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In August 1997, the fourth
revision of the Danish plan
for implementation of the
Zoonosis Directive (hereafter
called "the Danish plan") was
submitted to the EU Commis-
sion. The plan describes the
details of the different natio-
nal programmes for control
of zoonoses in Denmark.
Thus information about the
origin of the data presented
in this report can be found in
the Danish plan.

This report does not inclu-
de the Faroe Islands and
Greenland.

Approximate total number of
animals slaughtered in 1998:

Cattle: 647,960
Pigs: 20.8 million
Broilers: 138 million

Source: Danish Veterinary and Food
Administration, 7th. Department.

It should be noted that:
90% of the production of

kcotseviL sdreH

elttaC 212,400,2 606,72

sgiP 181,383,11 928,81

gniyaL
sneh

000,399,3 526,7

sreliorB 000,015,21 576

peehS 804,241 568,3

Human Population in 1998:
5.3 million
0.8 million in rural areas
4.5 million in urban areas

Area of Denmark:
44,000 sq km

Source: The  Statistical Yearbook 1998,
Danmarks Statistik.

Demographic data

slaughter pigs takes place
in 8,000 holdings
the majority of the egg
production takes place in
339 holdings
nearly all of the broiler
production takes place in
315 holdings

Introduction

Total number of livestock and
herds in Denmark, 1997:

1. Salmonella

Figure 1. Percent Salmonella
positive samples of process control
and compound feeds, 1993-1998.
Rapeseed-oil crushers included in
October 1997.

-

-

-

Feeding stuffs
All Danish feed compo-

unders are routinely monito-
red for Salmonella by the
Danish Plant Directorate.
Monitoring includes routine
sampling of compound feeds
and during feed processing
and from feed materials,
including raw materials of
animal origin. Table 1 shows
the overall results of the
monitoring in 1998.

Feeding stuffs
The Danish Plant Directo-

rate collects samples of
feeding stuffs from the
production plants and re-
tailers. The number of samp-
les depends on the size of the
production, but is increased

if Salmonella is detected in
samples other than raw
materials.

The occurrence of Salmo-
nella in compound feeding
stuffs in 1998 is listed in
Table 1. Compared to the
previous years the good
hygienic quality of compound
feeding stuffs is stabilised at
a very low level (Figure 1).

The proportion of Salmonel-
la positive samples of feed
materials has increased from
1997 to 1998 from 2.5% to
6.4%.

Feed processing
Process control is carried

out by inspectors at least four
times a year. Samples are
collected for microbiological

examination at the critical
control points of the produc-
tion process.

From compounders with
heat treatment (more than
81oC) of the feeding stuff the
samples are collected after
the heat treatment at critical
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sdeefdnuopmocfolortnoC
lortnocssecorP slairetamdeeffolortnoC

deefgiP )1.ctedeefelttaC deefyrtluoP
selpmasforebmunlatoT 044,1 597 692 222,3 313

detcetedallenomlaS 1 3 0 712 02

evitisoptnecreP %1.0 %4.0 - %7.6 %4.6

sepytoreS eessenneT.S 1 ybreD.S 1 )cisahpa(-:-:32.31.S 2 -:b:21.4.S 4

akadnabM.S 1 )cisahpa(-:-:21.4.S 7 )cisahpa(-:-:21.4.S 1

edakileW.S 1 -:b:21.4.S 25 anogA.S 2

)sahponom(-:b:21.4.S 1 ybreD.S 3

anogA.S 2 sitnafnI.S 1

mutanA.S 2 ignasI.S 1

yenderB.S 3 enotsgniviL.S 2

orreC.S 2 grubneinarO.S 1

ybreD.S 38 grebnetfneS.S 1

anavaH.S 11 eessenneT.S 1

sitnafnI.S 1 depytoreston.S 3

ykcutneK.S 2

notgnixeL.S 1

loopreviL.S 1

enotsgniviL.S 1

akadnabM.S 4

sidirgaeleM.S 2

oedivetnoM.S 8

tropweN.S 1

anooP.S 2

madstoP.S 1

nettuP.S 7

grebnetfneS.S 3

eessenneT.S 6

muirumihpyT.S 4

anabrU.S 2

wohcriV.S 1

aburoY.S 1

depytoreston.S 4

Table 1. Control of Salmonella in compound feeds and feed processing in 1998.

Data: Danish Plant Directorate. 1) Includes feed for cattle, horses, sheep and rabbits.

control points. Where there
is no heat treatment, the
samples are being collected
from CCP's along the entire
process as well as from the
feed materials.

The plants are inspected in
order to check whether they
comply with a national set of
rules for good production
hygiene, including control of
the heat treatment, which is
monitored every second hour
during the process.

Additional inspection of
the plants is carried out
when Salmonella is detected
in the samples or critical
hygiene conditions are re-
ported.

The incidence of Salmonella
positive samples from the
process control at the plants
has increased from 1997 to
1998  from 1.8% to 6.7%, due
to problems with Salmonella
infected rapeseed meal

(Figure 1). The rapeseed-oil
crushers were included in the
process control from the last
quarter of 1997.

Serotypes
The serotypes found in the

feeding stuffs and at the
inspection of the feed proces-
sing are listed in Table 1.
Salmonella Derby and S.
4.12:b:- constitutes an emer-
ging problem. The serotypes
are found mostly in rapeseed
meal.

Summary
The results of the Salmonel-

la control by the Danish Plant
Directorate indicate that the
good hygienic quality of
compound feeding stuffs is
stabilised. Salmonella is found
only in a very small percent-
age of the compound feeding
stuffs samples.

However, the results of the

inspection of the feed proces-
sing and the increased inci-
dence of Salmonella positive
samples of feed materials has
shown that Salmonella in-
fected rapeseed meal is a
serious risk for the contami-
nation of the Danish feed
compounders.

Rendering Plants
Control of hygiene at

rendering plants is carried
out by the animal health
section of the Danish Veteri-
nary and Food Administrati-
on. The products are routine-
ly examined for Salmonella. In
1998, 3 (2%) of 137 pooled
samples of the final products
from rendering plants were
found to be contaminated
with Salmonella. The sero-
types found were S. Liverpool,
S. Tennessee and S. Oranien-
burg.
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stnemhsilbatsefo.oN sesuohfo.oN slaminafo.oN

noitcudorpreliorB

gniraerlartneC 91 29 000,002,1
desahcrup
raeyrepsredeerbreliorB 66 012

sreliorB 243 587 000,000,431

noitcudorpgge-elbaT

gniraerlartneC 6 7 000,08
desahcrup
raeyrepsredeerbreyaL 21 32

seirehctaH 6 55 -

gniraeR 221 691 000,000,4

sreyaL 663 515 000,002,4

Table 2. Number of establishments in the broiler
production and the table-egg production in 1998.

Data: Danish Veterinary and Food Administration.

Figure 2. Number of hens from infected and not
infected flocks according to type of table-egg
production in 1998.

Poultry and poultry
products

In 1989, the Danish poultry
industry initiated a control
programme for Salmonella in
the broiler production. In
1991, this programme was
followed by another control
programme for Salmonella in
the table-egg production.
Both of these programmes
were voluntary and concen-
trated mainly on the top of
the production system i.e.
parent animal flocks.

In 1992, the Danish Mini-
stry of Agriculture and Fishe-
ries implemented the official
Ante-Mortem examination of
broilers. All broiler flocks
were hereafter monitored for
Salmonella prior to slaughter.
At slaughter positive and
negative flocks were slaughte-
red separately.

The Zoonosis Directive (92/
117/EEC) was implemented in
Denmark in January 1994 and
in accordance with the Direc-
tive all parent-animal flocks
within the broiler and table-
egg production were tested
for S. Enteritidis and S. Typhi-
murium.

In 1996, the Danish Mini-
stry of Agriculture and Fishe-
ries implemented a more
intensive control programme

including monitoring of
Salmonella in the entire table-
egg production. Serology on
eggs was introduced and
sero-positive flocks were
followed by bacteriology.
Breeder flocks found infected
with Salmonella of any type,
and rearing and commercial-
layer flocks infected with S.
Typhimurium or S. Enteritidis
were slaughtered. Because
more parent flocks than
originally anticipated were
found to be infected with
Salmonella, the programme
was discontinued in the
rearing and layer flocks for a
period from September 1997
to March 1998. Intervention
then focused on the top of
the production pyramid in an
attempt to free this part
from Salmonella. The serolo-
gical monitoring of layer
flocks continued during this
period.

