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Dogs enrolled in a Swedish insurance company (during 1995–
2006) were studied for development of pyometra and mam-
mary tumours (MTs), with special attention to breed and age.
There were over 260 000 female dogs with over 1 000 000
dog-years at risk (DYAR) in the database, using data on
bitches up to 10 years of age and 110 breeds with over 1000
DYAR. In total, 20 423 bitches were diagnosed with pyometra
and 11 758 with MTs and 30 131 with either or both of the
two diseases. The incidence rate (IR) for pyometra was 199
(95% CI 196–202), for MTs 112 (95% CI 110–114) and for
either or both of the two diseases 297 (95% CI 294–301) dogs
per 10 000 DYAR. The mean age of diagnosis pyometra was
7.0 years (SD ± 2.2), MTs 8.0 years (SD ± 1.6). In all breeds,
the overall proportion of the bitches that developed disease by
10 years of age was for pyometra 19%, MTs 13%, and either
or both of two diseases 30%. The top 10 breeds diagnosed
with either or both of the two diseases were the Leonberger
(73%), Irish Wolfhound (69%), Bernese Mountain Dog
(69%), Great Dane (68%), Staffordshire Bull Terrier (66%),
Rottweiler (65%), Bullterrier (62%), Doberman (62%), Bou-
vier des Flandres (60%), Airdaleterrier (60%). These data
provide information of the combined disease incidence in a
large number of different breeds. Breed variations in incidence
rate suggests genetic components in disease development. Our
study may be valuable in the search for genetic risk-factors or
protective factors.

Introduction
Pyometra and mammary tumours (MTs) constitute the
main reimbursement claims for veterinary costs in
female dogs in Sweden (Egenvall et al. 1999, 2000).
There are breed- and age-related differences in incidence
of both diseases, but the combined risk has not yet been
studied by breed (Egenvall et al. 2001, 2005). The Agria
Insurance database (Stockholm, Sweden) has been used
to investigate breed- and age-related risks for developing
disease (Egenvall et al. 2000). The objective of the study
was to evaluate the incidence of pyometra and MTs in
this insured dog-population, up to 10 years of age, in
relation to breed and age.

Materials and Methods
The insurance process, benefits and limitations of using
insurance data in veterinary research has earlier been
described in detail (Egenvall et al. 2000, 2009). The
Agria Insurance database contains data from over
260 000 female dogs (! 10 years). In the present study,
female dogs enrolled for both veterinary care and life
insurance during 1995–2006 were included. Each year a
dog was insured contributed to one dog-year at risk
(DYAR). All insured bitches were considered at

potential risk for developing pyometra. Variables used
were: gender, breed, date of birth, dates when dogs
entered or left the insurance program, information on
the type of insurance for which dogs were enrolled, and
whether claims were reimbursed. Breeds were classified
according to the Swedish Kennel Club breed classifica-
tion system. If dogs had reimbursed claims for pyom-
etra, they were considered as pyometra-cases and
likewise for MTs. The crude- and breed-specific
proportions (percentages) of dogs that had insurance
claims for pyometra or MTs up to certain ages (6, 8, and
10 years) were calculated using the base-line survival
statement from Cox regression (without independent
variables). Incidence rates, crude and breed-specific
mean ages were calculated for development of pyometra
and MTs and either or both of the two diseases.

Results
The database contained data from over 260 000 female
dogs, resulting in just over 1 000 000 DYAR calculated
for dogs up to 10 years of age. Therewere 110 breeds with
over 1000 DYAR in the database, constituting the basis
for the analyses. In total, data from 20 423 bitches
diagnosed with pyometra, 11 758 with MTs, and 30 131
with either or both of the two diseases were obtained from
the database. The incidence rate (IR) for pyometra was
199 (95% CI 196–202) dogs per 10 000 DYAR, for MTs
112 (95% CI 110–114) dogs per 10 000 DYAR and for
either or both of the two diseases 297 (95% CI 294–301)
dogs per 10 000 DYAR. The mean age of diagnosis
pyometra was 7.0 years (SD ± 2.2), for MTs 8.0 years
(SD ± 1.6) and for either or both of the diseases 7.4 years
(SD ± 2.1). The proportion of bitches diagnosed with
either or both of the two diseases ranged from 9 to 73% in
different breeds. The proportion of the bitches that
developed these diseases at 10 years of age was for
pyometra 19%, MTs 13%, and either or both pyometra
or MTs 30%. There were 20 breeds with a proportion of
at least 50% affected by either or both of the two diseases
at 10 years of age (Table 1). In the supplementary tables
(S1–S3), all breeds are ranked according to the propor-
tion that developed either of or both the diseases
(pyometra and MT) by the age of 10 years.

