8h



Penicillin G 25,000–40,000 U/kg IV q6–8h



Doxycycline 5 mg/kg PO q12h or 10 mg/kg PO q24h

SEPTEMBER/OCTOBER 2019

todaysveterinarypractice.com

Molecular Testing
Leptospira PCR detects bacterial DNA and is most
often performed on blood or urine specimens. PCR
sensitivity corresponds to the phase of disease; the
bacteremic phase occurs in the first 10 days after
infection, and the bacteriuric phase occurs after the
first week of illness.6 Because the timeline of infection
is often difficult to discern, to increase sensitivity of
testing, both whole blood and urine samples should be
collected before antimicrobial drugs are
administered.18,24 A positive result in a dog with a
compatible clinical presentation suggests leptospirosis;
however, a negative result does not rule out
leptospirosis because bacteremia is transient and
bacteriuria is intermittent. The reported prevalence of
positive urine PCR results (0% to 25%, depending on
region) in the absence of clinical signs is low; therefore,
positive PCR results should be interpreted in light of
clinical signs.29-34 Recent vaccination does not interfere
with PCR results.

TREATMENT
Patients with suspected or confirmed leptospirosis
should receive a combination of antimicrobial
therapy (as outlined by consensus guidelines18)
and supportive care tailored to each patient
according to severity of clinical signs and affected
organ systems. If the index of suspicion for the
disease is high, these treatments should not be
delayed while awaiting confirmatory diagnosis.

Antibiotic Therapy
The recommended antibiotics for dogs with
leptospirosis are IV penicillin derivatives or oral
doxycycline.18 Because clinical signs in dogs often
include vomiting or decreased appetite, initial therapy
should be given parenterally rather than orally (BOX 2).
After gastrointestinal signs have resolved, oral
doxycycline should be administered (BOX 2) for
2 weeks to clear leptospires from the renal tubules and
eliminate the carrier status.18,24
Other antibiotics have been investigated for use in
people with leptospirosis. These drugs include
ceftriaxone or azithromycin;35,36 however, their use in
dogs has not been fully investigated and they are not
recommended as first-line therapies. Because in
experimental models, fluoroquinolones do not seem to
completely clear leptospires, these drugs are not
recommended for treatment of leptospirosis.22
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Supportive Care
Dogs with leptospirosis may require different levels of
supportive care, depending on the severity of illness
and affected organ systems. Recommendations
commonly include maintaining adequate hydration
with IV fluid therapy; correcting electrolyte and
acid-base derangements; and administering antiemetics, anti-hypertensives, pain control medications,
and nutritional support.

BOX 3 Precautions to Take Around
Hospitalized Leptospirosis Patients7


Place warning signs on patient’s cage



Limit movement of patient through the hospital
(although isolation is not needed)



Wear personal protective equipment (gloves,
disposable gown, eyewear/facemask) when
handling the patient



Do not pressure wash animal cages (to avoid
aerosolization of leptospires)



Minimize urinary contamination (walk the patient
frequently)



Clean with disinfectant solutions that will inactivate
leptospires (e.g., bleach, iodine-based products,
accelerated hydrogen peroxide, quaternary
ammonium)



Launder bedding normally with hot water and
detergent

Courtesy of Liz Lee, DVM, University of California, Davis, Veterinary Medical Teaching Hospital (2)

A

B

FIGURE 2. A 6-month-old intact male Labrador retriever
dog with leptospirosis and iatrogenic overhydration.
(A) At presentation to the family veterinarian, the dog
had acute kidney injury and anuria; leptospirosis was
diagnosed. At the referral center, initial examination
revealed overhydration with edema of the face and eyelids,
chemosis, and serous nasal discharge. (B) After treatment
with intermittent hemodialysis and parenteral antibiotic
administration, the overhydration resolved.

Renal Injury
Dogs that have leptospirosis-associated kidney
injury and are polyuric may require high rates of
fluid administration; however, those that are oliguric
or anuric may become iatrogenically overhydrated
after initial fluid resuscitation if not monitored
diligently (FIGURE 2). Because fluid requirements
can change rapidly throughout the course of disease,
hydration status should be monitored regularly
by observing changes in body weight, respiratory
rate, blood pressure, central venous pressure (if
possible), and urine output. Indwelling urinary
catheter placement may be needed to closely
monitor urine output; if oliguria or anuria is a
concern, referral to a 24-hour facility should be
considered. Renal replacement therapy (hemodialysis)
is recommended for patients with oliguria (urine
output less than 2 mL/kg/hour) or anuria despite
overhydration, progressive hyperkalemia, or progressive
azotemia in the face of appropriate therapy.

