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Introduction

Surveillance of infectious diseases in animals and hu-
mans 2022 is the annual report describing the surveillance
activities carried out in Sweden during the year. The re-
port covers surveillance for important animal diseases and
zoonotic agents in humans, food, feed and animals, carried
out and compiled by experts from several Swedish govern-
mental agencies, university and the private industry with
surveillance mandates along the entire food chain — from
farm to fork.

This year’s report features a new chapter on infectious
diseases in dogs and cats which describes a number of im-
portant diseases, both species-specific and zoonotic diseases
(see page 135). None of the notifiable infections (e.g., ca-
nine leishmaniasis, canine babesiosis, feline immunosup-
pressive virus) presented in this chapter are considered en-
demic in Sweden. The increase in imported pets during the
last two decades is of concern, as this imposes a risk of im-
port of non-endemic or rarely occurring infections into the
country. As a result of the Russian invasion of Ukraine in
February 2022, the European Commission urged the Mem-
ber States to make exceptions of the entry requirements for
pets entering the EU with refugees from Ukraine. Samples
from 384 pets were analysed at SVA during 2022 to assess
the vaccination status for rabies (see more at page 78). In
summary, from an infectious disease perspective Swedish
dogs and cats are in good health in an international view-
point.

The epidemic of highly pathogenic avian influenza
(HPAI) that started in November 2020 has continued, with
outbreak events among wild birds and poultry all through
2022 with an increased global spread. Sweden reported only
one outbreak of HPAI H5N1 in domestic backyard poultry,
but manywild birds were affected by the disease. Massmor-
tality was observed in various colonies of seabirds during the
summer of 2022. A harbour porpoise which presented neu-
rological signs before drowning tested positive for HPAI,
the first reported case of that species.

The front cover of this year’s report shows the growth
of Salmonella bacteria on an agar plate. In December 2022,
Salmonella Enteritidis was detected in laying hens at the
largest egg producing facility in Sweden. Although S. En-
teritidis is the most common cause of food-borne human

salmonellosis in Europe, in Sweden the serovar had been
detected in commercial laying hens only three times since
2003. The food-borne outbreak has caused more than 80
human cases (mainly during 2023). The source of the out-
break in the laying flock has yet to be identified. This is
further described in the “In focus” section within the chap-
ter on salmonellosis (see more at page 80).

In addition to the salmonellosis chapter, three other im-
portant food-borne zoonotic diseases have “In focus” sec-
tions this year. These describe outbreaks, how the preva-
lence in animals can be used to predict outbreaks in hu-
mans and also how whole genome typing data can be used
in source tracking.

The information generated by animal disease surveil-
lance is of key importance for the declaration of the good
health and welfare status of Swedish animals. Some bene-
fits of surveillance activities are inherent, such as the pre-
vention of animal disease and promotion of public health.
However, many surveillance activities are in place primar-
ily to ensure safe trade and movement of animals, thereby
facilitating trade and giving access to foreign markets. The
restrictions put in place to maintain trust between trading
partners are also where the major costs appear in case of out-
breaks of regulated diseases. To reinstate a favourable sta-
tus, it is necessary to provide evidence in the form of high-
quality surveillance data that disease is once again absent
from the country, region or sector, or at least under control.

A lot of the information in this report is of key impor-
tance to demonstrate the good health and welfare of Swedish
animals to the benefit of safe trade and access to foreign
markets. As an EU member state, Sweden shares the im-
plications and consequences of exotic disease introduction
with many other European countries. We are part of a pan-
European surveillance system, where our efforts contribute,
directly and indirectly, to the understanding of risks that
emerging diseases pose to other EU countries. Openness,
transparency and early action through preparedness are key
for effective early warning and control. These are also vital
factors to maintain trust and for joint European preparedness
to which we actively contribute. In line with this, our under-
standing of the Swedish disease situation in 2022 is provided
in this report.
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Overview of active surveillance 2009–2022

BACKGROUND
Since 2009, Sweden has reported the outcome of its active
surveillance programmes in an annual report on surveillance
of infectious diseases in animals and humans. This yearly
description of active surveillance efforts is important as it
contributes to the international community’s understanding
of the evidence underlying Sweden’s claims regarding its
animal and zoonotic disease status. While passive surveil-
lance for important diseases occurs continuously (see chap-
ter on clinical surveillance, page 124), active surveillance
for each disease does not necessarily occur on an annual ba-
sis. Surveillance activities are regularly evaluated and the

decision to conduct active surveillance for a specific dis-
ease in any given year is based on a number of factors,
such as the findings of previous years’ surveillance activ-
ities, changes in the disease status of other countries and the
emergence of new diseases. Table 1 provides information
on the years in which active surveillance was undertaken
for various diseases of importance. More detailed informa-
tion about the active surveillance that was conducted during
a specific year between 2009 and 2022 can be found by con-
sulting that year’s annual surveillance report, which can be
found at www.sva.se.

Table 1: Historical overview of active surveillance activities during the last ten years (2013–2022). Filled circles ( ) indicate that active
surveillance was carried out.

Disease 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

Atrophic rhinitis           

Aujeszky’s disease           

Bluetongue           

Bovine spongiform encephalopathy           

Bovine viral diarrhoea           

Brucellosis           

Campylobacteriosis           

Chronic wasting disease # # #        A

Classical swine fever      #     

Echinococcosis           

Enzootic bovine leucosis           

Footrot           

Infectious bovine rhinotracheitis           

Avian influenza           

Swine influenza # #  #  # # # #  

Leptospirosis  # #  # #  # #  

Maedi-visna           

Paratuberculosis           

Porcine reproductive and respiratory syndrome           

Rabies           

Salmonellosis           

Swine vesicular disease  # # # # # # # # #

Scrapie           

Tick-borne encephalitis # #  # # #  # # #

Transmissible gastroenteritis  # # # # # # # # #

Trichinellosis           

Tuberculosis           

Tularaemia # #  # # # # # # #

Shigatoxin producing Escherichia coli # #  # #  # #  #

Yersiniosis #  #  # # # # # #

AActive surveillance for chronic wasting disease was discontinued in March 2022.
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Livestock populations and trade
in live animals

The Swedish agricultural industry is concentrated in the
southern and central parts of the country, with the largest
sectors being meat and dairy production. During the last
decade the number of holdings with livestock has decreased,
but the average size of those remaining has increased. Still,
farms in northern Sweden tend to be smaller than those in
the southern parts of the country. In the current description
of the livestock industry, we define a holding as livestock
production under single management.

Figures 1, 2, 3 and 4 give an overview of the livestock
population in Sweden 2022.

The numbers presented reflect 2022, if not otherwise
stated. Published data is from the latest available date at
the time of publishing.

CATTLE
There are 14 895 holdings with a total of 1 449 316 cattle
(dairy cows, beef cows, heifers, bulls, steers and calves
younger than one year) in Sweden, see Figure 2 for the ge-
ographical distribution.

The number of holdings with dairy cows, as well as the
number of dairy cows, has decreased consistently over a
long period. In 2022, there were 296 543 dairy cows in 2795
holdings, with an average of 106 cows per herd. Eleven per
cent of the holdings had 200 or more dairy cows. The num-
ber of beef cows has been increasing consistently since the
1980s but has been quite stable during recent years. There
were 213 102 beef cows in 2022, with an average herd size
of 22 cows.

In total, approximately 400 670 adult cattle and 11 420
calves were slaughtered. The total milk delivered was ap-
proximately 2.8 million kg.

PIGS
The total number of pigs was 1 392 944, see Figure 3 for the
geographical distribution. For many years the number was
decreasing, but more recently the population size has sta-
bilised with little differences between years, see Figure 1.
There were 1173 holdings in 2022, a decrease with 13% in
the last four years. Fattening pigs were held in 941 of the
holdings and 727 holdings held breeding pigs.

About 2 672 400 pigs were slaughtered.

SHEEP
There were 8282 sheep holdings with a total of 264 453 ewes
and rams (see Figure 4 for the geographical distribution).
Sheep holdings in Sweden are usually small-scale enter-
prises, with an average herd size of 32 adult sheep in 2022.
During the last ten years there has been a slight decrease in
number of sheep and holdings, see Figure 1.

During 2022, approximately 226 910 sheepwere slaugh-
tered, of which 191 980 were lambs.
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Figure 1: Number of Swedish livestock 1998–2022. Number of
chickens are shown on the right axis and include num-
ber of hens, laying chicks and broiler chicks.

GOATS
According to yearly reports by animal owners with regis-
tered farms there are approximately 15 900 goats in Swe-
den (in December 2022). In the Central Register of hold-
ings there are about 5200 holdings registered for keeping
goats, but only 2800 holdings reported that they keep at least
1 goat.

The last census was carried out in 2018. A question-
naire was distributed in June 2018 to a random sample of
816 goat holdings. All goat holdings were eligible to be
included in the sample, regardless of size. This is not the
case for other livestock study populations, which are instead
based on thresholds in the farm register. Based on results
from the questionnaire, the total number of goat farmers was
2400, and the total number of goats was estimated to ap-
proximately 20 000. The results from the census show an in-
crease compared to 2003, when the previous census was car-
ried out. In 2018, most of the holdings (70%) had fewer than
ten goats. More than half of the goats (60%) were kept as
part of business activities. About 10% of the farmers milked
their goats and the amount of produced milk was estimated
to 1 471 000 kg in 2018.

POULTRY
To provide animals for the broiler industry, grandparent
stock and parents (Ross and other hybrids) are brought into
Sweden. For the egg industry, parent stock is brought into
the country. These animals are the top of the commercial
breeding pyramid in Sweden.
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Figure 2: Number of cattle per km2 in
Swedish counties as of June 2022.

Figure 3: Number of pigs per km2 in
Swedish counties as of June
2022.

Figure 4: Number of sheep per km2 in
Swedish counties as of June 2022.

Poultry numbers have generally increased continuously
during the last two decades, but during 2021 there was a sig-
nificant decrease in population size compared to 2020. This
decrease can be assumed to have been an effect of the major
avian influenza outbreak which occurred during winter and
spring 2021, with significant impact on both broiler and egg
industry. In 2022, the number of hens over 20 weeks of age
increased again, to approximately 7.9 million (still slightly
lower than 2020), in 3778 commercial holdings. The total
number of chickens (sum of hens over 20 weeks of age, lay-
ing chicks and broiler chicks) are shown in Figure 1.

Eggs delivered to wholesalers amounted to 134.6 mil-
lion kg. The number of holdings with broiler production in
2022 was 212. Approximately 113 million chickens were
sent for slaughter during the year, a decrease compared to
2021. During 2022, 533 050 turkeys were sent for slaugh-
ter.

The production of other poultry is very limited. In 2022,
the number of slaughtered geese was 11 778, and the num-
ber of ducks 22 827, an increase since 2021. No guineafowls
were slaughtered.

FISH AND SHELLFISH
The numbers on fish and shellfish presented reflect 2021, if
not otherwise stated.

Rainbow trout is the most common farmed fish in Swe-
den, both in production of food fish and fish for restock-
ing. Other farmed species are char, trout (S. trutta), eel and
salmon, where char is mainly farmed for food production,
and trout for restocking of wild populations.

Swedish shellfish production is dominated by cultivated
blue mussels, of which 3457 tonnes were produced in 2021.

All mussel production and 6% of the production of rain-
bow trout is situated in the coastal district (marine culture)
on the west or east coast. The production of char and eel is
freshwater-based. The most common aquaculture produc-
tion system for food fish is cage culture, both in fresh and
saltwater.

In 2021, there were 47 holdings producing food fish, 68
holdings with fish for restocking, two with crayfish for con-
sumption and five with crayfish for restocking. There were
26 holdings with production of blue mussels, an increase
compared with 2019. Two holdings produced oysters.

In 2021, the production of food fish was 11 900 met-
ric tonnes, in fresh weight, of which 90% was produced
in northern Sweden. Rainbow trout represented the largest
production, with 88% of the total production of fish for con-
sumption.

The total production of fish for restocking was estimated
to be 866 tonnes. The most common species produced for
restocking was rainbow trout.
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REINDEER
There were preliminarily around 235 000 reindeer in Swe-
den 2021, with an average of 51 reindeer per owner. Dur-
ing the 2021/2022 season, approximately 47 000 reindeer
were slaughtered, and the average slaughter weight was
25.0 kg. There are no wild reindeer in Sweden, only semi-
domesticated, and there is cross-border reindeer husbandry
between Sweden and Norway. Reindeer herding is an es-
sential part of the Sami culture.

HORSES
In 2016, when the last census regarding all types of horses
was performed, there were approximately 355 500 horses,
of which 18 300 were held at riding schools and 101 000 at
agricultural holdings. The total number of premises with
horses in 2016 was estimated to be 76 800. The same year
there were approximately 15 400 agricultural holdings with
horses.

In 2020 an additional census was carried out, limited
to only agricultural premises. According to the results,
there were approximately 13 200 agricultural holdings with
88 600 horses, a slight decrease since 2016. It is not known
whether this decrease applies to the whole population of
horses.

Approximately 1110 horses were slaughtered in Sweden
in 2022.

BEES
A 2020 report from the Swedish Board of Agriculture esti-
mated the number of colonies in 2019 to be between 160 000
and 170 000, based on member data and a survey from
the National Association for Swedish Beekeepers (Sveriges
Biodlares Riksförbund), as well as data from the Trade As-
sociation for Beekeepers (Biodlingsföretagarna). Accord-
ing to the same report this implies a large increase in number
of colonies over the past 20 years.

TRADE IN LIVE ANIMALS (LIVESTOCK)
The trade of livestock into and out of Sweden is very limited.
In 2022, 210 pigs from Norway and 164 pigs from Denmark
were brought into Sweden, as well as 18 cattle from Fin-
land and 5 cattle from Germany. Eleven goats were brought
from the Czech Republic, one goat from Austria and one
sheep from the Netherlands. One camel was brought from
Germany and three llamas were brought from Norway. Ad-
ditionally, 869 reindeer were brought in from Finland.

Approximately 123 200 day-old chicks (Gallus gallus)
entered Sweden from the Netherlands, Germany, France,
and the Czech Republic, as well as 39 adult chickens (Gal-
lus gallus) from Poland. In addition, 5600 ducks (Anas spp.)
were brought from Denmark as day-old animals and 1500
day-old guinea fowls (Numida meleagris) from Poland. Six
consignments of hatching eggs (Gallus gallus) were sent to
Sweden from France.

In total, approximately 30 consignments of honeybees
(Apis mellifera) were brought to Sweden from Italy, Malta,
Slovenia, Denmark, the Netherlands, Austria and Germany.

The number of animals that left Sweden for intra-Union

trade during 2022 were: 170 bovine animals, 73 pigs, 188
sheep, 7 goats, 48 alpacas and 4 camels. In addition, 1210
reindeer were sent from Sweden to Finland.

Approximately 3.8 million day-old chicks (Gallus gal-
lus), 1.2 million adult chickens (Gallus gallus) and 141 con-
signments of hatching eggs fertilised for incubation (Gallus
gallus) left Sweden for intra-Union trade in 2022.

Three consignments of honeybees (Apis mellifera) left
Sweden for intra-Union trade to Ireland, Switzerland and
Croatia.
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Databases used in animal surveillance

THE CENTRAL REGISTRY OF ESTABLISHMENTS
The Swedish Board of Agriculture (SBA) is responsible
for maintaining the Central Registry of Establishments
(PLATS). All places where terrestrial animals are kept or
where germinal products are collected, produced, processed
or stored, except households where pet animals are kept and
veterinary practices or clinics, must be registered as an es-
tablishment. Each establishment is assigned a unique regis-
tration number. It is required that the operators of establish-
ments keeping terrestrial animals or collecting, producing,
processing or storing germinal products register all infor-
mation and all changes that occur at the establishment.

It is the responsibility of the operators of establishments
keeping terrestrial animals or collecting, producing, pro-
cessing or storing germinal products to fulfil the require-
ments and register according to the rules. The registry con-
tains information on establishments for kept terrestrial an-
imals and germinal products and laying hens. Details on
unique registration number, address, type of production, ca-
pacity and the geographical coordinates of the establish-
ments are included, as well as the name, address and tele-
phone number of the operator among other information.
All egg producers with a capacity of at least 350 laying
hens must also register some extra information. The com-
puter database contains specific information about produc-
tion method, capacity and the number of houses and sections
on the holding.

Every equine animal that is intended to be kept on one
establishment for more than 30 days should also be regis-
tered at that establishment.

The computer databases are regulated through Euro-
pean and Swedish legislation: Regulation (EU) 2016/429,
Delegated Regulation (EU) 2019/2035, Implementing
Regulation (EU)2021/520 and The SBA regulations
SJVFS:2021:13., SJVFS 2016:25, Swedish Law SFS
2006:806, Swedish Regulations SFS 1999:1148, and SFS
2006:815. Owners of establishments with a capacity of at
least 350 laying hens must register their establishment ac-
cording to other kind of legislation, Directive 1999/74/EC
and Directive 2002/4/EC and SJVFS 2003:20.

THE CENTRAL DATABASE OF
ANIMALMOVEMENTS
The SBA is responsible for the Central Database of Ani-
mal Movements. It contains data on all establishments with
pigs, sheep and goats and their movements between estab-
lishments. The database contains information from the op-
erators and the abattoirs, such as date of movement, address
and unique registration number of the establishment as well
as name and telephone number of the operator. It is possible
to register movements in the database via the Internet, or in
paper form. Animals are registered in groups in the database
when moved.

Figure 5: All cattle births, deaths and movements must be regis-
tered in the Central Database for Bovine Animals, which
is administered by the Swedish Board of Agriculture.
Photo: Ivana Rodriguez Ewerlöf.

For sheep and goats, both the operator who dispatches the
animals and the operator who receives the animals are re-
sponsible for reporting to the database, within seven days
of the movement. The establishment of the database is reg-
ulated through European and Swedish legislation: Regula-
tion (EU) 2016/429, Delegated Regulation (EU) 2019/2035,
Implementing Regulation (EU) 2021/520 and the SBA reg-
ulation SJVFS:2021:13.

THE CENTRAL DATABASE FOR BOVINE ANIMALS
The SBA is responsible for the Central Database for Bovine
Animals (CDB), to which all bovine births, deaths and
movements must be reported. The keeper is responsible for
reporting any changes within seven days of the occurrence.
The purpose of the computer database is to allow swift and
efficient tracing of a contagious disease, verification of the
country of origin of a meat product as well as control and
administration of financial support. For herds enrolled in
the national milk recording scheme, managed by Växa, all
reporting to the Central Database for Bovine Animals is
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done via the Database for Dairy Herds (see below). The es-
tablishment of the database is regulated through European
and Swedish legislation: Regulation (EU) 2016/429, Del-
egated Regulation (EU) 2019/2035, Implementing Regula-
tion (EU) 2021/520 and the SBA regulation SJVFS:2021:13.

THE SLAUGHTER REGISTRY
The Slaughter Registry (SLAKT) is administrated by the
SBA. The abattoirs are responsible for reporting all slaugh-
tered animals, including wild game, but abattoirs that only
process wild game do not report. The organisation number
or personal identification number of the producer must be
reported for all species except wild game. The holding num-
ber of the supplier is compulsory information for all species
except horses and wild game. Reports must be made every
week. The establishment of the registry is regulated through
Swedish legislation (SJVFS 2016:25).

THE DATABASE OF DAIRY HERDS
The main national coordinating organisation for dairy and
beef production is Växa (approved according to SJVFS
2015:17). The organisation is responsible for the official
milk recording scheme and lineage recording for dairy cows
(Kodatabasen, managed according to ICAR’s recommen-
dations). The database includes milk recordings, calvings,
cullings, inseminations, registrations from claw trimmings
and disease recordings from the SBA for all animals at the
dairy farm. It forms the basis for the development of dif-
ferent management tools used by the farmers, advisers and
veterinarians. It is also a valuable tool for research on top-
ics such as feeding, animal health and genetics. Approxi-
mately 68% of all dairy herds in Sweden, covering approx-
imately 65% of the dairy cows, are included in the official
milk recording scheme.

THE ANIMAL HEALTH DATABASE
The SBA is responsible for the Animal Health Database
(Vet@) which is used by the veterinary services for the doc-
umentation of the health situation on farms, including details
about health status, treatment and vaccinations of individual
animals. It is based on reports from practitioners to the SBA.
All veterinarians are obliged to continuously report activi-
ties of their veterinary practice on production animals. The
purpose of the database is to monitor the animal health situa-
tion in Sweden and use it as a basis for preventive measures.

THE CENTRAL AQUACULTURE REGISTRY
All aquaculture premises authorised by the County Admin-
istrative Boards are registered in the Central Aquaculture
Registry. The registry is administered by the SBA. The data
encompasses name and coordinates of the premise as well
as type of production and species kept. It also contains re-
sults from official controls, information on the farms’ water
supply and discharge as well as date information on health
status. The establishment of the registry is regulated through
European and Swedish legislation.

THE CENTRAL DATABASE OF
INDIVIDUAL EQUINE ANIMALS
The SBA is responsible for Central database of the indi-
vidual equine animals (CHR). It contains data on Universal
Equine Life Number (UELN) of each animal, chip number,
birth date, name of the animal, breed society maintaining
breeding books for purebred breeding animals of the equine
species or organisation that do not manage a studbook but
is authorised to issue horse passports where the animal is
registered, if the animal is suitable for human consumption
or not, among other information. There is a connection be-
tween every individual and the Central Registry of Estab-
lishments, by which it is possible to know on which estab-
lishment every individual animal is.