In the beginning of 1998,
the situation in the breeder
flocks had been brought
under control, and a revised
version of the original pro-
gramme was implemented
on the 2nd of March 1998
(Table 3), when four new
governmental orders concer-
ning Salmonella in Danish
poultry were put into effect.

The programme once more
included all parts of the
production system, but as
something new, the interven-
tion in rearing and layer
flocks also included flocks
infected with other types
than S. Enteritidis and S.
Typhimurium.

Layer flocks testing positive
for Salmonella in routine
samples were “suspected” of
being infected with Salmonel-
la. As a consequence, the
district veterinary officer
(DVO) took samples consis-
ting of faecal material and
dead chickens. If the second
set of samples were positive,
the flock was declared in-
fected with Salmonella and
consequently all eggs from
the flock were heat treated
(pasteurised).

During the summer of
1998, a few cases of human
salmonellosis was caused by
eggs from flocks suspected
but not yet confirmed as
being infected with Salmonel-
la. To prevent such incidents
the programme was adjusted
once more by the implemen-
tation of a new governmental
order in September 1998. Eggs
from layer flocks suspected
of being infected with Salmo-
nella were hereafter sent to
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ycneuqerFroegA 2ehtretfanekatselpmaS dn .8991hcraMfo

LARTNEC - SNOITATSGNIRAER
rotcesgge-elbatdnareliorB

snekcihcdlo-yaD ,lairetametarcfoselpmas01 , snekcihcdeyortsed/daed02 )a

keew1 snekcihcdaed04

skeew2 snekcihcdaed02

skeew4 selpmaslaceaf06dnasnekcihcdaed03 )a

skeew8 selpmaslaceaf06

otroirpskeew2
gnivom

selpmasdoolb06dnaselpmaslaceaf5x21 )b)a

)NOITCUDORPGGE-GNIHCTAH(SREDEERB
rotcesgge-elbatdnareliorB

skeew2yrevE nekatsnekcihc052morfmuinocemrosnekcihcdaed05
yrehctahehtmorf )c)a

skeew4yrevE nekatsggerodoolbfoselpmas06dnaselpmaslaceaf06
kcolfehtmorf )d

YREHCTAH

keewyrevE tsudteW

NOITCUDORPGGE-ELBAT-GNIRAER

snekcihcdlo-yaD snekcihcdaed02dnalairetametarcfoselpmas01

skeew3yrevE selpmaslaceaf06

skeew21yrevE selpmasdoolb06dnaselpmaslaceaf5x21 )b

NOITCUDORPGGE-ELBAT

9yrevE ht sggerofkeew
-ggedezirohtuaotdlos

sertnecgnikcap

selpmasgge06dnaselpmaslaceaf06

rofshtnom6yrevE
draynrabtadlossgge

elas

selpmasggednalaceaF

Table 3. Salmonella surveillance of the broiler and table-egg sector
after the 2nd of March 1998.

a) Requirements of the EU Zoonosis Directive (92/117/EEC).
b) Samples taken by the district veterinary officer.
c) Samples taken by the district veterinary officer every 8 week.
d) Samples taken by the district veterinary officer every 3 months.

heat treatment until the
confirmatory test results
were available.

Due to the fact that the
serological test for Salmonella
has a higher sensitivity than
the bacteriological test,
another important change
was made. Laying flocks
could now be declared in-
fected with Salmonella on the
basis of two consecutive
positive serological tests.

Table-egg production
In 1998, no central-rearing

or layer-breeder flocks were
found infected with Salmonel-
la. A total of 11 out of 375
rearing flocks examined were
found infected with Salmonel-
la. Of these, 10 flocks were
infected with S. Enteritidis
and 1 flock with other seroty-
pes (Table 4).

In flocks producing table-
eggs for authorised egg-
packing centres, 193 flocks
out of 770 flocks examined
were put “under suspicion”
and 105 flocks were confir-
med as being infected with
Salmonella. Of these, 91 flocks
were infected with S. Enteriti-
dis, 6 flocks were infected
with S. Typhimurium and 6
flocks were infected with
other serotypes. In 4 flocks,
more than one serotype was
found. In 2 sero-positive
flocks the serotype was not
determined (Table 4).

gniraerlartneC sredeerbreyaL gniraeR noitcudorpgge-elbaT

denimaxE
skcolf

evitisoP
)%(skcolf

denimaxE
skcolf

evitisoP
)%(skcolf

denimaxE
skcolf

evitisoP
)%(skcolf

denimaxE
skcolf

evitisoP
)%(skcolf

.ppsallenomlaS 12 0 24 0 573 )9.2(11 077 )a )6.31(501

siditiretnE.S - 0 - 0 - )7.2(01 - )8.11(19

muirumihpyT.S - 0 - 0 - 0 - )8.0(6

sepytoresrehtO - 0 - 0 - )3.0(1 - )0.1(6

Table 4. Occurrence of Salmonella in the table-egg production in 1998.

Data: Danish Veterinary Laboratory and Danish Veterinary and Food Administration.
a) 2 flocks found infected exclusively based on serological confirmation.
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Figure 3. Percent Salmonella positive broiler flocks detected as part
of the mandatory ante-mortem and post-mortem inspection, 1995-98.

levelkcolF esuohrethgualS
fostcudorpdnasreliorb-liateR

taemreliorb

sredeerbreliorB skcolfreliorB nikskceN detaerttaehtoN detaerttaeH

negohtapcitonooZ
skcolF

denimaxe

-isop%
evit

skcolf
skcolF

denimaxe

-isop%
evit

skcolf N

-isop%
evit

skcolf N

-isop%
evit

selpmas N

-isop%
evit

selpmas :etoN

.ppsallenomlaS 443 6.0 661,4 5.6 589,4 1.11 382 6.01 851 0 a

siditiretnE.S - 3.0 - 6.1 - - - 4.1 - - -

muirumihpyT.S - 0 - 2.1 - - - 7.0 - - -

sepytoresrehtO - 3.0 - 7.3 - - - 5.8 - - -

.ppsretcabolypmaC - - 349,5 1.74 - - 918 0.82 - - b

inujej.C - - - 1.04 - - - - - - -

iloc.C - - - 2.5 - - - - - - -

iral.C - - - 3.0 - - - - - - -

seicepsrehtO - - - 5.1 - - - - - - -

Table 5. Occurrence of Salmonella and Campylobacter in the broiler production in Denmark in 1998.

Data: Danish Veterinary Laboratory and Danish Veterinary and Food Administration
a) Parent flocks examined by samples of droppings every 4th week. Broiler flocks monitored by "sock-samples" 2-3 weeks prior to
slaughter and by 50 neck-skin samples at slaughter.
b) Flocks investigated by cloacal swabs collected at slaughter, ten chickens per flock were examined.

In flocks producing table
eggs for barnyard sale, 33 out
of 400 examined flocks were
put “under suspicion” and 15
were later confirmed as being
infected with Salmonella.

Broiler production
In 1998, Salmonella was not

isolated from any central-
rearing flocks. Among the
broiler breeders (hatching-
egg production), 2 (0.6%)
flocks were found infected
with Salmonella (Table 5).

Salmonella was monitored
continously by ante-mortem
examination of all broiler
flocks. Three weeks prior to
slaughter, five pair of so-
called "sock-samples" were
collected from each flock. A
"sock-sample" consist of 15
cm pieces of tube gauze
mounted on the footwear
during inspection of the
house. This method has been
shown to have superior
sensitivity to 60 faecal samp-
les and the actual sampling is
easier to perform. The per-
centage of positive flocks
ranged from 3.9% to 13.7%
per month with a mean of

6.5% (Table 5, Figure 3). The
most frequently encountered
serotypes were S. Enteritidis
and S. Typhimurium, which
were found in 24.5% and
18.2% of the infected flocks,
respectively. The sero- and
phage-type distributions are
shown in Tables 15, 16 and
17.