Hepatic Injury
Leptospirosis-associated hepatic injury can lead to
clinical manifestations of hepatic insufficiency (e.g.,
hepatic encephalopathy and hypoglycemia). Treatment
for these conditions is supportive and typically leads to
improved hepatic function.

todaysveterinarypractice.com

SEPTEMBER/OCTOBER 2019

91

MANAGEMENT STRATEGIES

PEER REVIEWED

PROGNOSIS

In addition to the leptospirosis
patient, any other dogs living
in the same household should
receive oral doxycycline
therapy for 2 weeks.

Pulmonary Injury
A severe consequence of leptospirosis is leptospirosisassociated pulmonary hemorrhage syndrome, for which
oxygen therapy and mechanical ventilation are
recommended, according to the severity of clinical
signs. In people, improvements have been noted with
cyclophosphamide therapy37 and plasma exchange38 but
not with dexamethasone and desmopressin;39 however,
these therapies have not been investigated in dogs.

Hospitalized Patients
BOX 3 lists precautions that should be taken when
leptospirosis patients are hospitalized.
For these dogs, renal function, electrolytes, acid-base
status, packed cell volume, and serum protein levels
should be monitored daily (or more frequently if
markedly abnormal). During the course of
hospitalization, complete blood counts every 48 hours
are recommended to assess for thrombocytopenia.
Biochemical changes often normalize within 1 to 2
weeks of therapy. As the polyuria resolves and the
patient can maintain adequate hydration without
additional fluid support, IV fluids can be tapered off
and the dog can be discharged from the hospital.
However, these patients should be re-examined within
1 week of discharge and then every 1 to 3 weeks
thereafter until clinically stable.

Other Household Dogs
In addition to the leptospirosis patient, any other dogs
living in the same household should receive oral
doxycycline therapy for 2 weeks (BOX 2). Treatment is
recommended because the dogs’ exposure histories are
probably similar.18,24
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If aggressive and appropriate medical therapy is
administered, including hemodialysis when indicated,
the prognosis for dogs with leptospirosis is good. The
rate for survival to hospital discharge is approximately
80%.40 For dogs with mild to moderate disease that is
treated conservatively and for dogs with severe azotemia
treated with hemodialysis,40 the short-term prognosis is
also good. However, the prognosis for dogs that need
hemodialysis but do not receive it is grave. If severe
pulmonary hemorrhage syndrome develops, the
prognosis becomes worse and survival rates drop to
40% to 50%.15 Some leptospirosis patients will have
lasting chronic renal changes and will need long-term
monitoring and care for chronic kidney disease.41

ZOONOTIC POTENTIAL
Any dog with suspected or confirmed leptospirosis
should be handled appropriately because leptospires in
the urine and/or blood present a zoonotic threat
(BOX 3). The zoonotic risk is thought to decrease
significantly after the patient has received appropriate
antimicrobial therapy for 72 hours.18

CONCLUSIONS
Several tests are available for diagnosing leptospirosis,
and the greatest accuracy is achieved with use of a
combination of these tests. Although many patients
require aggressive therapy, if appropriate care is
provided, the prognosis is ultimately good.

References
1.

Ward MP, Guptill LF, Prahl A, Wu CC. Serovar-specific prevalence
and risk factors for leptospirosis among dogs: 90 cases (1997-2002).
JAVMA 2004;224(12):1958-1963.

2.

Ward MP, Glickman LT, Guptill LF. Prevalence of and risk factors for
leptospirosis among dogs in the United States and Canada: 677 cases
(1970-1998). JAVMA 2002;220(1):53-58.

3.

Stokes JE, Kaneene JB, Schall WD, et al. Prevalence of serum
antibodies against 6 Leptospira serovars in healthy dogs. JAVMA
2007;230(11):1657-1664.

4.

Gautam R, Wu CC, Guptill LF, et al. Detection of antibodies against
Leptospira serovars via microscopic agglutination tests in dogs in the
United States, 2000-2007. JAVMA 2010;237(3):293-298.

5.

Raghavan R, Brenner K, Higgins J, et al. Evaluations of land cover risk
factors for canine leptospirosis: 94 cases (2002-2009). Prev Vet Med
2011;101(3-4):241-249.

6.

Greenlee JJ, Alt DP, Bolin CA, et al. Experimental canine leptospirosis
caused by Leptospira interrogans serovars pomona and bratislava.
Am J Vet Res 2005;66(10):1816-1822.

7.

