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THE EFFECT OF DISEASES ON CULLING IN NEW YORK STATE
HOLSTEIN DAIRY COWS

Gr6hn Y.1 , Ducrocq V.2, Hertl J. 1 , Eicker S.1

L'effet de 7 troubles de sante sur la reforme a 6t6 Otudie a partir de 7523 vaches Holstein de l'Etat de New-York,
ayant vel6 en 1994 et suivies jusque fin septembre 1995. Une analyse de survie utilisant le modele de risques
proportionnels de Cox a 6t6 realisee en incorporant les maladies comme covariables dOpendantes du temps
(CDT). Differents intervenes representant des stades de lactation (SDL) ont eta consider& pour l'effet des
maladies. Quatre modeles ont ate ajustes, testant les effets de la production laitiere (PL), du statut de gestation
(SG) et des maladies. Les covariables incluaient la petite, la saison de ye lege et les CDT associóes aux
maladies, a la PL actuelle et au SG. Les donnees etaient stratifiees intra-troupeau. Les 7 maladies consider-6es
Otaient (avec leur incidence / lactation) : les fievres vitulaires (0,9%), les retentions placentaires (RP) (9,5%), les
deplacements de caillette (DC) (5,3%), les cetoses (5.0%), les metrites (4,2%), les kystes ovariens (10,6%) et les
mammites (14,5%). Les vaches ayant une PL manquante avaient un risque trés &eve alors que celles ayant une
bonne PL Otaient protegees. Une fois gestantes, le risque de reform des vaches chutait fortement. Les RP et
les metrites n'avaient aucun effet sur la reforme. Les mammites Otaient un facteur de risque important pendant
toute la lactation et pour toes les modeles. Les fievres vitulaires, les DC, les atoses et les kystes ovariens
avaient Ogalement un effet significant a diffOrents stades de lactation. Ces effets decroissaient lorsque la PL et
le SG Otaient inclus comme covariables mais restaient importants. Ces resultats indiquent que les troubles de
sante jouent un role important a la fois sur la decision de reformer et sur la date de cette reforme.

INTRODUCTION
Culling is a complex issue; many factors are involved. Dairy cows are culled for involuntary (death, disease,
infertility) or voluntary (low yield) reasons. Both biology and management affect culling decision making. In his
decision, the farmer considers 3 major reasons: 1) illness, 2) low yield, and 3) reproductive failure. The main
interest of this paper was to study the effect of several diseases on culling. They may act through milk yield (MY),
or conception rate. To what extent diseases act on culling through lower MY or infertillity is unclear. Diseases
have different effects, depending on when they occur, and when the effect on culling is seen. Time-dependent
covariates (TDCs), whose values change with when they are observed, address this issue. Only a few recent
studies (1, 3) using survival analysis have regarded the time dependence of some covariates; before, they could
not be handled by available numerical techniques. We described the methodological aspects of estimating the
mastitis effect on culling, regarding mastitis as a TDC (3). An interaction between the times of mastitis
occurrence and actual culling was important. Here, we will study the effect of 7 diseases on culling, adjusting for
MY and conception status (CS). Their interaction with SOL will be accounted for.

MATERIALS AND METHODS
The data consisted of 7523 Holstein cows in 14 New York State herds. Cows calved from Jan. 1-Dec. 31, 1994,
and were followed until Sept. 30, 1995. Data on calving and culling or censoring dates, parity, previous 305-d
MY, current MY at 30, 60, 120, 180, and 240 d, and dates of occurrence, if any, of milk fever, retained placenta,
displaced abomasum (DA), ketosis, metritis, ovarian cysts, and mastitis, and of subsequent conception, were
available. The outcome was the number of days between calving and culling or censoring. A cow was considered
culled if she left the herd for any reason, e.g., death, or sale for meat or dairy. If a cow began a new lactation
during the study period, she was censored on her new calving date. A cow was also censored if she was still in
the herd on the last day of the study period (Sept. 30, 1995) and had not yet begun a new lactation.
When the disease occurs, and when it induces culling are considered in this study. We decided that this was the
proper way to model the effect of mastitis on culling (3). For each ill cow, it was of interest to see the disease
effect on culling in subsequent SOLs. TDCs allow each disease effect on culling to differ depending on the period
when disease occurred and on the SOL when the effect on culling is seen. Periods and stages for each disease
are given in Table I.
Four Cox proportional hazards models were fitted; parity and calving season were in all models. Model 1
contained disease by SOL interactions. Model 2 also included current MY. Model 3 included diseases and CS.
Model 4 included diseases, MY, and CS. Disease effects alone (Model 1) were compared with the disease
effects adjusted for MY (Model 2), CS (Model 3), and both MY and CS (Model 4). Risk ratios (RR) and 95%
confidence intervals (CI) were obtained for the covariates in each model. Models were fitted using a set of
FORTRAN programs (2) .
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Table I
Denotation of disease occurrence and their effects on stage of lactation (7523 New York Holstein dairy

