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Abstract

Objectives Recent studies show that cats could play an important role in the transmission of Leptospira species.
There are few reports of leptospirosis on Prince Edward Island (PEl) and none in cats. The objective of this study
was to determine the prevalence of serum antibodies against Leptospira serovars and of Leptospira DNA in the
urine of a population of free-roaming cats.

Methods Paired blood and urine samples were collected from 200 cats brought to a trap—neuter-return
program. Antibody titers against six Leptospira serovars (Bratislava, Canicola, Gryppotyphosa, Hardjo, Pomona,
Icterohaemorrhagiae) were determined by microscopic agglutination test. PCR was performed on urine samples to
identify urine shedding of Leptospira DNA.

Results Antibodies were detected in 20/200 cats (10%) for at least one serovar, with titers ranging from 1:50 to
1:6400 (all serovars tested, except Hardjo). Urine samples of 7/200 cats (3.5%) were PCR-positive.

Conclusions and relevance Feral cats in PElI had a higher than expected exposure to leptospirosis and can
shed DNA from pathogenic Leptospira species in urine. Further studies are needed to determine the prevalence
of exposure to leptospirosis in other species on PEI and the potential role of feral cats in transmission of the

disease.
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Introduction
Leptospirosis is a bacterial disease caused by spiro-
chete bacteria belonging to the genus Leptospira. It has
been reported in over 150 mammalian species, including
humans. It is the most widespread zoonosis in the world
and is considered a re-emerging disease in humans and
dogs.'7 In 2000, it was estimated that 500,000 severe cases
of human leptospirosis were identified annually world-
wide, with a mortality rate >10%.7 In North America, the
disease is not considered endemic and epidemiologic data
are lacking.5 There is increasing concern that more cases of
human leptospirosis may develop in the future, as global
warming, flooding, increased numbers of reservoir spe-
cies and asymptomatic carriers have been identified as
risk factors for increased prevalence of this disease.’
Leptospirosis infection can occur either directly through
contact with infected urine or indirectly through contact
with a contaminated environment (soil or water sources).’

Many wild and domestic animals are subclinically infected
and serve as reservoir hosts, being a potential source of
infection for incidental hosts such as humans.’

In the past, cats were considered to be resistant to
leptospirosis.!®!! Experimental infections and recent
reports have demonstrated that cats can be infected with
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leptospires and active leptospirosis infection has been
documented in rare cases.!®!3 There is rising concern
that cats might be a potential reservoir and that their role
as a source of transmission has been underestimated.
Indeed, several studies have shown that pathogenic
leptospires can be found in the urine of cats, with a wide
range of prevalence — from 0.8% in Thailand to 67.8%
in Taiwan.*18 Evidence of renal carriage has also been
demonstrated, and in one study on Christmas Island,
Australia, cats had a much higher renal carriage than rats
and were considered a potential reservoir.1*?0 In addition,
arecent study reported isolation by culture of pathogenic
Leptospira species from the urine and kidneys of naturally
infected cats, adding to the evidence that cats can be a res-
ervoir.?! Interestingly, prevalence in geographically simi-
lar areas can vary widely, emphasizing the importance of
obtaining data for each specific area.!8-2022

There are a few reports of the presence of leptospiro-
sis on Prince Edward Island (PEI), Canada, but none in
cats.?>?* The objectives of our research were to determine
the prevalence of exposure of feral cats on PEI to leptospi-
rosis by measuring serum antibody titers and to determine
the prevalence of urinary shedding by amplifying patho-
genic leptospiral DNA by PCR. In addition, factors that
could influence the seroprevalence and PCR status were
evaluated, including age, sex, seasonality and localization.

Materials and methods

Study design

This prospective, cross-sectional study was approved by
the Animal Care Committee of the Atlantic Veterinary
College (AVC), University of Prince Edward Island.
Feral cats presenting to the AVC feral cat spay and neu-
ter program between July 2017 and September 2018 were
enrolled in the study. Feral cats were defined as free-
roaming, unowned, intact cats. They were humanely
trapped the night before presentation to the AVC. The
weight, sex and approximate age of each cat were
recorded. Cats with deciduous teeth were classified as
juveniles; all others were classified as adults. Cats were
also assigned a colony number, based on the location
where they were trapped. All cats underwent general
anesthesia as part of the spay or neuter protocol. At that
time, venipuncture was performed and a 2ml blood sam-
ple was obtained and placed into a glass tube without
additives. Serum was separated and stored at —20°C until
being shipped for microscopic agglutination test (MAT)
evaluation within 60 days. Urine was collected by manual
expression of the bladder and stored at —4°C.

