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Abstract

Background: Persistent leptospiruria in naturally infected dogs occurs despite appro-
priate antibiotic treatment.

Hypothesis/Objectives: To determine the frequency of persistent leptospiruria in
naturally infected dogs and the association of persistent leptospiruria with different
antibiotic treatments.

Animals: Thirty-two dogs of varying age and breed diagnosed with leptospirosis via
urine polymerase chain reaction assay (PCR).

Methods: A prospective observational study of dogs diagnosed with leptospirosis
was undertaken to determine the frequency of persistent leptospiruria as determined
by PCR. Clinical presentation of leptospirosis, antibiotic treatment, serum creatinine
concentration, and outcome were recorded.

Results: Fifteen of 32 dogs had a negative urine PCR on the first submission in the
study, 5 of 15 received only an aminopenicillin. The remaining 17 dogs had a negative
urine PCR on the second (n = 6 dogs), third (n = 5), fourth (n = 5), and eighth (n = 1)
submissions. Acute kidney injury was reported in 32/32 dogs. Two of 32 dogs devel-
oped chronic kidney disease.

Conclusions and Clinical Importance: Persistent leptospiruria is common despite
treatment with antibiotics frequently recommended for treatment. Follow-up urine
PCR to confirm clearance of the organism is recommended in all dogs. In dogs with

persistent leptospiruria, chronic kidney disease can develop after acute kidney injury.
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1 | INTRODUCTION

Leptospirosis, an important worldwide zoonotic disease, is recognized
as a common cause of acute kidney injury in dogs and generally
carries a favorable prognosis.2™ The diagnosis of leptospirosis in dogs

is commonly obtained by the identification of pathogenic leptospires
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in the urine or blood with the polymerase chain reaction assay (PCR)
or by documenting a 4-fold rise in serum antibody titers over a 10- to
14-day period.>® Point-of-care rapid IgG and IgM testing is available
and is most commonly used to screen for disease with a confirmatory
test recommended for definitive diagnosis. Isolation of leptospires on
culture of blood or urine is possible; however, culture is labor-
intensive and isolation can take 8 to 12 weeks.” These factors make
culture an infrequently utilized diagnostic.

Specific treatment for leptospirosis typically involves the use of
amoxicillin or ampicillin early in the course of the disease followed by
a course of doxycycline. Doxycycline is routinely used to eliminate
organisms from the renal tubules and eliminate the potential for zoo-
notic transmission.>°> Additional PCR testing of the urine is not rou-
tinely performed during or after treatment to evaluate the efficacy of
doxycycline in terminating leptospiruria on the assumption that treat-
ment is routinely effective.> Long-term outcomes for dogs that sur-
vived leptospirosis are infrequently reported, but the findings of
2 studies suggested that persistent azotemia can be present in less
than 6% or up to 18%.8°

Persistent leptospiruria after antibiotic treatment occurs in peo-
ple, dogs, and California sea lions.'°® Five dogs had persistent
leptospiruria for 10 to 1059 days as determined by PCR results
despite doxycycline (n = 4) or enrofloxacin (n = 2) treatment (1 dog
had persistent leptospiruria after doxycycline and enrofloxacin treat-
ment).1® These dogs had a negative PCR on urine after the addition of
enrofloxacin (n = 2) or clarithromycin (n = 3). Although long-term fol-
low-up was not available for all 5 dogs in that study, all 5 had persis-
tent azotemia (creatinine >1.4 mg/dL) when they were lost to follow-
up (median 62 days; range, 10-1220 days). In contrast, California sea
lions have persistent leptospiruria, as determined by PCR, even after
the return of normal renal function.'? Doxycycline was the only anti-
biotic associated with a negative urine PCR in California sea lions;
however, only 4 of 6 that received doxycycline had a negative urine
PCR at the time of release.

There are no published prospective studies that have evaluated
the persistence of shedding of leptospires in the urine of dogs as eval-
uated by PCR in a clinical setting. Understanding the prevalence of
persistent leptospuria, and potentially the presence of viable lepto-
spires in the kidneys and urine during antibiotic treatment can have
implications for altering treatment to improve survival and minimize
morbidity. Additionally, there are no published guidelines to indicate
the duration of use for personal protective equipment while treating
dogs with leptospirosis. Understanding the persistence of shedding of
leptospires can reduce the risk of zoonotic infection. We hypothe-
sized that dogs would have a positive urine PCR if treated only with a
penicillin derivative and that fewer than 10% of dogs would have a
persistent urine PCR after receiving a minimum of 7 days of doxycy-
cline. The purpose of this present study was to prospectively evaluate
the duration of leptospiruria, as assessed by PCR, in client-owned
dogs with leptospirosis and to determine which antibiotics were most
commonly associated with termination of leptospiruria. When possi-
ble, outcomes were also assessed in relation to the duration of

leptospiruria.

