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Association between Urinary Tract Infection, Gender, Age and the Occurrence
of Magnesium Ammonium Phosphate compared with Calcium Oxalate

Uroliths in Dogs

Osathee Detkalaya', Karin Vichukit!, Sajee Kornkasem?, Piyawan Thanaperm?, and
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Abstract: The objectives of this study were evaluated the associations between urinary tract infection,
gender, age and magnesium ammonium phosphate urolith occurrences compared with calcium oxalate
urolith occurrences in dogs visited at Kasetsart University Veterinary Teaching Hospital during 2016-2018.
Urolith compositions were analyzed at Kasetsart University Urolith Center by infrared spectroscopy.
Descriptive statistic and logistic regression were performed by the commercial software. The results of 701
urolith samples were analyzed. The common uroliths (638 submitted samples; 91.01%) were calcium
oxalate (CaOx) and magnesium ammonium phosphate (struvite; MAP). The average age and standard
deviation for dogs with CaOx uroliths was 9.1 + 3.2 years, 7.0 + 3.1 years for MAP, 6.8 + 3.8 years for Purine,
3.4 + 1.9 years for cystine, 7.6 + 3.6 years for calcium phosphate (CaP), 5.0 + 0.0 years for silica, 11.9 + 2.9
years for compound and 5.7 + 2.7 years for mixed uroliths. The top 3 bacterial urinary tract infections were
146 (54.89%) Staphylococcus spp., 32 (12.03%) E.coli, and 20 (7.52%) Proteus spp. Comparison with dogs
with CaOx uroliths, the dogs with strong urease bacterial urinary tract infection has increased risk (OR=12.6,
95% Cl=7.18-22.09) for developing MAP uroliths compared with dogs with no growth urine sample. The dogs
less than 2 years old had increased risk (OR=21.9, 95%Cl=2.7-179.06) for developing MAP uroliths compared
with over 10 years old dogs. Female dogs had increased risk (OR=9.77, 95%Cl=6.06-15.75) for developing
MAP uroliths compared with male dogs. The result of multiple logistic regression indicated that dogs with
strong urease bacterial urinary tract infection, female dogs and dogs less than 2 years old had increased risk

for developing MAP uroliths compared with dogs with CaOx uroliths.
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%’ﬂmé’miﬁaﬂizmﬁlmLﬁmqasﬁu A1NI1UIUY
Freg19fitesni 100 freog9/d WHuuinndd
1,100 ¢aeg19/UTul w.A.2561 3105718914
n1sAnwInountInud Ga7Anlunieiiy
Jaanzdruansvesgivanniian 2 drduusn
Toun 97 calcium oxalate (CaOx) wayiia
magnesium ammonium phosphate (struvite;
MAP) (Osborne et al., 2008; Ling et al., 1998)
foyanisszuiaingmuin 919 20 Yisiuanin
%iin CaOx Sodidudfiiiuty (Lekcharoensuk
et al,, 2002) nglugtunazianudndiunisiin
favila CaOx 1nNI1E2 MAP (Osborne et al,,
2008) Faumnasandadiunisiadaluniaiu
Jaanivvesatvlulszmalne lngludszmealny
WU MAP (56.26%) 11nn91f9 CaOx (22.48%)
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Anda MAP Tugialdun nsindelumiaiu
Haanaz Fadeuuaiidefinulumaiudaans
laun Staphylococcus spp., Escherichia coli,
Proteus spp., Streptococcus spp., b & ¢
Klebsiella spp. \Uudu msﬁﬂmﬁﬁi’mqﬂismﬁ
Womeuduiudsswinanisandouuaiidely
nAudaane e m&gﬁ'wmmﬁmﬁla MAP
Wisuifisudunisiinis Caox Tugaed w.a.
2559-2561 angiaidudiidiiunissnuad
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foyatimnannsnenunanisasaii
lasuainn1swidn (traditional surgery) #son1s
Juih (voiding urohydropropulsion) Tuniat@u
Haamzvesgruiidniunmsnuilsmenuiadnd
UNNINEIFELNYATAIENT U1Y Lagdoya
Usznousie Tuieudfiviinisinde e1g e
tus wazshumisiinuta Tneidudeyadusiiiou
1NTIAN W.A.2559 DeLADUSUIIAN W.A.2561