Salmonella was detected in
a total of 11.1% of the flocks
after slaughter by examinati-
on of 5 pooled samples each
consisting of 10 neck-skin
samples from each slaughter
flock (Table 5, Figure 3).

Turkey production
Salmonella was detected in

34 of 366 flocks investigated
by the mandatory ante-
mortem examination. Of
these, 2 flocks were infected
with S. Enteritidis, 1 flock
with S. Typhimurium and 31
flocks with other serotypes.
The most frequently occur-
ring serotype was S. Derby
found in 14 (41%) of the
infected flocks (Table 15). The
percentage of positive flocks
ranged from 0.0% to 24.2%
per month with a mean of
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Figure 5. Percent Salmonella positive samples of
fresh cuts of pork and percent positive herds
(Level 2 and 3 herds), 1995-98.

levelkcolF esuohrethgualS
yekrutfostcudorpdnastuc-liateR

taem

skcolfyekruT nikskceN detaerttaehtoN detaerttaeH

skcolF
denimaxe

-isop%
evit

skcolf N

-isop%
evit

skcolf N

-isop%
evit

selpmas N

-isop%
evit

selpmas :etoN

.ppsallenomlaS 663 3.9 043 1.23 525 0.4 27 0 a

siditiretnE.S - 5.0 - - - 0.0 - - -

muirumihpyT.S - 3.0 - - - 2.0 - - -

sepytoresrehtO - 5.8 - - - 8.3 - - -

.ppsretcabolypmaC - - - - 114 0.41 - - -

Tabel 6. Occurrence of Salmonella and Campylobacter in the turkey production in Denmark in 1998.

Data: Danish Veterinary Laboratory and Danish Veterinary and Food Administration
a) Flocks monitored by "sock-samples" 2-3 weeks prior to slaughter and by 50 neck-skin samples at slaughter.

Figure 4. Percent Salmonella positive turkey flocks
detected as a part of the mandatory ante-mortem and
post-mortem inspection, 1998.

9.3% (Table 6, Figure 4).
Salmonella was detected in

a total of 109 (32.1%) out of
340 flocks examined after
slaughter (Table 6, Figure 4).

Pigs and pork
A serological surveillance

programme for detection of
Salmonella infection in sla-
ughter-pig herds was imple-
mented in the beginning of
1995. All herds producing
more than 100 pigs for sla-
ughter per year are monito-
red by serologically testing
meat juice. The herds are
assigned to one of three
levels based on the proporti-
on of samples with a serolo-
gical reaction. Level 1: a herd
with no or very few reactors
where intervention is not

required; Level 2: a herd with
a higher proportion of reac-
tors and where the owner is
required to seek advice on
how to reduce the prevalence
of Salmonella; Level 3: the
proportion of reactors in the
herd is unacceptably high
and the owner is required to
seek advice and in addition
slaughter of pigs from the
herd has to be carried out
under special hygienic
precautions. From August
1996, the requirements to the
herds in Level 2 and 3 were
increased by an order issued
by the Danish Veterinary and
Food Administration. These
requirements made it manda-
tory to collect a sufficient
number of pen faecal samp-
les in order to clarify the

distribution of Salmonella in
the herd. Based on the re-
sults, an intervention plan
must be prepared by the farm
advisors.

As described in the 1997
report, an independent group
of experts evaluated the plan
for control of Salmonella in
pigs and pork products. In
particular, the group sugge-
sted adjustments in the top
of the breeding pyramid.
These adjustments have been
implemented in the plan as
follows:
- Breeding and multiplying
herds are obliged to collect
pen-faecal samples if a speci-
fic cut-off level in the
monthly serological tests is
reached. If serological reacti-
ons exceed a specific high
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epytoreS

sdrehgiP sdrehelttaC

7991 8991 7991 8991

anogA - 1 - -

grubnednarB - - - 1

ybreD 2 4 - 5

nilbuD - - 49 25

siditiretnE - - 2 1

sitnafnI 2 4 - -

oihO 1 - - -

rav51noirO 1 - - -

luaPtniaS - - - 1

muirumihpyT 86 93 62 02

ybreD/muirumihpyT - 1 - -

anaidnI/muirumihpyT 1 - - -

-d:21.4.1 1 - - -

-:-:21.5.4 - - 1 -

-:b:21.4 1 1 - -

-:-:21.9 - - 3 2

nwonknU - 1 - 1

latoT 77 15 621 38

Table 8. Isolation of Salmonella
from outbreaks of clinical disease
in pig and cattle herds in 1997
and 1998.

Data: Danish Veterinary and Food Admini-
stration.

leveldreH esuohrethgualS liateR

denimaxE kropfostuC laffO detaerttaehtoN detaerttaeH

negohtapcitonooZ sdreH slaminA

-isop%
evit
sdreh N

-isop%
evit

selpmas N

-isop%
evit

selpmas N

-isop%
evit

selpmas N

-isop%
evit

selpmas :etoN

sivobmuiretcabocyM 928,81 llim8.02 0 - 0 - 0 - 0 - 0 a

sutrobaallecurB - - - - - - - - - - - b

.ppsallenihcirT 928,81 llim6.02 0 - 0 - 0 - 0 - 0 c

.ppsallenomlaS 657,61 197,846 7.3 648,71 1.1 190,9 7.2 066,2 7.0 113,2 80.0 d

siditiretnE.S - - - - 0 - 0 - 40.0 - 40.0 -

muirumihpyT.S - - - - 6.0 - 6.1 - 2.0 - 0 -

sepytoresrehtO - - - - 6.0 - 1.1 - 64.0 - 40.0 -

.ppsretcabolypmaC 813 813 6.86 - - - - - - - - e

inujej.C - - 1.4 - - - - - - - - -

iloc.C - - 2.36 - - - - - - - - -

iral.C - - 3.1 - - - - - - - - -

3:Oacitilocoretne.Y - - - - - - - 006 2.0 - -

Table 7. Occurrence of zoonotic pathogens in pigs and pork in Denmark 1998.

Data: Danish Veterinary Laboratory and Danish Veterinary and Food Administration
a) All slaughter pigs are examined in connection with meat inspection.
b) Boars examined on admission to semen collection centres and before leaving the station. No cases found in 1998.
c) All pigs slaughtered at export slaughterhouses are examined in connection with meat inspection
d) Herds are monitored by serological testing. Herds belonging to Level 2 and 3 are defined as Salmonella positive.
e) Herds investigated by caecal samples from one animal per herd collected at slaughter.

level, all movement of
livestock from the herd is
stopped.
- Sow herds producing
piglets for slaughter-pig herds
placed in level 2 or 3 are also
obliged to collect pen-faecal
samples in order to determi-
ne the distribution of Salmo-
nella within the herd, and to
clarify a possible transmissi-
on of Salmonella from the sow
herd to the slaughter-pig
herd.

At the end of 1998, 96.3% of
the herds fell within Level 1,
2.7% within Level 2 and 1.0%
within Level 3. Compared to
1997, there has been a reduc-
tion in the proportion of
Salmonella positive herds
(Figure 5).

A continuous programme
for monitoring of Salmonella
in pork at the slaughter-
houses was initiated in July
1993. Approximately 2,250
samples are analysed every
month. For each slaugh-
terhouse the number of
samples collected is determi-

ned by the actual number of
animals slaughtered, as
described in the Danish plan.
In 1998, the number of Salmo-
nella positive cuts of pork
varied between 0.5% and 1.7%
with a mean of 1.1%, which is
at the same level of contami-
nation as in 1997 (Table 7,
Figure 5). The reduction of
Salmonella positive slaughter-
pig herds did apparently not
result in a similar reduction
of Salmonella level in pork.
This is mainly explained by S.
Infantis contamination of the
slaughter equipment at a few
slaughterhouses. These so-
called “house-strain” infec-
tions resulted in an increase
of positive cuts of pork with
this particular serotype. With
exception of S. Infantis, the
distribution of Salmonella
serotypes and phage types in
pork at the slaughterhouses
largely reflects the distributi-
on of types in the herds
(Tables 15 and 17).

