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Abstract

Objectives Clinical manifestation of infection with Leptospira species in cats is rare. Nevertheless, cats can
develop specific antibodies against the spirochetes after infection. In Canada, Taiwan and the USA it was recently
demonstrated that naturally infected cats can also shed DNA from pathogenic Leptospira species in their urine, but
the zoonotic potential of infected cats is still unclear. The objective of this study was to demonstrate if outdoor cats
in Germany shed DNA from pathogenic Leptospira species in their urine. As a second aim, antibody prevalence
was determined.

Methods Two hundred and fifteen outdoor cats were prospectively recruited. Urine samples were tested by real-
time PCR targeting the lipL32 gene of pathogenic Leptospira species. Antibody titres against eight serovars
(Australis, Autumnalis, Bratislava, Canicola, Copenhageni, Grippotyphosa, Pomona, Saxkoebing) belonging to
seven serogroups (Australis, Autumnalis, Canicola, Grippotyphosa, Icterohaemorrhagiae, Pomona, Sejroe) were
determined by microscopic agglutination test.

Results Urine samples from 7/215 cats (3.3%; 95% confidence interval [Cl] 0.9-5.7) were PCR-positive. Specific
antibodies were detected in 35/195 cats (17.9%; 95% CI: 12.5-23.3) with titres ranging from 1:100 to 1:6400.
Australis, Bratislava and Grippotyphosa were the most common serovars.

Conclusions and relevance Outdoor cats in Germany can shed DNA from pathogenic Leptospira species.
Therefore, outdoor cats should be considered as a possible source of infection for dogs or humans. Further studies
are needed to determine the role of Leptospira species as a cause of disease in cats.

Accepted: 26 January 2016

Introduction

Leptospirosis is a zoonotic disease caused by pathogenic
Leptospira species, an infection that has been reported in
>150 mammalian species.! In cats, clinical disease is
rare.2* Nevertheless, cats are susceptible to infection and
develop specific antibodies after infection.5>® Antibody
prevalence in cats ranges from 4.8-48.5%.78 In Germany,
an antibody prevalence of 20.0% (33/165 cats) was
reported in a study from 30 years ago.” Hunting rodents
is believed to be the main source of infection in cats.!
Leptospiral DNA was amplified in 288/2973 (9.7%)
rodents and shrews in Germany.!! Infection through con-
taminated water or urine of cohabiting dogs seems to
play a minor role in cats.!°

After experimental infection, cats rarely developed
mild clinical signs (polyuria/polydipsia [PU/PD],!? rise

in body temperature'®). However, macroscopic and
microscopic liver and kidney lesions were frequently
reported after experimental and natural infection in
cats.2412 Two studies reported an association between
the presence of specific antibodies against Leptospira
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species in cats and PU/PD or kidney disease.>® In France,
14/16 (87.5%) cats with PU/PD vs 32/80 (40.0%) cats
without PU/PD had specific antibodies.® In Canada,
17/114 (14.9%) cats with kidney disease vs 9/125 (7.2%)
clinically healthy cats showed specific antibodies.5
However, an association between presence of antibodies
and renal disease is not reported in all studies. In the
USA, antibodies were found in 4/66 (6.1%) azotaemic
cats vs 8/75 (10.7%) non-azotaemic cats.!* Although
experimental infection can lead to renal lesions, the clini-
cal relevance of leptospiral infection in field cats is still
unclear. The long-term impact of leptospiral infection on
cats” health also remains unknown as the longest experi-
mental study only lasted 84 days.!>

The cats’ role as carrier and the zoonotic risk of
infected cats is also so far unknown. After experimental
infection, cats can intermittently shed leptospires in their
urine for several weeks.!215 Recently, shedding of DNA
from pathogenic Leptospira species in naturally infected
cats was reported in Canada, Taiwan and the USA 5616
with a prevalence ranging from 1.6% (in healthy cats in
Canada)® to 67.8% (in unselected cats in Taiwan).t
Furthermore, evidence of renal carriage in cats was
reported from Reunion Island (Indian Ocean).'” In kid-
ney samples of 6/21 (28.6%) stray cats, DNA from patho-
genic Leptospira species was detected.”” Thus, renal
carriage and leptospiruria in naturally infected cats
might have been underestimated. Leptospiruric cats
could be a potential source of infection for incidental
hosts, such as humans.!® However, in a recent study in
Germany, owning an outdoor cat did not correlate with
presence of Leptospira species antibodies in employees of
forestry enterprises.!® In the USA, cat ownership was
even negatively associated with having antibodies
against Leptospira species.!” So far, prevalence of lepto-
spiruria in cats in Germany is unknown. Thus, the first
aim of this study was to show whether outdoor cats in
Germany can shed DNA from pathogenic Leptospira
species in their urine. As a second goal, the presence of
specific antibodies in cats was evaluated.