cows calving in 1994; followed until Sept. 30, 1995). Values are days in lactation.

Period of	 Milk Retained Displaced Ketosis Metritis Ovarian Mastitis
occurrence	 fever placenta abomasum cysts
1	 as it occurs as it occurs as it occurs as it occurs as it occurs 1-120 1-60
2 ... >120 61-150
3 ... 151-270
4 >270
Stage of lactation
I	 1-30 1-30 1-30 1-30 1-60 1-60 1-30
II	 31-240 31-240 31-60 31-120 61-240 61-240 31-60
III	 >240 >240 61-120 121-180 >240 >240 61-120
IV	 ... ... 121-180 181-240 ... ... 121-180
V 181-240 >240 181-240
VI >240 >240

RESULTS AND DISCUSSION
The overall rate of culling in the 14 herds was 23.6%. Disease effects on culling are shown in Table II.
Retained placenta and metritis had no effect on culling.

Table II
Risk ratios (RR)1 and 95% confidence intervals (CI's) for factors in final Cox proportional hazards models

(see text for details), for culling (7523 New York Holstein dairy cows calving in 1994,
followed until Sept. 30, 1995).

Model 1 Model 2 1 Model 32 Model 4:3
Covariate RR 95% CI RR 95% CI RR 95% CI RR 95% CI
Milk fever

4

1,	 I 2.1* 1.1, 3.9 2.2* 1.2, 4.3 2.2* 1.1, 4.1 2.3* 1.2, 4.5
1,	 III 1.6 0.8, 3.0 1.4 0.7, 2.7 2.3** 1.2, 4.5 2.1* 1.1, 4.0
Displaced abomasum4

1,	 I 2.4*** 1.5, 3.8 2.4*** 1.5, 3.7 2.4*** 1.5, 3.7 2.3*** 1.5, 3.6. 4Ketosis
1,	 I 1.9* 1.2, 3.0 1.9- 1.2, 3.1 1.9** 1.2, 3.0 1.9** 1.2, 3.1
1,	 Ill 2.0- 1.2, 3.4 1.9* 1.1, 3.1 1.9- 1.2, 3.2 1.7* 1.0, 2.8
1, V 2.0*** 1.4, 2.7 2.1*** 1.5, 2.9 1.5* 1.1, 2.0 1.6** 1.2, 2.3
Ovarian cysts4
1,	 II 0.9 0.6, 1.2 1.0 0.7, 1.4 0.6* 0.5, 0.9 0.7 0.5, 1.1
2, II 1.0 0.6, 1.8 1.2 0.7, 2.1 0.6* 0.3, 1.0 0.6 0.4, 1.1
2,	 III 1.4* 1.1, 1.9 1.9*** 1.4, 2.5 0.8 0.6, 1.1 1.0 0.7, 1.3
Mastitis4
1,	 I 1.9*** 1.3, 2.8 1.9*** 1.3, 2.8 1.9*** 1.3, 2.8 1.9*** 1.3, 2.8
1,11 2.5*** 1.6, 3.9 1.6 1.0, 2.5 2.5*** 1.6, 3.9 1.6 1.0, 2.5
1,	 III 4.0*** 2.7, 5.7 2.7*** 1.8, 3.9 3.7*** 2.6, 5.4 2.5*** 1.7, 3.6
2,	 III 7.3*** 4.0, 13.3 6.8*** 3.7, 12.6 6.6*** 3.6, 11.9 6.5*** 3.5, 11.9
1, IV 3.0*** 2.0, 4.3 2.4*** 1.6, 3.4 2.8*** 1.9, 4.1 2.2*** 1.5, 3.2
2, IV 3.9*** 2.5, 6.2 3.2*** 2.0, 5.1 3.6*** 2.3, 5.6 3.0*** 1.9, 4.8
1, V 2.2*** 1.4, 3.3 2.0*** 1.3, 3.0 1.9** 1.3, 2.8 1.7* 1.1, 2.6
2, V 2.2** 1.3, 3.9 1.8* 1.0, 3.1 2.1** 1.2, 3.7 2.0* 1.1, 3.4
3, V 4.9*** 3.0, 8.0 4.4*** 2.7, 7.3 4.0*** 2.4, 6.6 3.6*** 2.2, 6.0
3, VI 1.5* 1.1, 2.2 1.4 1.0, 2.0 1.3 0.9, 1.9 1.2 0.8, 1.7
4, VI 2.7*** 1.5, 4.6 2.7*** 1.6, 4.8 2.6*** 1.5, 4.6 2.7*** 1.5, 4.9