Clinical salmonellosis was
recorded in 51 herds (Table

8). This figure was determi-
ned by the number of herds
submitting material from
clinically affected animals to
the laboratory. Of these, 37
herds were placed under
official veterinary supervision
by the district veterinary
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Screening for multiresistant S.
Typhimurium DT104
Occurrence of DT104 in the primary
production

During the period from December 1996 to
March 1999, 31 domestic animal herds (17
swine herds, 3 cattle herds and 11 combi-
ned cattle- and swine herds) were found
infected with multiresistant Salmonella
Typhimurium DT104 (DT104). In addition,
DT104 was found in imported swine held in
quarantine. DT104 has not been found in
Danish poultry.

Background for the DT104 scree-
ning

In May 1998, the Danish Veterinary and
Food Administration implemented a pro-
gramme with the objective to reduce or
eliminate DT104 in herds of domestic
animals. The aims of the programme was to
protect consumers from the health risks
associated with the presence of DT104 in
food and to prevent DT104 from spreading
among herds.

As part of the programme, it was decided
to carry out a screening to estimate the
prevalence of DT104 in swine and cattle
herds.

The primary purpose of the screening
was to obtain an overall picture of the
current prevalence of DT104 infected herds
in Denmark and hereby make it possible to
work out a future strategy for controlling
DT104. Secondarily, the screening would
shed light on the current distribution of
other Salmonella types. Finally, the screening
was to be used as a tool to evaluate the
effect of the Salmonella control programme
for swine, by comparing the bacteriological
results with the results from a preliminary
screening carried out in 1993/94, where
1,519 finishing-pig herds were tested.

Results
The screening for DT104 in 1998 included

366 multiplier and breeding pig herds, 305
piglet producing herds and 1,962 finishing

herds. The main conclusions were:

DT104 was found in 1 of 1,962 finishing
herds, resulting in a herd prevalence of 0.5
per thousand. DT104 was not found in any
of the 366 multiplying and breeding herds,
nor in any of the 305 tested piglet-produ-
cing herds.
S. Typhimurium is the most commonly
found serotype in swine herds in Den-
mark. Thirty-two other serotypes were
found, S. Derby, S. Infantis and S. Livings-
tone being the most common among
these.
The Salmonella control programme for
swine implemented in 1995 has been
successful. The prevalence of Salmonella in
swine herds has been reduced by almost
50% from 1993/1994 to 1998. In 1993/94, S.
enterica was found in 22.2% of the tested
finishing herds, compared to 11.4% in
1998. Results from the screening in 1998
showed that the prevalence of S. enterica in
multiplier/breeding herds and piglet-
producing herds was 11.7% and 16.7%
respectively.

A total of 265 cattle herds were included in
the screening for DT104 in 1998. S. Typhmuri-
um DT104 was not isolated from any of these
herds.

Screening of imported products
In July 1998, a screening for the content of

DT104 in EU meat and third country meat was
initiated. From July until December the follo-
wing fresh meat samples were examined
(most samples originate from EU-countries,
some from countries outside the EU):
- 1,339 samples of poultry meat, 436 (53%)
positive for Salmonella, 11 (0.8%) samples
positive for DT104
- 427 samples of pork, 44 (10%) positive for
Salmonella, 7 (1.7%) samples positive for
DT104
- 700 samples of beef, 3 (0.4%) samples
positive for Salmonella, 1 (0.1%) sample
positive for DT104

-

-

-



11

leveldreH esuohrethgualS liateR
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selpmas N
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selpmas :etoN

sivobmuiretcabocyM - - 0 llA 0 llA 0 - 0 0 a

sutrobaallecurB - - 0 - - - - - b

.ppsallenomlaS 682 682 0 541,2 3.0 620,1 2.1 006,2 5.0 547 31.0 c

siditiretnE.S - - 0 - 0 - 0 - 1.0 - 0 -

muirumihpyT.S - - 0 - 0 - 2.0 - 70.0 - 31.0 -

nilbuD.S - - 0 - 2.0 - 8.0 - 0 - 0 -

sepytoresrehtO - - 0 - 1.0 - 2.0 - 33.0 - 0 -

.ppsretcabolypmaC 58 58 0.74 - - - - - - - - c

inujej.C - - 4.24 - - - - - - - - -

iloc.C - - 5.3 - - - - - - - - -

iral.C - - 2.1 - - - - - - - - -

)+TV(751Oiloc.E 842 842 4.0 - - - - - - - - c

Table 9. Occurrence of zoonotic pathogens in cattle and beef in Denmark 1998.

Data: Danish Veterinary Laboratory and Danish Veterinary and Food Administration.
a) Bulls at semen collection centres are examined by TB test. Notifiable disease. No cases diagnosed in 1998.
b) Bulls examined on admission to semen collection centres and annually after entry. Clusters of abortions are notifiable.
Notifiable disease in cattle.
c) Herds were investigated by caecal samples from one animal per herd collected at slaughter.

officer. Salmonella Cho-
leraesuis is not present in
Danish pig herds.

Cattle and beef
Herds of cattle are investi-

gated for Salmonella on clini-
cal indications and as part of
a continous monitoring
programme of zoonotic
bacteria. Salmonellosis was
diagnosed in 83 (0.3%) cattle
herds in 1998 (Table 8). Of
these, 22 herds were placed
under official veterinary
supervision by the district
veterinary officer. The
predominant serotypes
isolated from clinical cases in
cattle in 1998 were S. Dublin
(63%) and S. Typhimurium
(24%) (Tables 8 and Table 15).
As part of the surveillance
programme, 286 caecal samp-
les were collected at slaugh-
terhouses. One animal per
herd was sampled and no
positive samples were found
(Table 9).

At slaughterhouses, ap-
proximately 270 samples in
total are collected each

month from a representative
sample of the beef cuts and
the offal. The number of
positive samples of beef cuts
per month has ranged from
0.0% to 1.3% during 1998 with
a mean of 0.3% (Table 9),
which is comparable with
1997 (0.4%). The predominant
serotype was S. Dublin (68%)
(Table 15).

Products from retail
outlets

The Municipal Food and
Environmental Laboratories
collect samples for routine
surveillance of meat and
meat products at the retail
level.

A total of 441 samples of
broilers and broiler products,
597 samples of turkey cuts
and turkey products, 4,971
samples of pork and pork
products, and 3,345 samples
of beef and beef products
have been examined in 1998.
In not heat-treated samples
the prevalences were 10.6%,
7.0%, 0.7% and 0.5%, respec-
tively. The prevalences in

heat-treated products were
less than 0.2% (Tables 5, 6, 7
and 9).

Salmonellosis in
humans

In 1998, the registered
number of human salmonel-
losis caused by zoonotic
serotypes was 3,880 (73 cases
per 100,000 inhabitants).
Thus, the incidence in 1998
fell by 23% compared with
1997 (5,015 cases), but was
higher than the incidence in
1996 where 3,250 salmonella-
cases were found (Figure 6,
Table 11).

The decrease in 1998
compared with 1997 was
mainly due to a lower num-
ber of S. Enteritidis cases
(2,607 compared with 3,674 in
1997, i.e., a 29% reduction).
However, the incidence of S.
Enteritidis remains high
compared with the years
before 1997, e.g. 1,771 cases
in 1996 and 2,070 cases in
1995. Table 16 shows the
phage-type distribution of 218
human isolates of S. Enterti-
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siditiretnE.S 2.94 706,2 476,3 177,1 070,2 678,1 390,1 117

muirumihpyT.S 8.21 876 148 709 848 363,1 391,1 628,1

sepytoresrehtO 2.11 595 005 185 637 730,1 615,1 898

inujej/iloc.C 7.36 273,3 666,2 379,2 106,2 691,2 677,1 544,1

susolunarg/siralucolitlum.E 0 0 0 0 0 0 0 0 c

senegotyconomairetsiL 8.0 14 33 93 92 32 72 73 d

seibaR 0 0 0 0 0 0 0 0 e

iidnogamsalpoxoT - - - - - - - - f

acitilocoretneainisreY 8.8 464 034 235 977 346 017 510,1

)CETV(ilocaihcirehcsE 6.0 43 33 5 2 01 4 3

)CETV(751O 1.0 6 21 3 2 3 1 1

Table 11. Zoonoses in humans 1998 - incidence and trends of 5 and 10 years

Data: Statens Serum Institut.
a) Notification not mandatory. Cases of tuberculosis due to reactivation of latent infections in elderly or imported disease.
b) Only first isolations registered.
c) Notification not mandatory. A few imported cases occur.
d) Notification mandatory from 1986.
e) Notification mandatory. No domestical or imported cases.
f) Notification not mandatory. Approximately 1% of the population seroconvert annually.

dis. The major types were PT8
(40%), PT6 (29%) and PT4
(11%). Whereas more than
95% of PT8 and PT6 cases
were domestically acquired,
50% of the cases of PT4 had a
history of foreign travel. In
addition, PT1 was associated
with travel.