Materials and methods

Sample size calculation

Sample size was calculated a priori using the following
formula: n = Z2 X P X (1 — P)/d? with n being the
required sample size, Z the standard score (for a 95%
confidence interval [CI] 1.96), P the expected prevalence
based on literature in proportion of one and d the preci-
sion in proportion of one. On the basis of an assumed
prevalence of leptospiral DNA shedding in cats (11.8%)'®
and of antibodies against Leptospira species in cats
(48.5%),® a sample size of 195 cats was required (95% CI;
4.5% precision for prevalence of DNA shedding and
7.0% precision for antibody prevalence).

Cats

The study was conducted as a prospective trial and was
approved by the ethical committee of the Centre for
Clinical Veterinary Medicine, Ludwig-Maximilians-
University (LMU) of Munich, Germany (approval num-
ber: 12-30-07-13). Two hundred and fifteen cats that were
presented to the Clinic of Small Animal Medicine, LMU,
Munich, from July 2013 to March 2015 were included in
the study. Only cats were included that were allowed to
roam outdoors on a regular basis in the 4 weeks prior to
presentation. Cats were presented for various clinical
signs or for a routine health check. Cats that had received
antibiotics within 4 weeks prior to presentation were
excluded. Some cats had received intravenous (IV) fluids
(48/215 cats) or diuretics (8/215 cats) prior to sample
collection.

Most cats (190/215 cats) were domestic shorthair
(DSH). Pure breeds (23/215 cats) and domestic longhairs
(DLH; 2/215 cats) were less common. Eighty-three cats
were female (64 neutered) and 132 cats were male
(122 neutered). Ages ranged from 2 months to 24 years
(median age 11 years). The age of seven cats was
unknown. The most frequent reasons for presentation
were gastrointestinal problems (35/215 cats), chronic
kidney disease (CKD; 28/215 cats), neoplasia (25/215
cats) or a routine health check (24/215 cats).

Sample collection
Urine samples of all cats were collected for other diag-
nostic purposes (urinalysis or urine culture), depending
on the reason for presentation. Follow-up urine samples
were examined in two PCR-positive cats. Urine samples
were collected via cystocentesis (148/217 samples), free
catch (65/217 samples) or urinary catheter (4/217 sam-
ples). Sample volumes ranged from 1-50 ml (median
volume 4.5 ml). Urine samples were stored at 4°C for a
maximum of 24 h after collection.

Blood samples were collected from 195/215 cats and
were stored as serum at —20°C until used.

DNA extraction

Each urine sample was transferred into one or more
Eppendorf tubes. Eppendorf tubes were centrifuged
(15,000 X g,4°C) for 10 mins, supernatants were discarded
and pellets were washed with phosphate-buffered saline
and transferred into a single Eppendorf tube. After a sec-
ond centrifugation (15,000 X g, 4°C, 10 mins), the super-
natant was discarded, the pellet was resuspended with
180 ul animal tissue lysis buffer (Qiagen) and stored at
—20°C until DNA extraction was performed.

A QIAamp DNA Micro Kit (Qiagen) was used to
extract DNA from pellets, following the manufacturer’s
instructions (tissue protocol) except for a shorter lysis
period (1 h). To elute DNA, 54 ul AE buffer (Qiagen) was
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used. Negative controls were processed after every 10
samples. DNA concentration and quality were deter-
mined using the Eppendorf D30 Biophotometer.

Standard curve

A urine sample of a strictly indoor living cat was spiked
with known quantities of L interrogans serovars Ballum,
Bratislava and Grippotyphosa. A Petroff-Hauser chamber
(EMS) was used to determine the concentration of lepto-
spires in a 2-week-old culture in liquid Ellinghausen-
McCullough/Johnson-Harris medium (Becton Dickinson).
To obtain a final concentration of 1 X 10 leptospires/ml,
the appropriate volume of each serovar was added to 1 ml
urine. Dilutions of 1 X 10% to 1 X 10? leptospires/ml were
prepared. DNA was extracted and target DNA fragments
amplified.