MAT

A MAT was performed on each serum sample by a com-
mercial laboratory (Diagnostic Center for Population
and Animal Health, Michigan State University, Lansing,
MI, USA). The samples were tested for Leptospira interro-
gans serovars Bratislava, Canicola, Icterohaemorrhagiae,

Hardjo and Pomona, and for Leptospira kirschneri sero-
var Grippotyphosa, belonging to serogroups Australis,
Canicola, Icterohaemorrhagiae, Sejroe, Pomona and
Grippotyphosa. Titers =1:50 were considered positive.

PCR assay

Urine samples (1-2ml) were processed within 72h of
collection by a commercial laboratory (IDEXX Reference
Laboratories, Markham, ON, Canada). The target gene
used in this PCR assay is the outer membrane lipoprotein
expressed by pathogenic Leptospira species, with a reported
sensitivity of 92% and specificity of 99% (R Chan,
IDEXX Laboratory, 2017, personal communication).

In parallel, the remaining urine (volumes ranging from
1 to 20ml) was processed within 24 h of collection on site
(Biomedical Sciences Department, AVC, University of
Prince Edward Island). Each urine sample was centri-
fuged (20,000g at —4°C) for 10mins. The supernatant
was discarded and the pellet was washed with 500l
phosphate-buffered saline (PBS). After a second centrifu-
gation, the supernatant was discarded and the pellet was
resuspended in 200 pl PBS. Total DNA was extracted with
the PureLink Genomic DNA MinKit (Invitrogen), follow-
ing the manufacturer’s instructions (mammalian cells
lysate protocol). DNA concentration and quality were
determined using the NanoDrop 2000 Spectrophotometer
(ThermoFisher Scientific). The samples were kept at
—20°C until PCR analysis.

DNA was amplified by multiplex PCR using two sets
of previously described primers.?> G1-G2 and B641-B6411
primers, targeting specific pathogenic genes, can amplify
a 285 base pair (bp) DNA fragment from L interrogans
serovars Pomona, Canicola, Hardjo, Icterohaemorrhagiae,
Autumnalis and Bratislava, and a 352bp DNA fragment
from L interrogans serovar Sejroe and L kirschneri serovar
Gripptyphosa.

PCR components were 12.5ul Econotaq Plus Green
Master Mix (Lucigen), 2 ul primer (working concentration
of 0.8uM), 5.5 ul nuclease-free water and 5 ul of extracted
DNA for a total volume of 25pul. Each run contained
standard negative (nuclease-free water, DNA from PCR-
negative feline urine) and positive (pathogenic Leptospira
DNA, DNA from PCR-positive feline urine) controls. The
negative biological control was a cat housed and used as
a blood donor at AVC, with no outdoor access and with
a negative urine PCR performed at the commercial labo-
ratory. The positive biological control was urine spiked
with pathogenic Leptospira DNA. The amplification pro-
tocol was carried out in a thermocycler under the follow-
ing conditions: initial polymerase activating temperature
of 95°C for 12mins, followed by 35 cycles of denaturing
at 95°C for 205, annealing at 55°C for 30s, elongatation at
72°C for 40s and a final elongation step at 72°C for 7mins.
PCR amplicons were subjected to electrophoresis on a 2%
agarose gel with ethidium bromide, with a 100bp ladder
run concurrently.
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Figure 1 Geographic distribution of the negative (yellow dots) and positive (red dots) microscopic agglutination tests for
Leptospira species in 200 feral cats on Prince Edward Island. The numbers correspond to the highway route numbers

Table 1 Seroprevalence of six Leptospira serovars in 200 feral cats on Prince Edward Island

Statistical analyses

The sample size was calculated using the formula
n=2z2Xp X (1-p)/d? with n being the required sample
size, z the standard score (1.96 for a 95% confidence inter-
val), p the expected prevalence and d the precision in
proportion of one. Based on previous published studies
of seroprevalence in cats in Quebec and the small amount
of canine leptospirosis confirmed at the AVC veterinary
diagnostic laboratory, we calculated a required sample
size of 200 cats, with an estimated prevalence of 5% and
a 3.5% precision.'%?* The majority of data are presented
with descriptive and summary statistics. Fisher’s exact
test was used to compare seroprevalence and urinary
shedding by sex and age. The association between sea-
sonality and seroprevalence percentage was tested with
a y? test.

Results

Paired blood and urine samples were obtained from 200
feral cats from 70 different locations on PEI (see Figure 1
and Table 1 in the supplementary material). Eighty-three
were females (41.5%) and 117 were males (58.5%). Seventy-
one were classified as juveniles (35.5%) and 129 as adults
(64.5%).