2 | MATERIALS AND METHODS

21 | Dogs

From April 2018 through May 2020, a prospective observational
study of dogs with leptospirosis was performed. Dogs with leptospiro-
sis were identified through the Kansas State Veterinary Diagnostic
Laboratory (KSVDL; L. Peddireddi, J. Henningson) from submissions
that returned a positive test result for the presence of pathogenic lep-
tospires in urine as determined by PCR (n = 37 dogs). Submitting vet-
erinarians and clients were offered additional urine PCR testing at no
charge and case information was obtained with the signed consent of
the dog owner (n = 33 dogs). Four dogs with a positive urine PCR did
not submit any additional samples because of euthanasia (n = 3 dogs)
or lack of interest in submitting additional samples (n = 1). One dog
was lost to follow-up after the first study PCR was positive after
4 days of doxycycline, leaving 32 dogs with complete PCR data. Eight
dogs were seen at the Kansas State University Veterinary Health Cen-
ter (KSUVHC).

2.2 | Case information

Information recorded for each dog included age, sex, breed, city and
state of residence, clinical presentation of leptospirosis (eg, acute kid-
ney injury or chronic kidney disease, liver disease, polyuria/polydipsia
[PU/PD], or pulmonary hemorrhagic syndrome), serum creatinine con-
centration, the results of the microscopic agglutination test (MAT) if
performed, and the current antibiotic treatment (dose, route, and
duration). Information recorded for each positive urine PCR result,
and at the time the urine PCR became negative, included current anti-
biotic administration (and duration), serum creatinine concentration
(if available), and outcome (eg, complete resolution, chronic kidney

disease, or death).

2.3 | Follow-up testing and treatment protocol
After initial diagnosis, a fresh urine sample was collected from all dogs,
as soon as possible, for repeat PCR testing at KSVDL. If the PCR was
negative for pathogenic leptospires, participation in the study was
complete. If the urine PCR was positive, the submitting veterinarian
was contacted (K.R. Harkin) to ascertain the current clinical status of
the dog and record the current antibiotic treatment. The next urine
sample for PCR was collected 7 days after treatment to eliminate
leptospiruria was initiated. If this urine PCR was negative, no addi-
tional PCR was performed. If the urine PCR was positive, the submit-
ting veterinarian was contacted as previously noted. The submitting
veterinarians were asked to submit fresh urine for PCR 7 days after
each change in treatment or 7 days after the last positive PCR if no
change in treatment was made. All treatment decisions were made by
the submitting veterinarians who were given a list of suggested antibi-
otics (Table 1).
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TABLE 1
leptospiruria

Suggested antibiotics and dose to eliminate

Dose recommended

5 mg/kg PO q12h

10 mg/kg PO q24h
10-12 mg/kg PO q12h

Antibiotic
Doxycycline
Enrofloxacin

Clarithromycin

Cefdinir 10-15 mg/kg PO g12h
Doxycycline 10 mg/kg PO q12h
24 | Sample handling

Veterinarians were asked to collect a minimum of 5 mL of urine via
cystocentesis or catheterization to avoid sample contamination (free-
catch was discouraged but permitted if the dog was not amenable to
the other methods of collection). The urine was refrigerated until it
could be shipped overnight on ice to KSVDL. Samples collected Sunday
through Thursday were shipped on ice within 24 hours of collection,
but samples collected Friday or Saturday were refrigerated and shipped
on ice Monday, barring holidays. Urine samples collected on dogs at
the KSUVHC were submitted immediately to KSVDL for processing.

2.5 | Polymerase chain reaction assay

Leptospiral deoxyribonucleic acid extraction was performed in dupli-
cate according to manufacturer directions using a commercial kit
(QlAamp viral RNA kit, Qiagen Inc, Valencia, California). A 900 pL ali-
quot of urine was transferred to each of two 2.0 mL microcentrifuge
tubes and centrifuged at 16 300g for 10 minutes. The supernatant
was discarded and the pellet resuspended in 140 pL of 10 mM Tris-
HCl pH 8 for use in the extraction kit. Polymerase chain reaction
assay testing, which has been described in detail elsewhere, was per-

formed on each sample with no modifications.**

3 | RESULTS

3.1 | Dogs

Thirty-two dogs were sampled until a negative urine PCR was
obtained. The median age of dogs was 4 years (range, 2.5 months-
14 years). There were 15 female (3 intact, 12 neutered) and 17 male
(5 intact, 12 neutered) dogs. There were 16 breeds represented,
including German shepherd dog (n = 4), boxer, Siberian husky, and
miniature Schnauzer (n = 3, each), Shih tzu (n = 2) and 1 each of the
following breeds: Basset hound, Belgian tervuren, Boston terrier, Cav-
alier King Charles spaniel, Havanese, Jack Russel terrier, Jindo, Mal-
tese, Papillion, Pembroke Welsh corgi, and Yorkshire terrier. There
were 6 dogs of mixed breeding. Patient samples were submitted from
multiple states with 14 from Kansas, 8 from Nebraska, 4 from

Missouri, 3 from Minnesota, 2 from Texas, and 1 from Virginia.

Ve

The attending veterinarian reported a clinical diagnosis of AKl in
all 32 dogs. Serum creatinine concentration at the time of diagnosis
was reported for 21 dogs (median 4.9 mg/dL; range, 1.7-8.4 mg/dL;
reference interval, 0.5-1.4 mg/dL). Fourteen of 32 dogs (44%) were
reported to have PU/PD and 2 dogs (6%) were reported to be olig-
uric (no dogs were anuric). Eight dogs (25%) were reported to have
increased liver values and values were reported for 5 dogs. Serum
alkaline phosphatase (ALKP) activity was increased in all 5 dogs
(median 1333 U/L; range, 468-3085 U/L; reference interval, 10-
130 U/L), bilirubin concentration was increased in 4 dogs (median
12.1  mg/dL; 3.4-240 mg/dL;
0.0-0.2 mg/dL), and alanine transaminase activity was increased in
1 dog (421 U/L; reference interval, 20-144 U/L) that also had a con-
current increases in ALKP (468 U/L). Two dogs (6%) were reported

range, reference interval,

to have anterior uveitis.