The computer database is regulated through implement-
ing Regulation (EU) 2021/963.

SVALA
SVALA is the Laboratory InformationManagement System
(LIMS) used at the National Veterinary Institute (SVA) to
record and manage laboratory data for all samples analysed
at the laboratory, covering both domestic and wild species.

The database includes information about animal own-
ers, animals, samples, test results and geolocation. Sam-
ples analysed include samples from veterinary practices, dif-
ferent surveillance programmes and others. There are data
about approximately 400 000 samples for each year.

REFERENCES
Erik Eriksson, SVA (SVALA)

Andrea Holmström, Växa (The Database of Dairy Herds)

Jennie Ernstad and Milan Mirosavljevic, SBA (data sources
at the SBA)
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Institutions, organisations and laboratories
involved in surveillance

SWEDISH BOARD OF AGRICULTURE
The Swedish Board of Agriculture (SBA) is an expert au-
thority on agricultural and food policy within the Ministry
of Innovation and Enterprise, and is responsible for agri-
culture, aquaculture and horticulture, including animal and
plant health. This includes monitoring, analysing and re-
porting to the Government on developments in these ar-
eas and implementing policy decisions within its designated
field of activities. The aim is to fulfil the overall goals of
the agro-food policy and to promote food production that is
competitive, adapted to environmental and animal welfare
concerns, and that benefits consumers.

The SBA promotes animal health through the prevention
and control of contagious animal diseases. SBA is the com-
petent authority for official controls on animal health and
veterinary issues, for emergency measures to combat conta-
gious diseases, disease surveillance and reporting and is the
major financier of active surveillance. The national surveil-
lance plan, which primarily involves active surveillance, is
adopted by the SBA based on recommendations from the ex-
pert authority in the field, the National Veterinary Institute.
The SBA can also decide on surveillance outside this plan
when needed, in cases of outbreaks of serious diseases.

NATIONAL VETERINARY INSTITUTE
The National Veterinary Institute (SVA) is a national expert
authority with a mission to follow and communicate the in-
fectious disease and antimicrobial resistance situation in do-
mestic andwild animals, both nationally and internationally.
SVA strives for good animal and human health, a healthy en-
vironment and sustainable food production. The authority
reports to the Swedish Ministry of Rural Affairs and Infras-
tructure and is the nation’s leading knowledge centre for in-
fectious diseases in veterinary medicine. It has expertise in
pathology, microbiology, diagnostics, risk assessment, pre-
vention and control of contagious animal diseases and other
serious transmissible hazards including zoonotic agents and
antimicrobial resistance. SVAmaintains 24/7 preparedness,
is the National Reference Laboratory for several animal dis-
eases including zoonoses and is also the EU reference labo-
ratory (EURL) for Campylobacter.

The SVA implements several control and monitoring
programmes in cooperation with stakeholder organisations
and the relevant authorities. The SVA prepares the national
surveillance plan that is adopted by the SBA.

PUBLIC HEALTH AGENCYOF SWEDEN
The Public Health Agency of Sweden has the task of dissem-
inating scientifically based knowledge to promote health,
prevent disease and injury, and monitor the health status of
the Swedish human population and the factors that affect it.

Concerning communicable diseases, the agency has the

overall national responsibility and coordinates communi-
cable disease control on a national level. Some of the
agency’s responsibilities include vaccination programmes,
emergency preparedness for health threats and national
stockpiles of communicable disease medications. In addi-
tion, it coordinates national efforts concerning antibiotic re-
sistance, infection control and healthcare-associated infec-
tions. Another field of work is to prevent HIV and STIs
(sexually transmitted infections), where the agency is also
responsible for national coordination.

The agency also performs microbiological laboratory
analyses, including diagnostics, and supports quality and
method development at laboratories engaged in diagnos-
tics of communicable disease pathogens. High containment
laboratories have round-the-clock preparedness every day
of the year to conduct microbiological diagnostics of high-
consequence infectious agents that pose a particular dan-
ger to human health. One important task is to provide ex-
pert support to investigations of suspected or confirmed out-
breaks of communicable diseases and to maintain labora-
tory preparedness needed for effective communicable dis-
ease control in the country.

SWEDISH FOOD AGENCY
The Swedish Food Agency is a national agency reporting
to the Ministry for Enterprise and Innovation. The Swedish
Food Agency works in the interest of the consumer to en-
sure food safety, promote fair practices in food trade and
promote healthy eating habits. To accomplish this mission,
the agency develops and issues regulations, advice and in-
formation as well as coordinates and carries out controls.
As a basis for these activities, the agency performs risk and
benefits analyses, collects data on food consumption and
composition, and carries out microbiological, chemical and
nutritional analyses on food and water. The Swedish Food
Agency is also responsible for environmental issues, emer-
gency preparedness, and guidance regarding official con-
trols of drinking water. The official web address of Swedish
Food Agency is www.livsmedelsverket.se.

SWEDISH AGENCY FOR MARINE AND WATER
MANAGEMENT
Swedish Agency of Marine and Water Management
(SwAM) is responsible for managing the use and prevent-
ing the overuse of Sweden's marine and freshwater envi-
ronments. SwAM takes into consideration the requirements
of the ecosystem and people, both now and in the future.
The agency does this by gathering knowledge, planning,
and making decisions about actions to improve the envi-
ronment. To be successful in these efforts, SwAM coor-
dinates and establishes its efforts among everyone involved,
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Figure 6: Roles, responsibilities and relationships between organisations involved in active surveillance in domestic livestock populations
(cattle, pigs, poultry, sheep and goat), and their sources of animal health information. Infographic by Arianna Comin.

both nationally and internationally. The wild fish surveil-
lance programme and the programme for health and disease
surveillance of marine mammals are commissioned by and
financed from SwAM.

COUNTY ADMINISTRATIVE BOARDS
Sweden is divided into 21 counties, each of which has its
own County Administrative Board (CAB) and County Gov-
ernor. The CAB is an important link between the people
and the municipal authorities on the one hand and the na-
tional government, parliament and central authorities on the
other. County Veterinary Officers at the CABs have coordi-
nating functions for prevention, surveillance and eradication
of contagious animal diseases. They are supported by fish-
eries directors for questions relating to aquaculture. Seven
CABs have a regional responsibility for bee health. They
set the borders for inspection districts and are responsible
for appointing bee inspectors in all counties. The CABs also
collaborate with County Medical Officers and veterinarians
in clinical practice in issues related to zoonoses and “One
Health”, and they also carry out regional supervision of an-
imal health and welfare.

SWEDISH UNIVERSITY OF AGRICULTURAL SCI-
ENCES
The Swedish University of Agricultural Sciences (SLU) de-
velops the understanding, sustainable use and management
of biological natural resources.

The Ecology Centre at SLU conducts research on sus-
tainable agriculture, forest production and biological conser-
vation. This includes both fundamental and applied research
on communities and ecosystems and the influences of land
use and climate on animals, plants, soil nutrient status and
greenhouse gas balance. Active dissemination, outreach and
frequent contacts with stakeholders are key activities.

These activities also include bee health and how this is
affected by pathogens, environmental factors, pesticides and
beekeeping practices. Also located in the Ecology Centre
on SLU’s main campus is the National Reference Labora-
tory for Bee Health, whose activities are carried out in close
cooperation with relevant authorities and beekeepers.

BEE INSPECTORS
Bee inspectors (“bitillsynsmän”) are experienced beekeep-
ers that are specifically trained to examine honeybee
colonies for disease. The main duties of the bee inspec-
tors are to examine bee colonies and hive material for signs
of disease, both when disease is suspected or with requests
to move bee colonies out of designated disease protection
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or surveillance zones. Bee inspectors also issue transit-
permits, implement or order specific control measures for
certain diseases and inform beekeepers about suitable treat-
ments for certain diseases and parasites. Seven of the
Swedish CABs have a regional responsibility for bee health.
They set the borders for inspection districts and are respon-
sible for appointing bee inspectors in all counties. Sweden
is divided into just over 300 bee districts and in each of these
the local bee inspectors are responsible for the practical
control and reporting of primarily three diseases-parasites:
American foulbrood, tracheal mites and varroa mites.

VÄXA
Växa is Sweden’s largest cattle farmers association, and
their vision is a sustainable dairy and meat production with
low antibiotic use and healthy animals. Växa is owned by
approximately 6000 farmers and provides a variety of advi-
sory services for farmers.

Växa is a co-owner of the Nordic breeding company
VikingGenetics and provides insemination and breeding ad-
vice. Växa also supports development of agricultural busi-
nesses through economic guidance as well as innovation by
collaborations with universities and other stakeholders.

The organisation is responsible for the official milk
recording scheme and lineage recording for dairy cows, Ko-
databasen, which is managed in accordance to the Global
Standard for Livestock Data (ICAR) recommendations. The
database includes milk recordings, calvings, cullings, in-
seminations, registered observations at claw trimming and
disease recordings from the SBA for all animals at the dairy
farm. It forms the basis for the development of different
management tools used by farmers, advisors and veterinar-
ians. It is also a valuable tool for research on topics such as
feeding, animal health and genetics. Approximately 68% of
all dairy herds in Sweden, covering approximately 65% of
the dairy cows, are included in the official milk recording
scheme.

Växa is the principal organiser of the surveillance pro-
grammes for bovine leucosis, infectious bovine rhinotra-
cheitis and bovine viral diarrhoea virus. In addition, Växa
is the organiser of a general biosecurity programme for cat-
tle (“Smittsäkrad besättning”). This programme is approved
by the SBA and follows the plans and guidelines outlined in
SJVFS 2015:17.

FARM & ANIMAL HEALTH
Farm & Animal Health is an advisory company owned by
the main meat producing companies and the farmer organi-
sations for pigs, beef cattle and sheep in Sweden.

Farm & Animal Health is an established stakeholder
when it comes to national animal health surveillance as well
as on-farm issues relating to disease control, animal health
and animal welfare. Originating in the 1960s, the company
has decades of experience conducting animal health care and
control programmes for pigs, cattle and sheep and the con-
sulting services are available to all farmers.

Farm&Animal Health is assigned by the SBA to imple-
ment specific disease control and surveillance programmes.

The company runs several control programmes including
the control of Footrot and Contagious Ovine Digital Der-
matitis in sheep, Maedi-visna/caprine arthritis-encephalitis
(CAE) in sheep and goats, Biosecurity programme for pigs
and Tuberculosis monitoring programme for camelids.

Farm and Animal Health is responsible for surveillance
in place for maintaining the national disease status of Au-
jeszky’s disease (AD), Porcine reproductive and respiratory
syndrome (PRRS) and paratuberculosis, where the latter two
are covered by national regulations from 2021. The com-
pany also contributes to the maintenance of the Swedish
Salmonella guarantees through collection of Salmonella
samples on pigs and calves.

Furthermore, Farm and Animal Health coordinates the
national postmortem services for livestock and runs four
necropsy laboratories throughout Sweden. The postmortem
services not only provide a valuable tool for individual vet-
erinarians and producers in emergency and preventive dis-
ease interventions, but is also an important platform for dis-
ease surveillance and epizootic preparedness.

LUNDEN ANIMAL HEALTH ORGANISATION
Lunden Animal Health Organisation is a veterinary consult-
ing company working with pig health and welfare. Its ob-
jective is to gather, develop and communicate knowledge on
pig issues. The organisation is involved in national surveil-
lance programmes for pig diseases and is assigned by the
SBA to perform health controls as well as to implement the
on-farm national biosecurity programme for pigs.

SWEDISH POULTRYMEAT ASSOCIATION
The Swedish Poultry Meat Association (SPMA) represents
99% of the chicken meat production and 95–97% of the
turkey meat production in Sweden, with members from the
entire production chain. Members are obligated to partici-
pate in the animal welfare and health programmes adminis-
tered by SPMA, such as controls for Salmonella, Campy-
lobacter, coccidiosis and clostridiosis, to meet high stan-
dards for food hygiene and safety.

The SPMA is multifunctional with major tasks associ-
ated with economic and political industry-related matters
important to its members. SPMA is consultation body for
legislative referrals from the Swedish public authorities and
EU institutions. The organisation also initiates and econom-
ically supports research.

THE SWEDISH EGG ASSOCIATION
The Swedish Egg Association is the national organisation
for Swedish egg producers, hatcheries, rearing companies,
egg packing stations and feeding companies and represents
95% of the total Swedish egg production.

The Swedish Egg Association is responsible for the or-
ganisation of the surveillance programmes for animal health
and welfare in layers and for the voluntary Salmonella con-
trol programme. The objective is to support profitable egg
production, with a high standard of animal welfare, food hy-
giene and safety.
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Atrophic rhinitis

BACKGROUND
Atrophic rhinitis (AR) is caused by toxin-producing strains
of Pasteurella multocida. Since P. multocida is a secondary
invader and not capable of penetrating an intact mucosa,
it is dependent on other infections. Traditionally, Borde-
tella bronchiseptica has been considered the most important
precursor, but other bacteria and viruses may also precede
P. multocida infection. AR used to be a common disease
in pig production, but improvements in rearing and disease
prevention have caused the disease to gradually decline in
occurrence. In Sweden, AR was successfully controlled in
nucleus and multiplying herds in the early 1990s. A national
control programme has been in place since 1995. The pro-
gramme is administered by the branch organisation Farm &
Animal Health and diagnostic testing within the programme
is performed at the National Veterinary Institute (SVA).

DISEASE
When P. multocida penetrates the nasal mucosa, its toxins
can affect the bone building process and the snout may pro-
gressively become twisted. Affected pigs will also show
retarded growth. P. multocida toxins can also damage the
nasal epithelium and cilia causing inhaled air to reach the
respiratory organs without being filtered or warmed, which
in turn increases the risk for other respiratory infections.

LEGISLATION
Atrophic rhinitis is a notifiable disease according to SJVFS
2021:10.

SURVEILLANCE
The purpose of the control programme is to declare herds
selling breeding stock free from infection with toxigenic P.
multocida (PMT), and thereby decrease the incidence of AR
in all herds. Nucleus and multiplying herds are actively
tested for the presence of PMT at least once a year includ-
ing a total of 20 animals per herd. Herds are also tested upon
clinical suspicion of AR. Eradication of P. multocida is not
realistic since it is a ubiquitous bacterium that can affect all
mammals. However, when AR is suspected in a herd, tests
are performed for the presence of PMT in the nostrils of pigs.
If PMT is detected in a herd, the health declaration is with-
drawn and restrictions on the sale of pigs are put in place un-
til the herd is sanitised and declared free from the disease.
Diagnostic tools developed by DAKO (Copenhagen, Den-
mark) and evaluated at SVA during the late 1980s and early
1990s offered the possibility to combat AR in an effective
way. Nasal swabs are cultured on a special media overnight.
The entire microbial growth is harvested and diluted in wa-
ter and the presence of the P. multocida toxin is assessed by
an ELISA system.

RESULTS AND DISCUSSION
Atrophic rhinitis used to be a common disease, but the dis-
ease is now very rare thanks to efforts made in the early
1990s and the control programme that was initiated in 1995.
The latest Swedish herd diagnosed with AR was in 2005
(Table 2). On a few occasions since then, boars imported
from Norway have tested positive initially but have in most
cases tested negative in follow-up tests. In a few cases, test
positive boars have been culled because follow-up sampling
was not possible within the time frame of the quarantine pe-
riod. Likewise, a multiplying herd tested positive for PMT
initially but tested negative in follow-up sampling.

In 2022, samples from 18 herds were analysed. In ad-
dition, samples from seven batches of imported boars were
analysed. During 2022, problems were experienced with the
commercial ELISA test used. Sixteen samples were initially
positive in the ELISA test even though clinical symptom
were absent in the tested herds. Therefore, positive samples
were sent abroad for analysis by PCR. The 16 samples that
first tested positive with the ELISA test were all negative by
PCR. Therefore, it was concluded that none of the samples
collected in 2022 tested positive for PMT.

Table 2: The total number of samples and the outcome of lab-
oratory analyses for P. multocida at SVA for the years
2005–2010 and 2015–2022 (2011–2014 have been omit-
ted due to all samples being negative). Nasal swab
samples were collected from all nucleus and multiplying
herds, imported breeding boars in quarantine as well as
in production herds where clinical signs indicative of at-
rophic rhinitis (AR) were seen. When individual samples
from a herd test positive, further sampling is performed
in the herd to evaluate if the herd is truly affected, or can
be declared free from AR.

Year Samples Positive samples Diagnosed herds

2005 2413 29 2
2006 1836 2 0
2007 1878 1 0

2008 462 0 0
2009 1724 10 1
2010 1523 0 0

2015 844 0 0
2016 976 0 0
2017 1294 0 0

2018 878 0 0
2019 824 1 0
2020 606 0 0

2021 767 11 3
2022 496 0 0
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Aujeszky's disease

Figure 7: In 2022, 2353 samples from 445 pig herds were analysed for Aujeszky’s disease (AD) within the active surveillance programme.
All samples were negative for antibodies to the AD virus. Photo: Marie Sjölund.

BACKGROUND
Aujeszky’s disease (AD) is caused by a herpes virus that
has the capacity to infect many species, but for which pigs
are the natural hosts. The disease is of importance for
pig production worldwide, although it has been eradicated
from the domestic pig population in many countries. AD is
widespread in European wild boar populations, which may
act as reservoirs, but their role in transmitting the disease is
not well known. Between 2018 and 2020, several outbreaks
of AD in outdoor-raised domestic pigs in France were linked
to contact with wild boar. Other species, including cattle,
sheep, goats, dogs and cats, develop clinical signs, but they
are not considered important for transmission of the disease
as they are typically dead-end hosts. A few cases of hu-
man infection have been reported but AD is not considered
a zoonotic disease.

Sweden has been officially free from AD since 1996
(Commission Decision 96/725/EU with amendments). This
status was achieved following a national, government-
supported control programme that was introduced in 1991
and managed by the Swedish Animal Health Services (now
Farm & Animal Health). Farm & Animal Health is also re-
sponsible for the ongoing active surveillance programme fi-
nanced by the Swedish Board of Agriculture.

DISEASE
The clinical presentation of AD is dependent on the age of
the infected animal, with younger pigs being most severely
affected but becoming more resistant as they age. Infected
newborn or very young piglets develop fever, anorexia and
neurological signs and mortality approaches 100%. Adult
pigs show only mild respiratory signs and inappetence and,
in breeding sows, reproductive failure including return to
oestrus, abortion, stillbirths or weak-born piglets can occur.
Species other than pigs develop neurological signs including
severe itching (“mad itch”) and affected animals typically
die within 1–2 days.

LEGISLATION
AD is a listed disease (category C, D and E) in the Animal
Health Law, (EU) 2016/429. Sweden is officially free from
the disease in accordance with (EU) 2021/620 and surveil-
lance to demonstrate freedom from AD is implemented in
accordance with (EU) 2020/689. AD is notifiable on clini-
cal suspicion as described in SJVFS 2021/10 (K12).

SURVEILLANCE
The purpose of the surveillance is to document continued
freedom from the disease. The surveillance programme
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was designed using a between-herd prevalence of 0.5%, a
within-herd prevalence of 50% and a risk of introduction of
1 in 20 years. Samples are analysed for antibodies against
the AD virus using a blocking ELISA (SVANOVIR®

PRV-gB-Ab ELISA, Svanova, Uppsala, Sweden). Sam-
ples that test positive are analysed with a second ELISA
(SVANOVIR® PRV-gE-AB/PRV-gE-Ak, Svanova, Upp-
sala, Sweden) for confirmation. In cases of clinical suspi-
cion of AD, samples are analysed for the presence of virus
or viral genome. All analyses are performed at the National
Veterinary Institute (SVA).

Passive surveillance
Farmers and veterinarians must report clinical suspicions of
AD to the Swedish Board of Agriculture and all suspicions
are followed up with an investigation. Investigations may
include sampling of sick or dead animals, examination of
the herd for the presence of clinical signs and analyses of
production results.

Active surveillance
In 2022, samples collected in the abattoir sampling compo-
nent of the surveillance for porcine respiratory and repro-
ductive syndrome (PRRS) virus, carried out by Farm & An-
imal Health (see chapter on PRRS for details, page 71), were
also used for the active surveillance of AD. Within this pro-
gramme, pigs from randomly selected production herds are
sampled at slaughter throughout the year at 9 abattoirs which
slaughter approximately 99.5% of Sweden’s pigs. Three
samples per herd are collected on each sampling occasion.
For 2022, the number of samples required for the abattoir
component of the PRRS surveillance programme was cal-
culated to be 2400.

Active surveillance for AD in Swedish wild boar has
also been conducted annually since 2000 (see chapter “In-
fectious diseases in wild boars” on page 129), with the ex-
ception of 2018 when testing was not undertaken due to a
redistribution of funding.

RESULTS
Passive surveillance
In 2022, one clinical suspicion of AD was investigated. The
investigation was prompted after the herd experienced an
increase in stillborn and weakborn piglets and an increase
in piglets showing neurological signs, including congeni-
tal tremors (“shaker pigs”). During the investigation, seven
piglets that were stillborn or died after showing neurologi-
cal signs were examined by postmortem and tissues samples
were analysed for the presence of the virus causing AD us-
ing PCR. All samples tested were negative, and the herd was
subsequently declared free from AD.

Active surveillance
In 2022, 2353 samples from pigs from 445 herds taken on
787 sampling occasions (some herds were sampled more
than once during the year) were analysed for AD within the
active surveillance programme (Table 3). All samples were
negative for antibodies to the AD virus.