Discussion
It is common practise to insure dogs in Sweden and
approximately 40% of all dogs are covered by Agria
Insurance. Approximately 90% (all ages) of the Swedish
dog population is intact, hence most dogs are suscep-
tible to reproductive organ disease (Egenvall et al.
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Table 1. Breed, proportion (derived from Cox proportional hazards
regression without independent variables) of bitches that developed
disease, rank, and numbers of cases in different breeds that by the age
of 10 years had developed pyometra (P), mammary tumours (MTs),
and either or both of pyometra or MTs

Breed
Pyometra
%rank (n)

MTs
%rank (n)

P/MTs
%rank (n)

Total
female
dogs

Afghan 1679 (21) 2617 (34) 3455 (49) 475
Airedale Terrier 4911 (141) 2812 (75) 6010 (184) 599
Alaskan Malamute 4021 (34) 2032 (15) 4922 (43) 383
American Cocker
Spaniel

3623 (127) 356 (111) 5612 (211) 1331

Basenji 1199 (7) 5101 (3) 16104 (10) 265
Basset Artesien
Normand

2838 (28) 699 (6) 3166 (32) 450

Basset hound 4414 (75) 2522 (38) 5613 (99) 517
Beagle 2067 (125) 1547 (94) 3067 (200) 2035
Bearded Collie 1775 (147) 6100 (53) 2291 (198) 2128
Bedlington Terrier 1777 (13) 338 (26) 4232 (34) 220
Belgian Shepherd Dog 3327 (185) 1077 (51) 3935 (225) 1484
Bernese Mountain
Dog

661 (363) 1457 (44) 693 (393) 2332

Bichon Frisé 1682 (131) 2034 (159) 3264 (275) 2328
Border Collie 1393 (213) 888 (125) 1999 (324) 5300
Border Terrier 2259 (172) 1360 (92) 3265 (252) 2458
Borzoi 2450 (21) 1643 (14) 3551 (33) 441
Bouvier des Flandres 509 (103) 2325 (40) 609 (130) 459
Boxer 2836 (183) 357 (236) 5120 (387) 2198
Briard 1773 (48) 1166 (30) 2680 (73) 911
Bull Terrier 528 (36) 2326 (14) 627 (47) 323
Cairn Terrier 2257 (280) 1645 (190) 3458 (431) 2863
Cavalier King Charles
Spaniel

4812 (891) 1552 (218) 5415 (1025) 5527

Chihuahua (long-
haired)

2353 (37) 698 (9) 2778 (44) 867

Chihuahua (smooth-
haired)

2644 (22) 1173 (9) 3359 (30) 819

Collie 4415 (664) 2109 (20) 4527 (679) 3755
Coton de Tulear 5108 (1) 2031 (5) 2487 (6) 286
Dachshund (long-
haired)

1543 (64) 1644 (65) 2875 (121) 857

Dalmatian 1680 (96) 1172 (62) 2586 (150) 1699
Danish/Swedish
Farmdog

1684 (25) 1455 (22) 2584 (43) 909

Dobermann 4317 (152) 422 (135) 628 (259) 1744
Drever 3033 (596) 1168 (187) 3744 (718) 6235
East Siberian Laika 8105 (4) 2107 (1) 10109 (5) 398
Elkhound 2545 (284) 1362 (132) 3554 (405) 3924
English Springer
Spaniel

3230 (637) 365 (729) 5514 (1221) 5521

English Cocker
Spaniel

3229 (469) 2616 (367) 4824 (750) 4637

English Pointer 1871 (28) 1548 (22) 3069 (48) 588
English Setter 2162 (83) 2130 (88) 3645 (157) 1111
Finnish Lapphund 1297 (10) 3105 (2) 15105 (12) 552
Finnish Spitz 3110 (14) 694 (27) 9110 (40) 1649
Finnish Hound 2066 (104) 791 (35) 2585 (134) 2227
Flat Coated Retriever 2837 (297) 1646 (157) 3842 (426) 3669
German Jagde Terrier 1870 (20) 1264 (13) 2779 (31) 689
German Longhaired
Pointer