Microscopic agglutination test results were reported in 10 dogs.
In 8 of 10 dogs, increased titers were reported on the first MAT. The
highest reciprocal titer was to serovar Grippotyphosa in 5 dogs
(12 800 in 3; 25 600 in 1; 51 200 in 1), Bratislava in 1 (1600), and
Hardjo in 1 (400). One dog had a reciprocal titer of 12 800 to serovars
Grippotyphosa, Pomona, and Bratislava. On the first MAT, 2 dogs had
reciprocal titers of <100 to all 6 serovars. In 1 of these dogs, a conva-
lescent titer was performed and showed a reciprocal titer of 3200 to
serovars Grippotyphosa and Pomona. A point-of-care enzyme-linked
immunosorbent assay (SNAP Lepto test, IDEXX, Westbrook, Maine)
was reported positive on 2 dogs that did not have MAT performed.

3.2 | Days to first negative PCR after diagnosis
Fifteen of 32 dogs (47%) had a negative urine PCR on the first submis-
sion in the study. For these 15 dogs, urine samples were submitted
2 to 15 days (median 5 days) after the original PCR. Of these 15 dogs,
11 were treated with a single antibiotic and 4 were treated with a
combination of antibiotics (Figure 1). In this group, an aminopenicillin
was the only antibiotic administered to 5 of the dogs for a duration of
2 to 4 days (median 3 days) and a single dog was administered doxy-
cycline for only 1day in addition to being treated with an
aminopenicillin for 6 days. Eight dogs received an antibiotic known to
eliminate leptospiruria for a minimum of 3 days (doxycycline in 4 dogs
for 4-9 days [median 6 days], ceftazidime in 2 dogs [3 and 8 days],
and enrofloxacin in 2 dogs [3 and 5 days, both in combination with an
aminopenicillin]). One dog received doxycycline alone for 1 day before
the negative PCR.

Seventeen of 32 dogs (53%) had a positive PCR on the first sub-
mission in the study, with urine samples submitted 2 to 11 days
(median 3 days) after the original PCR. At the time of the first PCR,
10 dogs had received doxycycline alone (n = 8 dogs) or in combination
with an aminopenicillin (n = 2) for a range of 2 to 9 days (median 4).
Other antibiotics administered include: enrofloxacin as a single agent for
3 days in 1 dog, enrofloxacin in combination with amoxicillin for 11 days
in 1 dog, and ceftazidime as a single agent in 2 dogs for 2 and 3 days,

respectively. Only 3 dogs had not received an antibiotic with the potential
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FIGURE 1

Dogs previously diagnosed with leptospirosis that tested negative at first follow-up PCR submission (n = 15). Median time to PCR
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FIGURE 2 Time to negative PCR and antibiotic regime in dogs (n = 17) that did not clear leptospira with first treatment. Median time to
negative PCR 22 days (range, 11-81 days). Antibiotic regimens are represented by patterns. Vertical double-headed arrow denotes positive

urine PCR

to resolve leptospiruria at the time of the first PCR in the study (amoxicil-
lin-clavulanic acid [n = 2 dogs] and ampicillin [n = 1]). A summary of the
antibiotic treatment for these 17 dogs is shown in Figure 2.

The urine PCR was negative on the second submission in 6 dogs
with samples submitted in 3 to 17 days (median 7 days) (Figure 2).
Five dogs received doxycycline that lasted 6 to 17 days (median
10 days). The sixth dog received clarithromycin for 8 days after having
a positive PCR after 7 days of treatment with doxycycline.

The urine PCR was negative on the third submission in 5 dogs
with samples submitted in 7 to 14 days (median 11 days) (Figure 2.).
Four of these dogs had a negative urine PCR after receiving

clarithromycin and 1 dog after receiving enrofloxacin. All 5 of these
dogs failed to achieve a negative urine PCR with doxycycline.

The urine PCR was negative on the fourth submission in 5 dogs
with samples submitted in 3 to 25 days (median 11 days) (Figure 2).
These dogs were successfully treated with clarithromycin (n = 2
dogs), doxycycline at 7.5 mg/kg (n = 1), cefdinir (n = 1), and
ceftazidime (n = 1). Doxycycline failed to result in a negative PCR in
all 5 dogs at a standard dose. Clarithromycin also failed to produce a
negative PCR in the 2 dogs that were successfully treated with 3rd
generation cephalosporins. The last dog achieved a negative PCR on

the 8th submission after 21 days of doxycycline at 10 mg/kg PO
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gl2h after unsuccessful treatment with doxycycline at 5 mg/kg,

enrofloxacin, cefdinir, and clarithromycin (Figure 2).