'Model 2 also contains parity and current milk yield.
2Model 3 also contains parity and conception status.
3Model 4 also contains parity, current milk yield, and conception status.
4Effect of a disease in a stage of lactation (see Table 1 for period in which disease occurred and stage of lactation when culling
hazard was observed) denoted as follows: (i, j) = effect of disease occurring in period i on culling observed in stage of lactation j.
All effects are to be compared with the baseline condition of no disease; only significant risk ratios in a time period are shown.
*p<0.05. **P<0.01. ***P<0.001.

Milk fever affected culling in the 1st SOL. After 240 d, the estimate for milk fever rose, in Models 3 and 4. The
milk fever effect in Models 3 and 4 was higher than in Model 1 afer 240 d; it may be confounded by CS in
Model 1. The adjusted RR (Models 3 and 4) suggests that milk fever increases culling in the 3rd SOL.
DA affected culling only in the 1st SOL. Culling for DA may be independent of culling for MY and CS.
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Ketotic cows were more likely to be culled soon after diagnosis; ketosis also affected culling later in lactation. The
ketosis effects in each SOL were fairly consistent, even when correcting for MY and CS. An exception was after
240 d, in Models 3 and 4. Ketosis may delay conception; breeding of the ketotic cow is delayed or fertility
decreases. When CS was not considered (Models 1 and 2), cows with ovarian cysts after 120 d were more likely
to be culled after 240 d. When adjusting for CS, and milk yield (Models 3 and 4), ovarian cysts were not a risk
factor for culling. When MY was corrected for (Model 2), the RRs for ovarian cysts were a bit higher than in Model
1.
Mastitis had much influence on culling. For cows with mastitis in the 1st period, the effect on culling in the 1st
SOL was constant across models. The mastitis effect was still large but not as important when MY was
accounted for (Models 2 and 4). Adding CS (Models 3 and 4) generally caused the mastitis estimate to drop.
By using TDCs, disease effects on culling risk can be estimated over time. One overall measure of the effect of
disease on culling is insufficient. Previous work (1, 3) has confirmed the importance of TDCs in survival analysis,
so that one can account for a covariate's effect at different times.

CONCLUSIONS
The results suggest that diseases are important factors in culling. Effects varied with SOL. Including CS changed
the RRs somewhat, particularly those of ovarian cysts and milk fever and ketosis in late lactation. The mastitis
effect on culling was less when including current MY and CS. This suggests that MY, CS, and ovarian cysts and
mastitis (and other diseases) interrelate in their effect on culling. Farmers consider all of these factors in culling
decisions.

ACKNOWLEDGEMENTS
This work was supported by the USDA National Research Initiative Competitive Grants Program. The research
was conducted using the resources of the Cornell University Theory Center.

BIBLIOGRAPHY
1. Beaudeau, F., V. Ducrocq, C. Fourichon, H. Seegers. 1995. Effect of disease on length of productive life of

French Holstein dairy cows assessed by survival analysis. J. Dairy Sci. 78:103-117.
2. Ducrocq, V., J. SOlkner. 1994. "The Survival Kit", a FORTRAN package for the analysis of survival data,

volume 22, pp. 51-52. Dep. Anim. Poultry Sci., Univ. of Guelph, Guelph, Ontario, Canada.
3. Grtihn, Y. T., V. Ducrocq, J. A. Hertl. Modeling the effect of a disease on culling: an illustration of the use of

time dependent covariates in survival analysis. Accepted by J. Dairy Sci., 1997.