Figure 7 compares the age-
specific incidence of S. Ente-
ritidis in 1998 with 1997. It
appears, that the decreased
incidence was most pronoun-
ced at the extremes in age,
consistent with the fact that
the decrease was mainly
related to a lower number of
domestically acquired cases.
Figure 9 shows the geographi-
cal distribution of the S.
Enteritidis. The incidence was
high in some of the counties
in Zealand and in the county
of Ribe in Jutland. The high
incidence in Ribe county was
related to an outbreak of S.
Enteritidis PT6 associated

with cross-contamination of
shrimps.

It is estimated that approx-
imately 85% of S. Enteritidis
infections are domestically
acquired.

There was a 20% reduction
in the number of S. Typhimu-
rium cases compared with
1997 (678 cases versus 841).
Hence, the incidence of

sporadic cases of S. Typhimu-
rium in Denmark has gra-
dually declined since 1994.
Table 17 shows the phage-
type distribution of 474
human isolates. DT12 (43%) is
still the major phage type, but
DT104 has increased and now
accounts for 13% of S. Typhi-
murium phage types compa-
red with 7% in 1997. This

Figure 6. Registered cases of human salmonellosis in Denmark 1980-98.
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Figure 7. Age-specific incidence of S. Enteritidis in
1997 and 1998. Data: Statens Serum Institut.
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Figure 8. Age-specific incidence of S. Typhimurium in
1997 and 1998. Data: Statens Serum Institut.
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increase is explained by the
first community outbreak of
S. Typhimurium DT104. The
outbreak included 25 culture-
confirmed cases and was
traced back to pork of Danish
origin.

The organism involved in
this outbreak showed the
classical penta-resistance
pattern, but was also resi-
stant to a quinolone, nalidixic
acid. This resistance pattern
had not previously been
found in Danish food animals
or food, and only on two
occasions in humans. This
unusual resistance pattern
from the patients correspon-
ded to that found in isolates
from a slaughterhouse in

Zealand, as well as in isolates
collected by the Municipal
Food and Environmental
Laboratories in Copenhagen
and Roskilde. All had the
same DNA-fingerprinting
pattern.

A connection between the
finding of nalidixic acid
resistant S. Typhimurium
DT104 both in fresh pork and
in these patients was further
supported by patient inter-
views, which revealed that
patients had bought and
eaten pork from shops that
had been supplied by the
slaughterhouse in question.
In addition, two swine herds
that had sent animals for
slaughter at the plant were

identified, and Salmonella
isolates from the herds were
identical to isolates from the
slaughterhouse, the pork,
and the patients.

It is estimated that approx-
imately 87% of S. Typhimuri-
um infections are domestical-
ly acquired.

Figure 8 compares the age-
specific incidence of S. Typhi-
murium in 1998 with 1997,
and Figure 10 shows the
geographical distribution of
this serotype. The incidence
was high in South Jutland
County (83 cases in 1998
compared with 33 in 1997).
The increased incidence in
this county was mainly
related to Salmonella pro-

Figure 9. Geographical distribution and incidence of
human cases of S. Enteritidis in 1998.
Data: Statens Serum Institut.

Figure 10. Geographical distribution and incidence
of human cases of S. Typhimurium in 1998.
Data: Statens Serum Institut.
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Table 13. Suspected food-borne zoonotic infections reported to Statens Serum Institut, 1998.

Data: Statens Serum Institut. a) Other zoonotic Salmonella spp. and Yersinia enterocolitica O:3.
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Table 12. Laboratory based surveillance of outbreaks of food-borne
zoonotic diseases diagnosed by Statens Serum Institut, 1998.

blems in a local pig slaughter-
house.

The remaining 595 zoono-
tic Salmonella cases were
distributed over more than
100 different serotypes.
Among these were S. Hadar
(61 cases), S. Manhattan (44
cases), S. Infantis (35 cases),
S. Virchow (30 cases), and S.
Agona (30 cases). Table 15
shows the distribution of
major serotypes. In 1997, a
total of 500 “exotic” Salmonel-
la serotypes were registered.

The increase were mainly due
to an outbreak caused by S.
Manhattan which occurred in
January 1998.

Salmonella Manhattan is
rarely found in humans in
Denmark, usually isolated
between 0 and 3 times each
year. From the first week of
1998 the incidence increased,
with cases occurring
throughout Denmark, predo-
minantly in adults. A case-
control study showed that
ten out of 16 cases had eaten

cured and smoked ready-to-
eat fillet of pork in the three
days before becoming ill,
compared with 4 out of 45
matched controls (odds ratio
17, p<0.0001). The fillet was
traced back to a particular
slicing plant. The Danish
Veterinary and Food Admini-
stration was informed about
the results of the investigati-
on and the product was
withdrawn from shops on
February 17. A week later S.
Manhattan was isolated from
a packet of smoked fillet.
From April 98, only two cases
of S. Manhattan were registe-
red.

Table 12 summarises
outbreaks diagnosed by
Statens Serum Institut in
1998, whereas Table 13 sum-
marises the number of
suspected food-borne infec-
tions as reported to Statens
Serum Institut by the general
practitioners.

Only in case of outbreaks of
probable food-borne disease
(defined as two or more cases
associated with the same
potential source of infection),

Data: Statens Serum Institut.
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In 1997, the incidence of
human salmonella-infections
due to S. Enteritids more
than doubled compared with
1996, and thereby reached a
historical hight. Surveillance
in layers, epidemiological
typing of bacterial isolates
from different sources, and
evidence from outbreak
investigations suggested that
the increasing incidence of S.
Enteritidis was due to incre-
ased levels of contamination
of layers and shell eggs. This
evidence was further corro-
borated from a case-control
study of sporadic cases
which suggested that in 1998,
raw eggs and food containing
raw egg was the major risk
factor for domestically ac-

Eggs, Humans and S. Enteritidis
referred to heat-treatment.
Consequently, the risk to the
consumers has been reduced
considerably.

There is therefore little
doubt that the plan contri-
buted to the reduction of the
incidence of S. Enteritidis.
However, factors affecting
consumer habits may also
have an effect. Attention
from the press and other
public media, as well as a
cold summer of 1998, may
have reduced the use of raw
eggs in dishes that are not
heat treated, e.g. home-made
icecream. It is difficult to
disentagle effects of control
plans at the farm level from
behavioural changes at the
consumer level.

Table 14. Outbreaks of food-borne salmonellosis registered by the Municipal Food and Environmental
Laboratories in 1998.

Data: Danish Veterinary and Food Administration. * S. Hadar and S. Infantis.
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quired S. Enteritidis infec-
tions.

The decreased incidence in
1998 is probably related to
several factors.

As described earlier, a plan
to control Salmonella in layers
was implemented in 1996
with further adjustments
added in March and Septem-
ber 1998. The continuously
monitoring of all flocks and
the destruction of infected
breeder and rearing flocks
has resulted in a decreasing
prevalence of Salmonella in
the table-egg producing
flocks in 1998. Further, the
plan ascertains that eggs
from production flocks found
serological or bacteriological
positive for Salmonella are

the Municipal Food and
Environmental Laboratories
will be requested to identify a
possible common source. In

1998, 25 outbreaks caused by
Salmonella were investigated
(Table 14). A total amount of
306 patients were involved in

the outbreaks. In 12 out-
breaks (general outbreaks),
the suspected foodstuff was
prepared by commercial
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Figure 11. Estimated major sources for human salmonellosis in Den-
mark, 1988-98. Data: Danish Zoonosis Centre.

retailers, wholesalers and
manufactures. In 13 out-
breaks (family outbreaks), the
suspected foodstuff was
produced in private homes.
Use of raw eggs in desserts
was, like in 1997, a major
source of food-borne out-
breaks, especially in family
outbreaks. Cross-contamina-
tion and undercooked food
were other contributory
causes.