foyanisfindelunafutiaansvosgiy
finufianansenuranmsmzidesuaiidely
madudaanzanauddugnslsndnd audn,
UWNYAIEAT UNIINUIRULNEATAIEAT Lae
Frogriildanannismizideludaans (urine
culture) n3on15nnzigonuATiSeinsyiny
Jaay (bladder culture) Insnsiiuiegneyi
Tuts 1 WeunsunsrindavseTuiivinisidn

nssuunefiniinseyilaefiogeinae
gndsnduniioudana Tasldndninmsives
Minnesota group classification (Roe et al.,
2012) nsdififialdfidaunes nidus vie shell Tng
fdrutsznevvesnssiguialaviandainnin
70% Tiudanamuviinveduisinfenany nsdd
9% nidus e stone wanaAay shell Taed
duUsENOUTRILITIAIIIARAILUINATY T0%
T¥uvanadavdaiifu compound waziiail
drulsznevvesnisinuialavianiadesndy
70% Tagldd nucleus wae shell 1Huvanads

%ﬁﬂﬁi‘ﬂu mixed (Osborne et al., 2008)
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NTIATIEVVOYAN AN ATINTTUUT Uay
logistic regression l#lUsunsudiiagunisada
(NCSS 11 Statistical Software, 2016, NCSS,
LLC, Kaysville, Utah, USA ) tilemaanuduius
ypan1sAnTenuafielumaiudady e
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spp.
Pseudomonas spp.) ﬂa;uﬁ 3 other bacteria
(Enterococcus spp., Pasteurella spp.) LLazﬂEjaJ
7t 4 liinumsAnouuaiise (negative bacterial
culture) %QGL%IL‘TQJUHQ:SJ%?N@Q (reference)
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7 sonuu 5 ngu (Roe et al,, 2012) Inglvigiia
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N193LATI¥1 multiple logistic regression
ndadodsaresnsindonuaiiteluniuiiy
Jaamz o1y wazmaniiodfgmaaifgnuin
Auaas WenanuduRusszuinenisiinda
MAP Wiguiuiia Caox Tnglunis@nenil 95%
confidence interval (95% Cl) mu'maUﬂqm 1
nRdNlANULANAN YTy d1AYN19ads (p <
0.05)

NANITANYN

maAadalumaduiaanzvosgiaiigi
fun1s¥nuifilsanerviadaiuniine1de
NERTAERS UNuYIel 2559-2561 nudla
Wy 8 win léuA 1. calcium oxalate (CaOx) 2.
magnesium ammonium phosphate (struvite;
MAP) 3. purine 4. cystine 5. calcium
phosphate (CaP) 6. silica 7. compound &g 8.
mixed (E‘U‘ﬁ 1)

TnpInsuauieg e GUHRPIALIAY
01gl# 700 ¢ Tnsengiedeiinuiuandlumsng
i1

maAadalunaduiaanizvosgiaiidh
fun1s¥nuifilsanerviadand un1inende
InuAsANERT LAy Ssiuawiaay 701 feghs
WUNLNTIEYAENUT 699 Faes aneiugaile

s

fiinthlumadudaanediomn 27 areiiug
Tny 10 anetususnimuihlumaduiaanizann
fign LAuA 1. Shih Tzu 167 #2 (23.89%) 2.
Mixed breed 134 ¢ (19.17%) 3. Pomeranian

118 ¢1 (16.88%) 4. Chihuahua 79 $7 (11.30%)
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46.79%
350 44.22%

300
250
200
150

100

50 3.71%
2% 1% 0.14% 0.71% 1.43%
0 - [ | — —

CaOx MAP Purine Cystine CaP Silica  Compound  Mixed

JUN 1uansdruiu (Wesidud) nisiindivesatduidifunisinyinlsanerviadnd
UATINPIRBNYATAIENT VAU WA, 2559-2561 F1UU 701 FI0EN

CaOx = calcium oxalate, MAP = magnesium ammonium phosphate, CaP = calcium phosphate

M990 1 uansorgvesnsiinilusazviinlunadudaaizvesgiv

Age (years)

