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The objective of this study was to describe the epidemiology of canine
urolithiasis in Hungary in order to determine the annual incidence of urolithiasis
and to identify breeds at risk for different types of urolithiasis. Data of a total of
2,543 canine uroliths analysed in the laboratory of the Budapest Urolith Centre
were evaluated retrospectively from 2001 to 2012. Logistic regression was used to
assess odds ratios for the proportion of each affected breed compared to those of
crossbreeds. The annual incidence of urolithiasis was evaluated by the number of
submissions compared to the estimated number of dogs in the population from
which the samples originated. Epidemiologic data revealed a relatively high and
increasing proportion of struvite urolithiasis. Statistical analysis of breed predis-
positions resulted in the detection of breeds not having been reported at risk (e.g.
Bernese Mountain dog — struvite, Bichon Frise, Bolognese, Tibetan Terrier —
purine, French Bulldog — cystine). Conflicting results were revealed for some
other breeds previously described as being affected by certain types of urolithiasis
(Chihuahua, Pekingese, Shih Tzu, English Cocker Spaniel). Regardless of the
type of urolithiasis, its average cumulative incidence in the dog population of
Hungary was found to be 1.76/10,000/year.
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Several different studies have been published on the epidemiology of ca-
nine urolithiasis over the past decades (Table 3). Differences in breed predisposi-
tions in different geographic regions and changes over time in the proportion of
different types of uroliths have also been identified by others (Ling et al., 2003;
Lulich et al., 2013). Breeders’ activity or owners’ breed preferences also have an
influence on the epidemiology of urolithiasis. Generational changes in the dog
population may cause shifts in breed proportions and have a further impact on
the epidemiological data. New or periodically repeated analyses can estimate the
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effect of this change and new considerations may alter the focus of investigations
or interventions (dietary strategy, clinical screening or change in breeding policy)
to be done. The aim of this study was to describe the epidemiology of canine
urolithiasis in Hungary, where the dog population had not been evaluated in this
regard before. Based upon the epidemiological data the authors intended to de-
termine the incidence of urolithiasis and to identify breeds at risk for different
types of urolithiasis within this population.

Materials and methods

An analysis of a total of 2,543 canine uroliths sent to the laboratory of the
Budapest Urolith Centre (BUC) was conducted in Hungary with a standard data
questionnaire containing breed, age, gender and clinical data from 2001 to 2012.
After macro- and microscopic evaluation of the samples a quantitative or semi-
quantitative evaluation of the chemical composition of each different layer of
uroliths was performed by the ultramicrochemical (UMC) method (Reanal, Hun-
gary; Berényi and Frang, 1989; Bruckner et al., 1989) and in part by infrared
spectroscopy (Perkin Elmer 1600 FTIR). Uroliths were classified on the basis of
the predominant mineral component that exceeded 70% of the stone mass. The
proportion of affected breeds for each urolith type was compared to the propor-
tion of crossbreed dogs. Odds ratio (OR) and significance level were calculated
by logistic regression using the R statistical software (R Core Team, 2013). A
unique model was fitted for each urolith type. The breed was used as independ-
ent variable in the models. The level of statistical significance was set at 5% (P <
0.05). Population data were gathered from a previous report on the dog popula-
tion of Budapest (n = 124,459; Bende et al., 2003) and from the Hungarian Mi-
crochip Register (n = 543,929). These two datasets were taken into account to
calculate the change of breed composition of the dog population between the
start and the end of the study period. The number of dogs living in the country-
side was estimated from data of the registered numbers of immunisation against
rabies provided by the Animal Welfare Directorate of the National Food Chain
Safety Office (NFCSO) in the years 2010, 2011 and 2012, respectively.

The cumulative incidence of canine urolithiasis was estimated from the
numbers of canine sample submissions to the BUC and the data given by the
NFCSO yearly.