Real-time PCR

Primers (forward: 5'-AAGCATTACCGCTTGTGGTG-3;
reverse: 5-GAACTCCCATTTCAGCGATT-3') and
TagManprobe (FAM-5-AAAGCCAGGACAAGCGCCG-
3'-BHQ1) targeting the [ipL32 gene of pathogenic
Leptospira species, as described by Stoddard et al,?® were
used. Real-time PCR was performed using the Mx3000P
cycler (Agilent Technologies) and TagMan Universal
PCR Master Mix (Thermo Fisher Scientific). Final reac-
tion conditions were 900 nmol/l of each primer,
400 nmol/1 of the probe and 2.5 ul DNA extract in a final
volume of 25.0 pl. The amplification protocol consisted
of 2 mins at 50°C, 10 mins at 95°C and 45 cycles of ampli-
fication (95°C for 15 s and 60°C for 60 s), finishing with a
cool cycle of 25°C for 10 mins. Clinical specimens were
tested in triplicate, dilutions of the standard curve in
duplicate. Each run included a single negative control
containing PCR water, single DNA extraction controls
and a single positive control containing leptospiral
DNA. Results were considered positive if positive cycle
threshold (Ct) values were recorded in all triplicates.
Positive samples were re-amplified in a separate run
including the standard curve for an absolute quantifica-
tion of leptospires.

Microscopic agglutination test

A microscopic agglutination test (MAT) was performed as
described by Cole et al.?! Serum samples were tested for
eight serovars (Australis, Autumnalis, Bratislava, Canicola,
Copenhageni, Grippotyphosa, Pomona, Saxkoebing)
belonging to seven serogroups (Australis, Autumnalis,
Canicola, Grippotyphosa, Icterohaemorrhagiae, Pomona,
Sejroe). Two-fold dilutions of serum from 1:100 to 1:6400
were tested. The titre was recorded as the reciprocal of the
highest dilution of serum that agglutinated >50% of lepto-
spires. Titres =1:100 were considered positive.

Statistical analysis

Prevalences, including 95% ClIs, were calculated for
leptospiral DNA shedding and antibodies against
Leptospira species. The 95% CI was calculated using the
following formula (Wald method): P * d, with P being
the prevalence found in the study in proportion of one
and d being the precision in proportion of one calculated
by transposing the mentioned formula to:

d=2Zx\Px(1-P)/n .

Results

Prevalence of DNA shedding

DNA from pathogenic Leptospira species was amplified
in 7/215 cats (3.3%; 95% CI 0.9-5.7). Negative controls
tested negative, positive controls and the standard curve
tested positive. The number of leptospires ranged from
393-15,760 leptospires/ml (Table 1). Volumes of PCR-
positive urine samples ranged from 2-22 ml (median
volume 6.3 ml). Signalment, reason for presentation,
major laboratory findings, month of presentation, num-
ber of leptospires/ml urine (DNA copies) and MAT titres
of the PCR-positive cats are shown in Table 1.

In 2/7 PCR-positive cats (cats 1 and 2, Table 1), fol-
low-up urine samples were examined. In the case of
cat 1, urine tested negative for leptospiral DNA 9 months
after the first presentation. The urine of cat 2 was posi-
tive again for leptospiral DNA 8 months after the cat’s
first presentation (2901 leptospires/ml). In both cases, no
antibiotics were given between the first and the second
presentation.

Antibody prevalence

Antibodies against Leptospira serovars were detected in
35/195 cats (17.9%; 95% CI 12.5-23.3). Most cats had anti-
bodies against serogroup Australis, followed by serogroup
Grippotyphosa and Icterohaemorrhagiae. Less common
serogroups were Autumnalis, Sejroe and Pomona.
Antibodies against serogroup Canicola were not detected.
Antibody titres ranged from 1:100 to 1:6400 (Table 2).

The age of cats with antibodies ranged from 1-24 years
(median age 11 years). Eleven cats with antibodies were
female (10 neutered); 24 cats were male (22 neutered).
Most cats with antibodies (34/35 cats) were DSH. One cat
was a DLH. The most frequent reasons for presentation in
cats with antibodies were CKD (8/35 cats), neoplasia (7/35
cats), hyperthyroidism (5/35 cats), gastrointestinal prob-
lems (5/35) or a routine health check (5/35 cats).