3.3 | Antibiotic regimens

Doxycycline at 5 mg/kg PO ql12h in 11 dogs and at
10 mg/kg PO g12h in 1 dog was not associated with a negative PCR.
However, in 2 dogs a higher dose of doxycycline (7.5 and
10 mg/kg PO q12h, respectively) was temporally associated with a
negative PCR after 9 and 21 days, respectively. The dog that required
21 days of doxycycline at 10 mg/kg PO q12h had a positive PCR after
14 days, but negative 7 days later. Doxycycline was continued in that
dog as the cycle threshold of the PCR had increased for the first time
after 14 days of treatment (Ct of 9-10 for all previous PCR and 14 at
the last positive). In 1 dog, the PCR remained positive after 6 days of
doxycycline treatment, but doxycycline was discontinued due to
worsening azotemia. This dog also had a positive PCR and worsening
disease after 7 days of clarithromycin and only improved after treat-
ment with ceftazidime (negative PCR after 3 days). In another dog,
doxycycline was discontinued after 8 days due to suspected hepato-
toxicity from doxycycline (urine PCR was positive at this time). The
PCR was negative and the suspected hepatotoxicity resolved in this
dog after 7 days of clarithromycin. Doxycycline was not associated
with a negative PCR in the 2 dogs that had a positive PCR after initial
ceftazidime treatment.

Clarithromycin was temporally associated with a negative PCR
over 7 to 32 days (median 11 days) in 7 of these 17 dogs after they
failed doxycycline (n = 3 dogs), ceftazidime followed by doxycycline
(n = 1), doxycycline followed by marbofloxacin (n = 1), enrofloxacin
followed by doxycycline (n = 1), and doxycycline preceded by
ceftazidime (n = 1). Clarithromycin was not associated with a negative
PCR in 4 dogs after 7 to 12 days (median 10 days). These 4 dogs all
failed doxycycline initially, but 2 of them subsequently had a negative
PCR on a higher dose of doxycycline (see above). The other 2 dogs
subsequently developed a negative PCR after either ceftazidime
(3 days) or cefdinir (10 days). Enrofloxacin was temporally associated
with a negative PCR in 1 dog (12 days) after failed doxycycline treat-
ment (13 days). Fluoroquinolone treatment was not associated with a
negative PCR in 5 dogs treated with enrofloxacin and 1 dog treated

with marbofloxacin.

3.4 | Clinical outcomes

Short-term survival (up to 30 days) was known for all dogs with a case
fatality rate of 3% (1 of 32 dogs). Specific outcomes (eg, progression
or resolution of azotemia) were available for 23 dogs. Ten of these
dogs were negative on the first PCR in the study and 9 dogs had rapid
resolution of azotemia. One dog, a German shepherd dog, was nega-
tive on the first PCR in the study after 3 days of ceftazidime, was olig-
uric for the first 72 hours of hospitalization (highest creatinine of

13.1 mg/dL on day4) and was euthanized after 10 days of

hospitalization with a creatinine of 7.8 mg/dL. Follow-up was avail-
able on 13 dogs that were still positive at the first PCR. Five dogs
were reported to have achieved a normal creatinine from 7 to 79 days
(median 21 days), although only 1 had resolved azotemia in less than
17 days and this dog achieved a negative PCR after 7 days of doxycy-
cline, having received only amoxicillin-clavulanic acid for 5 days
before to the first study PCR. Six dogs still had an increased creatinine
(median 2.2 mg/dL; range, 1.7-3.1 mg/dL) at the last reported mea-
surement (median 15 days; range, 5-29 days) before they were lost to
follow-up. Two dogs had persistent azotemia at 103 and 181 days
after the diagnosis of leptospirosis, with a final reported creatinine of
1.7 and 2.2, respectively. One of these 2 dogs (creatinine 2.2 mg/dL
at 181 days) was a spayed female German shepherd dog that
remained PCR positive while administered doxycycline and
clarithromycin and had extreme polyuria and worsening azotemia with
IV fluid therapy until ceftazidime was administered. This dog had uve-
itis on admission, but also developed hypertension and retinal detach-
ment while administered doxycycline.

Breed and city of residence were compared to the persistence of
a positive PCR. Breeds that were represented by more than 1 dog
were distributed in both groups, except for 2 breeds: miniature
Schnauzer and German shepherd dog. All 3 miniature Schnauzers
achieved a negative PCR within 2 to 13 days of doxycycline and had
resolution of azotemia, even in 1 dog that was clinical for 8 days
before initiating doxycycline treatment. All 3 German shepherd dogs
that survived had persistently positive PCRs after doxycycline at the
standard dose and 2 were known to have residual azotemia after
achieving a negative PCR (the long-term outcome of the third was
unknown). The 1 German shepherd dog that became PCR negative
promptly with ceftazidime did not survive. Likewise, cities that were
represented by more than 1 dog were distributed in both groups,
except for 4 cities. All dogs from Lincoln, Nebraska (n = 3 dogs) and
Leawood, Kansas (n = 2) failed to achieve a negative PCR on doxycy-
cline. All dogs from the Minneapolis, Minnesota metropolitan area
(n = 3 dogs) and Kansas City, Missouri (n = 4) rapidly achieved a neg-
ative PCR and had rapid resolution of azotemia, including 5 that
resolved with an aminopenicillin alone. This study was not large
enough to reach statistically significant conclusions regarding city/

state and breed.

