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THE DANISH SALMONELLA SURVEILLANCE PROGRAMME
OF SLAUGHTER PIG HERDS

Emborg H.-D..',Nielsen A.C. 2 , Jensen P.T.3, Nielsen J.P.3 , Mousing J.'

En Janvier 1995 un programme de surveillance serologique de Salmonella obligatoire des cheptels de porcs de
boucherie a ate commence par l'industrie porcine danoise et les autorites veterinaires. Le principe du
programme est de contrOler, a I'abattage, tous les cheptels livrant plus de 100 porcs de boucherie par an,
comprenant 16.000 cheptels avec 800.000 echantillons. Le programme de surveillance est base sur la recherche
des anticorps de Salmonella dans le jus de viande par une technique serologique basee sur une combinaison de
LPS-antigenes 0: 1, 4, 5, 6, 7 et 12. Des echantillons de viande de chaque cheptel sont recueillis
continuellement et au hasard a l'abattoir. Les cheptels sont classes a un niveau 1, 2 ou 3 base sur le resultat
d'essai. Le niveau 3 represente les cheptels avec la plus haute prevalence de porcs sêropositifs de Salmonella.
Au Danmark tous les cheptels sont identifies par des codes uniques qui donnent la possibilitê d'identifier
l'origine de chaque carcasse individuellement a l'abattoir. Les donnees de la surveillance des cheptels de porcs
de boucherie sont assemblees dans une base de donee etablie et possedee par le ministere d'alimentation,
d'agriculture et de peche. Les cheptels places au niveau 2 et 3 doivent demander conseil concemant la
reduction de la prevalence de Salmonella. En plus, tous les porcs des cheptels au niveau 3 sont abattus sous
des precautions d'hygiene renforcóes. Pour contrOler l'effet des actions commencêes pour ter:Juke la prevalence
de Salmonella, environ 1.400 echantillons de pore frais sont recueillis au hasard cheque mois et testes pour
Salmonella par des methodes microbiologique traditionelles. Depuis 1996 le nombre de cheptels de niveau 3 a
diminue considerablement. La prevalence de Salmonella dans le pore frais a augmente considerablement de
0,8% en 1995 a 1,2% en 1996, mais l'augmentation a principalement eu lieu au debut de 1996, depuis octobre
1996 la prevalence a ate sous 1%.

INTRODUCTION
From the middle of the 1980's the number of diagnosed cases of human salmonellosis has increased in
Denmark (2). Epidemiological typing methods have suggested that pork was associated with this increase. A
preliminary Salmonella surveillance programme was initiated in 1993 with the existing programme being
established in January 1995 (3). The aim of the compulsory programme is to reduce the prevalence of
Salmonella in slaughter pig herds and pork, and the programme is administered by the Ministry of Food,
Agriculture and Fisheries (1).
This comprehensive programme is made possible not only because of cooperation between the Danish pig
industry and the veterinary authorities, but also due to a high degree of collaboration between pig producers and
the slaughterhouses. About 95% of all pigs slaughtered in Denmark are slaughtered at the cooperative
slaughterhouses owned by the pig producers, the last 5% are slaughtered at non-cooperative slaughterhouses.

MATERIAL AND METHODS
The Ministry of Food, Agriculture and Fisheries has established a central database, the Zoonosis Register
(ZOOR) in which herd surveillance data are received, stored and calculated. ZOOR is administered by the
Danish Veterinary Service. An official herd ID-code, enables ZOOR to trace back the result of every sample to
individual herds.
The programme consists of the following parts: (I) Serological monitoring of all herds producing more than 100
slaughter pigs per year. (II) Assignment of herds into one of three Levels (1, 2 or 3) based on the prevalence of
seroreactors. (III) Mandatory advising and elaboration of a Salmonella intervention plan for all herds in Levels 2
and 3. (IV) Slaughter of Level 3 herds under increased hygiene precautions. (V) Monitoring of the prevalence of
Salmonella in pork products.
Furthermore, the programme includes monitoring of breeding and multiplying herds and of Salmonella in animal
feed (not described in this paper).
1. The herd monitoring scheme makes use of an indirect enzyme linked immunosorbent assay based on a