High titres, of =1:800, were found in three cats
against serovar Australis and in one cat against sero-
var Saxkoebing (Table 2). Two of three cats with high
antibodies against serovar Australis shed leptospiral
DNA in their urine (cats 6 and 7, Table 1). The third cat
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Table 1 Breed, sex, age, reason for presentation, major laboratory findings, month of presentation, number of
leptospires/ml urine (DNA copies) and microscopic agglutination test (MAT) titres of urine PCR cats

CBC = complete blood count; UA = urinalysis; DSH = domestic shorthair; MN = male neutered; ND = not determined; USG = urine specific

gravity; FN = female neutered

Table 2 Number and percentage of microscopic agglutination test (MAT)-positive results among 195 outdoor cats;

15/35 MAT-positive cats had titres to more than one serovar

Cl = confidence interval

(DSH, 17 years, male neutered) had a very high anti-
body titre against serovar Australis (1:6400) and a low
antibody titre against serovar Bratislava (1:400). PCR
performed on urine of this cat produced negative
results. The cat suffered from hyperthyroidism and
CKD. One cat (DSH, 9 years, male neutered) had a
high antibody titre of 1:1600 against serovar

Saxkoebing and its urine was negative in PCR testing.
This cat suffered from pancreatitis with a moderate
prerenal azotaemia.

All cats that shed leptospiral DNA and in which
serum for antibody determination was available (6/7
shedding cats) had specific antibodies with titres rang-
ing from 1:100 to 1:800 (Table 1).
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Discussion

More cats (7/215 cats [3.3%, 95% CI 0.9-5.7]) in the pre-
sent study shed leptospiral DNA in their urine than dogs
(3/200 dogs [1.5%, 95% CI 0.3-4.5]) in a study that was
recently performed in the same area with the same PCR
method.?? Leptospiruria in dogs in Germany might be
less likely owing to the widespread vaccination.?
Vaccines reduce leptospiruria;?® thus, vaccinated ani-
mals are at lower risk of shedding leptospires in their
urine. Antibody prevalence, however, was similar in cats
and dogs. Of 200 dogs, 17.0% (95% CI 12.3-22.8) had
antibodies against non-vaccinal serogroups,?? while of
195 cats, 17.9% (95% CI 12.5-23.3) had antibodies.
Vaccination against leptospirosis in dogs can lead to
development of antibodies against both vaccinal and
non-vaccinal serogroups.?* In some dogs, vaccine-
induced antibodies can persist for 1 year.? In the study
that evaluated antibodies against leptospires in dogs in
Germany, 144 /145 dogs with known vaccination status
had been vaccinated with a bivalent leptospirosis vac-
cine.?? Thus, antibody prevalence due to exposure in
dogs might indeed be lower and exposure in cats seems
to be even more common than in dogs.

Prevalence of urinary shedding in the present study
(7/215 cats [3.3%; 95% CI 0.9-5.7]) was similar to that
reported in cats in Canada (8/238 cats [3.4%]).> A com-
parable study population (clinic population) and a sim-
ilar environment (mostly urban) are likely the reasons.
However, in the Canadian study only 142/239 cats had
outdoor access,® while in the present study all cats
roamed outdoors regularly. Consequently, cats in the
present study were at higher risk of infection. A higher
prevalence was reported in the USA (10/85 cats
[11.8%]), but only stray and feral shelter cats were
included (preselected population),® which, of course,
are more likely to feed on rodents that harbour an infec-
tion.>10 In Taiwan, 80/118 cats (67.8%) shed DNA from
pathogenic Leptospira species in their urine,® indicating
a much higher prevalence of infection than in Germany.
Leptospirosis is endemic in Taiwan, especially after
typhoon and flood seasons.®?> Additionally, 159/233
cats included in the Taiwanese study were stray cats
with a high risk of infection.® However, even the lower
prevalence in Germany is alarming as significant
amounts of leptospiral DNA and also multiple positive
samples were detected (Table 1), suggesting a possible
long-term shedding or a high risk of exposure in some
cats.1215

After experimental infection, cats can remain carriers
of leptospires for several weeks.!>15 In the present study,
a follow-up urine sample from one cat that shed lepto-
spiral DNA was PCR-positive 8 months after the first
presentation. Thus, shedding cats could possibly play
an important role for continuous environmental

contamination. However, reinfection would also have been
possible in this case, as the cat regularly went outdoors.

Interestingly, two cats that shed leptospiral DNA
were presented in January. In dogs, transmission is
unlikely in winter months in Germany as leptospires are
short-lived in stagnant waters when temperature is
low.12¢. However, carriers of Leptospira species, like
rodents, can be infected for their entire life,?¢ and thus a
seasonal occurrence, although present in dogs in
Germany, is less likely in cats.