Sykes JE. Chapter 50: Leptospirosis. In: Sykes JE, editor. Canine and Feline
Infectious Diseases. St Louis, MO: Elsevier Health Sciences; 2013:474-486.

8.

Birnbaum N, Barr SC, Center SA, et al. Naturally acquired leptospirosis
in 36 dogs: serological and clinicopathological features. J Small Anim
Pract 1998;39(5):231-236.

PEER REVIEWED

9.

Goldstein RE, Lin RC, Langston CE, et al. Influence of infecting
serogroup on clinical features of leptospirosis in dogs. J Vet Intern
Med 2006;20(3):489-494.

MANAGEMENT STRATEGIES

32. Fink JM, Moore GE, Landau R, Vemulapalli R. Evaluation of three 5'
exonuclease-based real-time polymerase chain reaction assays for
detection of pathogenic Leptospira species in canine urine. J Vet
Diagnostic Investig 2015;27(2):159-166.

10. Greenlee J, Bolin CA, Alt DP, et al. Clinical and pathologic comparison
of acute leptospirosis in dogs caused by two strains of Leptospira
kirschneri serovar grippotyphosa. Am J Vet Res 2004;65(8):1100-1107.

33. Khorami N, Malmasi A, Zakeri S, et al. Screening urinalysis in dogs with
urinary shedding of leptospires. Comp Clin Path 2010;19(3):271-274.

11. Mastrorilli C, Dondi F, Agnoli C, et al. Clinicopathologic features and
outcome predictors of Leptospira interrogans Australis serogroup
infection in dogs: a retrospective study of 20 cases (2001-2004).
J Vet Intern Med 2007;21(1):3-10.

34. Miotto BA, Guilloux AGA, Tozzi BF, et al. Prospective study of canine
leptospirosis in shelter and stray dog populations: identification of
chronic carriers and different Leptospira species infecting dogs.
PLoS One 2018;13(7):e0200384.

12. McCallum KE, Constantino-Casas F, Cullen JM, et al. Hepatic
leptospiral infections in dogs without obvious renal involvement. J Vet
Intern Med 2019;33(1):141-150.

35. Panaphut T, Domrongkitchaiporn S, Vibhagool A, et al. Ceftriaxone
compared with sodium penicillin G for treatment of severe
leptospirosis. Clin Infect Dis 2003;36(12):1507-1513.

13. Allen AE, Buckley GJ, Schaer M. Successful treatment of severe
hypokalemia in a dog with acute kidney injury caused by leptospirosis.
J Vet Emerg Crit Care 2016;26(6):837-843.

36. Suputtamongkol Y, Pongtavornpinyo W, Lubell Y, et al. Strategies for
diagnosis and treatment of suspected leptospirosis: a cost-benefit
analysis. PLoS Negl Trop Dis 2010;4(2):e610.

14. Knöpfler S, Mayer-Scholl A, Luge E, et al. Evaluation of clinical,
laboratory, imaging findings and outcome in 99 dogs with
leptospirosis. J Small Anim Pract 2017;58(10):582-588.

37. Trivedi S V, Vasava AH, Patel TC, Bhatia LC. Cyclophosphamide in
pulmonary alveolar hemorrhage due to leptospirosis. Indian J Crit
Care Med 2009;13(2):79-84.

15. Kohn B, Steinicke K, Arndt G, et al. Pulmonary abnormalities in dogs
with leptospirosis. J Vet Intern Med 2010;24(6):1277-1282.

38. Trivedi S, Vasava A, Bhatia L, Patel PC. Plasma exchange with
immunosuppression in pulmonary alveolar haemorrhage due to
leptospirosis. medind.nic.in. Accessed January 2019.

16. Forrest LJ, O’Brien RT, Tremeling MS, et al. Sonographic renal
findings in 20 dogs with leptospirosis. Vet Radiol Ultrasound
1998;39(4):337-340.
17. Sonet J, Barthélemy A, Goy-Thollot I, Pouzot-Nevoret C. Prospective
evaluation of abdominal ultrasonographic findings in 35 dogs with
leptospirosis. Vet Radiol Ultrasound 2018;59(1):98-106.
18. Sykes JE, Hartmann K, Lunn KF, et al. 2010 ACVIM small animal
consensus statement on leptospirosis: diagnosis, epidemiology,
treatment, and prevention. J Vet Intern Med 2011;25(1):1-13.
19. Fraune CK, Schweighauser A, Francey T. Evaluation of the diagnostic
value of serologic microagglutination testing and a polymerase chain
reaction assay for diagnosis of acute leptospirosis in dogs in a referral
center. JAVMA 2013;242(10):1373-1380.
20. Miller M, Annis K, Lappin M, et al. Sensitivity and specificity of the
microscopic agglutination test for the diagnosis of leptospirosis in
dogs. Abstract 287. insights.ovid.com. Accessed January 2019.