Seroprevalence (MAT results)

Twenty of 200 cats (10%; 95% CI 6.2-15) had positive
antibody titers (=1:50). Seroprevalence for the different
serovars was variable (Table 1).

The most common serovars were Icterohaemorrhagiae,
followed by Grippotyphosa and Canicola. Less common
serovars were Bratislava and Pomona. Antibodies against
serovar Hardjo were not detected.
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Table 2 Number of positive microscopic agglutination tests (=1:50) for six different Leptospira serovars in 200 feral cats
on Prince Edward Island

Table 3 Demographic and laboratory characteristics of seven PCR-positive cats for the presence of Leptospira species
in urine, among 200 feral cats tested on Prince Edward Island

MAT = microscopic agglutination test

The majority of positive reactions had titer values of
1:50 or 1:100 (Table 2). Antibody titers ranged from 1:50
to =1:6400, with the highest titers recorded for Canicola.
Thirteen serum samples (6.5%) were found to react to
only one serovar and seven samples (3.5%) reacted to
more than one serovar. Of these seven samples, one
reacted to two serovars, four reacted to three serovars
and two reacted to four serovars. High titers of =1:400
were found in six cats against serovar Canicola and in one
cat against serovar Pomona.

There were more female than male cats with positive
antibody titers, but the difference was not statistically
significant (14.4% vs 6.8%; P =0.09). There were more
adult than juvenile cats with positive antibody titers and
the difference was considered significant (13.2% vs 4.2%;
P <0.05).

Positive titers were found in various locations
throughout PEI (Figure 1). No obvious clusters of posi-
tive cats were found. Results were also compared based
on the time of the year, with three time periods consid-
ered, based on seasonal patterns of leptospirosis cases
in Canada: June-August (5%), September-November

(9.3%) and December-May (17%).2¢ Although there were
more positive samples in December—May, the seropreva-
lence did not vary statistically with seasonality (x> test,
P=0.11).

Individual demographic, geographic and laboratory
characteristics for the 20 positive cats can be found in
Table 2 in the supplementary material.

DNA PCR results

The urine samples of five cats (2.5%; 95% CI 0.8-5.7)
were PCR-positive when the samples were processed at
the commercial laboratory. Seven urine samples (3.5%;
95% CI 1.4-7.1) were PCR-positive when processed on
site and included the five positive samples processed at
the commercial laboratory. DNA quality was considered
adequate for all samples. PCR-negative controls tested
negative and PCR-positive controls tested positive. All
seven samples produced a PCR product of 285bp. All
PCR positive cats had antibody titers =1:200, apart from
one cat that was negative for serology. The demograph-
ics and laboratory characteristics of PCR-positive cats are
presented in Table 3.
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Discussion
The seroprevalence for feline exposure to Leptospira spe-
cies obtained in this study was 10%, which is similar
to prevalences reported in most other studies in North
America, ranging from around 5% to 17%, apart from one
study from Quebec where the prevalence was 25%.1627-31
However, the cut-off value used in our study for antibody
titers was 1:50, which is lower than in most other studies
and could have overestimated the prevalence in compari-
son to other studies. Indeed, the seroprevalence would
be 6% instead of 10% if the cut-off value had been 1:100.

There are a number of reasons why 1:50 was used as
a cut-off value in this study. There is no consensus on
the most appropriate cut-off value to choose in cats,
and cats are thought to respond to infection with low
antibody titers, ranging from 1:30 to 1:400, as has been
demonstrated in experimental and naturally occurring
infections.’6%0-35 Indeed, in a study from Taiwan, 67.8%
of cats were shedding leptospires in their urine, but only
9.3% had antibodies detected by MAT.™ Low antibody
titers could also represent cross-reactions from serovars
not tested or not yet described.'” In addition, a study
in bovines showed good specificity and sensitivity for
MAT with a =1:50 cut-off, when compared to micro-
biological culture.® For these reasons, a cut-off value
of 1:50 was chosen in this study, as proposed by other
investigators. 18313235

In this study, antibody titers varied widely among
seropositive cats. High titers, defined as titers =1:400,
with some reaching the maximal dilution performed
(>1:6400), were found in eight cats. This is in contrast to
most other studies, where titers were <1:400, but simi-
lar to what was reported in a study from Quebec.1030-3
Such high titers could represent a recent or active infec-
tion.?” However, the majority of cats had low antibody
titers. As discussed above, low antibody titers have been
documented in cats not only exposed to, but also infected
with Leptospira species, and there is concern that in some
cases the low magnitude may be due to cross-reactions
from serovars not tested.'® It is also unknown how long
titers can persist in cats and low titers could represent
old exposure.8