1392 (34) 1453 (37) 2681 (69) 546

German Spaniel 2352 (92) 2615 (103) 4328 (183) 1906
German Shepherd
Dog

3132 (1658) 2618 (1348) 4725 (2779) 20520

Greyhound 11100 (17) 794 (10) 16103 (26) 1195
Golden Retriever 3624 (1971) 1078 (518) 4230 (2353) 13626
Gordon Setter 8106 (12) 1456 (20) 2098 (31) 484
Great Dane 622 (104) 2713 (31) 684 (127) 1154
Groenendaeler 2739 (75) 793 (16) 3263 (89) 728

Table 1. (continued)

Breed
Pyometra
%rank (n)

MTs
%rank (n)

P/MTs
%rank (n)

Total
female
dogs

Hamilton/Swedish
Hound

1774 (206) 889 (89) 2389 (285) 3907

Havanese 1681 (19) 984 (9) 2390 (27) 637
Hovawart 2160 (41) 2811 (55) 4233 (90) 745
Irish Setter 2256 (124) 2033 (110) 3743 (218) 1563
Irish Wolfhound 585 (38) 413 (19) 692 (54) 496
Icelandic Sheepdog 1587 (17) 795 (8) 19100 (23) 373
Irish Soft Coated
Wheaten Terrier

1395 (82) 2810 (185) 3646 (252) 2201

Jack Russel Terrier 1296 (108) 1739 (144) 2777 (245) 4191
Japanese Spitz 3034 (97) 982 (26) 3647 (114) 828
Karelian Bear Dog 1391 (14) 1073 (8) 2296 (21) 384
Keeshond 527 (102) 1075 (16) 5711 (115) 462
Kelpie 2548 (68) 1074 (27) 3365 (92) 796
Chinese Crested Dog
Powder Puff

3325 (17) 1551 (7) 4231 (23) 310

Labrador Retriever 2835 (1116) 1171 (462) 3549 (1512) 12525
Lancashire Heeler 10102 (7) 2108 (1) 12107 (8) 263
Large Poodle 3328 (257) 1550 (108) 4229 (346) 2319
Leonberger 613 (159) 461 (99) 731 (233) 1287
Lhasa Apso 2642 (40) 1265 (17) 3552 (56) 512
Maltese 8107 (10) 1738 (23) 2293 (30) 388
Miniature Pinscher 1778 (11) 1360 (9) 2873 (20) 343
Mixed breed 2451 (1288) 1641 (849) 3550 (1982) 22846
Munsterlander 2546 (121) 1549 (69) 3548 (176) 1153
Newfoundland 509 (243) 885 (27) 5417 (263) 1486
Norrbotten Spitz 4109 (9) 1167 (23) 14106 (31) 639
Norfolk Terrier 2258 (31) 1642 (22) 3553 (51) 468
Norwegian Buhund 1969 (36) 4104 (7) 2294 (42) 442
Norwich Terrier 11101 (13) 1110 (1) 11108 (14) 290
Nova Scotia Duck
Tolling Retriever

2641 (118) 1935 (83) 3938 (185) 1533

Old English
Sheepdog

4218 (76) 299 (48) 5418 (107) 475

Papillon 1585 (121) 2129 (164) 3360 (268) 2626
Papillon Drop Ear 1490 (8) 2523 (16) 3068 (20) 363
Pomeranian 1968 (31) 4103 (7) 2197 (36) 694
Petit Basset Griffon
Vendeen