combination of the LPS-antigens 0:1,4,5,6,7 and 12 (the so-called mix-ELISA). The assay was developed by
the Danish Veterinary Laboratory for the use on serum, but has been modified to be used also on meat juice
(5). Meat juice is obtained, when frozen meat samples from slaughter pigs are thawed. The mix-ELISA
detects about 95% of all Salmonella serotypes occurring in Danish pigs (3,4).
he slaughterhouses collect meat samples continuously from about 16,000 herds with samples being taken at
random from each herd. In Denmark, pig producers are paid based on the weight and the classification of the
dressed carcase (3,4). The herd of origin is known for each individual carcase due to the official herd ID-
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code. At the end of the slaughter line, where the weight of the carcase and the herd ID-code are recorded, a
computer, opdated from ZOOR, will automatically determine whether a carcase is to be sampled and tested
for Salmonella antibodies. Labels for identification of the meat samples are printed automatically (3,4).
However, at small slaughterhouses, the carcases to be sampled are selected manually.
Each quarter, between 4 and 60 meat samples are collected from each herd, with the number of samples
being determined by the number of pigs delivered for slaughter. Around 800,000 meat juice samples are
examined annually for Salmonella antibodies at the Danish Veterinary Laboratory with data of the sample ID
and test result being transferred electronically to ZOOR (3,4).

2. The result of the examination of the meat samples is summarized monthly for the individual herd. Based on
the proportions of seroreactors during the previous three months, the herds are assigned to one of three
levels. Level 1 herds have no or very few seroreactors, Level 2 herds have a relatively high proportion of
seroreactors whereas Level 3 herds have an unacceptable high proportion of seroreactors (3). Both the herd
owners and the slaughterhouses are informed monthly by ZOOR about the current Salmonella level of the
herds. When a herd is placed in Levels 2 or 3, the herd owner must start a Salmonella intervention plan (3,4).
To prevent carcase contamination with Salmonella during slaughter, the Danish Veterinary Service requires
that pigs from Level 3 herds are slaughtered under special hygiene precautions, see (IV).

3. Since January 1995, herds assigned to Level 2 and 3 are requested by the slaughterhouse to seek advise on
how to reduce the prevalence of Salmonella. The herd owner, a veterinary surgeon and a pig consultant must
work out a herd specific intervention plan, otherwise the slaughterhouse will collect a penalty per slaughter
pig delivered until the plan has been elaborated and received by the slaughterhouse. Three months after the
assignment to Level 2 and 3, the veterinary surgeon and the pig consultant must certify that the programme
agreed upon is being followed (4). If not, the slaughterhouse will again collect a penalty per slaughtered pig. If
the herd remains in Level 2 or 3, or the herd is reassigned to Level 2 or 3 six months after the first
assignment, it is required that the owner again seeks advice on how to reduce the Salmonella prevalence in
the herd as described above.
From August 1996, the requirements of the intervention in the Level 2 and 3 herds were increased. Ordered
by the Danish Veterinary Service, these requirements include that a sufficient number of pen fecal samples
must be collected and analysed in order to clarify the distribution of Salmonella in the herd. Based on these
results an appropriate intervention plan must be prepared. Additionally, the slaughterhouses announced in
July 1996 that from January 1997, a slaughtering fee would be charged from all herds assigned constantly to
Level 3 for more than 6 months. The fee will be collected until the herd is assigned to a lower level.

4. All pigs from Level 3 herds are slaughtered under special hygiene precautions, which include that the pigs are
delievered to the slaughterhouse as late in the day as possible and they are slaughtered as the last pigs on
that day (3). The speed of the slaughterline is reduced, or manpower is increased. Heads of carcases are not
split during slaughter. Plucks and abdominal viscera are either rejected or heat treated. Potential
contamination of the carcase with Salmonella during evisceration is monitored by swabbing a total of 1,400
cm2. Swabs are analysed for Salmonella by traditional microbiological methods (6). If more than 25% of the
samples are positive that particular group of pigs will be heat treated or brine cured (3,6).