4 | DISCUSSION

The results of this study show that although 20 of 32 dogs (63%)
achieved a negative urine PCR, in 14 days or less, with antibiotics that
are expected to resolve leptospiruria, 12 dogs (38%) still had a positive
urine PCR after doxycycline treatment with treatment that lasted as
long as 18 days. These results raise similar concerns as previous
reports regarding persistent leptospiruria in dogs despite doxycycline
treatment.?>*® While it is possible that prolonged doxycycline treat-
ment time could have improved the response to doxycycline, only
1 dog received fewer than 7 days of doxycycline and 6 received

9 days or more. In comparison, 5 of the 9 dogs with a negative PCR
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after doxycycline as first-line treatment received it for 7 days or less
and 2 received it for only 4 and 5 days, respectively.

For the dogs reported here, the recommendation for repeat urine
PCR testing after 7 days was predicated on the belief that leptospires
should be cleared from the kidneys after 7 days of appropriate antibi-
otic treatment, resulting in a negative urine PCR. To the authors' knowl-
edge, there are no published studies that have assessed time to
clearance of leptospires from target organs in dogs. However, using a
Syrian hamster model, a negative PCR occurred after treatment with
doxycycline (10 mg/kg once) within 2 to 3 days.'® Similarly, a single
injection of streptomycin or dihydrostreptomycin given to cattle experi-
mentally or naturally infected with leptospirosis resulted in a negative
urine PCR within 7 days.2®Y” Last, a study utilizing a hamster model,
which evaluated the efficacy of cefepime, ertapenem, and norfloxacin,
PCR results had a high correlation with culture results.'® These results
suggest that nonviable leptospires are cleared rapidly from target
organs and that residual, nonviable genetic material is an unlikely cause
of persistent PCR positive results. While effete organism could theoreti-
cally play a role in positive PCR results, it was the expectation of the
authors that leptospires would be eliminated from the kidneys in dogs
in a similar fashion as described in the studies above.

A number of studies comparing antibiotic efficacy in people have
shown similar equivalent success with penicillins, doxycycline,
azithromycin, and cephalosporins with mortality or resolution of fever
being the primary outcomes assessed.?2! If acute morbidity was the
primary outcome for dogs with an intent-to-treat in the current study,
all antibiotics used would have demonstrated efficacy. With the pri-
mary outcome defined as obtaining a negative urine PCR after antibi-
otic treatment, the current study demonstrated variable success and
failure of every antibiotic used in these dogs.

Doxycycline and clarithromycin appeared to be the most reliable
oral antibiotics to be associated with a negative urine PCR; however,
neither was routinely successful. Surprisingly, 2 dogs that failed to
achieve a negative PCR with doxycycline at the standard dose of
5 mg/kg PO qgl2h did so at a higher dose. The reason for this
response at the higher dose is unclear; however, poor oral absorption
seems unlikely. Doxycycline reaches concentrations in the urine at
least 10-fold higher than serum in dogs and would be expected to
effectively clear leptospiruria if isolates are susceptible.?? While doxy-
cycline concentrates in the urine of healthy dogs, dogs with decreased
glomerular filtration rate might not have the same ability. While not
established in dogs, humans with reduced renal glomerular filtration
rate can have decreased excretion of doxycycline.?® In this group of
dogs with AKI, higher doses of doxycycline could increase the urinary
concentration resulting in a response to treatment. The authors are
unaware of a similar study on clarithromycin in dogs. However, a
study in foals showed that clarithromycin reached concentrations in
urine in excess of 10-fold that of serum.?*

In our dogs that were unable to be administered doxycycline PO,
ceftazidime, which was administered IV, was associated with a nega-
tive PCR in 3 dogs, but failed in 2 other dogs. However, the treatment
duration was brief in those dogs (2 and 3 days) as they were trans-

itioned to oral doxycycline once their condition improved. Whether

additional days of ceftazidime treatment could have correlated with a
negative PCR in those 2 dogs is uncertain. Fluoroquinolones were
routinely unsuccessful in this group of dogs, in contrast to the results
of a recent study.?’ It is possible that geographical variables in the
strains of Leptospira spp. contribute to this finding.

An unexpected finding in this study was that 7 dogs had a negative
urine PCR having received an aminopenicillin alone (n = 5 dogs) or in
combination with fewer than 3 days of doxycycline (n = 2). Penicillin
and aminopenicillins are recommended for first-line treatment in dogs
with leptospirosis for the initial leptospiremic phase, but it is widely
believed that they do not clear renal tubules of leptospires.>>° After a
transient intracellular phase, leptospires attach to the basement mem-
brane in the renal tubular space where aminopenicillins reach therapeu-
tic levels.24?” Therefore, aminopenicillins should theoretically resolve
leptospiruria. Previous in vitro studies have reported only a small num-
ber of leptospira isolates with minimum inhibitory concentration values
in a range that could suggest antibiotic resistance in clinical ani-
mals.28% Failure of aminopenicillins and other antibiotics to routinely
eliminate leptospiruria, despite their apparent efficacy in eliminating
leptospiremia, could suggest that factors other than urinary concentra-
tions of antibiotics impact resolution of leptospiruria.