Table 3: Number of finisher pigs and herds sampled at the abattoir
in the active surveillance of Aujeszky’s disease each year
2011–2022.

Year Number of pigs sampled Number of herds sampled

2011 2308 700
2012 2152 623
2013 1548 488

2014 2028 537
2015 2383 521
2016 2418 506

2017 2625 546
2018 2706 514
2019 2548 507

2020 2407 469
2021 2176 433
2022 2353 445

DISCUSSION
The purpose of the surveillance is to document freedom
from AD and to contribute to the maintenance of this sit-
uation by detecting an introduction of the disease before it
is widely spread in the swine population. The design of
the active surveillance for AD has changed several times
since Sweden was declared officially free of the disease in
1996. Until 2008, samples collected from sows and boars at
slaughter were used in the surveillance for AD. In 2009, in
addition to samples from slaughtered sows and boars, sam-
ples collected from finisher pigs in the abattoir component
of the PRRS surveillance programme were also analysed.
Since 2011, AD surveillance has been based solely on the
abattoir samples collected for the PRRS surveillance pro-
gramme. Based on the surveillance undertaken in 2022, the
probability of freedom from AD was calculated and found
to be >99%.
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Bluetongue

BACKGROUND
Bluetongue is a vector-borne disease of ruminants and
camelids caused by any of 27 serotypes of bluetongue virus
(BTV). The virus is transmitted by haematophagous midges
(Culicoides spp.).

Until 1998, bluetongue had not been detected in any Eu-
ropean country, but since then, outbreaks of several differ-
ent serotypes have frequently been detected in the Mediter-
ranean countries. In August 2006, BTV-8 appeared in the
Netherlands. During 2006 and 2007 this outbreak spread to
a large number of countries in Northern and Western Eu-
rope. In 2008, further cases were reported, and vaccina-
tion campaigns were launched in most of EU as soon as in-
activated vaccines became available. In September 2008,
the first case of BTV-8 infection in Sweden was confirmed
and a vaccination campaign and intensive surveillance ac-
tivities were initiated nationally. In the first quarter of
2009 transplacental infection was detected in three newborn
calves, all three cases originating from infections of their
dams in autumn 2008. In December 2010, after extensive
surveillance, Sweden was declared free from BTV-8. Af-
ter that, surveillance has been carried out annually. Vector
surveillance was initiated in 2007 to document the activity
of relevant Culicoides spp. throughout the different seasons
of the year. The programme was discontinued in 2011 after
Sweden was declared free from BTV-8.

DISEASE
BTV infection causes clinical disease in ruminants, mainly
in sheep. The different serotypes appear to vary in their abil-
ity to cause clinical signs in different animal species and in
the severity of clinical signs in the same species. The signs
may include fever, lesions in the mucous membranes of
the mouth and nostrils, inflammation of the coronary band,
swollen head and oedema in various body tissues.

LEGISLATION
Bluetongue is a listed disease (category C, D and E) in the
Animal Health Law (EU) 2016/429. The surveillance, erad-
ication programmes, and disease-free status for certain listed
and emerging diseases are governed by Commission Dele-
gated Regulation (EU) 2020/689. Since 2010, Sweden has
the status of disease-free. Bluetongue is a notifiable disease
and is included in the Swedish Act of Epizootic diseases
(SFS 1999:657 with amendments).

SURVEILLANCE
All diagnostic testing, as outlined below, was performed at
the National Veterinary Institute (SVA) with the purpose
of demonstrating sustained freedom from BTV in Swedish
cattle. Bulk milk samples were analysed with an indirect
ELISA (ID Screen BluetongueMilk Indirect, Innovative Di-
agnostics, Grabels, France)

Figure 8: Transmission of Bluetongue virus involves insect vectors
(midges) and a ruminant host. Virus replication in the
midge is highly dependent on the surrounding temper-
ature and is thought not to happen at all below 14°C.
Infographic by Erika Chenais.

and serum samples were analysed with a competitive ELISA
(ID Screen Bluetongue Competition ELISA, Innovative Di-
agnostics, Grabels, France). For clinical suspicions, organs
or blood were analysed with real-time pan-PCR detecting 27
serotypes.

A positive case is defined as an animal giving rise to a
positive PCR product, or an unvaccinated animal without
remaining maternal antibodies giving a significant antibody
titre.

Passive surveillance
Suspicions based on clinical signs must be reported to the
Swedish Board of Agriculture and will be subsequently in-
vestigated. The investigation includes sampling of affected
animals and examination of the herd. During the investiga-
tion, the farm is placed under restrictions.

Active surveillance
In the 2022 bluetongue surveillance, 190 dairy holdings
from a risk-based sampling area, comprising the nine south-
ernmost counties of Sweden, were randomly selected for
bulk milk testing. Based on the total size of the dairy cow
population in the selected area, the average herd size and the
test specifics, bulk milk samples from 172 holdings should
be tested to detect 2% prevalence with 95% confidence.
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Samples were collected at the selected holdings by person-
nel from the milk collection service. The sampling took
place after the vector season in December 2022. Samples
were analysed with the milk ELISA routinely used.

In addition to the field testing, serological testing for
bluetongue was performed prior to import and export and
at breeding centres.

RESULTS
Bulk milk samples from 182 holdings were tested in the
field surveillance, all with negative results. Four clinically
suspect cases were investigated and tested during 2022 and
found negative. All other testing performed prior to import
and export was also negative.

DISCUSSION
In summary, no clinical suspicions of bluetongue were con-
firmed, nor was there any indication of viral circulation dur-
ing 2022, confirming the continued sustained freedom from
BTV in Sweden.

Competent vectors are present in Sweden and may
spread the infection. Reintroduction of the virus to Sweden
may occur by infected animals, infected vectors or other yet
unidentified means.

At present, there are no indications of BTV circulation
in direct neighbouring countries. However, in 2015, BTV-
8, of the Northern European strain from 2007 re-emerged
in France. Recent research suggests the reappearance may
have resulted from accidental release of virus originating
from material, e.g., bull semen, that had been kept frozen
since the time of the original outbreak. Between 2015 and
2020 several thousand cases (defined as animal found posi-
tive for BTV with real-time PCR) were reported by France
every year. Most of these cases were animals found positive
within active surveillance activities; few were animals with
clinical signs of disease. From December 2018 an increase
in transplacental transmission of BTV-8 in cattle in France
was reported. Such calves were born blind, small, and dying
at a few days of age. During the vector season of 2018 and
2019 Germany, Switzerland, and Belgium, and in 2020 also
Luxembourg, each reported some cases of BTV-8 (using
the same definition) found during routine surveillance and
tests for export/import. The United Kingdom reported sin-
gle cases of BTV-8 in cattle imported from France in 2018.

In 2021 only a handful of cases of BTV-8 were reported
from France, three from Belgium and one from Germany,
and in 2022 no such cases were reported. During 2022, as
in all previous years, several BTV serotypes were circulat-
ing in sheep and cattle in the Mediterranean countries.

The detection of BTV-8 in France in 2015 after several
years of silence, the numerous cases detected in France since
then, as well as limited number of cases in Belgium, Ger-
many, Luxembourg, and Switzerland in 2020, again demon-
strate that BTV may spread and become established in live-
stock populations in northern Europe. Moreover, as the
prevalence of seropositive animals due to vaccination are
getting very low, the population is again becoming suscepti-
ble to BTV-8. Therefore, new introductions of this serotype,
or any remaining foci in previously infected countries, could
pose a threat. Likewise, new serotypes could emerge in the
Mediterranean region or start circulating worldwide, under-
lining how the situation can rapidly change.
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Bovine spongiform encephalopathy

BACKGROUND
Classical bovine spongiform encephalopathy (BSE) belongs
to a group of diseases called transmissible spongiform en-
cephalopathies (TSEs). It was first described in cattle in the
United Kingdom in 1986 and from there the disease spread
to a large number of countries within as well as outside of
Europe. The current theory about the causative agent is the
protein-only hypothesis. This theory assumes that prions
(misfolded and aggregated proteins) induce the same mis-
folded structure in normal prion-proteins in the body of the
host, resulting in accumulation of prions and cellular dam-
age without the involvement of any microorganism. Clas-
sical BSE primarily spread through animal feed contain-
ing contaminated meat and bone meal (MBM), i.e., MBM
made from animals infected with BSE. However, the pri-
mary source of the epidemic was never established. The use
of MBMwas banned, first in feed to cattle and then in 2001,
in feed to pigs and poultry to any avoid cross-contamination
in the feed mills.

In 1996, the disease became a public health concern, fol-
lowing the detection of a new variant of Creutzfeldt-Jacob
Disease in humans (vCJD) and a likely link to classical BSE
in cattle. This resulted in actions taken to prevent transmis-
sion to humans, including the removal of specified risk ma-
terial (such as brain and spinal cord) from cattle at slaughter

and feed restrictions to avoid possible recycling of infectious
material to ruminants through infected MBM. Actions also
included an intensified surveillance which started in 2001,
when rapid diagnostic tests became available.

Atypical cases of BSE, which show diagnostic and epi-
demiological dissimilarities with classical BSE, were first
described in the early 2000. These atypical BSE cases prob-
ably occur spontaneously (without known cause) and possi-
ble links to classical BSE and potential zoonotic aspects are
subject to debate within the scientific community. Histori-
cally, the risk of BSE being introduced to Sweden has been
considered low, as well as the risk of any recirculation of the
disease, if it was to be introduced. This is due to an early ban
on the use of fallen stock in the production of livestock feed,
as well as limited imports. This is something that has been
assessed by the Scientific Steering Committee, by the Euro-
pean Food Safety Authority (EFSA) (expressed in terms of
the Geographical BSE Risk (GBR)) and later by the WOAH
Scientific Commission, Sweden is currently recognised as
having a negligible risk for classical BSE, as a result of a
resolution adopted by the WOAH International Committee.

BSE has been detected in Sweden once, when a beef cow
born in 1994 was found positive for atypical BSE of the H-
type, i.e., not classical BSE, in 2006.

Figure 9: Classical bovine spongiform encephalopathy has never been detected in Swedish cattle. Photo: Bengt Ekberg/SVA.
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DISEASE
The incubation period of classical BSE is long, from two
years up to several years. Clinical signs are related to the
neurological system and include altered behaviour and sen-
sation, as well as affected movement and posture. The clin-
ical signs can last for weeks or months and the disease is
progressive and always fatal.

LEGISLATION
Surveillance and control of BSE is regulated through Regu-
lation (EC) No 999/2001 of the European Parliament and of
the Council of 22 May 2001. The surveillance design is in
accordance with Annex III and Sweden applies derogation
for remote areas with low cattle density (Commission Deci-
sion 2008/908) where there is no collection of fallen stock.
The cattle population in these areas does not exceed 10%
of the bovine population in Sweden. On the national level,
the sampling is regulated by SJVFS 2010:9, last amended
through SJVFS 2013:3. BSE is a notifiable disease under
the Swedish Act of Epizootic diseases (SFS 1999:657, with
amendments). Feed controls are regulated through Regula-
tion (EC) 152/2009.

SURVEILLANCE
Feed
To investigate compliance with the feed bans, samples of
feed and imported raw materials for feed production are col-
lected at feed mills, points of retail and at farm level, and
analysed for the presence of processed animal protein (PAP)
usingmicroscopy. This is part of the official control, and the
Swedish Board of Agriculture as well as the County Admin-
istrative Boards are the responsible authorities. Samples are
selected based on a risk assessment made by the Swedish
Board of Agriculture.

Animals
The Swedish Board of Agriculture oversee the surveillance
programme which is carried out in cooperation with the Na-
tional Veterinary Institute (SVA). Samples are analysed at
SVA,which also is theNational Reference Laboratory (Reg-
ulation (EC) 999/2001).

The risk of introduction and recirculation of BSE within
the system has been controlled for many years. The purpose
of the surveillance in animals is primarily to fulfil the re-
quirements in the EU regulation and to show that Sweden
can maintain the WOAH status of negligible risk for classi-
cal BSE. WOAH determines a minimum target for surveil-
lance, which is based on a point system that needs to be
reached for the preceding seven years. The points are al-
located differently between different risk categories of ani-
mals, with so-called high-risk animals, such as animals with
suspected clinical signs, rendering the highest number of
points. The relative weight of different risk categories is
based on historical BSE data from the United Kingdom.

Passive surveillance
All clinical suspicions of BSE (bovine animals with clini-
cal signs that are consistent with a BSE diagnosis, and not

responding to treatment) must be reported to the authori-
ties. For the first part of 2022, samples from animals with a
clinical suspicion of BSE were analysed with the TeSeETM
SAP rapid kit (Bio-Rad Laboratories, Hercules, California,
United States). During 2022 the analysis method at SVA
was changed, and for the second part of the year samples
were analysed using the IDEXX HerdChek® BSE-Scrapie
Antigen Test kit (IDEXX Laboratories, Westbrook, Maine,
United States). In case of a positive or inconclusive result,
the material is analysed with the TeSeETM Western Blot kit
(Bio-Rad Laboratories, Hercules, California, United States).
Clinical suspicions are a category of animals that are im-
portant to include in the surveillance. However, since the
control measures have been effective and the European epi-
demic of classical BSE has declined, it is a challenge to
keep farmers and veterinarians alert and report these sus-
pected clinical cases. Substantial efforts have been made,
starting in 2018, to find animals that display clinical signs
which could be compatible with BSE, and include these in
the surveillance programme.

Active surveillance
The following categories are sampled in the active surveil-
lance (regulation 999/2001):

• Cattle of Swedish origin, above 48months of age, that
have remarks on antemortem inspection at slaughter,
or are emergency slaughtered.

• Cattle of other than Swedish origin above 24 months
of age that have remarks on antemortem inspection at
slaughter or are emergency slaughtered.

• All healthy slaughtered cattle above 30 months of age
that originate in a country other than Sweden, which
does not have negligible risk for BSE.

• All fallen stock (animals dead or killed on farm but
not slaughtered for human consumption) above 48
months of age that originate from Sweden. For cat-
tle that originate from a country other than Sweden,
which does not have a negligible risk for BSE, the
age limit for sampling fallen stock is 24 months.
Fallen stock are sampled by employees at the render-
ing plants, or by veterinarians or veterinary assistants
at post- mortem examinations.

The diagnostic laboratory procedures are the same as for the
passive surveillance (see above).

RESULTS
Feed
In 2022, 24 feed samples were taken at feed mills; 20 of
these were from feed (17 were cattle feed) and four from
raw material for feed production. All samples were nega-
tive for PAP, except two (one from pig feed and one from
poultry feed), which contained fish particles.
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Animals
Passive surveillance
In 2022, 8 bovines were examined due to clinical suspicion,
all with negative results.

Active surveillance
In 2022, 7654 samples were examined for BSE. All samples
were negative. Out of these samples, 7420 were from fallen
stock, 26 samples were from animals with remarks on ante-
mortem inspection at slaughter and 200 samples were from
emergency slaughtered animals.

DISCUSSION
There were no cases of BSE detected in Sweden in 2022.
The number of clinical suspicions has fluctuated over the
years and has likely been related to the degree of awareness
among farmers and veterinarians. A peak in suspected cases
followed the BSE crisis, when media reporting on this dis-
ease was high. After a period of very few suspected clinical
cases, there is again an increase as substantial efforts have
been made to inform veterinarians of the importance of noti-
fying the authorities of animals with clinical signs that could
be compatible with BSE.

The source of the large epidemic of classical BSE has
never been determined, and atypical cases cannot be ex-
cluded as the source. Atypical BSE cases could hence be a
potential source of a new epidemic. As the number of cases
of classical BSE is decreasing within the EU, surveillance is
also declining. Suggestions have been made to again allow
the use of MBM as well as processed animal protein (PAP)
in feedwithin the EU. However, strict separation of feedma-
terials during production, to avoid any cross-contamination,
and bans of these feeding practices must be kept in place.
This to avoid any possibility of BSE-prions recirculating if
the disease agent was to again enter the feed system. It is
essential that sampling of feed is done at sufficient levels
to ensure compliance with the bans. However, the current
number of samples is low, and the ability to detect a pos-
sible contamination in the feed system is therefore limited.
Recent international reports of a few cases of classical BSE
in young animals, born long after the implementation of the
strict feed ban, either indicate problems with the ban, or

there are other causes of classical BSE that we do not yet
understand.

A revision of the current surveillance requirements on
EU and WOAH levels is ongoing and motivated as the pre-
ventive measures that have been in place have resulted in a
significant decrease of cases of classical BSE on a European
and global level. It has been suggested to decrease the num-
ber of animals sampled, as large-scale sampling is not an
efficient way to prevent a new BSE crisis. However, keep-
ing feed bans and feed controls in place to avoid potential
recirculation of prions is still relevant to avoid a new BSE
epidemic.
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Bovine viral diarrhoea

Figure 10: The fact that Sweden has been free from bovine viral diarrhoea since 2014 is very important for cattle health in the country.
Photo: Bengt Ekberg/SVA.

BACKGROUND
Bovine viral diarrhoea (BVD) is caused by bovine viral di-
arrhoea virus (BVDV), which is classified in the genus Pes-
tivirus and the family Flaviviridae. Cattle are the primary
host of BVDV, but most even-toed ungulates are likely to
be susceptible to the disease. Cattle that are persistently in-
fected serve as a natural reservoir for the virus. The virus
may spread between animals via direct or indirect routes. A
voluntary surveillance and control programme with the ob-
jective to eradicate BVD without vaccination was launched
by the Swedish Dairy Association in 1993. The government
and the farmers share the costs for sampling and testing. In
June 2001, a compulsory control programme was founded
requiring all cattle herds to be tested for BVDV on a regu-
lar basis. A newly infected herd has not been detected since
2011, and the last virus positive animal was born in an in-
fected dairy herd in 2012. Sweden has been considered free
from BVD since 2014 and was officially declared free from
the disease by the EU Commission in April 2022. The com-
pulsory control programme has been removed but surveil-
lance for BVDV continues to demonstrate freedom from the
disease.

DISEASE
BVDVmay induce disease of varying severity, duration and
clinical signs after an incubation period of 6–12 days. Fever,
depression, respiratory distress, diarrhoea are typical signs
of acute BVD. In pregnant cattle, infection may result in re-
productive failure such as abortion, stillbirth or the birth of
calves that are persistently infected with the virus. A more
uncommon clinical outcome of BVDV infection is mucosal
disease, which may occur in an acute or chronic form in per-
sistently infected animals. At the herd-level, the main im-
pact of BVDV infection is often related to its immunosup-
pressive effects which commonly is expressed as problems
with respiratory and gastrointestinal disease among calves
and youngstock.

LEGISLATION
BVD is a listed disease (category C, D and E) in the An-
imal Health Law (EU) 2016/429. Since 2022, Sweden is
officially free from the disease in accordance with (EU)
2021/620. BVD is notifiable on clinical suspicion as de-
scribed in SJVFS 2021/10 (K12).

During the reporting year for this report, 2022, the vol-
untary control was regulated through SJVFS 2015:17 and
the compulsory control regulated in SJVFS 2011:17.
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SURVEILLANCE
Surveillance of dairy herds is performed by sampling bulk
milk in conjunction with milk quality testing. The labora-
tory gets an order from Växa (the former Swedish Dairy
Association) about which herds to sample. All samples are
marked using bar code labels. Surveillance of beef herds
is performed by blood sampling at slaughter. Field testing
can also be carried out as a backup component if herds to
be tested cannot be accessed through the abattoir or through
sampling of bulk milk.

Since 2018, the BVD surveillance is based on a risk-
based design where herds are individually categorised based
on the number of herds they have purchased from and sold
to during the preceding 12-month period (Table 4). The sta-
tus of each herd is updated 1st of January each year. The
system is set to order samples from high-risk herds twice a
year, medium risk herds once a year and low risk herds ran-
domly until the total number in the programme is reached.
Sampling is carried out provided that the herd has sent ani-
mals to slaughter and that there is milk sent for milk quality
testing. The sampling is distributed over the year.

The scheme is designed to demonstrate freedom from in-
fection at a herd design prevalence of 0.2%, with 99% confi-
dence. The within-herd design prevalence is set to 30%. In
case of re-appearance of BVD, herds that are infected will
be screened, and persistently infected virus carriers identi-
fied and removed. Details on numbers of samples and herds
tested in 2022 are given in Tables 5 and 6.

Diagnostic testing is performed at the National Veteri-
nary Institute (SVA). For screening, an indirect antibody
ELISA (SVANOVIR® BVDV-Ab ELISA, Svanova, Upp-
sala, Sweden) is used on serum, milk and bulk milk samples.
For confirmation, a competitive ELISA (ID Screen BVD
p80 Antibody Competition, Innovative Diagnostics, Gra-
bels, France) is used for serum, and for milk samples, a con-
firmatory ELISA (SVANOVIR® BVDV-Ab ELISA confir-
mation format, Svanova, Uppsala, Sweden) is used. Pres-
ence of virus is analysed by an in-house IPX (immunoper-
oxidase) test or PCR tests.

In addition to the active surveillance, clinically sus-
pected cases are investigated for BVD, as a part of passive
surveillance.

RESULTS
The outcome of antibody testing of bulk milk, slaughter, and
field samples tested in 2022 is given in Table 5. As shown
in Table 5, four blood samples from slaughtered cattle from
three herds (Table 6) were antibody positive during the year.
The positive blood samples came from older animals that
had been infected as young and had also been previously
tested as antibody positive. In 2022, no newly infected herds
were identified, and no virus positive animals were born.