Urolith type
Average Standard deviation Minimum Maximum
CaOx 9.08 3.22 2 18
MAP 7.02 3.07 0.9 18
Purine 6.82 3.77 1 13
Cystine 3.38 1.86 1.3 8
CaP 7.55 3.64 33 12
Silica 5 0 5 5
Compound 11.92 2.88 8 15
Mixed 5.72 2.74 1.4 10.1

CaOx = calcium oxalate, MAP = magnesium ammonium phosphate, CaP = calcium phosphate

5. Poodle 64 6 (9.16%) 6. Pug 34 67 (4.86%) Msinzdoandaans 403 Fedne wu

=

7. Yorkshire terrier 23 61 (3.29%) 8. Beagle 12 n13AALTANTUddIE 266 A198719 WUATILTY
$1 (1.72%) 9. Golden retriever 7 7 (1.00%) WUMﬂﬁqmﬁmmuﬁﬁﬁU laun Staphylococcus

wae 10. French bulldog 6 #1 (0.86%) spp. 146 A19813 (54.89%), E.coli. 32 A79819
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(12.03%), Proteus spp. 20 #1983 (7.52%),
Pseudomonas spp. 19 $219819 (7.14%),
Enterococcus spp. 17 #19813 (6.39%),
Klebseilla spp. 16 $18813 (6.02%), Pasteurella
spp. 8 §19813 (3.0%), Streptococcus spp. 8
$9814 (3.0%)

ativii@udavia MAP 310 #ega laidl
AsnBeanaanne 77 fregns (24.84%)
waziinisizidouuailiseainiaanny 233
freehe uay nuldonuaTiEeTioun 8 wila e
Staphylococcus spp. 125 A19813 (53.65%),
Proteus spp. 17 #id19 813 (7.30% ),
Streptococcus spp. 7 f39819 (3.0%),
Klebseilla spp. 4 #1989 (1.72%), E.coli. 15
f9E (6.44%), Pseudomonas spp. 8 #1984
(3.43%), Enterococcus spp. 6 9814 (2.58%),
Pasteurella spp. 7 79814 (3.0%) LAEIINZLTe
wuat3eliTu (negative urine culture) 44
#7981 (18.88%)

atiuiiduiiavia MAP finsmnzidenn
Haanziiadu 233 fog1s windungu strong
urease bacteria 142 #38814 (60.95%) nqu
weak urease bacteria 34 19819 (14.59%) nau
Apitouuafiiedu 13 #eens (5.58%) waznay
Fnzdouuaiidelity 44 feens (18.88%)

atiuiiduiavila CaOx 328 fega laid
nszideaniaann 158 feega (51.83%)
wazdnsmizidenuaiiiseandaanig 170
Frog19 nuiowuailiievanan 8 vl Laun
Staphylococcus spp. 21 #1981 (12.35%),
Proteus spp. 3 $9814 (1.76%), Streptococcus

spp. 1 $19813 (0.59%), Klebseilla spp. 12
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A19879 (7.06%), E.coli. 17 #79819 (10.0%),
Pseudomonas spp. 11 $19819 (6.47%),
Enterococcus spp. 11 10819 (6.47%),
Pasteurella spp. 1 A738879 (0.59%) Wazinie
Fouuni3elaitu 93 fheths (54.71%)
ataidutiwia Caox finsmnzidonn
Jaaeduau 170 degre wiadungu strong
urease bacteria 24 #8814 (14.12%) ngs weak
urease bacteria 41 #1987 (24.12%) mjmam%a
wuAfiedu 12 feg (7.06%) waznguilne
Fouuafidelaiu 93 fheths (54.71%)

o a

= o 5 a =) ) (%
WIDUNYBUAUIVY 2 YUAUWUTUEUNY

Y
(%

WUIINITAALYBLUATILIENEGY strong urease
bacteria #A11uLdesluN15AATY MAP 1nn7
17 CaOx 12.59 11 (OR=12.59, 95% CI=7.18-