A study using live-imaging of bioluminescent leptospires in mice
demonstrated that infective doses of 10° to 107 bacteria were cleared
without antimicrobial treatment and that a higher infective dose
(2 x 10®) was fatal within 3 days.3! Although infective dose likely
would not impact the response to antibiotic susceptibility, a delay in
antibiotic administration and creation of an established renal tubular
infection could adversely affect response to antibiotics. In the same
study, treatment with penicillin G, ciprofloxacin, or azithromycin given
from 1 to 5 days after inoculation effectively cleared leptospiral infec-
tion, but a delay in administration resulted in a chronic renal tubular
infection that could be reduced but not cleared with the same antibi-
otics.3* The majority of the dogs in the current study were adminis-
tered appropriate antibiotics while PCR was pending to confirm a
diagnosis. However, dogs were sick for a variable period of time prior
to presentation to their veterinarian and this could have impacted the
response to antibiotics.

It is also possible that factors beyond physical localization in the
renal tubules alone could be responsible for apparent antibiotic resis-
tance in established infections. Although many common pathogenic
Leptospira serovars carry the genes that code for multiple-drug efflux
transporters and antimicrobial/multidrug resistance, the mechanisms
that drive their expression are unknown.’?3® One study demon-
strated that temperature and osmolarity affected gene and antigen
expression invitro in pathogenic Leptospira and a second study
demonstrated differential antigen expression in serovar Copenhageni
isolates cultured in vitro to those isolated from the urine of experi-
mentally infected rats.>43¢ Whether the microenvironment or the
process of renal colonization stimulates the expression of genes
resulting in antibiotic resistance in pathogenic Leptospira spp. is
unknown.

Limitations to this study include the lack of historical clinical data

in some dogs. While this limited our ability to determine the baseline
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serum creatinine in all dogs, AKI was reported by the submitting vet-
erinarians as the manifestation of leptospirosis in all of these dogs and
the median creatinine was 4.9 g/dL in the 21 dogs with a recorded
value. As these cases were managed by the submitting veterinarian,
repeat PCR testing was performed at slightly different time points
based on owner and veterinarian schedules. This dynamic also
affected the choice of antibiotic protocol and the amount of follow-
up ancillary testing (convalescent titers, recheck chemistry panels) that
was performed. Despite these confounding factors, it is still clear that
many dogs did not achieve a negative urine PCR in the face of stan-
dard of care for treatment of leptospirosis.

Failure of the antibiotics used in the dogs in this study to rou-
tinely correlate with a negative urine PCR increases the concern for
antibiotic resistance in leptospirosis, which has implications for treat-
ment, morbidity, and case fatality. Failure to clear the organism in a
timely manner can lead to development of chronic kidney disease as
was seen in 2 of the dogs in this study with persistently increased
serum creatinine concentrations. The development of chronic kidney
disease after leptospirosis infection has been previously documented
in people and dogs.3”*8Additionally, there is likely a subset of dogs
who develop chronic kidney disease, which is not recognized because
renal function is still above the threshold for development of
increased serum creatinine concentrations. Given the zoonotic nature
of Leptospira spp., persistent leptospiruria can also endanger those in
contact with infected dogs. Possible future studies including a more
regimented treatment and testing protocol which could offer more
support for specific antibiotic treatment in dogs that fail to resolve
leptospiruria with standard doxycycline treatment and to document
the viability of leptospires in these dogs with persistently
positive PCRs.

In conclusion, the results of this study support the need for
follow-up urine PCR to confirm clearance of organisms from the urine
in dogs with leptospirosis. Failure to clear the organism in a timely
manner should be addressed with a change in antibiotic treatment as
persistent leptospiruria can lead to development of chronic kidney
disease and an increased risk of zoonotic infection. Although the
mechanism behind persistent leptospiruria despite antibiotic treat-
ment is not known, the possibility for antibiotic resistance in Lepto-

spira spp. should be considered.

ACKNOWLEDGMENT
Funding for this study was provided by Mark Derrick Canine
Research Fund.

CONFLICT OF INTEREST DECLARATION

Authors declare no conflict of interest.

OFF-LABEL ANTIMICROBIAL DECLARATION
Authors declare no off-label use of antimicrobials.

INSTITUTIONAL ANIMAL CARE AND USE COMMITTEE
(IACUC) OR OTHER APPROVAL DECLARATION
Authors declare no IACUC or other approval was needed.

American College of
Veterinary Internal Medicine

HUMAN ETHICS APPROVAL DECLARATION

Authors declare human ethics approval was not needed for this study.

ORCID
Katie Hetrick "= https://orcid.org/0000-0001-5144-7476
Kenneth R. Harkin ") https://orcid.org/0000-0003-4843-357X

REFERENCES

1. Levett PN. Leptospirosis. Clin Microbiol Rev. 2001;14(2):296-326.

2. Bharti AR, Nally JE, Ricaldi JN, et al. Leptospirosis: a zoonotic disease
of global importance. Lancet Infect Dis. 2003;3(12):757-771.

3. Sykes JE, Hartmann K, Lunn KF, Moore GE, Stoddard RA,
Goldstein RE. 2010 ACVIM small animal consensus statement on lep-
tospirosis: diagnosis, epidemiology, treatment, and prevention. J Vet
Intern Med. 2011;25(1):1-13.