No clinically suspected cases of BVD were reported.

Table 4: Risk-based evaluation of herds eligible for sampling of
bulk milk or blood.

Livestock sold to

Livestock purchased
from

< 2 herds 2–4 herds > 4 herds

0–4 herds Low Medium High
> 4 herds Medium High High

Table 5: Total numbers of samples with different contents of
bovine viral diarrhoea virus antibodies tested in 2022.

Sample type Class/Finding Herds Animals

Bulk milk 0–1A 1716 2273
Bulk milk 2–3A 0 -

Blood sample at slaugh-
ter

Negative 2615 5311

Blood sample at slaugh-
ter

Positive - 0

Field sample Negative - 0
Field sample Positive - 0

A Class 0–1 = no or very low levels of antibodies; Class 2–3
= moderate or high levels of antibodies. Based on Niskanen
(1993).

Table 6: Dairy and beef herd results from testing of bovine viral di-
arrhoea virus antibodies in bulk milk or blood samples in
2022 divided by herd level risk.

Production type

Herd-level riskA Herd numbers (N) Dairy Beef

N of herds 13 7560
Low risk N of herds tested 13 1464

N positive 0 0

N of herds 1152 1904
Medium risk N of herds tested 1129 901

N positive 0 0

N of herds 1108 453
High risk N of herds tested 619 262

N positive 0 0

A Based on the number of herds they have purchased from and
sold to during the preceding 12-month period.

DISCUSSION
All herds in Sweden were affiliated to the voluntary or com-
pulsory programmes during 2022. At the end of the year, no
herd was diagnosed as having an ongoing BVDV-infection.
In April 2022 Sweden was declared free from the disease
by the EU Commission. Hence, there will no longer be a
compulsory BVDV programme. Continued surveillance to
demonstrate freedom from the disease will continue as reg-
ulated in (EU) 2020/89.
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Brucellosis

BACKGROUND
Brucellosis is caused by zoonotic, gram-negative bacteria
belonging to the genus Brucella. Most human cases are
caused by four species, each having a preferred animal host.
Brucella melitensis occurs mainly in sheep and goats, Bru-
cella abortus in cattle, Brucella suis in pigs and Brucella ca-
nis in dogs. The infection is transmitted by contact with pla-
centa, foetus, foetal fluids and vaginal discharges from in-
fected animals and may also be found in milk, urine, semen
and faeces. In utero infections occur, but venereal transmis-
sion seems to be uncommon. Humans are usually infected
through contact with infected animals or contaminated an-
imal products, such as cheese made of unpasteurised milk.
Brucellosis was eradicated from the Swedish cattle popula-
tion during the last century. The last Swedish bovine case
was recorded in 1957. Sweden is officially free from both
B. abortus and B. melitensis. B. suis has not been reported
from Sweden since 1957. Brucellosis in humans has been
a notifiable disease in Sweden since 2004. Between 4 and
19 human cases have been reported annually, the majority

of these cases are travel-associated or have acquired the in-
fection via consumption of products from countries where
brucellosis is endemic. Since 2010 there has been approxi-
mately one domestic case reported annually. Predominantly
these cases have, or were suspected to have, consumed un-
pasteurised milk products from endemic countries.

DISEASE
Animals
In animals, brucellosis mainly causes reproductive disorders
such as abortion, orchitis and epididymitis. Arthritis is oc-
casionally seen in both sexes. Systemic signs and deaths are
rare, except in the foetus or newborn animal. The period be-
tween infection and abortion or other reproductive signs is
variable. Infected asymptomatic females may shed the or-
ganism in milk and uterine discharges.

Humans
B. melitensis is considered to be the most severe human
pathogen in the genus. Brucellosis in humans is commonly
characterised by fever periods that wax and wane (undulant

Figure 11: Unpasteurised dairy products from countries where brucellosis is endemic is the most common source of infection for
brucellosis in Sweden. Photo: Erika Chenais.
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fever) with headache, malaise and fatigue. Untreated bru-
cellosis can continue for months and progress to meningitis,
cardiac infections, bone and joint infections. If left untreated
the mortality rate is around 2%.

LEGISLATION
Animals
Brucellosis caused by infection with Brucella abortus, B.
melitensis or B. suis is a listed disease (category B, D and
E in cattle, sheep and goats, and D and E in pigs and other
cloven-hoofed mammals) in the Animal Health Law, (EU)
2016/429. Sweden is officially free from infection with
Brucella abortus, B. melitensis or B. suis in cattle, sheep
and goats in accordance with (EU) 2021/620, and surveil-
lance to demonstrate freedom is implemented in accordance
with (EU) 2020/689. Brucellosis (here defined as infection
with Brucella abortus, B. melitensis, B. suis or B. ovis) in
food-producing animals is included in the Swedish Act of
Epizootic diseases (SFS 1999:657 with amendments) and
notifiable as described in SJVFS 2021/10 (K12). Brucel-
losis (also including infection with B. canis) in non-food-
producing animals is not included in the Swedish Act of Epi-
zootic diseases but is still notifiable.

Humans
Brucellosis has been a notifiable disease since 2004 accord-
ing to the Communicable Disease Act (SFS 2004:168 with
the amendments of SFS 2022:217).

SURVEILLANCE
Animals
The purpose of the surveillance activities is to document
freedom from bovine and ovine brucellosis in Sweden in
accordance with the EU legislation, and also to document
freedom from the disease in the Swedish pig population.
The Swedish Board of Agriculture finances the surveil-
lance, which is planned and executed by the National Vet-
erinary Institute (SVA). Since the start of the screenings,
no samples have been confirmed positive. All diagnostic
testing is performed at SVA. Bovine samples (serum and
milk) are tested with an indirect ELISA (IDEXXBrucellosis
SerumAntibody Test Kit, IDEXXLaboratories,Westbrook,
Maine, United States), and porcine, ovine and caprine sam-
ples (serum) are tested with the Rose Bengal Test (RBT). In
case of positive reactions in the ELISA or RBT, serum sam-
ples are confirmed with a complement fixation test (CFT).
For positive bovine milk samples, serum samples are re-
quested for re-testing with the ELISA.

Diagnostic tests for animals with clinical signs sug-
gesting brucellosis or animals that are to be exported/im-
ported will often be tested with the same diagnostic tests as
used in the surveillance programme. Samples from animals
(foetuses) included in the enhanced passive surveillance of
aborted foetuses (see the chapter “Examinations of abortions
in food producing animals” on page 146) are also tested for
Brucella spp. by bacteriological culturing. Rapid slide ag-
glutination test (RSAT) is the most common test for dogs.
A positive case is defined as an animal from which Brucella

spp. has been isolated, or in some cases an animal with a
confirmed positive serological reaction.

Humans
Diagnosis of human cases is made by real-time PCR, serol-
ogy and culture. Positive colonies are investigated by
MALDI-TOF and always tested for antibiotic resistance
with broth microdilution.

Passive surveillance
Animals
Suspicions based on clinical signs in food producing ani-
mals must be reported to the Swedish Board of Agricul-
ture and will be subsequently investigated. In addition, cul-
ture for Brucella spp. is included in the enhanced passive
surveillance of aborted foetuses of ruminants and pigs, see
the chapter “Examinations of abortions in food producing
animals” (page 146).

Brucellosis in dogs is not included in the Swedish Act of
Epizootic diseases and the zoonotic potential of B. canis is
considered to be significantly smaller than that ofB. abortus,
B. melitensis or B. suis. Nevertheless, confirmed (serology
or bacterial culture) cases of infection with B. canis are no-
tifiable and cases have also been investigated and put under
restrictions by the Swedish Board of Agriculture.

Humans
Notification of human cases is mandatory and, surveillance
is based on identification of the disease by a treating physi-
cian or by laboratory diagnosis. Both are obligated to report
identified cases to the regional and national level to enable
further analyses and adequate intervention measures.

Active surveillance
Animals
Screening for B. abortus has been conducted regularly in
Sweden since 1988, for B. melitensis since 1995 and for B.
suis since 1996.

Serological testing of all susceptible species prior to ex-
port, and in bulls and boars at semen collection centres, adds
to the active disease surveillance of Brucella spp.

Surveillance for brucellosis in cattle
Since 2010 this sampling is conducted every third year and
was thus performed in 2022. From 1997 and onwards,
the sampling has encompassed approximately 3000 samples
(bulk milk and/or serum samples; each year 1997–2010, ev-
ery third year from 2010 and onwards) for antibodies against
B. abortus. Samples are selected by systematic random sam-
pling of every second serum and milk sample collected in
the surveillance programmes for bovine viral diarrhoea and
enzootic bovine leucosis.

Sample size is calculated on a yearly basis to reach a
probability of freedom of 99% at the end of the year for dairy
cattle and beef cattle populations separately. To reach this
target, 1000 bulk milk samples from dairy herds and 2700
serum samples from beef cattle herds are required.
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Surveillance for brucellosis in sheep and goats
Serum samples are tested for antibodies against B. meliten-
sis. The sheep serum samples are collected within the
surveillance programme for Maedi/Visna and the goat
serum samples collected within the Caprine Arthritis En-
cephalitis programme. The samples are selected by system-
atic random sample by collecting the first 5 samples submit-
ted from each herd in these surveillance programmes.

The ovine and caprine brucellosis surveillance of 2022
was designed with a between-herd design prevalence of
0.2%, a within-herd prevalence of 40% and a risk of in-
troduction of 1 in 25 years. Sample size is calculated on
a yearly basis to reach a probability of freedom of 95% at
the end of the year. To reach this target, 2000 samples (five
samples per herd from 400 herds per year) is required.

Surveillance for brucellosis in pigs
From 1996 until 2008 approximately 3000 serum samples
from pigs were tested for antibodies against B. suis each
year. Beginning in 2009, serum samples are tested ev-
ery second year, this sampling was not performed in 2022.
Serum samples are collected at slaughter within the surveil-
lance programmes for Porcine reproductive and respiratory
syndrome and Aujeszky’s disease. The samples are selected
by systematic random sample by collecting the first sample
submitted from each herd in this surveillance programme.
Sample size is calculated on a yearly basis to reach a prob-
ability of freedom of 99% at the end of the year. To reach
this target, 750 samples from 750 herds are required.

RESULTS
Passive surveillance
Animals
During 2022, four clinical suspicions of brucellosis were re-
ported in food-producing animal species.

Within the surveillance of aborted foetuses, 20 bovine,
20 ovine, 3 caprine, and 15 porcine foetuses were examined
for Brucella spp. All samples were negative.

Humans
In 2022, ten human cases of brucellosis were reported,
which is comparable with the previous ten-year period. The
age and gender distributions (median age 41 years, range
25–71 years, equal gender distribution) were also similar to
previous years. Three of the cases formed a cluster and were
reported to have been infected in Sweden by a goat cheese
from Iraq. Six cases were reported to have acquired their
infections in Iraq and for one case the country of infection
was unknown. For a total of seven cases unpasteurised dairy
products were indicated as the probable source of infection,

which has been the most common source of infection for
brucellosis in recent years. As in previous years, Brucella
melitensiswas identified in all cases. All of the isolates were
sensitive to the antibiotics commonly used for treating bru-
cellosis.

Active surveillance
Animals
During 2022, 2256 bovine serum samples and 1506 bulk
milk samples were analysed for B. abortus. All these sam-
ples were negative, assuring sustained freedom from B.
abortus in the bovine population. Analysis for B. melitensis
was performed on 1998 ovine and caprine serum samples
from 428 individual holdings. All these samples were neg-
ative, assuring sustained freedom from B. melitensis in the
ovine and caprine population. All samples from the serolog-
ical testing prior to export and from bulls at semen collection
centres were also negative.

During 2022, 33 dogs tested positive for B. canis using
serology. The majority of these dogs were imported or had
contact with imported dogs.

DISCUSSION
In summary, Brucella infection was not detected in cattle,
sheep, goats or pigs during 2022. The long standing and
extensive serological screenings performed without finding
any infection accompanied by the additional enhanced pas-
sive surveillance in aborted foetuses from food-producing
animals and the very low number of human cases, only oc-
casionally domestically acquired, confirms that Brucella is
not present in Swedish food-producing animals.

An unknown number of stray dogs from countries where
B. canis is endemic are brought into Sweden every year. It
is important to be aware of the risk this group of dogs rep-
resents, for Brucella infection as well as for other diseases.
Imported non-stray dogs, or dogs mated abroad are seen as a
risk factor for introduction of B. canis into Sweden as well.
During the years 2011–2021, seven dogs have tested pos-
itive for B. canis using bacterial culture and/or serology.
The sharp increase in seropositive dogs in 2022 is associated
with an increase in number of samples submitted for testing.
In 2020 and 2021, 8 and 89 dogs were tested for B. canis
respectively, compared to 149 in 2022 (the figures include
testing for export, clinical suspicions and contact tracing of
positive dogs). This increase could be due to an increase in
cases with clinical signs raising suspicions of infection with
B. canis or an increased incidence of B. canis cases, but also
to increased awareness about B. canis among Swedish vet-
erinarians in clinical practice.
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Campylobacteriosis

BACKGROUND
Thermophilic Campylobacter species (spp.) are the most
common causes of human bacterial gastroenteritis in many
countries. Most infections are caused by C. jejuni, followed
by C. coli and a few by other Campylobacter spp.

Birds are considered the principal reservoir for ther-
mophilic Campylobacter spp. although the intestinal tract
of many other animals can be colonised by these bacteria.
Campylobacter spp. are excreted in faeces. Campylobac-
ter spp. are fragile organisms but can survive in fresh-
water for longer periods. The infectious dose for humans
is low. Most European countries have a seasonal peak
of Campylobacter prevalence or incidence in the summer
months, both in chickens and humans. Risk factors for in-
fection include consumption or handling of undercooked
contaminated meat products (especially poultry), consum-
ing contaminated unpasteurised milk and other dairy prod-
ucts, drinking from contaminated water supplies, travelling
abroad, and having contact with farm animals and pets.

During 1997–2019 the incidence of human campylobac-
teriosis in Sweden has varied between 65 and 110 cases per
100 000 inhabitants (Figure 12). Most cases are infected
abroad, but in 2014–2018 the proportion of domestic in-
fections increased due to several major outbreaks caused by
domestically produced chicken meat. The COVID-19 pan-
demic has resulted in both a record low incidence of campy-
lobacteriosis in 2020–2021 and a record high proportion of
domestic infections in relation to infections retrieved abroad
in 2020–2021.
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Figure 12: Incidence (per 100000 inhabitants) of notified human
cases of campylobacteriosis in Sweden, 1997–2022.
Travel-associated cases are those where the patient has
reported travel to another country during the incuba-
tion period prior to clinical presentation. Domestic
cases are patients that have not recently travelled out-
side Sweden.

DISEASE
Animals
Asymptomatic carriage of thermophilic Campylobacter
is common in several animal species, including poultry
species, cattle, pigs, sheep and dogs. The prevalence is
higher in younger animals.

Humans
Campylobacteriosis is an acute, usually self-limiting enteric
disease that resolves within a week. In some individuals,
the symptoms last longer. The symptoms are mild to se-
vere: diarrhoea, fever, abdominal pain, nausea and malaise.
The infection can be complicated by reactive arthritis, irri-
table bowel syndrome as well as the neurological disorder
Guillain-Barré syndrome.

LEGISLATION
Animals
Findings of thermophilic Campylobacter spp. in meat-
producing poultry are notifiable in Sweden, according to
SJVFS 2021:10. In addition, Campylobacter fetus subsp.
venerealis, which causes bovine genital campylobacteriosis,
is notifiable.

Food
Detection of Campylobacter spp. in food is not notifiable.
From 2018 and onwards, food business operators at abattoirs
are obliged to sample neck skins of broilers for quantitative
analyses of Campylobacter according to regulation (EG)
2073/2005 on microbiological criteria for foodstuffs. As a
minimum, the Swedish Food Agency requires that weekly
samples are taken from June through September.

Humans
Infection with Campylobacter is notifiable according to the
Communicable Disease Act (SFS 2004:168 with the amend-
ments of SFS 2022:217). A laboratory confirmed case can
also include cases with samples that are only positive by
PCR, i.e., where no isolate has been obtained.

SURVEILLANCE
Animals
The Swedish Poultry Meat Association has operated a mon-
itoring programme for broiler chicken since 1991. The pro-
gramme is mainly financed by the Swedish Board of Agri-
culture (SJVFS 2015:17, K152) and the goal is to achieve an
overall annual Campylobacter prevalence of less than 10%
in slaughter batches of chicken. Prior to 2017, the goal was
5%. In 2021, the guidelines for the programme were re-
viewed.
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IN FOCUS: Are Campylobacter prevalence in broiler slaughter batches and incidence of
campylobacteriosis in humans temporally related?

The incidence of human campylobacteriosis and the prevalence of Campylobacter in broilers show
seasonality but the impact of this association is not clear. To explore this relationship, two approaches
for analysing time series data were applied. Weekly, bi-weekly andmonthly data from 2009 to 2019 of
human campylobacteriosis cases and prevalence of Campylobacter spp. in broiler slaughter batches
in Sweden were analysed.

The decomposition of timeseries into seasonal (S), long-term trend (T) and residual components (STL
model) showed a close overlap in seasonal patterns in terms of timing and the proportional change of
peaks from normalised yearly levels. Starting in 2016, when a large outbreak was reported, there was
significant overlap in the trend component as well. Prior to the outbreak, the annual trend component
of human cases was similar in magnitude to the annual increase in poultry meat consumption. An
additive approach for timeseries counts, incorporating seasonal and epidemic components, found
a positive association between human cases and broiler prevalence with an optimal lag of 2 weeks,
1 bi-week or 0 months. Considering the estimated time between slaughter and consumption,
incubation time, and the time between onset of disease and testing, a 2-week lag may be consistent
with transmission via handling and consumption of fresh poultry meat.

The best model included broiler prevalence as a risk factor in the epidemic model component
but not in the seasonal component. The outcomes in terms of best model, optimal lags and sig-
nificance of parameters, using weekly, bi-weekly or monthly data were, in general, in agreement
but varied with data resolution when only a subset of the timeseries, not including any known
broiler-associated outbreaks, was analysed. The optimal resolution based on the available data and
conditions of the present analysis appeared to be weekly or bi-weekly data. There is no simple rela-
tionship between broiler prevalence and human cases. Results suggest that broiler prevalence with a
two-week lag period can explain part of the human cases but has a smaller explanatory impact during
the part of the study period not including the large known outbreaks. Additional factors beyond
broiler prevalence need to be evaluated to understand the transmission routes and epidemiology of
campylobacteriosis.

The programme covers more than 99% of the broilers
slaughtered in Sweden. Since 2006, sampling is performed
by collecting intact caeca from 10 birds per sampled slaugh-
ter batch at the major abattoirs. In 2022, eight abattoirs de-
livered samples. During 2022, when the flock was slaugh-
tered at more than one time point and the time interval be-
tween the slaughter batches was longer than one day, sam-
ples were taken from both batches, otherwise only from one
of the batches. From April to October 2022, the samples
were transported chilled to the laboratory.

The caeca are pooled into one composite sample per
batch and analysed for detection of Campylobacter spp. ac-
cording to EN ISO 10272-1. During 2022, four colonies
were picked from each sample with suspected Campylobac-
ter, to be able to detect if several Campylobacter species
were present in the sample.

In 2022 all Campylobacter isolates collected during a
period of 2.5 weeks, (weeks 31, 32 and half of week 33)
were subjected to whole genome sequencing (WGS).

Food
There is no official surveillance programme for Campy-
lobacter spp. in food. National and local authorities may
perform sampling as a part of extended official controls or

targeted projects.
Since 1 January 2018, abattoirs are obliged to sample

neck skins from poultry carcasses for Campylobacter anal-
yses using a culture-based method (ISO 10272-2 or alter-
native methods validated against the standard method), ac-
cording to regulation (EC) No 2073/2005. A limit of 1000
CFU/g applies to a set of 50 pooled samples derived from 10
consecutive sampling sessions. Since 2020, the regulation
has allowed up to 30% of the samples to exceed the limit.

Humans
The surveillance in humans is based on identification of
the disease by a physician and/or by laboratory diagnosis
(i.e., passive surveillance). Physicians and laboratories are
obliged to report to the regional and national level to enable
further analyses and adequate intervention measures.

During 2017–2021, the Public Health Agency of Swe-
den requested isolates from all domestic cases reported dur-
ing selected periods of weeks (in March and in August) for
WGS analysis as part of the microbiological surveillance
programme. As a conventional nomenclature tool, theMulti
Locus Sequence Typing (MLST) type, i.e., ST type, is de-
fined byWGS. Single nucleotide polymorphism (SNP) anal-
ysis is used to compare human isolates to identify clusters
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Figure 13: Prevalence of Campylobacter in slaughter batches of broiler chicken in 2002–2022.

and can also be used for outbreak investigations. The aims
of the typing are to assess the diversity of domestic strains
and identify clusters. The long-term goal is to use the data
to evaluate efforts to lower the level of domestic incidence
of campylobacteriosis attributed to food borne sources. In
2022 an evaluation of the microbiological programme of
2017–2021 was initiated and only samples from a suspected
outbreak were collected and analysed.