a 1

JYNQAU weak urease

q

22.09) nsfndouuadl
bacteria kazn1sAaLTauuATGangudu liny
ANLANADE 1T A A TNIERA Famenadi 2
atfuiduda MAP Afin1sinnziioann
daanganunsoszyenyld 232 dr0819 1ile
Wisuidleutuaioiiduih Caox fifimamnede
ndaanivaruisaseuoigails 170 dragn
wu atvegtosinnudsadindulunaifads
¥ila MAP 3nnnindlawiia CaOx famsedi 3
ndegaiianiln MAP Lay CaOx Miinng
wzldeainilaantzatnsnssyinald 402
#0819 Wuatumadeadalaldimiudiuam
189 #1 (47.01%) grivimedefvivsiunddnou
1 6 (0.25%) givinagadalailevimsiudiuiu

o Y

208 67 (51.74%) wagguuinagnyiniuua,

£ =

U 4 7 (1.0%) LHLBI9INTIUIUATVLNALT BN

9
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A157199 2 wansduduguninisiaeaindaanizlunuailisengusng  odds ratio way 95%Cl vas

guaiaiivia MAP Wisuiiauiuilnila CaOx Ingldnquitniziwelavulungueneds

Bacterial group No. of dogs with No. of dogs with Odds Ratio 95% ClI
MAP uroliths CaOx uroliths (OR)
Strong urease 142 24 12.59 7.18-22.09
Weak urease 34 a1 1.75 0.98-3.13
Others 13 12 2.29 0.97-5.43
No growth aq 93 1 NA

MAP = magnesium ammonium phosphate, CaOx = calcium oxalate

A19197 3 uansTuIuuazesdudvaanninisinis MAP uaz CaOx luwsiazyiaeng odds ratio

LAz 95%CI Tun1siSeuiisuanuidesseninegraniails MAP wWiguiieuiuily CaOx lngldnay

alvogunndn 10 Ydungudneds

Age No. of dogs with MAP  No. of dogs with CaOx Odds Ratio 95% ClI
group (%) (%) (OR)

0-2 11 (4.74) 1(0.59) 22.00 2.70-179.08
>2-4 38 (16.38) 10 (5.88) 7.60 3.31-17.45
>4-7 75 (32.33) 40 (23.53) 3.75 2.07-6.79
>7-10 80 (34.48) 63 (37.06) 2.54 1.45-4.45

> 10 28 (12.07) 56 (32.94) 1 NA

MAP = magnesium ammonium phosphate, CaOx = calcium oxalate

ey FavhnisiSeuiisussnineaiaineiile
(female) wagineg (male) wudnaduineiiiod
aradsslunisiinds MAP wnndndia CaOx
9.77 111 (OR=9.77,95% Cl=6.06-15.75) 4
N394

N193LAT1¥ multiple logistic regression
vostlduideafifitudfy Wemanuduiusves
n5iAnfia MAP Wisuifisuiunisifiniis CaOx
Tneguntadevesnisindeluliaany o1y way
A wudn Sn1sinenuaiiiiungy strong

urease bacteria tudaa17y (OR=13.7,

95%Cl=7.02-26.57) a18adataesnin 2 U (OR=

9

LY =

36.9, 95%Cl=3.66-373.09) LLazduuinally (OR=

9

'
a

8.9, 95%Cl=5.03-15.95) ﬁﬂﬁﬂﬂL%ﬁﬂLWM%ﬂiUﬂ?i

o A N

Ainily MAP Wallseuiiguiugiviliinivie

CaOx A9p15199 5

391500
a dy a a a
A1sanLTanuAntseluntnauddaaiie
IAgLanIzRUANLIENgY strong urease bacteria
gemaiainudunuslunisinfdivda MAP

(Rebecca et al.,2001) Fatdudafinuuiniiu
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M99 4 uandnALazLUasIuATedala odds ratio waz 95%Cl vosguviiniavia MAP WisuWiey

futiaviin CaOx Ineldatumedilunguanads

Gender  No. of dogs with MAP  No. of dogs with CaOx Odds Ratio 95%CI
(%) (%) (OR)
Female 159 (68.5) 31(17.1) 9.77 6.06-15.75
Male 73 (31.5) 139 (82.9) 1 NA