Results

Distribution of uroliths by type, gender and breed (Tables 1 and 2)

Cumulative incidence of urolithiasis in the population. According to data
on the registered rabies vaccinations in Hungary, the number of such vaccina-
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tions was 1,415,699, 1,369,000 and 1,387,600 in 2010, 2011 and 2012, respec-
tively. The laboratory received 240, 236 and 260 samples, respectively, from
dogs from the entire country in the same period. The calculated incidence of uro-
lithiasis was 1.69, 1.72 and 1.87/10,000/year, respectively. The average of the
cumulative incidence for the three-year period was 1.76/10,000.

Change of the distribution of urolith types between 2001 and 2012. The
proportion of struvite urolithiasis increased from 54.4% to 68.8%, while that of
purine uroliths decreased from 22.0% to 8.1%. During the study period there was
no observable tendency in the change of proportion of oxalate and cystine stones
(Table 4). The ratio of struvite to oxalate uroliths increased (Fig. 1).

Breed prevalence in the population, with special regard to the breeds most
affected by urolithiasis. In the 12 years evaluated in this study the composition of
the dog population inevitably changed significantly. These changes influenced
the prevalence of different types of urolithiasis. In order to evaluate changes in
the population, two databases of the dog population (the dog population of Bu-
dapest and the Hungarian Microchip Register) were compared with special em-
phasis on the change of proportions of the most affected breeds. Although a total
of 99 breeds were involved in the study, 80% of the samples came from only 23
breeds. Sixteen of them were characterised as breeds being at an increased risk
for at least one type of urolithiasis (Table 2). Changes in the average annual pro-
portions of the 23 most affected breeds between the first and the last year of the
study were compared to changes in the proportions of the same breeds in the
population (Fig. 2). The proportion of dogs affected by urolithiasis increased re-
markably in Pug (from 0.3 to 4), Bolognese (0.3 to 2), Bichon Frise (0.3 to 1),
English Bulldog (0.9 to 2.4) and Yorkshire Terrier (3.8 to 11.1), while the repre-
sentation of other breeds such as the Dalmatian (from 15.6 to 1), Black Russian
Terrier (2.1 to 0.4), Poodle (1.8 to 0.4) and Basset Hound (1.2 to 0.4) decreased
prominently. The direction of change in the dog population affected by urolithi-
asis was mostly the same as in the general dog population, with some exceptions:
there was an opposite change concerning the Basset Hound, Chihuahua, Minia-
ture Schnauzer, Pekingese and Puli.

Discussion

Prevalence of the different types of urolithiasis

Although several studies have already been conducted to identify the pat-
terns of the urolithiasis in the USA, Canada and Europe, this is the first retro-
spective epidemiological evaluation of canine urolithiasis in Hungary. The dis-
tributions of different urolith types found in other studies and our results are
summarised in Table 3.
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Table 2
Breeds affected by different kinds of urolithiasis in the population

Breed at risk n/N OR 95% CI P
Struvite  Bernese Mountain Dog 31/32 11.1 1.5-82.7 0.018
German Shepherd Dog 49/51 8.8 2.1-36.9 0.002
Shih Tzu 77/88 2.5 1.2-4.9 0.007
English Cocker Spaniel 89/105 2.0 1.1-3.5 0.019
Crossbreed 259/352 ref. group  ref. group  ref. group
COX Miniature Pinscher 10/20 5.4 2.1-13.5 <0.001
Yorkshire terrier 84/212 3.5 2.3-5.2 <0.001
Miniature Poodle 9/24 3.2 1.3-7.7 0.008
Miniature Schnauzer 26/89 2.2 1.3-3.8 0.003
Crossbreed 55/352 ref. group  ref. group  ref. group
Purine Dalmatian 151/160 352.3 152.3-815.3  <0.001
Black Russian Terrier 27/29 283.5 61.9-1298.0 <0.001
Bulldog 26/58 17.1 8.3-35.1 <0.001
Tibetan Spaniel 3/8 12.6 2.8-57.4 0.001
Giant Schnauzer 2/8 7.0 1.3-37.4 0.022
Bolognese 6/25 6.6 2.3-18.9 <0.001
American Staffordshire Terrier 4/29 34 1.0-10.8 0.042
Yorkshire terrier 27/212 3.1 1.6-5.8 <0.001
Crossbreed 16/352 ref. group  ref. group  ref. group
Cystine  Basset Hound 19/37 40.2 16.0-101.3  <0.001
Bulldog 19/58 18.6 7.9-43.9 <0.001
Rottweiler 8/30 13.9 4.9-39.4 <0.001
Miniature Pinscher 5/20 12.7 3.8-42.6 <0.001
French Bulldog 3/14 10.4 2.5-43.8 0.001
Wirehaired Dachshund 2/12 7.6 1.5-39.9 0.016
Dachshund 13/89 6.5 2.7-15.8 <0.001
Chihuahua 3/27 4.8 1.2-18.8 0.025
Crossbreed 9/352 ref. group  ref. group  ref. group