Risk assessment of
sources of human
salmonellosis

As described in this and
previous issues of this report,
all major food animals and
food of animal origin are
monitored continuously for
Salmonella. The resulting
collection of 10-20,000 Salmo-
nella isolates per year is
serotyped and isolates of S.
Typhimurium and S. Enteriti-
dis are phage typed. In additi-
on, a sub-sample of the
strains is typed by antibio-
gram typing and molecular
methods, primarily pulsed-
field gel electrophoresis.

Figure 12. Estimated sources for human salmonellosis in Denmark in
1998. Other poultry includes turkey, duck and imported poultry of
various kinds. Data: Danish Zoonosis Centre.

A comparison of Salmonella
types isolated from food
animals and food with isola-
tes from humans, makes it
possible to produce estimates
of the number of human
cases attributable to certain
animal sources. It is prerequi-
site that some of the predo-
minating Salmonella types are
found almost exclusively in a
single animal reservoir or
food stuff. Salmonella types
that are found in several
reservoirs, may then be
distributed in proportion to
the occurrence of these so-
called “typical” types, assu-
ming that the pathogenicity

of the different types is equal.
This rather crude assess-

ment has been shown to
render results that are useful
in monitoring the dynamics
in the changing sources of
human salmonellosis in
Denmark. Figure 11 shows
that Denmark has experien-
ced three waves of human
salmonellosis, where the
majority of cases has been
caused by three distinct
sources: broilers in the late
80’ies, pork in the mid 90’ies
and eggs in the mid/late
90’ies. At each peak, a new
control programme has been
implemented and resulted in
a reduction of human cases
attributable to that particular
source.

In 1998 in Denmark, the
estimated number of human
cases pr. 100,000 inhabitants
that could be attributed to
various animal sources, was
as follows: eggs: 35; travel: 10;
pork: 10; Danish produced
broilers: 1; other poultry
(turkeys, ducks and imported
poultry of various kinds): 5;
beef: 0.2. Approximately 600
cases (11 per. 100,000) could
not be associated with any
specific source, but some of
these infections are probably
related to pet animals (Figure
12).
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epytegahP snamuH sreyaL sreliorB

8 9.93 1.95 6.03

6 9.82 7.22 0.84

4 0.11 6.4 3.41

1 1.4 1.1 0.2

12 1.4 8.6 0.0

a6 8.1 0.0 0.1

92 4.1 0.0 0.0

b1 9.0 0.0 0.0

b12 9.0 0.0 0.0

52 9.0 3.2 0.0

43 9.0 0.0 0.0

71 9.0 0.0 0.0

.lcnisrehtO
elbapytton

1.4 4.3 1.4

latoT 001 001 001

depytrebmuN 812 88 89

epytegahP snamuH sgiP kroP elttaC feeB sreliorB sreyaL

21 3.34 2.84 6.24 9.35 0.0 2.51 3.41

401 1.31 9.0 3.0 5.11 0.0 0.0 0.0

66 9.4 1.6 2.01 5.11 0.0 2.51 0.0

882U 8.3 4.2 5.1 0.0 0.0 0.0 0.0

531 6.3 8.2 2.1 0.0 0.0 2.2 3.41

391 4.3 2.3 7.5 9.3 0.0 2.2 6.82

71 1.2 7.6 2.7 9.3 0.0 5.6 0.0

021 7.1 9.0 5.1 0.0 0.0 1.2 0.0

203 7.1 1.1 6.0 0.0 0.0 0.0 0.0

01 1.1 3.1 6.3 9.3 0.0 0.0 0.0

701 8.0 6.1 8.1 7.7 0.0 0.0 0.0

771 8.0 1.1 2.1 0.0 0.0 4.4 0.0

011 6.0 1.2 9.0 0.0 0.05 8.43 3.41

14 4.0 1.0 0.0 0.0 0.0 4.4 6.82

a51 4.0 4.2 0.3 0.0 0.0 0.0 0.0

.lcnisrehtO
elbapytton

4.81 1.91 6.81 9.3 0.05 0.31 0.0

latoT 001 001 001 001 001 001 001

depytrebmuN 474 947 333 62 2 64 7

Table 16. Phage-type distribution (%) of S.
Enteritidis from humans and poultry, 1998.

Data: Danish Veterinary Laboratory, Danish Veterinary
and Food Administration and Statens Serum Institut.

Data: Danish Veterinary Laboratory, Danish Veterinary and Food
Administration and Statens Serum Institut.

Table 17. Phage-type distribution (%) of S. Typhimurium
from humans, animals and meat at slaughterhouses, 1998.

epytoreS snamuH )agiP
sdreh

)bkroP elttaC
sdreh

)bfeeB )creliorB
skcolf

)dreyaL
skcolf

)cyekruT
skcolf )ekcuD

siditiretnE.S 2.76 9.0 0.0 2.1 0.0 5.42 4.58 9.5 0.06

muirumihpyT.S 5.71 6.87 0.45 1.42 5.01 2.81 8.6 9.2 0.0

radaH.S 6.1 2.0 0.0 0.0 0.0 7.3 0.0 8.8 0.03

nattahnaM.S 1.1 0.0 0.0 0.0 0.0 0.3 0.0 0.0 0.0

sitnafnI.S 9.0 7.3 2.71 0.0 0.0 5.71 9.4 0.0 0.0

wohcriV.S 8.0 0.0 2.0 0.0 0.0 4.0 0.0 0.0 0.0

anogA.S 8.0 1.0 0.0 0.0 0.0 1.1 0.0 7.41 0.0

ybreD.S 6.0 1.7 3.6 0.6 5.01 1.1 0.0 2.14 0.0

tropweN.S 6.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

avaJ.S 5.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

yelnatS.S 5.0 2.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

purednearB.S 4.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

snacifibromsivoB.S 4.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

purtsolG.S 3.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

grebledieH.S 3.0 0.0 2.0 0.0 0.0 0.0 0.0 0.0 0.0

luaptniaS.S 3.0 0.0 0.0 2.1 0.0 0.0 0.0 0.0 0.01

nilbuD.S 3.0 1.0 2.0 7.26 4.86 0.0 0.0 0.0 0.0

ton.lcnisrehtO
elbapyt

1.6 0.9 9.12 8.4 5.01 5.03 9.2 5.62 0.0

latoT 001 001 001 001 001 001 001 001 001

depytrebmuN 088,3 898 844 38 91 962 301 43 01

Table 15. Serotype distribution of Salmonella from animals, meat at
slaughterhouses and humans in Denmark, 1998.

Data: Danish Veterinary Laboratory, Danish Veterinary and Food Administration and Statens
Serum Institut.
a) Isolates obtained from sampling in slaughter-pig herds placed in Level 2 or 3.
b) Representative meat samples from the surveillance programme at slaughterhouses.
c) Representative faecal or sock samples from the mandatory ante-mortem inspection.
d) Representative samples from the surveillance programme in production flocks.
e) Screening of Danish poultry products carried out between Nov. 97 - May 98.
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Figure 14. Incidence per 100,000 of human campylo-
bacteriosis in Denmark 1980-98.

Poultry, pigs and cattle
As part of a continuous

surveillance programme of
zoonotic bacteria in broilers,
pigs and cattle, caecal con-
tents/cloacal swabs were
sampled at slaughterhouses
and examined for thermotole-
rant Campylobacter. One
animal per herd and ten birds
per flock were sampled. In
broilers the prevalence was
47.1% (Table 5), in pigs 68.6%
(Table 7) and in cattle 47%
(Table 9). In broilers a distinct
seasonal variation is observed
(Figure 13). This seasonal
variation coincides with
human campylobacteriosis in
Denmark. However, the
increase in broilers seems to
appear slightly later than the
increase in humans.

Products from retail
outlets

The nationwide surveillan-
ce programme of thermotole-
rant Campylobacter in foods
from the retail outlets estab-
lished in 1996 as a co-operati-
on between the Danish
Veterinary and Food Admini-
stration and the Municipal

2. Campylobacter jejuni/coli

Figure 13. Percent Campylobacter positive broiler
flocks, 1996-98.