4. Segev G, Kass PH, Francey T, Cowgill LD. A novel clinical scoring sys-
tem for outcome prediction in dogs with acute kidney injury managed
by hemodialysis. J Vet Intern Med. 2008;22:301-308.

5. Schuller S, Francey T, Hartmann K, et al. European consensus state-
ment on leptospirosis in dogs and cats. J Small Anim Pract. 2015;
56(3):159-179.

6. Lizer J, Velineni S, Weber A, Krecic M, Meeus P. Evaluation of 3 sero-
logical tests for early detection of leptospira-specific antibodies in
experimentally infected dogs. J Vet Intern Med. 2018;32(1):201-207.

7. Blanchard S, Cariou C, Bouvet J, et al. Quantitative real-time PCR
assays for the detection of pathogenic Leptospira species in urine and
blood samples in canine vaccine clinical studies: a rapid alternative to
classical culture methods. J Clin Microbiol. 2021;59(7):e0300620.

8. Grayzek SE, DeBess EE. Characterization of leptospirosis among dogs
in Oregon, 2007-2011. J Am Vet Med Assoc. 2016;248:908-915.

9. Kis I, Schweighauser A, Francey T. Abstract NU-7: long-term renal outcome
of dogs with acute kidney injury. J Vet Intern Med. 2012;26:690-822.

10. Bal AE, Gravekamp C, Hartskeerl RA, de Meza-Brewster J, Korver H,
Terpstra WJ. Detection of leptospires in urine by PCR for early diag-
nosis of leptospirosis. J Clin Microbiol. 1994;32(8):1894-1898.

11. Juvet F, Schuller S, O'Neill EJ, et al. Urinary shedding of spirochaetes
in a dog with acute leptospirosis despite treatment. Vet Rec. 2011;
168(21):564-565.

12. Prager KC, Alt DP, Buhnerkempe MG, et al. Antibiotic efficacy in
eliminating leptospiruria in California sea lions (Zalophus californianus)
stranding with leptospirosis. Aquat Mamm. 2015;41(2):203-212.

13. Mauro T, Harkin K. Persistent leptospiruria in five dogs despite anti-
microbial treatment (2000-2017). J Am Anim Hosp Assoc. 2019;55:
42-47.

14. Harkin KR, Hays M, Davis R, Moore M. Use of PCR to identify Lepto-
spira in kidneys of big brown bats (Eptesicus fuscus) in Kansas and
Nebraska, USA. J Wildl Dis. 2014;50(3):651-654.

15. Truccolo J, Charavay F, Merien F, et al. Quantitative PCR assay to
evaluate ampicillin, ofloxacin, and doxycycline for treatment of exper-
imental leptospirosis. Antimicrob Agents Chemother. 2002;46(3):
848-853.

16. Gerritsen MJ, Koopmans MJ, Olyhoek T. Effect of streptomycin treat-
ment on the shedding of and the serologic responses to Leptospira
interrogans serovar Hardjo subtype hardjobovis in experimentally
infected cows. Vet Microbiol. 1993;38(1-2):129-135.

17. Gerritsen MJ, Koopmans MJ, Dekker TC, de Jong MC, Moerman A,
Olyhoek T. Effective treatment with dihydrostreptomycin of naturally
infected cows shedding Leptospira interrogans serovar Hardjo subtype
hardjobovis. Am J Vet Res. 1994;55(3):339-343.

18. Zhang W, Zhang N, Wang W, et al. Efficacy of cefepime, ertapenem
and norfloxacin against leptospirosis and for the clearance of patho-
gens in a hamster model. Microb Pathog. 2014;77:78-83.


https://orcid.org/0000-0001-5144-7476
https://orcid.org/0000-0001-5144-7476
https://orcid.org/0000-0003-4843-357X
https://orcid.org/0000-0003-4843-357X

140 | Journal of Veterinary Internal Medicine AC\?' M

19.

20.

21.

22.
23.

24.

25.

26.

27.

28.
29.

30.

HETRICK ET AL.

[Open Access NS

Veterin:

an College of
rnal Medicine

Naing C, Reid SA, Aung K. Comparing antibiotic treatment for lepto-
spirosis using network meta-analysis: a tutorial. BMC Infect Dis. 2017;
17:29.

Suputtamongkol Y, Niwattayakul K, Suttinont C, et al. An open, ran-
domized, controlled trial of penicillin, doxycycline, and cefotaxime for
patients with severe leptospirosis. Clin Infect Dis. 2004;39:1417-
1424.

Phimda K, Hoontrakul S, Suttinont C, et al. Doxycyline versus
azithromycin for treatment of leptospirosis and scrub typhus. Anti-
microb Agents Chemother. 2007;51(9):3259-3263.

Wilson BJ, Norris JM, Malik R, et al. Susceptibility of bacteria from
feline and canine urinary tract infections to doxycycline and tetracy-
cline concentrations attained in urine four hours after oral dosage.
Aust Vet J. 2006;84:8-11.

Whelton A, Nightingale SD, Carter GG, Gordon LS, Bryant HH,
Walker WG. Pharmacokinetic characteristics of doxycycline accumu-
lation in normal and severely diseased kidneys. J Infect Dis. 1975;132:
467-471.