05.22.3


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17
	Page 18
	Page 19
	Page 20
	Page 21
	Page 22
	Page 23
	Page 24
	Page 25
	Page 26
	Page 27
	Page 28
	Page 29
	Page 30
	Page 31
	Page 32
	Page 33
	Page 34
	Page 35
	Page 36
	Page 37
	Page 38
	Page 39
	Page 40
	Page 41
	Page 42
	Page 43
	Page 44
	Page 45
	Page 46
	Page 47
	Page 48
	Page 49
	Page 50
	Page 51
	Page 52
	Page 53
	Page 54
	Page 55
	Page 56
	Page 57
	Page 58
	Page 59
	Page 60
	Page 61
	Page 62
	Page 63
	Page 64
	Page 65
	Page 66
	Page 67
	Page 68
	Page 69
	Page 70
	Page 71
	Page 72
	Page 73
	Page 74
	Page 75
	Page 76
	Page 77
	Page 78
	Page 79
	Page 80
	Page 81
	Page 82
	Page 83
	Page 84
	Page 85
	Page 86
	Page 87
	Page 88
	Page 89
	Page 90
	Page 91
	Page 92
	Page 93
	Page 94
	Page 95
	Page 96
	Page 97
	Page 98
	Page 99
	Page 100
	Page 101
	Page 102
	Page 103
	Page 104
	Page 105
	Page 106
	Page 107
	Page 108
	Page 109
	Page 110
	Page 111
	Page 112
	Page 113
	Page 114
	Page 115
	Page 116
	Page 117
	Page 118
	Page 119
	Page 120
	Page 121
	Page 122
	Page 123
	Page 124
	Page 125
	Page 126
	Page 127
	Page 128
	Page 129
	Page 130
	Page 131
	Page 132
	Page 133
	Page 134
	Page 135
	Page 136
	Page 137
	Page 138
	Page 139
	Page 140
	Page 141
	Page 142
	Page 143
	Page 144
	Page 145
	Page 146
	Page 147
	Page 148
	Page 149
	Page 150
	Page 151
	Page 152
	Page 153
	Page 154
	Page 155
	Page 156
	Page 157
	Page 158
	Page 159
	Page 160
	Page 161
	Page 162
	Page 163
	Page 164
	Page 165
	Page 166
	Page 167
	Page 168
	Page 169
	8th ISVEE Paris, France Volume 1_0004.pdf
	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17
	Page 18
	Page 19
	Page 20
	Page 21
	Page 22
	Page 23
	Page 24
	Page 25
	Page 26
	Page 27
	Page 28
	Page 29
	Page 30
	Page 31
	Page 32
	Page 33
	Page 34
	Page 35
	Page 36
	Page 37
	Page 38
	Page 39
	Page 40
	Page 41
	Page 42
	Page 43
	Page 44
	Page 45
	Page 46
	Page 47
	Page 48
	Page 49
	Page 50
	Page 51
	Page 52
	Page 53
	Page 54
	Page 55
	Page 56
	Page 57
	Page 58
	Page 59
	Page 60
	Page 61
	Page 62
	Page 63
	Page 64
	Page 65
	Page 66
	Page 67
	Page 68
	Page 69
	Page 70
	Page 71
	Page 72
	Page 73
	Page 74
	Page 75
	Page 76
	Page 77
	Page 78
	Page 79
	Page 80
	Page 81
	Page 82
	Page 83
	Page 84
	Page 85
	Page 86
	Page 87
	Page 88
	Page 89
	Page 90
	Page 91
	Page 92
	Page 93
	Page 94
	Page 95
	Page 96
	Page 97
	Page 98
	Page 99
	Page 100
	Page 101
	Page 102
	Page 103
	Page 104
	Page 105
	Page 106
	Page 107
	Page 108
	Page 109
	Page 110
	Page 111
	Page 112
	Page 113
	Page 114
	Page 115
	Page 116
	Page 117
	Page 118
	Page 119
	Page 120
	Page 121
	Page 122
	Page 123
	Page 124
	Page 125
	Page 126
	Page 127
	Page 128
	Page 129
	Page 130
	Page 131
	Page 132
	Page 133
	Page 134
	Page 135
	Page 136
	Page 137
	Page 138
	Page 139
	Page 140
	Page 141
	Page 142
	Page 143
	Page 144
	Page 145
	Page 146
	Page 147