2163 (75) 1740 (59) 3361 (125) 1526

Pug 4813 (77) 3106 (3) 4921 (80) 614
Pyrenean Mountain
Dog

4316 (58) 2227 (24) 5319 (76) 524

Rhodesian
Ridgeback

2065 (45) 2620 (57) 3940 (95) 1109

Rottweiler 584 (712) 2228 (206) 656 (850) 5048
Saluki 10104 (10) 2619 (31) 3457 (41) 376
Samoyed 3131 (152) 1454 (64) 3937 (200) 1544
Schiller Hound 1872 (52) 1079 (29) 2683 (79) 921
Schipperke 2547 (34) 890 (10) 2972 (41) 447
Swiss Hound/Lucerne 3326 (38) 886 (8) 3841 (45) 333
Shetland Sheepdog 2354 (251) 792 (71) 2874 (313) 3372
Shiba 1776 (11) 696 (4) 2292 (15) 234
Shih Tzu 1683 (91) 1363 (70) 2682 (152) 1655
Siberian Husky 1489 (33) 5102 (12) 18101 (44) 951
Scottish Terrier 4119 (61) 1358 (17) 4726 (73) 409
Småland Hound 1394 (22) 1359 (23) 2488 (43) 539
Staffordshire Bull
Terrier

546 (50) 2521 (19) 665 (64) 550

Swedish Elkhound 4020 (313) 2614 (188) 5416 (473) 4944
Swedish Lapphund 3722 (85) 1167 (22) 4234 (98) 628
Swedish Vallhund 1588 (49) 981 (30) 2295 (74) 896
Tibetan Spaniel 1198 (51) 887 (34) 18102 (81) 1338
Tibetan Terrier 10103 (21) 1936 (42) 2776 (62) 575
Toy Poodle 2643 (21) 1169 (8) 3456 (29) 304
Welsh Terrier 2064 (20) 374 (33) 4823 (47) 245
Welsh Springer
Spaniel

2740 (63) 1837 (41) 3939 (96) 895
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1999). The Agria database thus offers unique possibil-
ities for studies concerning such diseases. The incidences
of pyometra and MTs have been shown to vary between
different breeds, suggesting a genetic background
(Egenvall et al. 2001; Rivera et al. 2009). The overall
proportion of dogs that had developed pyometra in this
study was slightly lower (19%) than previously reported
(23–24%) which possibly reflects that more low-risk
breeds were included in the present study (Egenvall
et al. 2001). Although based on different study periods,
the overall proportion of dogs developing MTs in the
present study was 13%, which is the same as in a
previous report (Egenvall et al. 2005). In some breeds
(i.e. the Leonberger and the Great Dane), the risk for
both diseases was high, indicating that predisposing
factors may be similar. In contrast, other breeds had a
relatively high risk for MTs (i.e. the English Springer
Spaniel and the American Cocker Spaniel, ranked 5 and
6, respectively), but were only ranked as number 30 and
23 for pyometra. The Bernese mountain dog (highest
rank for pyometra) was ranked as 57 for MTs. These
findings suggest that there is breed variation in risk-
factors or protective factors. Though complex diseases
with probable multifactorial aetiology, the data
reported here may be useful for the selection of breeds
in future studies for identification of factors that may be
protective or increase the risk for the development of
pyometra and/or MTs.
Elective spaying is commonly performed in many

countries, and will prevent development of pyometra,
and depending on at which age the surgery is performed,
also have a protective effect for MTs (Schneider et al.
1969). However, recently the protective effects by
spaying on MT development have been questioned
(Beauvais et al. 2012). In the present study, high
incidences (up to 73%) of pyometra and MTs were
demonstrated in some giant and large breeds of which
are commonly affected by post spaying urinary incon-
tinence (Thrusfield et al. 1998). Since the pros and cons
of elective spaying will vary by breed, knowledge of

breed-variations will be clinically useful in the decision
process for each dog.
Due to insurance age limitations, only data from dogs

up to 10 years of age are included in the database, which
is a study limitation. The true mean ages of diagnosis
and incidences are likely to be higher and larger,
respectively, and especially in breeds with long life
expectancy.

Conclusion
In the present study the incidence of pyometra and MTs
in Swedish female dogs up to 10 years of age is reported.
For the first time data on contracting either or both of
the two diseases was studied in a comparatively large
population of 110 breeds. Substantial between-breed
variation in the incidence of pyometra and MTs was
demonstrated. These differences indicate that genetic
factors may predispose and/or protect for disease
development. These results may be valuable for future
genetic studies or breeding programs aimed to decrease
the prevalence in high-risk breeds.
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