Womble AY, Giguere S, Lee EA, Vickroy TW. Pharmacokinetics of
clarithromycin and concentration in body fluids and bronchoalveolar
cells of foals. Am J Vet Res. 2006;67:1681-1686.

Gutierrez L, Mendoza J, Rangel AB, Tapia G, Bernad MJ, Sumano H.
Outpatient clinical trial in dogs with leptospirosis treated with
enrofloxacin hydrochloride-dihydrate (ENRO-C). Front Vet Sci. 2019;
6:360. https://doi.org/10.3389/fvets.2019.00360

Yamaguchi T, Higa N, Okura N, et al. Characterizing interactions of
Leptospira interrogans with proximal renal tubule epithelial cells. BMC
Microbiol. 2018;18(1):64.

Frimodt-Mgller N. Correlation between pharmacokinetic
/pharmacodynamic parameters and efficacy for antibiotics in the
treatment of urinary tract infection. Int J Antimicrob Agents.
2002;19(6):546-553.

Ressner RA, Griffith ME, Beckius ML, et al. Antimicrobial susceptibili-
ties of geographically diverse clinical human isolates of Leptospira.
Antimicrob Agents Chemother. 2008;52(8):2750-2754.

Murray CK, Hospenthal DR. Determination of susceptibilities of 26 Lep-
tospira sp. serovars to 24 antimicrobial agents by a broth microdilution
technique. Antimicrob Agents Chemother. 2004;48(10):4002-4005.
Chakraborty A, Miyahara S, Villanueva SYAM, Gloriani NG,
Yoshida SI. In vitro sensitivity and resistance of 46 Leptospira strains
isolated from rats in the Philippines to 14 antimicrobial agents. Anti-
microb Agents Chemother. 2010;54(12):5403-5405.

31

32.

33.

34.

35.

36.

37.

38.

Ratet G, Veyrier FJ, Fanton d'Andon M, et al. Live imaging of biolumi-
nescent Leptospira interrogans in mice reveals renal colonization as a
stealth escape from the blood defenses and antibiotics. PLoS Negl
Trop Dis. 2014;8(12):e3359.

Nascimento ALTO, Verjovski-Almeida S, Van Sluys MA, et al. Genome
features of Leptospira interrogans serovar Copenhageni. Braz J Med
Biol Res. 2004;37:459-478.

Jaeger LH, Moreno LZ, Kremer FS, Dellagostin OA, Moreno AM,
Lilenbaum W. Genomic characterization and comparative analysis of
Leptospira kirschneri serogroup Grippotyphosa UC5/2011, a strain
isolated after mare abortion: implications for genital animal leptospi-
rosis. Comp Immunol Microbiol Infect Dis. 2019;64:7-9.

Monahan AM, Callanan JJ, Nally JE. Proteomic analysis of Leptospira
interrogans shed in urine of chronically infected hosts. Infect Immun.
2008;76(11):4952-4958.

Lo M, Bulach DM, Powell DR, et al. Effects of temperature on gene
expression patterns in Leptospira interrogans serovar Lai as assessed
by whole-genome microarrays. Infect Immun. 2006;74(10):5848-
5859.

Matsunaga J, Sanchez Y, Xu X, Haake DA. Osmolarity, a key environ-
mental signal controlling expression of leptospiral protein LigA and
LigB and the extracellular release of LigA. Infect Immun. 2005;73(1):
70-78.

Yang CW. Leptospirosis renal disease: emerging culprit of chronic kid-
ney disease unknown etiology. Nephron. 2018;138(2):129-136.
Sant'Anna R, Vieira AS, Oliveira J, Lilenbaum W. Asymptomatic lepto-
spiral infection is associated with canine chronic kidney disease. Comp
Immunol Microbiol Infect Dis. 2019;62:64-67.

SUPPORTING INFORMATION
Additional supporting information may be found in the online version

of the article at the publisher's website.

How to cite this article: Hetrick K, Harkin KR, Peddireddi L,
Henningson J. Evaluation by polymerase chain reaction assay
of persistent shedding of pathogenic leptospires in the urine
of dogs with leptospirosis. J Vet Intern Med. 2022;36(1):
133-140. doi:10.1111/jvim.16309


https://doi.org/10.3389/fvets.2019.00360
info:doi/10.1111/jvim.16309

	Evaluation by polymerase chain reaction assay of persistent shedding of pathogenic leptospires in the urine of dogs with le...
	1  INTRODUCTION
	2  MATERIALS AND METHODS
	2.1  Dogs
	2.2  Case information
	2.3  Follow-up testing and treatment protocol
	2.4  Sample handling
	2.5  Polymerase chain reaction assay

	3  RESULTS
	3.1  Dogs
	3.2  Days to first negative PCR after diagnosis
	3.3  Antibiotic regimens
	3.4  Clinical outcomes

	4  DISCUSSION
	ACKNOWLEDGMENT
	  CONFLICT OF INTEREST DECLARATION
	  OFF-LABEL ANTIMICROBIAL DECLARATION
	  INSTITUTIONAL ANIMAL CARE AND USE COMMITTEE (IACUC) OR OTHER APPROVAL DECLARATION
	  HUMAN ETHICS APPROVAL DECLARATION
	REFERENCES