n = number of dogs affected by the given type of urolithiasis; N = number of all individuals in the
same breed affected by any kind of stone disease in the series, OR = Odds ratio, 95% CI = the
lower and upper values of the 95% confidence interval given by the statistical analysis by the
means of logistic regression, P = P values. Breeds affected by more than one type of urolithiasis are
indicated in italics

Breed predisposition. The over- (or under-) representation of a breed
among dogs affected by a certain type of urolithiasis is influenced by either pre-
disposing or protecting factors (thought to be genetically determined alterations)
and, furthermore, by either the relatively high or low number of individuals of
that breed in the overall population. Comparison of the breed proportions to
crossbreed dogs with respect to any kind of urolithiasis is a reasonable way
to demonstrate the presence or absence of suspected predisposing (or protecting)
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Fig. 2. Observed change of the proportion of the most affected 23 breeds in the urolith database
and in the dog population; Bars represent in a logarithmic scale how many times the proportion of
a breed increased or decreased from the start to the end of the study period. “Havanese dogs were

not recorded in the first years of the survey but 22 were counted in the last two years. Thus, the

proportion increased from 0 to 4.4%, and this change cannot be depicted as a ratio
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factors. Considerations on breed predispositions are not necessarily valid for all
geographic regions and periods. Conflicting data on breeds predisposed or not
predisposed to a certain type of urolithiasis can be observed when one compares
the results of other studies reported in the literature: for example the Border Col-
lie was found to be at risk of urolithiasis by authors of a survey conducted in the
UK (Roe et al., 2012), while the same breed was found to be characterised by a
relatively low risk in the USA (Low et al., 2010). Current considerations on
breed predispositions also have to be taken into account with caution; thus, they
are valid only at the time and place of the study.

Struvite urolithiasis in dogs are mainly caused by bacterial infection in the
urinary tract (Hesse and Neiger, 2009). If there were no other factor predisposing
to struvite urolithiasis, the prevalence of breeds among the struvite-forming dogs
would reflect the prevalence of the given breeds in the population. Nevertheless,
some breeds affected by struvite urolithiasis show higher proportions than would
be expected from its representation in the population (see below). Although in-
creased susceptibility of the urinary tract to infection is suspected, the actiology
is still unknown. According to the results of our study, Shih Tzus and English
Cocker Spaniels were found to be characterised by a high prevalence of struvite
urolithiasis, similarly as it has been reported by others (Picavet et al., 2007;
Rogers et al., 2011; Vrabelova et al., 2011; Blavier et al., 2012; Roe et al., 2012).
However, our data showed significantly lower OR values in some other breeds
regarded as breeds being at high risk for struvite urolithiasis such as the Miniature
Schnauzer (Vrabelova et al., 2011; Roe et al., 2012) and the Dachshund (Sosnar
et al., 2005). The prevalence of struvite urolithiasis in German Shepherds has not
been reported yet; however, evaluation of the representation of this breed in our
series revealed a high OR value at the highest significance level. The authors ob-
served a completely unique appearance of struvite urolithiasis in Bernese Moun-
tain dogs. Males were four times more affected than females and the mean age of
affected individuals was 33 months (median: 12). Although the relatively high
frequency of that breed among struvite-forming dogs was detected in a European
study (Hesse and Neiger, 2009), the uncommon pattern of this phenomenon was
not discussed. Others also reported a more frequent occurrence of struvite uro-
lithiasis in younger dogs (Low et al., 2010; Roe et al., 2012). The reasons for
these peculiar conditions remain unknown and need further investigation.