Food and Environmental
Laboratories was continued
in 1998. The foods repre-
sented in the survey in 1998
included raw and lightly
processed products (not heat
treated) of chicken, turkey
and other birds. The samples
represent both imported
products and products of
Danish origin. In total 1,500
samples have been analysed.
The results for chicken and
turkey are shown in Tables 5
and 6, respectively. In the
group of other birds (incl.
ducks, pigeons, quails and
ostriches), the prevalence
was 21% (N=293) in 1998
compared to 26% (N=285) in
1997.

Campylobacteriosis in
humans

The incidence of human
Campylobacter infections
increased from to 2,666 in
1997 to 3,372 cases in 1998 (64
cases per 100,000 inhabi-
tants). This is the highest
registered incidence in Den-
mark (Figure 14, Table 11).
There are no apparent expla-
nations for the emergence of

Campylobacter which remains
a major cause of concern for
public health. It is estimated
that approximately 80% of the
Campylobacter infections are
domestically acquired.

Figure 15 shows the age-
specific incidence of Campylo-
bacter in the counties of
Bornholm, Frederiksborg,
Fyn, Ribe, Roskilde, Stor-
strøm, Vestsjælland, and
Århus, 1997 and 1998. Figure
16 shows the geographical
distribution of infections
with Campylobacter. There is
no straigtforward explanation
for the considerable geogra-
phical variation.

Case-control study on
sporadic campylo-
bacteriosis

From May 1996 to May
1997, a case-control study
was conducted to identify
risk factors and routes of
infection for sporadic campy-
lobacteriosis in Denmark.
Using a combination of
mailed questionnaire and
telephone interviewing, the
effect of travelling, exposure
to different foods, animal
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Figure 15. Age-specific incidence of Campylobacter
in the counties of Bornholm, Frederiksborg, Fyn, Ribe,
Roskilde, Storstrøm, Vestsjælland, and Århus, 1997
and 1998. Data: Statens Serum Institut.

contact and type of water
supply was evaluated. Of 282
cases and 319 sex, age and
municipality matched con-
trols, 219 cases and 240
controls had not been travel-
ling within the last 4 weeks
prior to illness onset/inter-
view. Travelling to a foreign
country was found to be
associated with an increased
risk of infection and from the
multivariate analysis the
following risk factors were
found to be independently
associated with infection:
eating undercooked poultry,
eating meat (beef, pork or
veal) prepared at a barbecue,
consuming drinking water
with a bad taste or smell
from private well, contact
with a cat with diarrhea, daily
contact with a cat younger
than 6 month and daily
contact with pigs.

Serotyping of
Campylobacter

Isolates of C. jejuni and C.
coli were serotyped using the
Penner serotyping scheme
(heat-stable antigens). Among
human isolates, serotype O:2
was the dominating serotype
accounting for 36% of the C.
jejuni isolated in 1998, which

is an increase compared to
earlier years (26% of C. jejuni
were O:2 in 1996-97). However,
it must be stressed that
serotyping in 1998, in con-
trast to the previous two
years, exclusively has been
performed on domestic
acquired cases. Other impor-
tant human serotypes were

epytoreS namuH sreliorB elttaC sgiP
yrtluoP

levelliater

44,1 9 81 8 0 8

2 63 62 03 9 81

3 2 5 0 0 4

*xelpmoc-4 91 7 22 81 41

5 4 4 0 0 8

7,6 4 6 3 0 8

11 6 1 0 9 1

21 3 2 3 0 3

91 2 1 6 0 11

12 2 1 0 0 1

63,32 0 1 41 72 1

72 0 4 0 0 1

92 1 1 6 0 0

13 3 4 0 0 3

53 2 0 8 72 0

75 0 5 0 0 3

srehtO 4 9 0 8 7

elbapyttoN 3 5 0 0 9

depytrebmuN 821 28 63 11 47

Table 18. Serotype distribution (%) of Campylobacter jejuni from
human patients, animals and poultry product in 1998.

Data: Danish Veterinary Laboratory. * 4-complex: Reaction with one or more of the
following antisera: 4, 13, 16, 43, 50, 64, 65.

O:4-complex, O:1,44, O:11,
O:5 and O:6,7 (4-19% each).
Other serotypes each ac-
counted for 3% or less (Table
18). In broilers and cattle,
serotype O:2 was also the
most common serotype and
showed an increased propor-
tion compared to 1996-97. In
general, broilers, poultry

Figure 16. Geographical distribution and incidence
of human campylobacteriosis in 1998.
Data: Statens Serum Institut.
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Figure 17. Incidence per 100,000 of human
yersiniosis in Denmark, 1980-98.

3. Yersinia enterocolitica

epytoreS namuH sreliorB sgiP levelliateryrtluoP

5 71 7 51 0

42 71 7 9 0

03 33 31 61 33

43 71 0 8 8

64 0 02 02 0

45 0 7 1 71

95 0 02 6 33

srehtO 71 02 91 8

elbapyttoN 0 6 6 0

depytrebmuN 6 51 101 21

Table 19. Serotype distribution (%) of Campylobacter coli from
human patients, animals and poultry products in 1998.

Data: Danish Veterinary Laboratory.

products and to a lesser
extent cattle showed a seroty-
pe distribution with large
overlap with the human
isolates. A few serotypes that
were rare in humans and
broilers were fairly common
in cattle, e.g. O:23,36, O:19
and O:35 (Table 18). C. coli is
the dominant Campylobacter
species in pigs, whereas less
than 10% of the campylobac-
ters in most other sources
are C. coli. The most common
C. coli serotypes in pigs i 1998
were O:46, O:30 and O:5 (Table
19).

Pigs and cattle
The vast majority of Da-

nish slaughter-pig herds are
assumed to harbour Y. entero-
colitica O:3. A serological
survey in 1993, showed that
90% of herds and 75% of
slaughter-pigs were sero-
positive. In addition, several
bacteriological investigations
have shown a herd prevalen-
ce of approximately 80%.

In 1998, 4 cattle herds were
found to be infected with Y.
enterocolitica O:9, which only
rarely causes infections in
humans in Denmark.
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Figure 18. Age-specific incidendence of yersiniosis in
the counties of Bornholm, Frederiksborg, Fyn, Ribe,
Roskilde, Storstrøm, Vestsjælland, and Århus, 1997
and 1998 Data: Statens Serum Insitut.

Products from retail
outlets

During 1998, a survey of
human pathogenic bacteria in
ready-to-eat meat products
was performed as a collabora-
tion between the Municipal
Food and Environmental
Laboratories and the Danish
Veterinary and Food Admini-
stration. The products consi-
sted of smoked, salted or
cured products, that were not
heat treated. The pork pro-
ducts were analysed for the
occurrence of human patho-
genic strains of Yersinia

enterocolitica. Out of 600
samples of pork products
analysed, only one sample
was found to harbour the
human pathogenic serotype
O:3.

Yersiniosis in humans
A total of 464 cases of

infections with Yersinia entero-
colitica was registered in 1998
(Table 11, Figure 17). Most
cases (459) were serotype O:3.
In 1997, 426 cases of Yersinia
enterocolitica O:3 were registe-
red. In other words, the
situation remains stable. The
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primary source of yersinosis
is assumed to be porcine.

Figure 18 shows the age-
pecific incidence of Y. entero-
colitica infections in the
counties of Bornholm,
Frederiksborg, Fyn, Ribe,
Roskilde, Storstrøm, Vest-
sjælland, and Århus, 1997
and 1998. Approximately
50% of the cases are among
children less than five years
of age, and more than 90%
are domestically acquired.
Figure 19 illustrates the
geographical distribution of
infections with Y. enterocoli-
tica.

4. Listeria monocytogenes

forebmuN
selpmas

fotnecreP
htiwselpmas
grep01<ufc

fotnecreP
ufchtiwselpmas

001-01neewteb
grep

fotnecreP
htiwselpmas
grep001>ufc

stcudorptaemdetaerttaeH
tnemtaerttaehretfadeldnah 9263 9.98 6.9 5.0

rodetaerttaehton,devreserP
taemdetaerttaehylthgils

stcudorp
522 6.38 7.41 8.1

ton,detlas,dekoms,davarG
taehylthgilsrodetaerttaeh

stcudorphsifdetaert
771 5.87 5.12 0.0

selbategevdecilsrostuorpS 861 9.46 5.43 6.0

elbategevrotaeM
esiannoyam 2712 3.59 2.4 5.0

stcudorpeseehcroeseehC 63 0.001 0.0 0.0

sehsidderaperp-ydaeR 6921 6.49 4.5 0.0

Table 20. Percentage distribution of the number of Listeria monocytogenes in selected foods, sampled at
retail level in Denmark by the Municipal Food and Environmental Laboratories in 1998.