RESULTS
Animals
In 2022, thermophilic Campylobacter spp. were detected
in 239 (5.1%) of the 4657 broiler chicken batches tested at
slaughter (Figure 13), which is at the same level as the last
two years. The monthly prevalence of Campylobacter in
chicken slaughter batches varied between 0.3% (April and
December) and 16.9%with the highest prevalence in August
(Figure 14). The prevalence of Campylobacter in incom-
ing batches varied between abattoirs. Among the slaughter
batches at the four largest abattoirs, which cover 97.5% of
the slaughtered chicken, Campylobacter spp., was detected
in 4.6%, with prevalences varying from 2.5% to 12.6%. The
monthly number of chickens from Campylobacter positive
slaughter batches varied as well.

Food
In 2022, national and local authorities took 64 samples from
different types of food. Campylobacter was not found in
any of these samples.

Food business operators at seven abattoirs collected
1046 pooled neck skin samples according to regulation (EC)
No 2073/2005. Test results at all abattoirs were satisfactory
according to the legislation, and only 18 (2%) of the 1046
samples exceeded the limit of 1000 CFU/g.

Humans
A total of 5165 cases of campylobacteriosis were reported
in 2022. Of the reported cases, 57% (2945 cases) were do-
mestic. The incidence of domestic cases was 20 per 100 000
inhabitants, a similar level as in 2021 (20.9). The incidence
of travel-related cases was increased by 66% compared to
2021 but still on a lower level than before 2020 and the
COVID-19 pandemic (Figure 12). The reported domestic
cases followed the typical yearly pattern with more cases
during the summer months, peaked in July-September when
51% (n=1511) of all domestic cases were reported.

For the domestic cases in 2022, the median age was 51
years with a range of 0–101 years. More men (54%) than
women were reported with campylobacteriosis.

Isolates for typing were only collected during week
47–49 from selected regions due to an unexpected rise of
domestic cases. A new sequence type for human samples,
ST227, was found in 11 of 17 domestic cases which clus-
tered based on WGS (whole genome sequencing). This se-
quence type also clustered with an isolate from a batch of
chickens.

Human campylobacteriosis cases versus positive
chicken slaughter batches
The number of human domestic cases and the number
of animals from Campylobacter positive chicken slaugh-
ter batches were compared during 2022. The comparison
shows a clear covariation over the year with the highest
numbers in the summer and autumn and the lowest in winter
and spring (Figure 14).
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Figure 14: Number of notified domestic cases of human campylobacteriosis, along with the number of broiler batches positive for
Campylobacter, broken down per month in 2022.

DISCUSSION
The domestic incidence of campylobacteriosis was lower
in 2022 compared to the period 2009–2019, but similar to
2021. Most campylobacteriosis cases have been considered
sporadic, but cluster analysis of isolates typed in recent years
withWGS indicates that several cases have been part of out-
breaks. Many of these outbreaks appear genetically linked
to isolates from retail poultry meat.

In 2022, the annual prevalence of Campylobacter in
chicken slaughter batches was at the same level as in 2021
but lower than in previous years (Figure 13). The correlation
between human cases of campylobacteriosis and Campy-
lobacter-positive broiler batches underscores the need for
further preventive measures. Campylobacter prevalence
varies considerably between abattoirs, with only a few find-
ings at some and a higher prevalence at others. During
the last ten-year period, the Swedish chicken production
has increased by approximately 30% and the share of fresh
chicken meat has increased compared to frozen meat. This
has led to a higher amount of potentially contaminated
chicken meat on the market, because Campylobacter are
sensitive to freezing and therefore more common in fresh
than in frozen meat.

Sampling of the neck skin for analysis of Campylobac-
ter according to regulation (EC) No 2073/2005 functioned
well in most of the abattoirs concerned. The results show
that no abattoir in Sweden had any difficulties in meeting
the process hygiene criterion in the regulation, which is set
at a level that reflects the much higher prevalence ofCampy-
lobacter in broilers in many other EU member states.

Reducing Campylobacter prevalence at the farm level
as well as the measures taken at slaughter decrease the risk

of human infection. Over the years, applying strict biosecu-
rity measures has decreased the number of Campylobacter-
positive broiler slaughter batches in Sweden. The outbreaks
of recent years have demonstrated that failures in the pro-
duction chain may lead to an increase in human illnesses
and illustrated the importance of biosecurity measures, not
only at the farm level but in the whole production chain.

Broiler carcasses are easily contaminated at slaughter,
which necessitates that consumers apply good hygiene prac-
tices. Strict hygiene in the kitchen is essential to avoid cross-
contamination between contaminated raw meat and food
that is ready to eat.
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Chronic wasting disease

BACKGROUND
Chronic wasting disease (CWD) is a transmissible spongi-
form encephalopathy (TSE) affecting cervid species. The
disease was first described in Colorado in 1967 and in 1978
it was identified as a TSE. Since then, CWD has spread
and is now confirmed to be present in at least 30 states in
the USA, and in four Canadian provinces (USGS, 2022).
Through export of live cervids, CWD has also spread to
South Korea.

Prior to 2016, CWD had not been reported in Europe but
in the spring of 2016, the first case in Europe was detected
in wild reindeer (Rangifer tarandus tarandus) in the region
of Nordfjella in Norway (Benestad et al., 2016). As a conse-
quence of this finding, surveillance in Norway was intensi-
fied and this has so far (April 2023) resulted in the detection
of the disease in 21 reindeer in two different wild reindeer
areas. In addition, CWD has been found in 11 elderly moose
(Alces alces) and in three red deer (Cervus elaphus) in dif-
ferent locations. The reindeer in Norway show similarities
with the cases found in North America with several animals
affected in the same flock, and with lymph nodes being posi-
tive on analysis. The cases in moose and red deer have how-
ever shown to differ from the cases in reindeer. In moose

and red deer, the positive cases have been found in older an-
imals and samples have tested positive from the brain, but
not from the lymph nodes. Following the detection of CWD
inNorway, surveillance for CWDbecamemandatory in sev-
eral EU member states, including Sweden in the time period
2018–2020 (see sections “Legislation” and “Surveillance”).

In March 2018, the first case of CWD in Finland was
reported in a moose. The case showed similarities with
the cases in moose and red deer in Norway (Ruokavirasto,
2020). Two similar cases were reported from Finland in
2020 and in 2022.

In Sweden the first three cases were detected in 2019
and all were elderly female moose. The first two animals
(one found in Arjeplog and one in Arvidsjaur) were both eu-
thanised and sampled after displaying abnormal behaviour.
Both were estimated to be 16 years old. In accordance with
EU legislation, an intensified sampling was carried out in
the area during the following hunting (moose) and slaugh-
ter (reindeer) seasons and the third case, a female of at least
10 years of age, was detected within this intensified sam-
pling. Although shot during the regular hunting, the moose
was showing altered behaviour and standing still in a mire.

Figure 15: The EU-regulated surveillance of chronic wasting disease (CWD) was discontinued in March 2022, but the passive
clinical surveillance continues. Photo: SVA.
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A fourth case was detected in 2020 in the Robertsfors
municipality. It was in a female moose aged to 14 years (age
estimated by counting annuli in dental cementum), shot as
she had been observed with lameness and when approached
by hunters, she did not attempt to escape. On analysis, sam-
ples were positive from the brainstem but negative from the
lymph nodes.

These four cases all showed similar features with the
cases that had been reported from moose in Norway and in
Finland. All were in old moose, all positive in the brain-
stem sample but negative in the lymph-node samples. These
findings in moose differ significantly from the findings in
cervids in North America and wild reindeer in Norway and
it has been hypothesised that these cases may be occurring
spontaneously in older animals (Pirisinu et al., 2018).

The wild cervid species in Sweden are moose, red deer,
fallow deer (Dama dama) and roe deer (Capreolus capreo-
lus), and hunting of these species involve and engage many
people. The farmed cervid species in Sweden are mainly
fallow deer and smaller number of red deer and moose. In
Sweden, reindeer herding is an essential part of the Sami cul-
ture, all reindeer are semi-domesticated and unlike in Nor-
way, there are no wild reindeer. However, the cervid popu-
lations are not separated by geographical borders, and both
wild cervids and semi-domesticated reindeer cross the bor-
der between Sweden and Norway as part of for example the
seasonal migration.

DISEASE
From what is known about the strains of CWD present in
North America, the incubation period is long, i.e., more than
one year. The disease spreads either through direct contact
between animals, or through excretions that can contami-
nate and persist in the environment. The predominant clini-
cal signs are behavioural changes, change of locomotion and
loss of body condition. The disease is always fatal.

Until recent years, the type of CWD described from
North America was the only type known. The strains de-
tected in the Nordic countries, however, differ from the
strains described from North America. There is accumu-
lating support for the hypothesis that the cases seen in
older moose may have a spontaneous (i.e., without known
cause), rather than contagious origin, similar to what is ob-
served in sheep (atypical scrapie/Nor98) and bovines (atypi-
cal bovine spongiform encephalopathy (BSE)), and sporadic
Creutzfeldt-Jakob disease (CJD) in humans.

The currently accepted theory of TSEs, or prion dis-
eases, is that they are transmitted through small prions (ag-
gregated proteins with abnormal structural conformation).
These prions induce a structural transformation and aggre-
gation of normal prion proteins in the body of the recipient.
The full details of these processes are not yet understood.
Prions accumulate in body tissues, especially in the brain
where damage can be observed if tissue is studied in a mi-
croscope. Within the TSE group of diseases, there are dis-
eases where prions are excreted in body fluids (e.g., classical
scrapie) and hence these are contagious. However, there are
also prion diseases with spontaneous (without known cause)

origin occurring in older individuals (e.g., atypical BSE in
bovines or sporadic CJD in humans).

Due to similarities with BSE, a disease which is linked to
variant CJD in humans, and the known fact that many TSEs
experimentally can be transmitted between different species,
there has been a suspicion that CWDmay be zoonotic. Cur-
rently, there is not enough data to exclude that CWD could
be zoonotic, however the risk is deemed to be very low
(VKM2016 and 2017,Waddell 2018). In areas where CWD
is endemic, people are recommended to not consume ani-
mals displaying clinical signs consistent with CWD, or ani-
mals that have tested positive for CWD.

LEGISLATION
CWD is a notifiable disease under the Swedish Act of Epi-
zootic diseases (SFS 1999:657, with amendments) and there
is a scheme to compensate farmers and owners for losses due
to eradication measures. CWD is also regulated through the
Regulation (EC) No 999/2001 of the European Parliament
and of the Council on TSEs.

SURVEILLANCE
Passive surveillance
Since 2016, efforts have been made to increase awareness
among hunters, reindeer owners and owners of farmed deer,
to react and report suspected clinical signs of CWD. This has
still been encouraged in 2022, when the active surveillance
programme was discontinued. In addition to clinical sus-
picions, adult cervids sent for autopsy to the National Vet-
erinary Institute (SVA) are sampled as part of an enhanced
passive surveillance.

Active surveillance
The time-limited EU-regulated surveillance programme
started in January 2018. For the member states concerned,
a minimum of 6000 animals were to be tested between the
years 2018 and 2020. Samples were collected from wild,
semi-domesticated and farmed/captive cervids. In Sweden,
moose, red deer, roe deer and reindeer were included in
the surveillance programme. Samples from wild cervids
(moose, red deer, roe deer) were collected from fifty primary
sampling units (PSU) covering the whole country. Sam-
ples from farmed cervids (red deer) and semi-domesticated
cervids (reindeer) were collected from all red deer farms
(n=137) and all Samebyar (n=51), the latter being the ad-
ministrative unit for reindeer herding, as well as a geograph-
ically defined area. All animals sampled were over twelve
months of age and preferably from a risk category, i.e.,
cervids found dead or diseased, or road/train killed cervids
which are assumed to have a higher probability of infection.
Because the sampling target had not been reached by the
end of 2020, the surveillance was extended throughout 2021
and early 2022. In March 2022 the active surveillance pro-
gramme was discontinued.
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Intensified active surveillance
In accordance with EU legislation, an intensified sampling
was carried out in the areas surrounding the previously con-
firmed cases. The size of the areas was determined by ex-
perts in cervid migratory patterns and experts in reindeer
herding. The surveillance was designed to enable detec-
tion of a prevalence of 0.7% (detected prevalence in Nordf-
jella, Norway) with 99% certainty, assuming a test sensitiv-
ity of 70%, in each population in the area. In this sampling,
healthy slaughtered and healthy hunted animals were also
included to increase the number of tested animals in the area.
In 2019–2021 (moose 2019–2020, reindeer 2019–2021) in-
tensified sampling was done around the confirmed cases in
Arvidsjaur and Arjeplog, and in 2020–2021 Robertsfors was
also included.

Diagnostics
All samples were analysed at SVA, Uppsala, which
also is the national reference laboratory (Regulation (EC)
999/2001) for TSEs. For analysis, brainstem and retropha-
ryngeal lymph node samples were for the first part of 2022
screened separately with the Rad TeSeETM SAP rapid test
(Bio-Rad Laboratories, Hercules, California, United States).
During 2022 the analysis method at SVA was changed,
and the HerdChek® BSE-Scrapie Antigen Test kit (IDEXX
Laboratories, Westbrook, Maine, United States) was used.
If results are positive or inconclusive the Bio-Rad TeSeE
TM Western Blot kit is used for confirmation. Test results
are reported to the European Food Safety Authority by the
Swedish Board of Agriculture (SBA), based on data pro-
vided by SVA.

The 2018–2022 CWD surveillance programme was run
in a collaboration between SVA and the SBA and was fi-
nanced by the latter.

RESULTS
The number of samples tested from 2016 to 2022 is detailed
in Table 7.

In 2022, 19 cervids were sampled due to a reported clin-
ical suspicion of CWD (16 moose and 3 roe deer). An addi-
tional 12 moose were examined within the framework for
enhanced passive surveillance. In the active surveillance
programme, a total of 12 moose, 100 red deer, 1 roe deer
and 502 reindeer were examined for CWD at SVA during
2022. No positive cases were found during 2022.

DISCUSSION
With the exception of an EU regulated active surveillance in
2007–2010, and a retrospective study examining 270 frozen
brains from cervids sent for post-mortem investigation be-
tween 2008 and the first part of 2016, surveillance in Swe-
den has historically only been passive, i.e., based on report-
ing of animals showing clinical signs. However, since the
disease was a not known to occur in Europe prior to 2016,
the awareness of CWD was low and consequently very few
animals have historically been examined.

Before 2018, the number of animals examined was

limited and not well represented geographically. In Jan-
uary 2018, the surveillance programme (Regulation (EC)
999/2001) started and information about this was sent out to
groups identified as suitable samplers, i.e., hunters, animal
owners (reindeer and fenced red deer) and slaughterhouse
personnel.

The number of samples received from the nationwide
sampling has however been relatively low and there are sev-
eral reasons for this. The implementation of the surveil-
lance programme has been complex, given several different
species and categories of animals included. Also, the num-
ber of animals found dead or diseased, which are preferred
due to their assumed higher probability of infection, has
been relatively small. The number of road-killed cervids is
quite high in Sweden and they were initially planned to con-
stitute the backbone of the surveillance. However, divergent
interpretations of legislation made sampling of these ani-
mals difficult or even impossible. As the sampling targets
were not reached the national surveillance was prolonged
until March 2022, with the aim to collect more samples.
In contrast, sampling of healthy hunted moose and healthy
slaughtered reindeer within the intensified surveillance has
been more successful despite logistical challenges.

As mentioned, the cases in moose in Norway, Finland
and Sweden differ from the CWD cases previously known;
all have been detected in old female animals and prions have
only been detected in samples from the brain and not in
lymph nodes. Further studies are ongoing to characterise
these strains and to understand more about the epidemiol-
ogy. As mentioned, it has been hypothesised that the CWD
cases in older moose may not be contagious, but rather a
spontaneous variant of CWDoccurring in old animals (Piris-
inu et al., 2018).

Consequently, the detection of three cases of CWD in
moose in a limited geographical area in Sweden in 2019
(detected prevalence 0.4%) does not necessarily mean that
a contagious variant of the disease is present in the region.
The fact that cases were only found in old animals and that
prions were only detected in brain in the screening tests,
while not in lymph nodes, still fits the hypothesis of spon-
taneous (without known cause) cases in old animals. The
region of concern has a hunting practice which leads to a
relatively high proportion of old female moose in the lo-
cal population. In general, most moose are harvested at a
young age during hunting, and few animals reach the ex-
pected maximum life span of approximately twenty years.
Fewer males reach an old age compared to females due to
the hunting practices.

The experience fromNorth America is that CWD is very
difficult to eradicate or to control, and to have a chance to
do this, early detection is needed while the prevalence is still
low. If a type of CWD with these characteristics would be
present or introduced into Sweden, it would potentially have
large negative consequences for reindeer, wild cervid popu-
lations and farmed cervids. Consequently, the disease could
also have large consequences for people making their living
from, or being involved in activities related to, these species.
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Table 7: The number of animals tested for CWD per year in Sweden 2016–2022, including national surveillance and intensified sampling.

Year Moose Red deer Roe deer Fallow deer Reindeer

2016 74 6 14 0 2
2017 191 6 13 8 21
2018 157 13 15 0 15

2019 854A 31 73 5 1965A

2020 248B 84 71 4 991C

2021 433B 290 63 3 2527C

2022 40 100 4 0 502C

A The large increase in sampling in 2019 was due to the intensified sampling in the county of Norrbotten, which started that year.
B 98 and 283 of the moose sampled in 2020 and 2021, respectively, were sampled within the intensified sampling in the county of
Västerbotten.
C 896, 1485 and 502 of the reindeer sampled in 2020, 2021 and 2022 respectively were sampled within the intensified sampling in
the county of Norrbotten.

However, if the cases found in older moose in Norway, Fin-
land and Sweden would in fact have a spontaneous (without
known cause) origin, the disease could be expected to occur
sporadically in all cervid populations, without leading to the
same severe consequences as a contagious form of CWD.
Further studies are crucial to increase the understanding of
the epidemiology of the different CWD types.
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Classical swine fever

BACKGROUND
Classical swine fever (CSF) is a disease of pigs caused by
a pestivirus closely related to bovine viral diarrhoea virus
and border disease virus. CSF is endemic in many parts
of the world and is one of the most important diseases af-
fecting pig production globally. The disease is endemic in
parts of Asia, South America and on some Caribbean is-
lands. In Europe, several large outbreaks of CSF occurred in
the 1980s and ‘90s, including an extensive outbreak in the
Netherlands, Germany, Belgium and Spain in 1997–1998.
These outbreaks led to the implementation of highly effec-
tive control and eradication strategies. During the last 10
years there have only been sporadic reports of outbreaks of
CSF in domestic pigs and cases in wild boar in the eastern
parts of the EU, including Lithuania (2009, 2011) and Latvia
(2012–2015). The last reported case of CSF in the EU was
in 2015. Sweden, where CSF has not been diagnosed since
1944, was issued official status as a historically CSF-free
country by WOAH in February 2015.

Classical swine fever virus is highly contagious and is
transmitted by direct and indirect contact between animals.
Wild boar can serve as a reservoir for the virus and there
are several documented cases of outbreaks in domestic pigs

caused by direct or indirect contact with wild boar. Feeding
pigs swill contaminated with CSFV has also resulted in the
spread of the disease to new areas. Because of this, swill
feeding of pigs is prohibited in the European Union.

DISEASE
CSF appears in three different clinical forms; acute, chronic
and mild. The incubation period is 2–14 days and the acute
form of the disease includes high fever (<42°C), weak-
ness, conjunctivitis, purple skin discolouration, diarrhoea
and neurological signs. The acute form of CSF cannot be
distinguished clinically from African swine fever (ASF).
Chronically infected animals exhibit a more diffuse clinical
picture with intermittent fever, anorexia and stunted growth.
In the mild form, sow reproductive failure, including abor-
tion, foetal mummification and stillbirths, is the main clini-
cal sign. The mild form can also result in the birth of persis-
tently infected piglets that initially appear healthy but shed
large amounts of virus before becoming ill and dying several
months later from “late onset CSF”.

Figure 16: The purpose of the surveillance programme for Classical swine fever (CSF) in Sweden is to document freedom from CSF in
the pig population and to contribute to the maintenance of this situation by early detection of an introduction. In 2022, 2144
pigs were tested and found negative for the disease. Photo: Bengt Ekberg/SVA.
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LEGISLATION
CSF is a listed disease (category A, D and E) in the Animal
Health Law, Regulation (EU) 2016/429. The disease is no-
tifiable on clinical suspicion as described in SJVFS 2021/10
(K12).

SURVEILLANCE
The purpose of the surveillance for CSF is to ensure early de-
tection of an introduction to the Swedish pig population and
thus to contribute to the maintenance of freedom from the
disease. The National Veterinary Institute (SVA) is respon-
sible for surveillance design, sample analysis and reporting
to the Swedish Board of Agriculture. Serological analyses
for CSF, PCR analyses for the presence of CSF viral genome
and CSFV culturing are performed at SVA. CSF serol-
ogy is done using a commercial kit (IDEXX HerdChek®
CSFVAntibody Test Kit, IDEXXLaboratories, Westbrook,
Maine, United States) and, in the case of a positive ELISA
result, a serum neutralisation (SN) test for detection of anti-
bodies against CSFV is performed for confirmation.

Passive surveillance
Because CSF is notifiable on clinical suspicion for both
veterinarians and farmers, cases with clinical signs consis-
tent with CSF are investigated following notification to the
Swedish Board of Agriculture. The investigation may in-
clude sampling of sick or dead animals, examination of the
herd for the presence of clinical signs and analyses of pro-
duction results. Due to the similarity in clinical signs, sam-
ples are typically analysed for both CSF and ASF, which is
a strategy that is strongly recommended by the EU.