Concerning calcium oxalate urolithiasis, the mean age was the highest
among stone-forming dogs as has also been observed in other studies (Lekcharo-
ensuk et al., 2000; Wisener et al., 2010a). The fact that calcium excretion in-
creases with age makes it a suspected predisposing factor (Lulich et al., 2013).
Breeds found to be at a higher risk included, in partial agreement with the results
of other studies, the Miniature Pinscher (Blavier et al., 2012), the Miniature
Schanuzer (Blavier et al., 2012; Roe et al., 2012; Lulich et al., 2013), the York-
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shire Terrier (Picavet et al., 2007; Roe et al., 2012; Lulich et al., 2013) and the
Miniature Poodle (Sosnar et al., 2005; Picavet et al., 2007).

The breed Shih Tzu has been found to be at risk of both calcium oxalate
and struvite urolithiasis in several studies (Low et al., 2010; Vrabelova et al.,
2011; Roe et al., 2012) except one (Picavet et al., 2007) in which this breed was
found to be at risk of struvite rather than calcium oxalate urolithiasis. In our
study, the Shih Tzu was found to be at a higher risk of struvite urolith formation.
Other breeds that have already been mentioned by others as breeds at a higher
risk of calcium oxalate urolithiasis, such as the Chihuahua (Roe et al., 2012), the
Pekingese (Vrabelova et al., 2011) and the English Cocker Spaniel (Vrabelova et
al., 2011) were not found to be predisposed and even showed expressively low
OR values in the present study.

Dalmatian dogs are affected by purine stone formation due to a genetic de-
fect affecting purine metabolism (hyperuricosuria, HUU) (Low et al., 2010; Roe
et al., 2012). In the current study, beside the Dalmatian breed, Black Russian
Terrier (BRT), English Bulldog, Tibetan Spaniel, Bichon Frise, Bolognese and
Yorkshire Terrier were characterised by a significantly higher risk of purine uro-
lithiasis compared to crossbreeds. Affection of the BRT by this type of urolithi-
asis has already been reported (Bende and Németh, 2004), and HUU has been
identified as the underlying condition (Karmi et al., 2010). The predisposition of
English Bulldogs and Yorkshire terriers has also been reported (Vrabelova et al.,
2011; Roe et al., 2012). The Yorkshire Terrier is affected by inherited portosys-
temic shunts that can lead to an increased frequency of purine urolith formation
(Tobias and Rohrbach, 2003). English Bulldogs are suspected to be predisposed
to HUU (Bannasch and Henthorn, 2009). To our knowledge, Tibetan Spaniels and
Bolognese dogs have not been observed previously as breeds at risk of purine
stone formation or any other above-mentioned hereditary underlying disorder.

The high risk of cystine stone formation in Basset Hounds, Dachshunds,
Miniature Pinschers and English Bulldogs has already been reported (Jones et al.,
2001; Sosnar et al., 2005; Blavier et al., 2012). Irish Terriers are known to be
highly predisposed to cystinuria (Brons et al., 2013). In the present study, all
three samples from Irish Terriers were pure cystine stones. The OR value com-
pared to crossbreeds was very high (over 100) without statistical significance.
All the samples from Irish Terrier dogs came from intact males. Although the
mean age of Irish Terriers and Basset Hounds was 66 months and 55 months, re-
spectively, cystine urolith formation in English Bulldogs was observed in rela-
tively young individuals: the mean age was 40 months and the youngest individ-
ual was 16 months old. French Bulldogs were previously not reported to be at
risk of cystine urolithiasis. Surprisingly, the two reportedly most affected breeds,
i.e. the Newfoundland dog and the Labrador Retriever (Henthorn et al., 2000;
Bannasch and Henthorn, 2009), were not represented in our series except for a
single sample submitted from a Labrador Retriever. Our results suggest, accord-
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ing to the recently published classification system (Brons et al., 2013), that Type
III androgen-dependent cystinuria may be the most common form in our dog
population as only male individuals were affected.