5. To monitor the effects of the actions initiated to reduce the Salmonella prevalence in the slaughter pig herds,
approximately 2,200 samples, 1,400 from fresh pork and 800 from offal, are collected randomly every month,
and analysed by traditional microbiological methods (6). The number of samples collected are determined by
the number of pigs slaughtered (3). The results from the surveillance of pork and offal are not registered in
ZOOR but in a special Salmonella database.

RESULTS AND DISCUSSION
The results of the Danish Salmonella surveillance programme comprising approximately 16,000 slaughter pig
herds from June 1995 to March 1997 are presented. Through out the surveillance periode the percentage of
Level 1 herds ranged from 93.7 to 95.7% indicating an acceptabel level of Salmonella infections in the majority of
Danish slaughter pig herds. The percentages of herds in Levels 2 and 3 ranged from 2.9 to 4.3% and 1.3 to
2.3%, respectively (Fig. 1). The percentage of herds assigned to Level 2 showed some degree of variation,
however, the percentage did not decrease. For herds assigned to Level 3 two logistic regression models using
proc genmod SAS (7) was used to analyse the proportion of Level 3 herds per month (the number of Level 3
herds per month over the number of herds assigned to one of the three levels per month) in relation to time
periods (in months) from June 1995 to July 1996 and from August 1996 to March 1997, respectively. From
August 1996 to March 1997 a significant decrease was found in the proportion of Level 3 herds ((3=-0.032,
P=0.011). This decrease might be associated with both the obligatory requirements to collect and analyse pen
fecal samples for Salmonella, which were introduced in August 1996 and the announcement in July 1996 that a
slaughtering fee would be effective from January 1997. Further analysis are nescessary to identify the causes of
the decrease in the number of Level 3 herds.

The Salmonella percentages in fresh pork are shown in Fig. 2 and ranged from 0.3 to 1.2% (mean 0.8%) in 1995
and from 0.6 to 2.1% (mean 1.2%) in 1996. A Chi-square test comparing the data from 1995 with the data from
1996 was significant (P=0.001). The increase in the percentage of Salmonella was mainly seen from February to
September 1996 (Fig. 2). However, from October 1996 the percentage decreased to below 1%. The increase in
Salmonella positive fresh pork samples in early 1996 appears to be associated with the concurrrent increase in
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the frequency of especially Level 2 herds, but also in Level 3 herds registred in the beginnig of 1996 (Fig. 1).
(though about 95% of the herds in Denmark are assigned to Level 1, it is still important to further reduce the
number of herds assigned to Levels 2 and 3, thereby, reducing the risk of contamination of pork with Salmonella.

Figure 1. Distribution of Level 2 and 3
herds from June 1995 to March 1997.

Figure 2. Prevalence of Salmonella in fresh
pork samples collected from January 1995
to December 1996.

REFERENCES
1. Act of Zoonoses of December 21, 1994 and implements § 1, Article 8 of the Zoonosis Directive (92/117/EEC).
2. Annual Report on Zoonoses in Denmark 1996, Ministry of Food, Agriculture and Fisheries.
3. Bager F., Emborg H.-D., Lund Sorensen L. Halgaard C., Thode Jensen P., 1995. Control of Salmonella in

Danish pork. Fleischwirtschaft, 75(2), 141-142.
4. Mousing J., Thode Jensen p., Halgaard C., Bager F., Feld N., Nielsen B., Nielsen J. P., Bech-Nielsen

5.,1996. Nation-wide Salmonella enterica surveillance and control in Danish slaughter swine herds.
Preventive Veterinary Medicine (in press)

5. Nielsen B., Baggesen D. L., Bager F., Haugegaard J., Lind P., 1995. The serological response to Salmonella
serovars typhimurium and infantis in experimentally infected pigs. The time course followed with an indirect
anti-LPS ELISA and bacteriological examinations. Veterinary Microbiology 47: 205-218

6. NMKL no.71 4th edition, modified 1993.
7. SAS Institute Inc., 1996. SAS/STAT R Software: Changes and Enhancements through Release 6.11, Cary,

NC. p. 231.

07.14.3


	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