In the tested population of feral cats from PEI the highest
prevalence was found for the serovar Icterohemorrhagiae,
which would suggest rats as the source of infection for
some of the cats.!*%” The serovar Grippotyphosa was also
predominant, which could reflect the presence of a reser-
voir in wild small mammals such as raccoons, skunks or
voles.1638 Interestingly, nearly half of the cats had positive
antibody titers against the serovar Canicola, with most
of them being extremely high titers (=1:3200). Although
this serovar has been reported in cats, it is not commonly
found in this species.® Although dogs are known to be
the maintenance host, it has been described in swine and
some human cases.“*#2 Canicola has also been detected

in cattle in Brazil.** This serovar has not been reported in
wildlife studies, including studies of red foxes and coy-
otes.3%4 This raises the question as to whether dogs on
PEI could serve as a reservoir of leptospirosis, despite
very few reported clinical cases.?+3945

These results should be interpreted with caution. It has
been shown that the predominant serogroup with a titre
=1:100 predicted correctly only 46.4% of all serovars iso-
lated in humans.!” Cross-reactivity to non-vaccinal sero-
groups was demonstrated in dogs, as well as in cats.?846
The study in cats showed not only that antibodies against
serovars (and serogroups) not contained in the vaccine
were present, but also that antibodies against serovars
contained within the vaccine were not detected. As such,
it is possible that the highest titers found in our popula-
tion of cats are not representative of the specific serovar
they were exposed to.

Our results did not show any statistical difference in
the distribution of males and females among seropositive
cats, but more adults than juveniles had positive antibody
titers. This was not unexpected, as it has been shown that
older age is associated with higher antibody titers, prob-
ably due to longer possible exposure times.!04748

One of the goals of our study was to determine if there
were geographic clusters of urinary shedding or seroposi-
tivity on PEI The cats in our study came from various
locations throughout PEI and no single location was over-
represented. Future studies should not be restrained to a
narrow specific area.

Surprisingly, the seroprevalence was not statistically
different during the three periods of the year used for
analysis. It has been shown that most canine cases of
leptospirosis in Canada, are diagnosed between August
and November, and there is a correlation with rainfall 3
months prior.?® However, this seasonality was reported
for clinical cases and not a survey of seroprevalence. In
addition, winter was relatively mild during our study
period, which might have explained the outbreak of
canine cases in Nova Scotia during that winter.4°

Urinary excretion of leptospires was confirmed by pos-
itive urine PCR in seven cats when performed on site but
only five positive results when performed by a commer-
cial laboratory. This difference is most likely explained
by immediate extraction of DNA on site in comparison
to a delay of 24-72h off site. Studies have shown that
degradation of DNA occurs when fresh urine is stored
at 4°C or lower temperatures, making recovery of DNA
more difficult.’® False positives would also be possible
but seem unlikely, given that the PCR used on site has
been shown to be 100% specific and negative controls
were consistently negative.?>

The prevalence of urinary shedding was low and simi-
lar to those reported in other studies.'®'” It was also much
lower than the seroprevalence, which is not unexpected,
as intermittent shedding is common.* Only one cat that
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was PCR positive was MAT negative, which could be
explained by a chronic carrier state.!* The presence of
urinary shedding by feral cats raises public health con-
cerns and further studies are warranted to accurately
determine risks.

The present study has several limitations. The popu-
lation studied could not be evaluated for clinical illness.
Although all cats appeared healthy, no history, long-term
observation, additional blood work or paired serum titers
were available, and it was not possible to distinguish clin-
ical illness from exposure. Follow-up urine PCR would
have helped determine if the cats were chronic, sporadic
or one-time shedders but could not be performed owing
to limited access to the cats and limited finances. The
serovars chosen in our study were based on reports in
cats in Canada and in other species on PEL.162 However,
the range of serovars tested should not be limited to
local strains according to the Guidelines of International
Leptospirosis Society.'® As we limited the study to six
serovars, the true seroprevalence might be higher, as
false-negative results are possible.

Conclusions

We have shown that feral cats on PEI are exposed to
leptospirosis, and that the seroprevalence and urinary
shedding are not negligible and higher than expected.
Further studies are needed to determine the prevalence of
exposure to leptospirosis in other species on PEI and the
potential role of feral cats as sentinels for other species or
in transmission of the disease.
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