The lipL32 PCR used in the present study has been
shown to be 100% specific,2%?” and negative controls
were consistently negative. In this study, only urine sam-
ples were considered PCR-positive, when Ct values were
positive in all three samples of its triplicate. Furthermore,
validity of PCR results was confirmed by the fact that all
positive cats also had antibodies. Hence, false-positive
PCR results are extremely unlikely. However, the preva-
lence found in the present study might underestimate
the true infection rate of the population as intermittent
shedding of leptospires is common.? Urine volumes in
this study ranged from 1-50 ml. As shedding of low
numbers of leptospire organisms is possible, false-nega-
tive results might have occurred in samples with small
volumes. However, median volumes of PCR-positive
urine samples (6.3 ml) were not significantly higher
compared with median volumes of PCR-negative urine
samples (4.5 ml).

Some cats had received IV fluids or diuretics prior to
sample collection. IV fluids or diuretics reduce urine
osmolarity and might create a more favourable condi-
tion for the survival of leptospires.? Nevertheless, none
of the PCR-positive cats were treated with IV fluids or
diuretics prior to sample collection.

Overall, antibody prevalence in the present study
(35/195 cats [17.9%, 95% CI 12.5-23.3]) was comparable
to antibody prevalence found in cats in Germany about 30
years ago (33/165 cats [20.0%]). Antibodies against
serogroups Autumnalis, Canicola, Grippotyphosa,
Icterohaemorrhagiae, Pomona and Sejroe were deter-
mined by MAT in both the present and the previous
study.’ Prevalences of antibodies to most of these sero-
groups were similar in both studies. However, the preva-
lence of antibodies to serogroup Icterohaemorrhagiae
was higher in the present study (3.6%) than in the previ-
ous one (0.0%).° Rats are carriers of serogroup
Icterohaemorrhagiae.?0? Accordingly, these findings sug-
gest rats as the source of infection for cats in the present
study. However, MAT results should be interpreted with
caution. In humans, the predominant serogroup with a
titre =1:100 correctly predicted only 46.4% of all serovars
isolated.® In dogs vaccinated against leptospirosis, cross-
reactivity to non-vaccinal serogroups in the MAT was
demonstrated,? and there is evidence that this might be



Weis et al

475

similar in cats.!* In a recent study, two specific pathogen-
free cats were vaccinated with a quadrivalent canine vac-
cine against leptospirosis. Both cats developed antibodies
against vaccinal and non-vaccinal serogroups.!* It is likely
that in naturally infected cats MAT results are also not
reliable for identification of the infecting serogroup.

Cats that shed leptospiral DNA in the present study
were either clinically healthy (1/7 cats) or showed vari-
ous clinical signs (6/7 cats). Most cats (4/7 cats) had
unremarkable laboratory parameters. Only 1/7 cats suf-
fered from renal azotaemia (Table 1). Thus, obviously cats
can shed leptospiral DNA in their urine, regardless of
their health status. In the present study, 5/24 (20.8%, 95%
CI 4.6-37.0) clinically healthy cats and 8/28 (28.6%, 95%
CI 11.9-453) cats with CKD had antibodies against
Leptospira species. Therefore, in the present study no
association seemed to be present between occurrence of
antibodies against Leptospira species and renal disease.
However, re-evaluation in further studies is recom-
mended as sample sizes of healthy cats and cats suffering
from CKD in the present study were low.

Two of the four cats with high titres, of =1:800, also
shed leptospiral DNA in their urine. Urine samples of the
two other cats with titres =1:800 were PCR-negative.
These negative results can be explained by intermittent
shedding as intermittent shedding of leptospires is a
common finding.?¢ Furthermore, false-negative results
are possible in these two cats due to relatively small urine
volumes examined (1.5 ml and 5.0 ml, respectively).

Limitations of this study are that follow-up urine
samples could only be obtained in 2/7 cats that shed
leptospiral DNA. In this study, DNA from pathogenic
Leptospira species was detected, which cannot predict
viability of leptospires. The viability of leptospires in the
cats” urine and the zoonotic potential of the shedding
cats has to be further elucidated.

Conclusions

Prevalence of shedding of DNA from pathogenic
Leptospira species in outdoor cats in Germany was 3.3%,
while the prevalence of specific antibodies was 17.9%.
As a result, outdoor cats in Germany are exposed to
leptospires and regularly shed leptospiral DNA. The
role of cats as a source of infection likely has been under-
estimated and the zoonotic risk of shedding cats, as well
as the potential of leptospires to cause disease in cats,
has to be further elucidated.
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