	Page 148
	Page 149
	Page 150
	Page 151
	Page 152
	Page 153
	Page 154
	Page 155
	Page 156
	Page 157
	Page 158
	Page 159
	Page 160
	Page 161
	Page 162
	Page 163
	Page 164
	Page 165
	Page 166
	Page 167
	Page 168
	Page 169
	Page 170
	Page 171
	Page 172
	Page 173
	Page 174
	Page 175
	Page 176
	Page 177
	Page 178
	Page 179
	Page 180
	Page 181
	Page 182
	Page 183
	Page 184
	Page 185
	Page 186
	Page 187
	Page 188
	Page 189
	Page 190
	Page 191
	Page 192
	Page 193
	Page 194
	Page 195
	Page 196
	Page 197
	Page 198
	Page 199
	Page 200
	Page 201
	Page 202
	Page 203
	Page 204
	Page 205
	Page 206
	Page 207
	Page 208
	Page 209
	Page 210
	Page 211
	Page 212
	Page 213
	Page 214
	Page 215
	Page 216
	Page 217
	Page 218
	Page 219
	Page 220
	Page 221
	Page 222
	Page 223
	Page 224
	Page 225
	Page 226
	Page 227
	Page 228
	Page 229
	Page 230
	Page 231
	Page 232
	Page 233
	Page 234
	Page 235
	Page 236
	Page 237
	Page 238
	Page 239
	Page 240
	Page 241
	Page 242
	Page 243
	Page 244
	Page 245
	Page 246
	Page 247
	Page 248
	Page 249
	Page 250
	Page 251
	Page 252
	Page 253
	Page 254
	Page 255
	Page 256
	Page 257
	Page 258
	Page 259
	Page 260
	Page 261
	Page 262
	Page 263
	Page 264
	Page 265
	Page 266
	Page 267
	Page 268
	Page 269
	Page 270
	Page 271
	Page 272
	Page 273
	Page 274
	Page 275
	Page 276
	Page 277
	Page 278
	Page 279
	Page 280
	Page 281
	Page 282
	Page 283
	Page 284
	Page 285
	Page 286
	Page 287
	Page 288
	Page 289
	Page 290
	Page 291
	Page 292
	Page 293
	Page 294
	Page 295
	Page 296
	Page 297
	Page 298
	Page 299
	Page 300
	Page 301
	Page 302
	Page 303
	Page 304
	Page 305
	Page 306
	Page 307
	Page 308
	Page 309
	Page 310
	Page 311
	Page 312
	Page 313
	Page 314
	Page 315
	Page 316
	Page 317
	Page 318
	Page 319
	Page 320
	Page 321
	Page 322
	Page 323
	Page 324
	Page 325
	Page 326
	Page 327
	Page 328
	Page 329
	Page 330
	Page 331
	Page 332
	Page 333
	Page 334
	Page 335
	Page 336
	Page 337
	Page 338
	Page 339
	Page 340
	Page 341
	Page 342
	Page 343
	Page 344
	Page 345
	Page 346
	Page 347
	Page 348
	Page 349
	Page 350
	Page 351
	Page 352
	Page 353
	Page 354
	Page 355
	Page 356
	Page 357
	Page 358
	Page 359
	Page 360
	Page 361
	Page 362
	Page 363
	Page 364
	Page 365
	Page 366
	Page 367
	Page 368
	Page 369
	Page 370
	Page 371
	Page 372
	Page 373
	Page 374
	Page 375
	Page 376
	Page 377
	Page 378
	Page 379
	Page 380
	Page 381
	Page 382
	Page 383
	Page 384
	Page 385
	Page 386
	Page 387
	Page 388
	Page 389
	Page 390
	Page 391
	Page 392
	Page 393
	Page 394
	Page 395
	Page 396
	Page 397
	Page 398
	Page 399
	Page 400
	Page 401
	Page 402
	Page 403
	Page 404
	Page 405
	Page 406
	Page 407
	Page 408
	Page 409
	Page 410
	Page 411
	Page 412
	Page 413
	Page 414
	Page 415
	Page 416
	Page 417
	Page 418
	Page 419
	Page 420
	Page 421
	Page 422
	Page 423
	Page 424
	Page 425
	Page 426
	Page 427
	Page 428