Products from retail
outlets

Data from 1998 on the
incidence of Listeria monocy-
togenes in foods at retail
level in Denmark was re-
ported continuously by the

Data: Danish Veterinary and Food Administration.

Municipal Food and Environ-
mental Laboratories.

According to the Danish
rules, investigations of the
level of L. monocytogenes in
foods are to be performed on

certain ready-to-eat products.
The results of these routine
examinations are reported to
the Danish Veterinary and
Food Administration (Table
20).

Figure 19. Geographical distribution and incidence of human yersionosis
in 1998. Data: Statens Serum Institut.
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5. Escherichia coli (VTEC)
Cattle

A small-scale surveillance
programme to monitor the
occurrence of verotoxigenic
Escherichia coli O157 (VTEC
O157) in Danish cattle was
initiated by the Danish
Veterinary Laboratory in
June 1997. In 1998, VTEC
O157 was found in 1 (0.4%)
out of 248  feacal sample
from cattle (Table 9).

Human infections
The problem of zoonotic

E. coli infections remains
low in Denmark, and no
domestically acquired food-
associated outbreaks have
been identified. Before 1997,
VTEC was only looked for
rarely in humans. In 1997,
laboratories examining more

Listeriosis in humans
In 1998, 41 sporadic cases

of Listeria monocytogenes
were registered (Table 11).
This is the highest number
of registered cases in Den-
mark since 1986 (Figure 20).
The patients were geogra-
phically spread throughout

the country and no type
predominated as judged by
ribotyping, PFGE or RAPD.
Thus, no outbreak seems to
have occurred. Twenty-three

Figure 14. Incidence per 100,000 of human listeriosis in Denmark,
1981-98.

)sraey(puorgegA sesacforebmuN

0 3

sry9-1 0

sry91-01 1

sry93-02 1

sry95-04 6

sry97-06 02

sry+08 01

latoT 14

Table 21. Incidence of listeriosis by
age in Denmark, 1998.

Data: Statens Serum Institut.

than 2/3 of the stool cultures
performed in Denmark chan-
ged their diagnostic practice
and started to look for VTEC in
all stools from patients with
grossly bloody diarrhoea and
in all stools from patients 4
years of age or less with a
history of bloody diarrhoea.
Additionally, stools from
patients evaluated for travel-
lers or persistent diarrhoea
have been cultured for VTEC.
The methods used were a
combination of colony hybrid-
isation using probes for vero-
toxin and eaeA genes, and live
slide agglutination of suspect
colonies with O-antisera
against the most common
VTEC serotypes. This ap-
proach resulted in the identifi-
cation of a total of 34 VTEC

infections in 1998 compared
with 33 in 1997. Before 1997,
approximately 5 cases were
diagnosed annually. Six of the
34 cases were infected with
O157 strains, and two of
these patients had haemoly-
tic uraemic syndrome (HUS).
Other VTEC serogroups
included O103 (six cases), O26
(four cases) and O145 (two
cases, including one patient
with HUS). There were no
cases of VTEC O111.

strains belonged to serogroup
1, 16 to serogroup 4 and two
strains were non-typable.

Table 21 shows the age
distribution of the 41 cases.
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6. Mycobacterium bovis
In accordance with Com-

mission Decision 97/76/EEC,
Danish cattle herds are
declared officially free from
bovine tuberculosis (TB)
since 1980. TB in cattle is a
notifiable disease in Den-
mark. Monitoring is perfor-
med by meat inspection,
which means that all slaugh-
ter animals are examined for
lesions indicative of TB. Bulls
at semen collection centres
are subject to pre-entry and
annual intradermal tubercu-
lin testing. The last case of
TB in cattle was diagnosed in
1988.

In 1988-89, 13 deer farms
were found infected with
bovine tuberculosis, and until
1994 another 3 farms were
found affected. Eradication
measures were taken and
restrictions have now been
lifted on all 16 farms. All deer
farms were surveyed through
tuberculin testing of animals
more than 1 year old or
through meat inspection of
slaughtered animals. After
December 1994, bovine
tuberculosis has not been
diagnosed in deer in Den-
mark.

In 1998, 8 cases (0.15 cases
per 100,000 inhabitants) of
human tuberculosis caused
by M. bovis were registered.
All were diagnosed in elderly
Danish patients. These cases
are regarded as reactivation
of a latent infection acquired
before the eradication of
bovine TB in cattle. Bovine
tuberculosis is no longer a
notifiable disease in Den-
mark.

7. Brucella abortus/
melitensis

In accordance with Com-
mission Decision 97/175/EEC

Denmark has been regarded
officially free from brucello-
sis in cattle since 1979.
Brucellosis is a notifiable
disease, and clusters of
abortions are notifiable.
Monitoring is performed by
examination of abortion
material. Bulls are subject to
serological testing before
entering bovine semen
collection centres. After
entry they are examined
annually for brucellosis.
Boars at porcine semen
collection centres are likewi-
se subject to pre-entry te-
sting, followed by testing at
least every 18 months and
before they leave the centre.

No domestically acquired
human cases but a few
imported cases occur each
year. The infection in hu-
mans is not notifiable in
Denmark.

8. Trichinella spiralis/
nativa

All pigs slaughtered at
Danish export slaughter-
houses are examined for
Trichinella spp. in accordance
with Council Directive 64/433/
EEC, Annex 1, Chapter VIII.
Trichinella has not been found
in Danish pigs since 1930.
During 1998, 20.6 mill. pigs
were examined by the digesti-
on method at slaughter, all
with a negative result (Table 7).

A national programme for
screening of Trichinella infec-
tion in wild foxes was initi-
ated in 1995. In 1997 and the
two first months of 1998, a
total of 4,366 forelegs of foxes
were collected by hunters
across the country. Approxi-
mately 700 forelegs was
examined for Trichinella, all
with a negative result. The
screening was terminated by
the end of February 1998.

No domestically acquired
cases of human trichinosis
were recorded in 1998. A few
imported cases occur annual-
ly. The infection in humans
is not notifiable.

9. Echinococcus granu-
losus/multilocularis

Echinococcus granulosus
infections in all animals are
reportable. Surveillance for
Echinococcus is performed
through meat inspection. In
1998, no cases of Echinococcus
infections were reported.

No domestically acquired
human cases but a few im-
ported cases occur annually.
The infection in humans is
not notifiable.

10. Toxoplasma gondii
Toxoplasmosis in humans

is not a notifiable disease in
Denmark, and the incidence
of toxoplasmosis in humans
is unknown. It is estimated
that approx. 1% of the human
population seroconvert
annually.

11. Cryptosporidium
parvum

Cryptosporidiosis is not a
notifiable disease in Den-
mark. It is estimated that
approximately 180 human
cases are diagnosed in Den-
mark annually. Most of these
are acquired abroad.

12. Rabies
Rabies is a notifiable infec-

tion in both humans and
animals. In 1998, 12 bats were
found infected with European
bat lyssavirus and infection
with that virus type was
diagnosed in 3 sheep. Three
of the infected bats had
bitten children. No domesti-
cally acquired cases were
reported in 1998, but 39
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people were treated by prop-
hylactic vaccination after
exposure to bat bites or other
animals suspected of being
infected. Sylvatic rabies
(genotype 1 lyssavirus) was
not found in domestic ani-
mals, pet animals or wildlife
in 1998.

Antimicrobial resistance
For information on antimicro-

bial resistance in zoonotic
bacteria we refer to the yearly
report: "DANMAP - Consumpti-
on of antimicrobial agents and
occurrence of antimicrobial
resistance in bacteria from food
animals, food and humans in
Denmark". The 1998 report will
be available at:

 http://www.svs.dk
or can be ordered from the
Danish Zoonosis Centre
(sca@svs.dk) by the end of June
1999.