Incidence of urolithiasis

The incidence of urolithiasis was estimated from the ratio of the number
of submitted samples and the registered number of dogs in the years from 2010
to 2012. In Hungary all dogs have to be vaccinated yearly against rabies. The
execution of this vaccination has to be verified by the veterinarian with a holo-
graphic sticker inserted into the vaccination book. The number of stickers used
for this purpose is recorded by the NFCSO. Since there was no other laboratory
specialised in urolith analysis in Hungary, the incidence of urolithiasis could re-
liably be estimated from the number of submissions and the number of vaccina-
tions registered in three consecutive years. To our knowledge, there is only one
article reporting the prevalence of urolithiasis in the dog population in Europe,
specifically in Sweden and Norway (Wallerstrom and Wagberg, 1992). The cal-
culation was made on the basis of data collected in a relatively long time period
(26 years). The authors reported 23 to 24 cases/10,000 dogs within that period.
This represented an average incidence of 0.88 to 0.92/10,000/year. Our calcula-
tion revealed an approximately twice higher incidence, indicating that at least
one dog potentially affected by urolithiasis should be expected among 5,600 in-
dividuals per year.

Changes in the proportion of urolith types from 2001 to 2012

Although a decreasing proportion of struvite uroliths was reported in long-
term studies (Ling et al., 2003) and in global surveys (except for Australia and
Oceania) (Lulich et al., 2013), the current study revealed an increasing frequency
of struvite submissions. The percentage of calcium oxalate remained unchanged
while the ratio of purine stones decreased. The prevalence of cystine stones showed
inconsistent alteration probably due to the relatively small number of submis-
sions (Table 4). The cause of the increase of struvite to calcium oxalate ratio in
Hungary unlike observations from other parts of the world is not clear. The shift
of that ratio can result from several factors (Wisener et al., 20105). Previous
studies did not really discuss whether the prevalence or the relative number of
submissions had changed. As the physical appearance of struvite stones is char-
acteristic in most cases, some practitioners might omit to submit such samples
for analysis. This failure to submit physically well-recognisable struvite uroliths
for analysis may result in apparently decreasing prevalence. Furthermore, the
prevalence of struvite stones is probably associated with certain social and eco-
nomic circumstances which are probably more expressed in the Eastern Euro-
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pean region, i.e. that early signs of urinary tract infections remain untreated or
are mismanaged in the absence of expensive laboratory tests and medications.

Evaluation of the effect of change in breed prevalence in the population
especially in the breeds most affected by urolithiasis

The proportion of the most affected breeds in the whole population (York-
shire Terrier, West Highland White Terrier, Havanese, Bichon Frise, Beagle,
Chihuahua, English Bulldog and Pug) increased about five times throughout the
study period. Yorkshire Terriers and English Bulldogs were characterised by cal-
cium oxalate in combination with purine and purine with cystine urolithiasis, re-
spectively. The increasing ratio of these breeds adumbrates the increasing preva-
lence of calcium oxalate, purine and cystine urolithiasis. In addition, an ex-
pressed diminution of the proportion of Dalmatians, German Shepherds and
Dachshunds, which were characterised by purine, struvite and cystine urolithi-
asis, respectively, was detected in the population. The change of breed propor-
tions in the urolith database showed more or less the same tendency. As regards
the breeds at risk, the prevalence of Yorkshire Terriers increased, while the pro-
portion of Dalmatians and Black Russian Terriers markedly decreased during the
study period. Whilst no sample was registered from the Havanese breed in the
first years of the survey, 22 samples were submitted in the last two years, leading
to an increase in the proportion from 0 to 4.4%. Individuals of small breeds are
exposed to environmental factors that can promote calcium oxalate stone forma-
tion (Lekcharoensuk et al., 2000). An increasing prevalence of Pug, Havanese,
Chihuahua and Bichon Frise was also observed in the population. This trend pre-
dicts a plausible increase in calcium oxalate urolithiasis and a decrease in stru-
vite, purine and cystine urolithiasis. While the proportion of Pekingese, Minia-
ture Schnauzer and Puli decreased in the dog population, their prevalence consis-
tently increased in the urolith database. The Pekingese and Miniature Schnauzer
breeds have been associated with factors promoting the development of urolithi-
asis (Lekcharoensuk et al., 2000). The increasing expression of these factors is
presumed in the background, but it remains unknown whether this was due to a
certain genetic shift or environmental impacts. Concerning the Puli breed this
change cannot be explained. The opposite change was observed for Basset
Hounds and Chihuahuas. Basset Hounds are strongly susceptible to genetically
determined cystinuria. A genetic shift in the gene pool, resulting in a decreasing
frequency of the mutated gene(s) in this breed population of Hungary, may be re-
sponsible for that change. However, for Chihuahuas the observed change cannot
be explained by these facts.
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Limitations of the study