In addition, PCR analysis for the presence of CSFV
genome is included in the enhanced passive surveillance of
aborted foetuses (see chapter “Examinations of abortions in
food producing animals” on page 146).

Active surveillance
The surveillance was designed using a between-herd de-
sign prevalence of 0.5%, a within-herd design prevalence
of 40% and a risk of introduction of 1 in 25 years. The
number of samples needed to achieve a probability of free-
dom of 99% is calculated yearly, taking the surveillance
results of previous years into account. For 2022, the cal-
culated number of samples needed was 2000. Blood sam-
ples collected within the abattoir sampling component of the
surveillance for porcine reproductive and respiratory syn-
drome (PRRS), carried out by Farm and Animal Health (see
chapter “Porcine reproductive and respiratory syndrome” on
page 71), were used for the active surveillance of CSF in do-
mestic pigs. Two to three samples per herd tested for PRRS
were also analysed for CSF.

In addition to the active surveillance of CSF in domes-
tic pigs, active surveillance of CSF in hunted Swedish wild
boar has been undertaken yearly since 2000 (see chapter “In-
fectious diseases in wild boars” on page 129).

RESULTS
Passive surveillance
Five herd investigations following clinical suspicions of
CSF in domestic pigs were carried out during 2022. In all
herds, the primary clinical sign was the sudden, unexplained
death ofmultiple animals within a short period of time. Post-
mortem findings that could be attributed to CSF, including
enlarged livers and organ haemorrhages, were also noted in
three of these herds. During all investigations, samples were
collected and analysed for CSF (andASF). All samples were
negative and all investigated herds were subsequently de-
clared free from CSF.

Within the programme for enhanced passive surveil-
lance of aborted foetuses, 15 foetuses from 10 herds were
examined for the presence of CSF virus genome and all sam-
ples were negative.

Active surveillance
Serum samples from 2144 domestic pigs were analysed for
the presence of antibodies for CSF in 2022. One sample
tested positive on both ELISA and the confirmatory serum
neutralisation test, which prompted a herd investigation.
Clinical examination of the herd did not reveal any clinical
signs consistent with CSF and additional samples collected
from the herd all tested negative. Additionally, the sample
that originally tested positive was sent to the EU reference
lab in Germany for confirmatory testing, with negative re-
sults. The herd was subsequently declared free from CSF.
All other samples taken during 2022 were negative. Tak-
ing the surveillance outcome from previous years into ac-
count, the probability of freedom fromCSF during 2022was
>99%.

DISCUSSION
The results from the active and passive surveillance for CSF
in Sweden in 2022 add to the documentation of freedom
from this infection in the Swedish commercial pig popula-
tion. In recent years, the Swedish pig industry has under-
gone significant structural changes, leading to a rapidly de-
clining number of herds and extensive changes in the mar-
ket and in the habits of farmers. The active surveillance, in
terms of planning design and number of samples, is there-
fore evaluated yearly and adjusted accordingly if needed.
Although the EU is now free from CSF, occasional out-
breaks in domestic pigs in countries close to Sweden and
the extensive movement of products and people, including
labour in the animal production sector, emphasise the con-
tinued need for both passive and active surveillance for CSF.
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Cryptosporidiosis

BACKGROUND
The unicellular parasites Cryptosporidium spp. belongs to
the phylum Apicomplexa and can be either host specific or
have a broad host range. Several Cryptosporidium species
are clearly zoonotic, for example Cryptosporidium parvum,
while the zoonotic potential is lower in other species.

The transmissive life stage, the oocysts, are transmitted
between hosts via the faecal-oral route, sometimes involv-
ing vehicles such as food and drinking water. Oocysts are
infectious immediately upon excretion with the host faeces,
have the capacity to persist long periods in the environment
and can withstand standard water treatment such as chlori-
nation.

Cryptosporidium was first described in animals and was
not officially recognised as a significant human pathogen
until the early 1980s. Its global significance as a pathogen of
infants and young children became clearer after the Global
Enteric Multicenter Study (GEMS) in which it was deter-
mined to be the second leading cause of moderate to se-
vere diarrhoea in infants and toddlers, only behind rotavirus.
However, in Sweden reported cases of cryptosporidiosis are
mainly adults 20–50 years and only approximately 10% are
in the age group 0–4 years. Cryptosporidium spp. have been
ranked as the fifth most important foodborne parasite glob-
ally, as well as in Europe.

DISEASE
Animals
Cryptosporidiosis in animals is of veterinary importance
and may result in clinical morbidity, mortality, and asso-
ciated production losses. However, different Cryptosporid-
ium species infect different host species of animals and may
or may not be of clinical relevance. The zoonotic nature
of various Cryptosporidium species means they may be of
public health relevance, as humans can acquire the infection
from animals, also when the animals have an asymptomatic
infection. C. parvum, an important zoonotic Cryptosporid-
ium species and the major species of clinical importance in
Swedish cattle causes diarrhoea in young calves. The symp-
toms are pasty to watery diarrhoea, sometimes accompanied
by inappetence, fever and dehydration. The animals most
often recover spontaneously within 1–2 weeks. In some
cases, the infection is fatal.

Humans
The disease in humans can range from asymptomatic to se-
vere infection. The infectious dose is low, and the incuba-
tion period varies from 2 to 12 days. Symptoms, which nor-
mally last for up to 2 weeks, include moderate to severe wa-
tery diarrhoea, low-grade fever, cramping abdominal pain,
nausea and vomiting.

SURVEILLANCE
Animals
The surveillance of Cryptosporidium spp. in animals is pas-
sive. Most knowledge about the prevalence in different
animal host species, both domestic and wild, comes from
project-based investigations and studies.

Humans
Notification of human cases is mandatory and surveillance
is based on identification of the disease by treating physician
and/or by laboratory diagnosis. Both are obliged to report to
the regional and national level to enable further analyses and
adequate intervention measures.

In 2018, the Public Health Agency of Sweden initiated
an annual microbiological surveillance programme with the
aim of determining species and subtypes of all domestic
cryptosporidiosis cases in order to better understand the na-
tional epidemiology. Beginning in 2020, the programme
was changed from annual collection to a four-month period
(1 Aug–30 Nov) when most human cases are reported.

LEGISLATION
Animals
Detection of Cryptosporidium spp. in animals is not notifi-
able.

Humans
Cryptosporidiosis is notifiable according to the Communi-
cable Disease Act (SFS 2004:168 with the amendments of
SFS 2022:217.

RESULTS
Humans
In 2022, a total of 716 cryptosporidiosis cases were reported
corresponding to an incidence of 6.8 cases per 100 000 in-
habitants (Figure 17). Among reported cases, the median
age was 38 years (0–90 years) and 55 percent were women
(n=392/716). In 2022, the majority of reported cases were
infected in Sweden (n=550), 146 cases were infected abroad
and for 20 cases information was missing.
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Figure 17: Number of notified human cases of cryptosporidiosis
per 100000 inhabitants from 2009 to 2022
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A peak in reported cases is usually seen in late sum-
mer and autumn. In 2022 most domestic cases were re-
ported in August (n=64), and in October (n=206) due to a
national outbreak (see “In focus”). Out of the 146 cases
infected abroad, 75 percent (n=106) were reported July-
October. Themost common destinationwas Somalia (n=14)
followed by Turkey (n=9) and Portugal (n=8).

As part of the microbiological surveillance programme,
364 Cryptosporidium positive samples were further anal-
ysed for species and subtype. The majority of samples
were C. parvum (n=297). The second most common cause
of cryptosporidiosis was C. hominis (n=20) followed by
Cryptosporidium chipmunk genotype I (n=9). The most
common C. parvum subtypes were IIaA15G2R1 (n=138),
IIaA16G1R1b (n=19), IIdA22G1c (n=19) and IIdA20G1e
(n=14). Two samples of Cryptosporidium erinacei and one
sample of Cryptosporidium horse genotype were also de-
tected. For 35 samples, the molecular typing was unsuc-
cessful.

During the spring and early summer there were several
cases with suspected zoonotic transmission. One cluster was
reported late January from a school in the region of Uppsala.
Several students reported illness and four had confirmed
cryptosporidiosis and were diagnosed with C. parvum sub-
type IIaA14R1. The school has an agricultural profile and
has several animals on the school farm, including cattle,
sheep and horses. All cases had had contact with cattle and
the calves were the suspected source. The sampled calves
were positive for C. parvum subtype IIaA14R1.

In May, three cases of cryptosporidiosis were detected
in personal at an assisted living in the region of Söderman-
land. They had all been in contact with a lamb due to bot-
tle feeding. Samples from two human cases were analysed

and found positive for C. parvum subtype IIaA14G1R1r1.
Lambs were sampled but the samples were negative for
Cryptosporidium spp. However, the lamb that was the sus-
pected source of infection was not sampled.

In June, four cases of cryptosporidiosis were detected in
students and a teacher after a farm visit with calves in the
region of Jönköping. Two cases were sent for typing and C.
parvum subtype IIaA15G2R1 was detected. No calves were
sampled.

In December four cases, all students at a school with
agricultural profile were reported ill with cryptosporidiosis
in the region of Västra Götaland. Samples sent for typing
were all positive for C. parvum subtype IIdA19G1. The stu-
dents had been in contact with several different animals in-
cluding calves the week before disease onset. No animals
were sampled.

DISCUSSION
The incidence of human cases of cryptosporidiosis increased
compared to 2021 partly as a result of a national outbreak
during autumn and also an increase of imported cases as a
result of increased travelling.

The increase of reported cases of cryptosporidiosis over
time is primarily a result of altered laboratory methods and
increased awareness of the disease in primary care. Veg-
etables as vehicles for Cryptosporidium spp. warrants fur-
ther investigation. This route of transmission is complex as
it may involve animals, irrigation water, contaminated wa-
ter and natural fertilisers. Not seldom are these outbreaks
widespread, as the distribution of vegetables can be nation-
wide, and they require national coordination and collabora-
tion between various agencies and regional disease preven-
tion offices.

IN FOCUS: Nationwide C. parvum outbreak linked to contaminated lettuce

In September 2022, there was an increase in the number of cases of cryptosporidiosis. Several
regions reported cases and a national outbreak investigation was initiated. Between 25 September
and 15 October, 107 cases with C. parvum subtype IIaA15G2R1 were detected in 15 different regions.
The median age was 40 years and more females (67%) than males (36%) were infected. Most cases
were detected in the region of Jönköping (n=22), Halland (n=18), Västra Götaland (n =13) and
Östergötland (n=13). IIaA15G2R1 is a common C. parvum subtype and has been reported to cause
outbreaks in other European countries, but not previously in Sweden. Epidemiological investigations
pointed towards contaminated frisée lettuce in ready-to-eat green leaf-mixes as the probable cause
of infection. The origin of the frisée lettuce was never confirmed.

Since the outbreak involved several regions and was quite prolonged over time, it was suspected that
there might be several contaminated sources and hence more than one outbreak. A panel of samples
were analysed with a higher resolution molecular typing method in order to investigate this. The
analysis confirmed that all the samples shared the same profile which strengthened the hypothesis
that all the cases belonged to one outbreak and this one source of contamination.
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Echinococcosis

Figure 18: Through the national screening for Echinococcus multilocularis in red foxes, which started in 2021, 911 faecal samples were
collected in 2022. Two of them were positive, both from the county of Dalarna. Photo: Ondrej Prosicky/iStock.

BACKGROUND
Echinococcosis is a common name for different diseases
in humans caused by tapeworms belonging to the genus
Echinococcus. The genus contains several species, of
which E. multilocularis is the causative agent of alveolar
echinococcosis, while cystic echinococcosis (hydatid dis-
ease) is caused by species within the E. granulosus sensu
lato (s.l.) complex, mainly E. granulosus sensu stricto (s.s.),
but also other species such as E. canadensis and E. ortleppi.

The life cycles of these parasites are similar with car-
nivorous definitive hosts and intermediate herbivorous/om-
nivorous intermediate hosts. However, host ranges vary
between the different Echinococcus species. Humans are
dead-end hosts and may become infected by accidental in-
gestion of eggs shed by the definitive host.

ALVEOLAR ECHINOCOCCOSIS
Background
Echinococcus multilocularis is endemic in large parts of Eu-
rope and has a reported increasing geographical range. Al-
though a rare disease in humans, alveolar echinococcosis is
of considerable public health concern due to its high mortal-
ity if untreated as well as high treatment costs. The defini-
tive hosts of this parasite are mainly foxes, but raccoon dogs,

dogs, coyotes and wolves can also act as definitive hosts.
Rodents, mainly voles, serve as intermediate hosts. Foxes
contract E. multilocularis by eating infected rodents.

Prior to 2010, E. multilocularis had not been detected in
any definitive host, and no case of alveolar echinococcosis
had been reported in Sweden. As a response of finding E.
multilocularis in foxes in Denmark in 2000 an active mon-
itoring programme of red foxes (Vulpes vulpes) was imple-
mented in Sweden. From 2000 to 2010 approximately 300
foxes per year were examined, all with negative results, until
E. multilocularis was found in a fox shot in December 2010
in the county of Västra Götaland.

In the spring of 2011, a national screening was per-
formed in which 2985 hunter-harvested foxes were anal-
ysed. Three foxes were found positive: one in Västra Göta-
land, one in Södermanland and one in the county of Dalarna.
The national screening continued in 2012 – 2014 and 2779
fox scat samples were analysed. Three samples were posi-
tive: one from Gnesta, one from Katrineholm (both in Sö-
dermanland) and one from Västra Götaland. During this pe-
riod the parasite was also detected in fox scats from an area
near the town Växjö in the county of Kronoberg.
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To obtain a better prevalence estimate in a known in-
fected area, fox scats were collected in 2011, by a system-
atic sampling procedure from a circular area with a diameter
of 25 km surrounding a positive finding in Södermanland.
Six out of 790 (0.8%) faecal samples were positive. Also,
to follow up the positive findings from the five areas where
the parasite had been detected so far, hunters were asked to
submit 30 foxes from an area with a diameter of 40 km. The
sampling started in 2012 and continued to 2016. In Västra
Götaland two foxes were positive, in Södermanland three
foxes from Katrineholm and one from Gnesta were positive,
whereas all tested foxes from Dalarna and Kronoberg were
negative.

In 2020, fox scats were collected again from the areas
in Uddevalla, Gnesta, and Katrineholm where the parasite
has been previously found. The results revealed that it was
still present in two of the three areas (12 of 109 fox scats
from Uddevalla, Västra Götaland and 7 of 18 from Gnesta,
Södermanland were positive), while none of 108 samples
from the area in Katrineholm, Södermanland tested posi-
tive. In 2021 a follow-up targeted screening was conducted
in Gnesta and Uddevalla to investigate potential spread from
these hot spots. A circular area up to 5 km from each of the
original finding sites was samples. At both locations posi-
tive samples were found near the perimeter of the extended
area. In total, 10 of 63 samples from Gnesta and 5 of 102
samples from Uddevalla were positive.

Potential intermediate hosts have also been examined
and the parasite was first found in voles caught in the county
of Södermanland in 2013 (Gnesta/Nyköping). One out of
187 field voles (Microtus agrestis) and eight out of 439 wa-
ter voles (Arvicola amphibius) had metacestode lesions con-
firmed by PCR and sequencing. Protoscoleces were demon-
strated in the Microtus agrestis and in three out of eight Ar-
vicola amphibius. No lesions were found in bank voles (My-
odes glareolus; n=655) or mice (Apodemus spp.; n=285).

In 2012, alveolar echinococcosis was diagnosed in hu-
mans in Sweden for the first time. There were two human
cases with clinical symptoms, and both were considered to
have been infected abroad. No human cases were diagnosed
in 2013 to 2015. From 2016 and onwards, there have been
zero to four cases reported yearly.

Disease
Animals
In the definitive animal host, the infection is asymptomatic.
The main intermediate hosts, rodents, will usually die from
the infection if not captured by a predator.
Humans
In humans, alveolar echinococcosis may develop into a se-
rious, potentially fatal disease characterised by infiltrative
tumour-like lesions in the affected organ. The incubation
period for developing alveolar echinococcosis in humans
is assumed to be between 5 and 15 years. Because of the
long incubation period, the disease is most frequently seen
in adults. The most common site of localisation is the liver,
but other organs can also be affected. Symptoms depend on
the site and size of the lesion.

Legislation
Animals
Detection of the parasite is notifiable according to Swedish
legislation (SJVFS 2021:10).

Humans
Infection with Echinococcus spp. has been notifiable since
2004 according to the Communicable Disease Act (SFS
2004:168 with the amendments of SFS 2022:217). How-
ever, notification at the species level is not required. If
cases of E. multilocularis occur in humans, the data will be
presented in the annual report at the website of the Public
Health Agency of Sweden (folkhalsomyndigheten.se). Be-
fore 2004, Echinococcus spp. was reported on a voluntary
basis by the laboratories.

Surveillance
Animals
As E. multilocularis does not cause clinical signs in the
definitive host, surveillance in these species must either be
active or enhanced passive for example by collection of
materials from animals submitted for other reasons. Since
2012, all free-living wolves submitted to necropsy at the
National Veterinary Institute (SVA) have been tested with
MC-PCR, without any positive finding. Furthermore, a sec-
ond national screening funded by the Board of Agriculture
was initiated in 2021. During this three-year project, up to
3000 samples (faecal samples from dead foxes and fox scats)
will be collected and analysed with MC-PCR. Collaboration
with field staff from the Swedish Association for Hunting
and Wildlife Management and calls to the public to con-
tribute with samples in this citizen science project is used
to receive samples from the entire country.

Humans
Surveillance is passive and based on identification of the
disease by a treating physician or by laboratory diagnosis.
Both the physician and the laboratory are obligated to report
identified cases to the regional and national level to enable
further analyses and adequate intervention measures.

Results
Animals
Within the ongoing national screening that started in 2021 a
total of 1089 fox scats or faecal samples from red foxes had
been collected at the end of 2022. One of the 178 samples
from 2021 tested positive with MC-PCR. Thereby a new in-
fected area was identified in Kungsbacka in the county of
Halland in south-west Sweden. By April 2023, 899 of the
911 samples collected in 2022 had been analysed, and two of
these were positive. Both were from the county of Dalarna,
one from Borlänge and one from Avesta (approximately 60
km apart). Of note is that in 2011 the parasite was found in
one fox from Borlänge, and although around 30 foxes from
the surrounding area were tested during the following years
it has not been detected there again until 2022. Furthermore,
6 of 23 samples collected in the area around Gnesta, Söder-
manland, where the parasite has been detected repeatedly
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since 2011, tested positive. In addition, 47 wolves (Canis
lupus lupus) and two domestic dogs were tested with the
MC-PCR and all were negative.

Humans
In 2022, molecular techniques confirmed infection of E.
multilocularis (alveolar echinococcosis) in two women, me-
dian age 63 years.

It could not be determined if these cases were infected
in Sweden or abroad. It is sometimes difficult to determine
the exact country of infection, due to the long incubation pe-
riod, from when the infection was acquired until the debut
of symptoms.

Discussion
E. multilocularis occurs sporadically in Sweden. It is not
known how and when the parasite was introduced into
the country. The national screening finalised in 2014 can
be used as a baseline estimate of the national prevalence,
against which future trends can be assessed. It is well known
from other countries that the prevalence of this parasite
varies geographically. In Sweden, regional screenings have
previously shown a prevalence of more than 1% in a part of
the county of Södermanland, and within a research project
18 of 80 (22%) fox scats were found to be positive in one
of four investigated small areas (Miller et al., 2016). How-
ever, the true geographical distribution is unknown but so
far, no positive cases have been found north of the county
of Dalarna. Up until 2020, the infection had been detected
in five different areas. The repeated finding of positive fox
scats in two of these areas shows that the parasite is still
present in these locations (at least until 2021).

E. multilocularis has also been found in intermediate
hosts, for the first time in 2013. This finding increases our
knowledge about in which biotypes the life cycle of the par-
asite can be completed. It has been suggested that the ab-
sence of common voles (Microtus arvalis) in Sweden may
be a contributing factor to the low prevalence of the para-
site. However, in some small areas, prevalence has been
reported to be higher and more research is needed to clarify
which intermediate host(s) are most important.

Based on the knowledge available today, there is a risk
for occasional cases of alveolar echinococcosis acquired in
Sweden in the future, but the infection will most likely con-
tinue to be very rare in humans.

CYSTIC ECHINOCOCCOSIS
Background
Cystic echinococcosis is caused by Echinococcus granulo-
sus s.l. and domestic dogs and wolves are the most frequent
definitive hosts. Eggs of the parasite are excreted in fae-
ces into the environment where they can infect intermediate
hosts such as sheep, pigs, cattle, horses and wild ruminants.
The eggs develop into the larval stage (hydatid cyst) mainly
in the liver but also in other organs of the intermediate host.
The definitive hosts become infected by consuming organs
containing hydatid cysts.

Echinococcosis was quite common in reindeer in the

northern parts of Scandinavia in the first half of the 20th cen-
tury. In the 1990s, single cases of E. granulosus s.l. were
detected in moose and reindeer in Sweden. Since then, the
parasite has not been detected in any intermediate host, ex-
cept sporadic cases in horses imported from Great Britain
or Ireland where they most likely had acquired the infec-
tion. However, in a retrospective study of biobank material
from 116 wolves submitted to SVA during 2012–2020, fae-
cal samples from two wolves culled in 2012 tested positive
with a MC-PCR detecting E. canadensis genotype 8/10 as
well as E. ortleppi.