A15199 5 U@ odds ratio kay 95%Cl vesgiviiniiy MAP Wiguiisuiuily CaOx 3nadeves

nsandaludaany a1y wazlnAannds multiple logistic regression

Risk of urolith Adjusted odds Ratio (OR,q;) 95%ClI

Bacteria Strong 13.66 7.02-26.57

Weak 2.17 1.07-4.41

Others 1.52 0.51-4.53
Age 0-2 36.95 3.66-373.09
>2-4 6.22 2.23-17.35

>4-7 3.46 1.60-7.46

>7-10 2.57 1.24-5.33

Gender Female 8.95 5.03-15.95

asuwsnlumaiulaanizvesatalulssmalng
(Detkalaya et al., 2017) Msngidedaanig
Juedesilelunisidadonisaadeluniaiu
Jaanzfidfy wazdiheaaniviaiaegiad
UszaAn3aan F9a1ndrurudasvaediduiily
madutlaany 701 ¢ wudildiinismnzide
Jaansis 251 6 (35.86%) F90719dwanants
fhemsindelumaiutlaans swdinisine
Tsadaluniaiudaaiizedredussdninag
Jnduseddddoyaninnisnsiaitlady wu 13
as1alaans MsleeEidady sudinisnzde

Jaane iannmITRATDIRINEUNITS NN

20

aa o a & a <
n1TItagensAaeniIsAulaa 1z du

o/ £% '
Y [ a

mumauﬁﬁaqﬁmﬂmqLﬁawumlummﬁuﬂamw
(Lulich et al., 2016) @augdd1fa98in MAP §
Snwazifuififiuged sauduilenadndely
yaduilaanizgaaziiwualiuvestaanz iy
f14 (alkaline urine) luvaefifinsia Caox dnld
wunsAnelunaiudaannzsiudiefni
(Lulich et al., 2016) ANV UATISEY TR LA
L?Jummmaqmﬁ@mL%@Iuﬂaanz saufeau
veuidenuaiiiedosUfdrurazdaeiia
Uszansamlunisineuazannisaosnveie
wuafiiseaelulusuian saufianisiatiannig

nduudulmidnene
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PNMsAnBIMUAIsAinda CaOx (46.79%)
WnnI1329dn MAP (44.22%) Fedenadesiu
wunltuwesiinnin CaOx ABudfisdy (Lulich et
al, 2013) nsAnwINITARETeaesrdaily
SyuresIus 2549-2561 Sanusudulunis
figatiuuliui luvasfininiafavia MAP wy

Tugegsing 9 fu lneatvieglutieytosas

v
a A

fenudsslunisiiatvdetiiudu 1Wuldleqn

'
[y ] a

lugiviiongdesiiseuugiauiuvessaniends

laiwandind safamssnwinisindedilafine
Fetldnedenisimdeluniududaaine
(Lulich et al., 2013)

aewudwiinunaAeiunian 2
wsn Lawn Shih Tzu wag Pomeranian &1
a1u150a3Uld91.8u breed predisposing
desnnlinsuiuiuvesgtiuudasaroiugly
Useelng umdululiihdagtuiinindesad
aeusFana ity

fhwiln CaOx wudndrunsiisluaiaime

{ (82.9%) aaninendle (17.1%) waAndunuin

'
a

13viin MAP fdadrunisiinlugduinaiile
(68.5%) ganinwe (31.5%) uazdswunisiini
vila MAP Tugliumadisunnidususuviadag
FeaonndastunisAnernounti (Detkalaya et
al,, 2017) Tagnuiawiin CaOx luguinaile
200 ¢ (15.4 %) uswuluiner] 1,096 1 (84.6%)
Tuvafinuiawiln MAP Tugdvwmendy 2,223

[

(69.8 %) usinuluwney 963 A3 (30.2%) dnway

Y

nanginiavesvielaanizatuneieidunidn
guuney saudsaniwiinaeulunisidesni
wWasululignnelvgivlaansliogiamunzay

MAnNsAmYawuas e lunitufutaanne ding

o w a

Fudaduddyresnaifaiinin mMap Hluad
WneLleRNAINNeAR luvnefinisindauuaiise
NgY strong urease bacteria lulaanizdansdl
auduiusesrsnnlunisiaiauin MAP 3n
A
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