Sample submission and the completeness of data. Although it is unlikely
that all uroliths harvested from dogs were submitted to analysis, we presumed
that almost all stones which were at all submitted for analysis in Hungary during
the study period had been sent to the BUC. The estimation of the annual number
of dogs in Hungary in the years 2010, 2011 and 2012 was based on the registered
number of anti-rabies vaccinations for dogs, provided to the authors by the
NFCSO. Although there is no evidence that all the dogs in Hungary were vacci-
nated and registered and all the uroliths that were formed and/or diagnosed were
actually submitted, our findings could represent a correct estimation of the inci-
dence of the disease as based on data collected from a reasonably large, well-
delimited population possibly entirely covered by urolith analyses conducted by
a single laboratory service.

Method. The method used for determining the chemical composition of
urinary stones at the BUC was not able to differentiate calcium oxalate monohy-
drate from dihydrate in some cases. In order to obtain results comparable to those
of other studies, the two chemical forms were considered together in the study.
Xanthine-, dihydroxyadenine- or silica-containing uroliths were not detected in
this study. As a similar finding was reported by other authors in in the Czech Re-
public, i.e. in an area geographically close to Hungary (Sosnar et al., 2005), the
lack of these types of uroliths can be explained by their innumerably low fre-
quency or by the deficiency of the method used for analysis. There were four
cases in which composition of the urolith remained undetermined by our analyti-
cal technique.

Identification of the breed. The breed of an individual was identified by
the referring veterinarian based on the dog’s certification, physical appearance
and/or the owner’s statement. This might have resulted in a certain deviation, es-
pecially as regards the proportion of very common breeds (e.g. a German Shep-
herd-like crossbreed could be identified as a German Shepherd).

Population database. Two databases were processed to estimate the breed
proportions at the start and at the end of the study period in the dog population
from which the uroliths originated. The survey of the population was based on a
non-selective dataset (data of all dogs living in Budapest), while the composition
of the dog population was determined on the basis of a selective dataset (the re-
cords of microchipped dogs) at the end of the study period. Since microchip im-
plantation was not fully compulsory in Hungary during the entire time of the
study, some dogs may not have been included in the central register, which may
have resulted in a possible alteration in the proportion of certain breeds.
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Statistical analysis

To estimate the risk of urolith formation in a certain breed or to evaluate
the breed as a risk factor in the prevalence of a specific type of urolithiasis, the
prevalence has to be compared to a reference group which is not affected by that
particular risk factor in the same population. In this respect, crossbreed dogs af-
fected by urolithiasis were selected as a reference group in this study, and their
data were used for the calculation. Normally, a reference group must not be af-
fected by any risk factor or must be affected equally by all risk factors. This could
be true if all the known and unknown genetic or epigenetic factors had a homo-
geneous distribution in, or a balanced influence on, the crossbreed dogs. As this
condition could not be proved, it could have an unpredictable impact on the OR
results obtained in this study.
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