Disease
Animals
In animals, the infection is usually asymptomatic.

Humans
In humans, the main site for cystic echinococcosis is the
liver. However, it may also be located in the lungs, brain or
other tissues. Infected patients may remain asymptomatic
for years or permanently. Clinical signs of disease depend
on the number of cysts, their size, localisation and pressure
exerted on surrounding organs or tissues. The incubation pe-
riod for developing cystic echinococcosis ranges from one
to several years.

Legislation
Animals
Detection of the parasite is notifiable in all animals accord-
ing to (SJVFS 2021:10).

Humans
Echinococcosis has been notifiable according to the Com-
municable Disease Act since 2004 (SFS 2004:168 with the
amendments of SFS 2022:217). However, notification on
species level is not required. If cases of E. granulosus oc-
cur in humans, the data will be presented in the annual re-
port at the website of the Public Health Agency of Sweden
(folkhalsomyndigheten.se). Before 2004 Echinococcus spp.
was voluntarily reported by the laboratories.

Surveillance
Animals
At slaughter, all livestock are inspected for cysts during rou-
tine meat inspection. Semi-domesticated reindeer are in-
spected at slaughter, but not all free-ranging hunted cervids
are inspected. If cysts, that could be hydatid cysts, are found
in the liver or lung they should be sent to the SVA for diag-
nosis.

Since 2012, all free-living wolves submitted to necropsy
at the SVAhave been testedwithMC-PCR,without any pos-
itive finding.
Humans
Surveillance is passive and based on identification of the
disease by a treating physician or by laboratory diagnosis.
Both the physician and the laboratory are obligated to report
identified cases to the regional and national level to enable
further analyses and adequate intervention measures.
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Results
Animals
In addition to the routine inspection at slaughter, 47 wolves
were tested by MC-PCR detecting E. canadensis genotype
G8 and G10 as well as E. ortleppi, and all were negative.

Humans
During 2022, 20 human cases of infection with Echinococ-
cus spp. were reported, most probably infected with E.
granulosus s.l. (cystic echinococcosis), based on epidemi-
ological data and the geographical distribution of the vari-
ous Echinococcus species. Median age was 35 years (range
13–78 years) and slightly more men than women were in-
fected (n = 11). All of these cases were deemed to have
been infected abroad. The most common countries of in-
fection were Iraq (n=5), Syrian Arab Republic (n=4) and
Afghanistan (n=3).

Discussion
Echinococcus granulosus s.l. is very rarely detected in an-
imal intermediate hosts in Sweden. In reindeer it has not
been detected since the late 1990s, when it was reported
in three reindeer in the northernmost regions of Sweden,
bordering to Norway and Finland. However, retrospective
analysis of biobank samples from 2012–2020 has revealed
that two wolves culled in 2012 were infected with genotype
G8/10 (or possibly G5). In Finland, the parasite is present at
a low prevalence in wildlife (wolves, moose and reindeer)
and has been genotyped as E. canadensis (G10). Retrospec-
tive analysis of one of the three above mentioned Swedish
reindeer revealed the same genotype. This species is consid-
ered as less pathogenic, and possibly with a lower zoonotic
potential, than E. granulosus s.s. that is prevalent in some
other parts of Europe and identified mainly in a cycle be-
tween dogs and farm animals.

Hydatid cysts are also occasionally found in horses at
slaughter with the latest case in 2021. The horse had been
imported from Ireland in 2015, and parasite material was
genotyped as E. equinus (G4, horse strain). Cystic equine
echinococcosis is a very rare finding in Sweden with the lat-
est previous case reported in 2011. Furthermore, there is
no indication of any transmission in Sweden, since the in-
fection has only been diagnosed in imported horses. The
absolute majority of these have been from the United King-
dom or Ireland, where E. equinus in known to be endemic.

This species is regarded as specific for equids as intermedi-
ate hosts, and with a very low zoonotic potential.

In humans, cystic echinococcosis is a rare disease seen
in immigrants or other people who have resided in endemic
countries. In Sweden, no domestically acquired human
cases have been reported since the infection became no-
tifiable. In Finland, on the other hand, pulmonary cystic
echinococcosis (E. canadensis) was confirmed in 2015 in
a patient with no history of travelling abroad. The infection
was presumably transmitted by hunting dogs.
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Enzootic bovine leucosis

BACKGROUND
Enzootic bovine leucosis (EBL) is caused by bovine
leukaemia virus (BLV), which is an oncovirus in the family
Retroviridae. The viral infection is transmitted by infected
lymphocytes via contact with contaminated biological mate-
rial from an infected animal. Sweden is officially free from
EBL since January 2001. Before this, a voluntary control
programme had started in 1990 and a mandatory eradication
programme had been running since the autumn of 1995.

DISEASE
EBL is characterised by multiple cases of multicentric lym-
phosarcoma in adult cattle within a herd after an incubation
period of 4–5 years. The tumours can develop rapidly in
many sites, which may cause variable clinical signs depend-
ing on the site. Persistent lymphocytosis, without clinical
signs, develops earlier but rarely before two years of age.
The infection can also result in immunological dysfunction
with a greater susceptibility to other infectious diseases, a
decrease in milk production and lower conception rate.

LEGISLATION
EBL is a listed disease (category C, D and E) in the Animal
Health Law, (EU) 2016/429. Sweden is officially free from
the disease in accordance with (EU) 2021/620 and surveil-
lance to demonstrate freedom from EBL is implemented in
accordance with (EU) 2020/689. EBL is notifiable on clin-
ical suspicion as described in SJVFS 2021/10 (K12).

SURVEILLANCE
The purpose of the surveillance is to document freedom
from EBL. The Swedish Board of Agriculture is responsible
for the surveillance, which is implemented by Växa, Swe-
den’s largest cattle farmer association, through their milk

quality control programme and is synchronised with the pro-
grammes for bovine viral diarrhoea and infectious bovine
rhinotracheitis. The surveillance also includes serum sam-
ples from beef cattle, collected at abattoirs. The sample size
for dairy herds is calculated based on a herd design preva-
lence of 0.2% and a confidence level of 99%, and for beef
cattle on a herd design prevalence of 0.2%, an animal de-
sign prevalence of 10% (beef cattle) and a confidence level
of 99%.

To achieve this, approximately 1500 herds need to be
randomly sampled per year. Bulk milk samples are col-
lected within the quality control programmes of the dairies.
The surveillance in beef herds is performed with an aim to
randomly sample 1–3 animals per herd in 2300 herds ev-
ery year. Serum is collected from slaughtered cattle above
2 years of age originating from sampled herds. Details on
numbers of herds and animals tested in 2022 are given in
Table 8.

Diagnostic testing is performed at the National Veteri-
nary Institute (SVA). Milk is analysed using the IDEXX
Leukosis Milk Screening Ab test kit (IDEXX Laboratories,
Westbrook, Maine, United States) and serum is analysed us-
ing the IDEXX Leukosis Serum X2 Ab Test kit (IDEXX
Laboratories, Westbrook, Maine, United States). For con-
firmation, a blocking ELISA (IDEXX Leukosis Blocking
Ab test, IDEXX Laboratories, Westbrook, Maine, United
States) is used for serum samples, and IDEXX Leuko-
sis Milk Verification Ab test (IDEXX Laboratories, West-
brook, Maine, United States) is used for milk samples.

In addition to the active surveillance, pathological find-
ings indicating lymphoma are investigated for EBL using
PCR (Ballagi-Pordány & Belák 1996) as a part of passive
surveillance.

Table 8: Total numbers of herds and animals tested for bovine leukaemia virus antibodies in 2022.

Herd type (sample type) Herds Animals

Dairy herds (one bulk milk sample per herd) 1761 -

Beef herds (blood from 1–3 animals per herd) 2648 5387
Beef herds with at least three tested animals 267 -
Beef herds with two tested animals 1930 -
Beef herds with one tested animal 418 -
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RESULTS
Fifteen bulk milk samples from different herds were tested
antibody positive in 2022. All herds were resampled on herd
and/ or individual level, and the final conclusion was that the
results from these samples were falsely positive.

Samples from five clinical cases where EBL could be
suspected (three tumours in lymph nodes, one alimentary
lymphoma and one with lumps in the skin) were reported
and further investigated. In three of the cases, tissue sam-
ples were analysed by PCR and in two cases bulk tank milk
from the herd was tested by ELISA, all with negative results.

DISCUSSION
Sweden was declared free from EBL in 2001 (Commission
Decision 2001/28 EC) and has had a very stable disease-free
situation since then. In 2012, one slaughtered animal above
two years of age was positive for EBL. All animals over six
months in the herd from which the positive animal origi-
nated were tested for EBL in spring 2013, and all samples
were negative. The herd was thereafter cleared from sus-
picions of EBL infection. In late 2019 / early 2020, a new

test kit for milk samples was introduced that resulted in a
slight increase of the number of milk samples being falsely
positive. This increase has been steady since then.

EBL is present in many countries in the world, but sev-
eral countries, especially in Western Europe, are officially
free from this infection. However, the infection is present
in several countries close to Sweden such as Poland, Latvia,
Lithuania, Russia and Ukraine. This may pose a risk for new
introduction of the disease into the country.
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Footrot

Figure 19: Lameness is a typical sign of footrot. Photo: Ylva Persson.

BACKGROUND
Footrot is a globally distributed contagious disease in sheep
and goats. The causative agent isDichelobacter nodosus (D.
nodosus). The disease is characterised by interdigital necro-
tising inflammation with underrunning of part or all the soft
horn of the heel and the sole. Predisposing factors are hu-
mid and warm weather conditions. The severity of footrot
can vary by the strain of D. nodosus and the environmental
conditions.

The first case of footrot in Swedish sheep was iden-
tified in 2004. Data on all affected flocks have been
recorded since 2004. A voluntary control programme for
footrot (“Klövkontrollen”) was established by Farm & An-
imal Health in 2009. Within the programme, the definition
of footrot is when virulent strains ofD. nodosus are detected
with or without clinical lesions or when benign strains are
detected together with clinical lesions.

DISEASE
The clinical signs of the disease are typically foot lesions,
and lameness due to the painful lesions. However, lameness
is not a consistent clinical sign in affected sheep. Footrot

varies greatly in severity from inflammation of the interdig-
ital skin to complete underrunning of hoof horn.

LEGISLATION
Footrot (virulent strains of D. nodosus) is a notifiable dis-
ease in Sweden (SJVFS 2021:10).

SURVEILLANCE
The aim of the control programme is to eliminate footrot
from affected sheep flocks and to provide certification of
freedom from footrot for the sheep trade. Another important
part of the programme is training of veterinarians and non-
veterinary staff to perform clinical inspection and footrot
scoring. The feet of sheep are inspected by veterinarians and
farmers on an annual basis. The inspections are performed
from August 15 to October 15, when the risk of footrot is
highest due to the weather conditions. For all newly affil-
iated flocks and for all affiliated flocks with clinical signs
suspecting footrot, a real-time PCR is used for detecting D.
nodosus and determining strain virulence.

Flocks in which no clinical signs of footrot or virulent
strains of D. nodosus are detected in any of the adult sheep
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are certified as free (F-status). If signs of footrot (virulent
strains with or without clinical lesions or benign strains with
clinical lesions) are detected, measures to eliminate footrot
are undertaken, including foot baths in zinc sulphate and, if
necessary, antibiotic treatment, moving of animals to clean
pasture and culling of chronically infected sheep. Flocks
with a history of footrot can be certified as free at the earli-
est ten months after the last signs of infection.

396 (out of a total of 8282) sheep flocks are affiliated to
the control programme. Most of the top pedigree flocks in
Sweden are affiliated to the programme.

RESULTS
In 2022, footrot was confirmed in 3 new flocks within the
control programme (Figure 20). In these flocks, benign
strains of D. nodosus were detected. No virulent strain was
reported to the authorities. In the programme, 384 flocks
were certified free from footrot (F-status). Actions for vet-
erinary advice for elimination were not taken in the three
flocks with footrot. Actions for elimination are voluntary
(hence why not all positive flocks undergo elimination pro-
cedures). A field study of the prevalence of footrot and
contagious ovine digital dermatitis in adult sheep was per-
formed in September. The prevalence of footrot was 0.7%
on individual level and 2.0% on flock level.

DISCUSSION
The control programme demands quarantine before new an-
imals can enter the flock, and hence the awareness of biose-
curity and disease control in general has been enhanced in
the sheep farming community. Since most of the pedigree
flocks are affiliated, the impact of the programme is signif-
icant although they represent a minority of sheep flocks in
Sweden. The sheep farmers association’s agreement on a
trade ban from infected flocks has been essential to the pro-
gramme’s success. Good collaboration between authorities,

the academia, veterinarians, and individual sheep farmers
has resulted in a cost-effective control programme. The new
real-time PCR can discriminate between benign and virulent
strains. This typing might make it possible to limit manda-
tory notification to virulent strains of footrot. During 2021,
the control programme was evaluated by the National Vet-
erinary Institute (SVA) and Farm&Animal Health for more
cost-effective sampling, diagnostics and control measures.
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Figure 20: Number of sheep flocks with detected footrot within the programme, 2004–2022.
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Infectious bovine rhinotracheitis

BACKGROUND
Infectious bovine rhinotracheitis (IBR) is caused by bovine
herpes virus 1. The same virus can affect different organ
systems causing respiratory, abortive, genital or conjuncti-
val disease. Transmission is mainly by aerosol for the res-
piratory form and by venereal transmission for the genital
form.

Examination of Swedish bulk milk samples during the
early 1990s showed the presence of a small number of
seropositive herds. No signs of clinical disease were present
in these herds. An eradication programme was initiated in
1994 and the last seropositive animal was found in 1996.

DISEASE
The incubation period of IBR is 3–21 days, but the virus
can be silently present in the host animal and be reactivated
by stress or immunosuppression. The clinical picture varies
by subtype of the virus but also with the environmental and
management factors. Several manifestations of the disease
can be present during the same outbreak in the same herd.
However, the clinical signs are typically concentrated either
to the respiratory tract, reproductive organs or the eyes.

LEGISLATION
IBR is a listed disease (category C, D and E) in the Animal
Health Law, (EU) 2016/429. Sweden is officially free from
the disease in accordance with (EU) 2021/620 and surveil-
lance to demonstrate freedom from IBR is implemented in
accordance with (EU) 2020/689. IBR is notifiable on clini-
cal suspicion as described in SJVFS 2021/10 (K12).

SURVEILLANCE
During 2022 all diagnostic testing was performed at the Na-
tional Veterinary Institute (SVA). Milk samples were anal-
ysed for the presence of antibodies using an indirect ELISA
(ID screen IBR Milk indirect, Innovative Diagnostics, Gra-
bels, France), and serum samples were analysed with a
blocking ELISA (IDEXX BHV1 gB AB test kit x3, IDEXX
Laboratories, Westbrook, Maine, United States). Positive
milk and serum samples were confirmed with an indirect
ELISA (SVANOVIR IBR-Ab, INDICAL Sweden AB, Up-
psala, Sweden), in accordance with the WOAHmanual. Se-
men and organ samples were tested with a real-time PCR
(Wang et al., 2007). A positive case is defined as an animal
with a positive PCR result or a confirmed positive serologi-
cal reaction for IBR.

Passive surveillance
Suspicions based on clinical signs must be reported to the
Swedish Board of Agriculture and will be subsequently in-
vestigated.

Active surveillance
The purpose of the surveillance is to document freedom
from IBR. The Swedish Board of Agriculture is responsible
for the surveillance, which is implemented by Växa, Swe-
den’s largest cattle farmer association, through their milk
quality control programme and is synchronised with the pro-
grammes for bovine viral diarrhoea and enzootic bovine leu-
cosis. The surveillance also includes serum samples from
beef cattle, collected at abattoirs. The sample size for dairy
herds is calculated based on a herd design prevalence of
0.2% and a confidence level of 99%, and for beef cattle on
a herd design prevalence of 0.2%, an animal design preva-
lence of 10% (beef cattle) and a confidence level of 99%.

In addition to the official active surveillance programme,
bulls are tested within health schemes at semen collection
centres and all cattle (and other potentially susceptible ru-
minants) are tested before export and import.

RESULTS
Within the active surveillance in 2022, 4020 bulk milk sam-
ples and 5685 serum samples from beef cattle were exam-
ined. Of these, 36 serum samples and 3 bulk milk samples
tested positive in the screening test but negative in the con-
firmatory test. In addition, 159 cattle and 1 European bison
were tested as part of health schemes or prior to export or
import. All samples were negative.

No clinically suspected cases of IBR were reported in
2022.

DISCUSSION
In summary, no herd or individual animal was diagnosed
with IBR infection during 2022. This supports Sweden’s
IBR-free status.
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Influenza

Influenza viruses are members of the Orthomyxoviridae
family and are divided into four genera: Alphainfluenza-
virus (species; influenza A virus [IAV]), Betainfluenzavirus
(influenza B virus [IBV]), Gammainfluenzavirus (influenza
C virus [ICV]), and Deltainfluenzavirus (influenza D virus
[IDV]), which may have numerous animal species (domes-
tic and wild) reservoirs.

Influenza type A is a viral disease affecting both birds
and mammals, including humans. The causative agent is
an RNA virus with a marked ability to change over time.
New strains are created both through accumulation of point
mutations (antigenic drift) and through genetic reassortment
(antigenic shift). Influenza type A viruses are classified
into different subtypes based on the surface glycoproteins:

haemagglutinin (H) and neuraminidase (N). Currently, there
are 18 haemagglutinin (H1–H18) and eleven known neu-
raminidase (N1–N11) subtypes.

There is only one serotype for influenza type B viruses
with two evolutionary lineages, the B/Victoria/2/87-like and
B/Yamagata/16/88-like lineages. The single serotype of in-
fluenza type C virus has six evolutionary lineages.

In 2011, a novel influenza virus was detected in pigs ex-
hibiting influenza-like symptoms. The virus initially iden-
tified as a subtype of type C but soon was recognised as a
new genus: Influenza type D virus. Although the virus was
identified among pigs with respiratory illness, serological
evidence indicates presence of influenza D virus in cattle
populations around the globe.

Figure 21: Electron microscopy of low pathogenic H5N2 influenza A virus. Photo: SVA & Public Health Agency of Sweden.
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Avian influenza

BACKGROUND
Avian influenza virus (AIV) refers to influenza A viruses
naturally circulating among wild aquatic birds worldwide,
which can infect domestic poultry and other bird species
and that have sporadically been found in other animal
species, including marine mammals, domestic animals, and
humans. The causative agent is a segmented RNA virus
with a marked ability to change over time. New strains
emerge through the accumulation of point mutations (anti-
genic drift) and genetic reassortment (antigenic shift). In-
fluenza A viruses are classified into different subtypes based
on the surface glycoproteins: haemagglutinin (H) and neu-
raminidase (N). Currently, there are 18 haemagglutinin (H1-
H18) and eleven known neuraminidase (N1-N11) subtypes.
Except for the subtypes H17N10 and H18N11, which have
only been found in bats, all other possible combinations are
known to circulate in the aquatic wild bird reservoir.

Avian influenza (AI) is highly contagious in poultry and
is spread both directly and indirectly. Wild aquatic birds
are reservoirs for low pathogenic avian influenza viruses
(LPAIV) including subtypes H5 and H7, which upon trans-
mission and further adaptation to poultry may mutate and
become highly pathogenic avian influenza virus (HPAIV).

The detection of HPAIV H5N1 in Hong Kong in 1997,
with the ability to cause disease in humans, highlighted
the potential threat of AI to animal and human health.
Since then, extensive outbreaks caused by HPAIV of the
goose/Guangdong/96 (Gs/ Gd) lineage have occurred re-
peatedly in various regions in Asia, Africa, and Europe.

Historically, there have been four recorded HPAI
outbreaks in Sweden: in 2006, 2015, 2016–2017 and
2020–2021. The 2006 and 2015 outbreaks were limited
to findings among wild birds. The 2016–2017 outbreak,
besides affecting the wild bird population, resulted in out-
breaks in poultry and the depopulation of several thousand
domestic birds (Figure 23).

The 2020–2021 outbreak of HPAI caused the largest
poultry disease outbreak ever recorded in Sweden, where
more than two million birds were lost to the disease itself
or culled to prevent the further spread of the virus. The epi-
demic started in November 2020 and continued with out-
break events among wild birds and poultry all through 2022.

Figure 22: One of many guillemots (common murre) found dead on Gotland island during the summer of 2022, with the Karlsö islands
in the background. Photo: Måns Hjernquist.
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Figure 23: Timeline of HPAI outbreaks in Sweden 2006–2022. Infographic by Siamak Zohari.

Animals
The case fatality rate in birds infected with HPAIV may be
as high as 100%, but this depends on the species affected, co-
infections, virulence of the virus and other factors. In gen-
eral, gallinaceous birds, including turkeys and chickens, suf-
fer a more severe disease than waterfowl such as ducks and
geese, which may exhibit only minor or no clinical disease.
LPAIV infections most often cause asymptomatic infections
or mild respiratory disease. HPAIV infections cause vari-
able clinical signs such as cyanosis, respiratory distress, di-
arrhoea, nervous signs, depression, decreased food and wa-
ter intake and decreased egg production with altered egg
quality. Sometimes the only clinical sign is the sudden death
of a large number of birds. While AIV is initially restricted
to wild and domestic bird species, spillover into mammalian
species, including humans may occur. Several recent re-
ports describe the detections of HPAI H5N1 in wild terres-
trial and aquatic mammals, causingmorbidity andmortality.