39. Niwattayakul K, Kaewtasi S, Chueasuwanchai S, et al. An
open randomized controlled trial of desmopressin and pulse
dexamethasone as adjunct therapy in patients with pulmonary
involvement associated with severe leptospirosis. Clin Microbiol Infect
2010;16(8):1207-1212.
40. Adin CA, Cowgill LD. Treatment and outcome of dogs with
leptospirosis: 36 cases (1990-1998). JAVMA 2000;216(3):371-375.
41. Kis I, Schweighauser A, Francey T. Long-term outcome of dogs with
acute kidney injury. ACVIM Proc 2012; New Orleans, LA.

Disclosure
Dr. Sykes receives honoraria and research funding from Boehringer
Ingelheim, Zoetis, and IDEXX Laboratories.

21. Barr SC, McDonough PL, Scipioni-Ball RL, Starr JK. Serologic
responses of dogs given a commercial vaccine against Leptospira
interrogans serovar pomona and Leptospira kirschneri serovar
grippotyphosa. Am J Vet Res 2005;66(10):1780-1784.
22. Martin LER, Wiggans KT, Wennogle SA, et al. Vaccine-associated
Leptospira antibodies in client-owned dogs. J Vet Intern Med
2014;28(3):789-792.
23. Midence JN, Leutenegger CM, Chandler AM, Goldstein RE. Effects of
recent Leptospira vaccination on whole blood real-time PCR testing in
healthy client-owned dogs. J Vet Intern Med 2012;26(1):149-152.
24. Schuller S, Francey T, Hartmann K, et al. European consensus
statement on leptospirosis in dogs and cats. J Small Anim Pract
2015;56(3):159-179.
25. Kodjo A, Calleja C, Loenser M, et al. A rapid in-clinic test detects acute
leptospirosis in dogs with high sensitivity and specificity. Biomed Res
Int 2016;2016:1-3.
26. Lizer J, Grahlmann M, Hapke H, et al. Evaluation of a rapid IgM
detection test for diagnosis of acute leptospirosis in dogs. Vet Rec
2017;180(21):517.
27. Curtis K, Foster P, Smith P, et al. Performance of a recombinant
lipl32 based rapid in-clinic ELISA (SNAP® Lepto) for the detection
of antibodies against Leptospira in dogs. Intern J Appl Res Vet Med
2015;13.
28. Winzelberg S, Tasse SM, Goldenstein RE, et al. Evaluation of SNAP®
Lepto in the diagnosis of leptospirosis infections in dogs: 22 clinical
cases. search.ebscohost.com. Accessed January 2019.
29. Gay N, Soupé-Gilbert M-E, Goarant C. Though not reservoirs, dogs
might transmit leptospira in New Caledonia. Int J Environ Res Public
Health 2014;11(4):4316-4325.
30. Llewellyn J-R, Krupka-Dyachenko I, Rettinger AL, et al. Urinary
shedding of leptospires and presence of Leptospira antibodies in
healthy dogs from Upper Bavaria. Berl Munch Tierarztl Wochenschr
2016;129(5-6):251-257.

Jane E. Sykes
Dr. Sykes is a professor of small animal medicine and
Chief Veterinary Medical Officer at the University of
California, Davis, School of Veterinary Medicine, with a
special interest in small animal infectious diseases. She
obtained her veterinary degree and PhD in veterinary
microbiology at the University of Melbourne in Australia
and completed her residency at the University of
Minnesota. She is a Diplomate of ACVIM. She is widely
published in peer-reviewed journals and is the editor of
the textbook Canine and Feline Infectious Diseases.

Krystle L. Reagan
Dr. Reagan is a small animal internal medicine Infectious
Disease Fellow at the University of California, Davis.
She obtained her veterinary degree and PhD in
microbiology at Colorado State University. After
graduating, she completed a 1-year small animal
rotating internship at VCA West Los Angeles Animal
Hospital, followed by a small animal internal medicine
residency at the University of California, Davis. She is a
Diplomate of ACVIM.

31. Samir A, Soliman R, El-Hariri M, et al. Leptospirosis in animals and
human contacts in Egypt: broad range surveillance. Rev Soc Bras Med
Trop 2015;48(3):272-277.

todaysveterinarypractice.com

SEPTEMBER/OCTOBER 2019

93