Humans
The reported signs and symptoms of AIV infections in hu-
mans have ranged frommild to severe and included conjunc-
tivitis, influenza-like illness (e.g., fever, cough, sore throat,
muscle aches) sometimes accompanied by nausea, abdomi-
nal pain, diarrhoea and vomiting, severe respiratory illness
(e.g., shortness of breath, difficulty breathing, pneumonia,
acute respiratory distress, viral pneumonia, respiratory fail-
ure), neurological changes (altered mental status, seizures)
and the involvement of other organ systems. In rare cases,
human infections with HPAIV can lead to severe pneumonia
and death.

Since 2003, 868 human cases of HPAIV H5N1 infec-
tion have been identified worldwide with a death rate of

53%. The majority of human cases of H5N1 infections
have been associated with close direct or indirect contact
with infected live or dead poultry. In September-October
2022, two human detections in farm workers with HPAIV
H5N1 of HA Clade 2.3.4.4b were identified in Spain, as-
sociated with the confirmation of an HPAI outbreak in the
poultry farm. The farm workers had been involved in clean-
ing tasks using personal protective equipment (PPE) and re-
mained asymptomatic after initial positive detection and iso-
lation. Later serology from both cases showed no specific
H5-antibodies, which, together with low virus titres detected
by PCR, suggest that no active infection occurred, and that
rather environmental contamination explains the results ob-
tained. Some EU/EEA countries (Spain and UK) are ac-
tively sampling personnel based on the increased occupa-
tional risk for this group. Infection with HPAIV H5N1 was
also reported in one case in the United States of America
associated with the handling of infected birds and in China
in one human with a fatal outcome. Six human infections
associated with H5N6 activity has been detected in China
in 2022. In addition, one A(H5) case from a child was re-
ported in Vietnam in November 2022. From 2014 to De-
cember 2022, 84 laboratory-confirmed cases of human in-
fection with HPAIV H5N6 from China (83) and Laos (1),
including 33 with fatal outcomes have been reported. In all
cases, there was a known exposure to sick animals or a con-
taminated environment, and there was no link between indi-
viduals.

From 1998 to December 2022, 121 laboratory-
confirmed cases of human infection with LPAIV H9N2, in-
cluding two fatal cases, have been reported globally. Cases
occurred in China (108), Egypt (4), Bangladesh (3), India
(1), Cambodia (2), Oman (1), Pakistan (1), and Senegal (1).
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Cases reported in 2022 occurred in China (17) and one in
Cambodia. Most of the infections were mild and were de-
tected in children aged 10 or younger with known exposure
to poultry or contaminated environment.

One human case of infection with AIV H10N3 was re-
ported from China in 2021. A second case was detected in
Zhejiang, China in June 2022. The H10N3 has been de-
tected in poultry and may be detected in humans exposed to
infected birds.

Two laboratory-confirmed cases of LPAIV H3N8 in hu-
mans (both children) have been reported to WHO in China
(Western Pacific Region), one of the cases was fatal.

LEGISLATION
Animals
HPAI and infection with LPAIV are listed diseases (cate-
gory A, D and E for HPAI, and D and E for LPAIV) in
the Animal Health Law, (EU) 2016/429. Moreover, HPAI
of all subtypes, as well as LPAI of H5 and H7 subtypes,
are included in the Swedish Act of Epizootic diseases (SFS
1999:657 with amendments) and cases are notifiable upon
suspicion. If AI is suspected or confirmed on a farm, mea-
sures will be taken to combat the disease and to prevent
further spread according to Delegated regulation 2020/687
supplementing Regulation (EU) 2016/429 as regards rules
for the prevention and control of certain listed diseases that
came into force on April 21, 2021.

The Swedish avian influenza surveillance programme in
poultry and wild birds 2022 is based on the delegated regula-
tion 2020/689 supplementing Regulation (EU) 2016/429 as
regards rules for surveillance, eradication programmes, and
disease-free status for certain listed and emerging diseases
started in 2022.

Humans
All laboratory-confirmed cases of influenza are notifiable,
and HPAIV H5N1 is classified as a high consequence
pathogen according to the Communicable Disease Act (SFS
2004:168 with amendments). All human infections caused
by a new influenza subtype are required to be reported

immediately to the European Centre for Disease Preven-
tion and Control, ECDC, the Early Warning and Response
System of the European Union (EWRS) under the Interna-
tional Health Regulations (IHR, 2005). Specimens should
be shared with WHO Collaborating Centres.

SURVEILLANCE
Surveillance programmes are carried out annually in all EU
member states since 2002 to monitor the AIV situation in
poultry and wild birds, with a focus on early detection/early
warning of the subtypes H5 andH7 in particular. Themolec-
ular and serological assays for testing the samples collected
within the surveillance programmes were recommended by
the European Reference Laboratory for Avian Influenza,
Padua, Italy (EURL, ISZVE).

Poultry
The surveillance programme in poultry is based on both
serological and virological active surveillance in addition to
the passive clinical surveillance. The aim of the serological
surveillance is mainly to detect exposure to LPAIV. Viro-
logical testing is carried out in Anseriformes birds (mallards,
ducks and geese) mainly to detect HPAIV as these species
may not display clear clinical signs of disease. Twenty
birds per flock was sampled with oropharyngeal and cloa-
cal swabs that were analysed with PCR. Serological surveil-
lance for 2022 included kept game birds (mallards), lay-
ers, breeders, turkeys, geese and ducks. Ten blood samples
from each holding were collected except for holdings with
geese, ducks or mallards where 20 samples from each hold-
ing were collected. In holdings with fewer individuals than
the abovementioned sample size, all individuals were sam-
pled. In addition to the surveillance programme, samples
were taken on clinical suspicion. On clinical suspicion of
AI or Newcastle disease, laboratory analyses for both dis-
eases are generally performed.

The surveillance programme for 2022 was based on
partly risk-based and partly representative sampling and the
laboratory analyses were performed at the National Veteri-
nary Institute (SVA). All poultry samples were collected at
slaughter, except breeders and game birds. Samples from

Table 9: Number of holdings of different poultry categories sampled in the surveillance for avian influenza 2013–2022.

Category 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

Laying hens kept indoors 44 58 68 62 68 65 73 63 57 50
Free range laying hens 16 23 23 30 43 49 67 52 47 47
Turkeys 26 16 18 18 16 16 18 18 14 15

Ducks 1 3 3 4 1 2 3 1 5 0
Geese 13 9 9 7 5 6 3 1 2 2
BroilersA B 26 12 22 33 23 33 22 14 3 0

RatitesB 2 3 3 3 2 2 5 3 7 0
Breeding hens (parents) 36 32 31 34 35 30 34 35 28 31
Breeding turkeys (parents) 3 2 3 3 3 3 3 3 3 3

Game birds (mallards) 7 5 6 7 2 5 5 6 10 9
Game birds (pheasants)B 16 12 13 9 13 12 8 10 8 1

Total 190 175 199 210 211 223 241 206 184 158

ASmall-scale production.
BNot included form 2022 onwards.
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these categories of birds were collected at their holdings.
Breeders were sampled late in their production period. Sam-
ples were analysed using an ELISA (ID Screen Influenza
A antibody competition ELISA kit, Innovative Diagnos-
tics, Grabels, France). Positive results were confirmed with
haemagglutination inhibition tests (for subtypes H5 and H7)
in accordance with the EURL guidelines.

Wild birds
Annual migrations of wild birds have been implicated in the
incursion of HPAIV into Sweden in 2006, 2015, 2016, 2018,
2020 and 2021. Wild migratory birds play a key role in the
long-distance spread, introduction into new areas or coun-
tries and further local amplification and spread of HPAIV.

The AI surveillance in wild birds is passive and based
on birds found sick or dead and reported to SVA’s web ap-
plication rapporteravilt.sva.se. A selection of birds is sub-
mitted for postmortem examination and sampling for AIV.
Species not previously confirmed positive in a given mu-
nicipality during the preceding 30 days are eligible for sam-
pling. The wild bird surveillance in Sweden includes a
wider list of species compared to the list of target species
for avian influenza surveillance published by the Euro-
pean Food Safety Authority (EFSA), (EFSA, Avian in-
fluenza overview September–November 2017) and only
small passerine birds are excluded from sampling. Vul-
nerable and protected species that are considered as state
wildlife species are mandatory to submit post-mortem and
these birds are then also sampled for AIV.

Humans
Every year, samples are collected in Sweden from sentinel
patients with influenza-like illnesses during the influenza
surveillance season. Samples are analysed for influenza A
and B and since spring 2020 also for SARS-CoV-2. If in-
fluenza A is detected, further subtyping is performed by
rRT-PCR for H1 (A(H1N1)pdm09) and H3 (A(H3N2)). If
samples positive for influenza A virus (IAV)cannot be sub-
typed, sequencing is performed to rule out zoonotic IAV.
Assessment of susceptibility to antivirals is achieved by
screening genotypic markers. A further 200–300 of the IAV
positive samples from the diagnostic laboratories are sub-
typed or characterised at The Public Health Agency of Swe-
denwho performs acute rRT-PCR of human samples includ-
ing a subtype-specific rRT-PCR for H5 and H7 when AIV
is suspected. Current guidelines recommend professionals

working in culling activities upon HPAIV outbreaks to con-
tact health care and to be tested if they developed influenza-
like symptoms. ECDC published in autumn 2022 a Guid-
ance document for public health to early identify human in-
fections with influenza viruses of zoonotic origin. The doc-
ument describes the groups that are at risk of being in con-
tact with avian or swine viruses due to occupational (farm-
ers, veterinarian or health care workers amongst others) or
recreational (hunters, bird ringers, general public handling
sick birds) exposure. Occupational safety is regulated and
it is the responsibility of the employer to ensure that pre-
ventive measures are followed and to provide personal with
adequate protective equipment (PPE) to minimise the expo-
sure risk.

RESULTS
Poultry
In 2022, 1611 blood samples were collected from 158 hold-
ings and swab samples were collected from 140 birds on 7
holdings. LPAIV subtype H5N3 was detected in a flock of
mallards in the county of Skåne in August 2022. Table 9
gives an overview of the number of poultry holdings sam-
pled from 2013 to 2022 (Table 9).

HPAIV was detected in one holding through passive
surveillance during 2022 (Table 10). In total suspected cases
of AI were investigated using diagnostic sampling in 31
poultry holdings during 2022, of which 28 were clinical sus-
picions, two were positive in active surveillance and one
suspicion was raised due to post mortem findings. An addi-
tional two clinical suspicions of HPAIV could be ruled out
based on post mortem investigation. The clinical suspicions
were raised because of increasedmortality and in some cases
combined with other clinical signs.

Wild birds
Within the passive surveillance programme, 89 wild birds
were found positive for HPAIV ofwhich all wereH5N1 sub-
type. In total 610 birds of 81 different species were sampled
of which 231 were birds of prey, 248 water- or shorebirds,
51 columbiform birds and 36 corvids. The geographical lo-
cation of sampled and wild birds including positive findings
are available in Figure 24.

Humans
No cases of zoonotic avian influenza were identified among
the two samples tested in 2022 (negative) at the Public
Health Agency of Sweden preparedness laboratory.

Table 10: Confirmed HPAI in poultry and other captive birds during 2022.

Date of confirmation Virus subtype County Type of establishment Number of susceptible animals

2022-03-01 H5N1 Skåne Hobby 35
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DISCUSSION
During the period covered by this report, the global spread of
HPAI has increased significantly, and it has affected coun-
tries in Asia, Africa, Europe, North- and Central America.
The global spread of the virus is threatening not only animal
and human health and welfare but also the economic stabil-
ity and food security in the affected countries. Extensive
cocirculation of HPAIV and LPAIV in the period covered
by this report, among wild and domestic birds in Europe has
resulted in an exceptional genetic variation among detected
viruses.

In 2022, Sweden reported one outbreak of HPAI H5N1
in domestic backyard poultry and 89 cases of HPAI in wild
birds. These outbreaks were all caused by HPAIV H5N1
clade 2.3.4.4b viruses of the Gs/Gd lineage. Several distinct
genotypes from this clade were involved in these outbreaks.
During the summer of 2022, mass mortality was observed
in various colonies of seabirds, affecting sandwich terns
(Thalasseus sandvicensis), common murre (Uria aalge) and
northern gannet (Morus bassanus) colonies. While the virus
was detected in common murre (Uria aalge) mainly on the
Island of Gotland on the Baltic Sea, outbreaks among Sand-
wich terns and northern gannet were reported from several
colonies along the Southern East andWest coast of Sweden.

In June 2022, an immature male harbour porpoise pre-
senting clinical signs suggestive of neurological disease
was observed in shallow waters off the Swedish west coast
and drowned shortly thereafter. Necropsy was performed
at SVA, Uppsala, Sweden, within the marine mammal
disease surveillance programme. No significant macro-
scopic lesions were found. Stranded porpoises in Sweden
are screened routinely (PCR) for cetacean morbilliviruses
(CeMV) and IAV. HPAIV H5N1 clade 2.3.4.4b was found
in several organs, with the highest viral loads in the brain.
The virus contained no genetic motif of mammalian adap-
tation besides those already described for the H5 clade
2.3.4.4b. It was closely related to strains recovered from
wild birds from the same area, supporting spill over from
wild birds.

The continuous global threat of HPAIV further empha-
sises the need for awareness and improved biosecurity in
poultry holdings to prevent the introduction of the virus from
wild birds.

Repeated detections of H5 and H9 in humans may re-
flect infections in poultry, considering that H5 and H9N2
viruses are enzootic in Asia. Infections in Humans infected
by other LPAIV, such as H3N8 and H10N3, with close con-
tact with poultry have been reported. It may also reflect the
increase in testing efforts for respiratory infections and di-
agnostic capacity as a consequence of the COVID-19 pan-
demic. Controlling the disease in domestic animals is the
first step in decreasing the risk to humans. In EU/EAE the
risk of zoonotic influenza transmission for the general popu-
lation is low, for specific occupational groups exposed to the
virus (in culling activities) the risk may be low to moderate.

Figure 24: Geographical location of the wild birds analysed for
avian influenza in 2022. Point sizes are scaled by the
number of birds sampled at a given location. In total,
89 out of 610 wild birds sampled in 2022 were found
positive for HPAI.
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Influenza A viruses of swine

BACKGROUND
Influenza A viruses of swine (IAV-S), caused by several
subtypes of influenza A viruses, have a worldwide distribu-
tion and cause acute upper respiratory disease characterised
by fever, lethargy, anorexia, weight loss and laboured
breathing in pigs. The disease can affect pigs of varying
ages, and the severity of clinical signs varies from severe
respiratory disease to subclinical infection. The morbidity
of affected herds is generally high, but mortality is low. The
most commonly occurring subtypes of IAV-S worldwide
are H1N1, H1N2 and H3N2. Of these, the H1N1 IAV-
S was reported to infect pigs in North America already in
1918. In 2009, a new triple reassortant type of influenza
H1N1, partly of porcine origin, began circulating among
people. In a number of countries, including Sweden, this
virus has occasionally infected pigs by transmission from
humans. This reassortant H1N1 virus, known as influenza
A(H1N1)pdm09, replaced previously circulating H1 viruses
in humans and became seasonal.

DISEASE
Animals
Influenza H1N1 was isolated from Swedish pigs for the first
time in 1982. The clinical signs were severe in the previ-
ously naïve pig population but waned over time. Since 1982,
the H1N1 virus has been considered endemic in Sweden. In-
fluenza H3N2 has also been present in the Swedish pig pop-
ulation. Antibodies to H3N2 were first detected in 1999, but
the clinical signs were not as evident as when H1N1 was in-
troduced. Actually, antibodies to H3N2 were first detected
in a screening of apparently healthy animals, and it is, there-
fore, less clear when this subtype was introduced. However,
H3N2 has, since 1999, occasionally been correlated with se-
vere respiratory disease in pigs. Another IAV- type (H1N2)
that spread through Europe, was diagnosed for the first time
in Sweden in a large multisite unit with respiratory disease
in growers during the winter of 2009.

Since the first report of the detection of human pan-
demic influenza A(H1N1)pdm09 in pigs in early May 2009
in Canada, A(H1N1)pdm09 has been isolated from pigs
throughout the world including several European countries
such as Germany, Italy, Denmark, Norway, Iceland and Fin-
land. This virus is well adapted to humans, and clinical
signs of disease in pigs were sparse. In 2013, a new vari-
ant of this influenza virus was identified in Swedish pigs
where the HA gene revealed high nucleotide identity with
contemporary human pandemic influenza A(H1N1)pdm09
strains, suggesting that a recent human to pig transmission
was the most likely route of infection in the pigs. The iso-
late expressed a human pandemic A(H1N1)pdm09-like HA
gene and an H3N2 IAV-S-like NA gene that was closely re-
lated to avian-like H1N2 IAV-S NA from isolates collected
in Sweden since 2009. The internal genes were entirely of
pandemic A(H1N1)pdm09 origin which is well adapted to

humans. Although the H1(pdm09) N2 subtype influenza A
virus was exclusively prevalent in the Swedish pig popula-
tion in 2014, the clinical signs of disease were minor, as later
also seen in other countries.

There has not been a regular active monitoring of in-
fluenza in pigs in Sweden, but serological screenings were
performed in 1999, 2002, 2006 and 2010. On each occa-
sion, 1000 porcine sera were analysed for H1N1, H3N2 and
H1N2. The screening in 2006 also included analyses for an-
tibodies to H5 and H7. In 2022, an active surveillance of
600 porcine sera was commenced to be finalised in 2023.

Humans
Influenza A viruses that infect humans but are genetically
similar to viruses circulating in swine are called “variant
viruses” and depicted with the letter “v” to distinguish them
from viruses that normally infect humans. The latest OF-
FLU reports present the phylogenetic analysis of swine and
variant viruses from 2022. People who have been infected
with the influenza virus from pigs have had symptoms sim-
ilar to those related to regular human seasonal influenza.
These include fever, lethargy, lack of appetite and coughing.
Some people also have reported runny nose, sore throat, eye
irritation, nausea, vomiting and diarrhoea. For 2022, ECDC
reports 17 cases of swine influenza variant virus infections
globally. Three of the cases were reported from countries
within the EU (Germany, Netherlands and Spain). Four hu-
man cases of infection with A(H1N1)v were reported from
Germany, Spain, China and Brazil in 2022. Eighth cases of
A(H1N2)v were reported, from Taiwan (2), the Netherlands
and the US (5). No additional cases were detected in family
members and no human-to-human transmission was iden-
tified. Five cases of A(H3N2)v were reported from in the
US. Since 2010, 436 human cases of A(H3N2)v, 35 human
cases of A(H1N2)v and 18 human cases of A(H1N1)v have
been detected in the US. More than 50% of the infections
with variant viruses are in people >18 years in the US. The
US-CDC estimated that approximately 90% of human in-
fections with IAV-S were associated with agricultural fairs,
where people are in close contact with potentially infected
swine populations.
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Table 11: Passive and active molecular surveillance for swine influenza in Swedish pig herds from 2014 to 2022.

Period Number of
herds

investigated

Number of
Influenza A positive

cases

Frequency of positive
cases

H1N1pdm
(2009)

Av-likeH1N2
(H1avN2)

Reass.
H1pdmN2
(H1pdmN2)

2014 — passive 18 7 herds (40 animals) 38% herds / 27%
animal level

19 14 7

2014 — active 10 5 herds (79 animals) 50% herds / 9% animal
level

60 5 14

2015 — passive 8 2 herds (6 animals) 25% herds / 22%
animal level

3 3 -

2015 — active 10 4 herds (20 animals) 40% herds / 2% animal
level

12 6 2

2016 — passive 7 2 herds single animal per herd 1 1 -

2017 — passive 20 3 herds single animal per herd 2 1 -

2018 — passive 31 0 - - - -

2019 — passive 46 5 herds single animal per herd - 1 -

2020 — passive 64 14 herds single animal per herd 2 1

2021 — passive 70 7 herds (7 animals) single animal per herd 1 6 -

2022 — passive 59 7 herds (10 animals) single animal per herd
(except for one herd)

1 2 -

LEGISLATION
Animals
All laboratory confirmed cases of infection in pigs with in-
fluenza virus are notifiable as described in SJFS 2021:10s.

Humans
All laboratory confirmed cases of infection with influenza
are notifiable according to the national Communicable Dis-
ease Act (SFS 2004:168 with amendments). In addition all
human infections caused by a new influenza subtype are re-
quired to be reported immediately to ECDC, the EarlyWarn-
ing and Response System of the European Union (EWRS)
under the International Health Regulations (IHR, 2005).
Specimens should be shared with WHO Collaborating Cen-
tres.

SURVEILLANCE
Animals
Passive surveillance
Every year, a number of pig herds with respiratory signs
consistent with influenza are reported to the National Vet-
erinary Institute (SVA). Serological and virological samples
are sent to SVA for laboratory analyses. From each affected
herd, 5–10 nasal swab samples are collected and analysed
first for the presence of IAV-S, and if positive, samples are
further analysed for pandemic influenza A(H1N1)pdm09
(Table 11). Serum samples are screened for the presence
of anti-influenza A antibodies using a commercially avail-
able ELISA (ID Screen Influenza A antibody competition
ELISA kit, Innovative Diagnostics, Grabels, France).
Active surveillance
In 2022, active surveillance based on sera randomly se-
lected from the porcine reproductive and respiratory syn-
drome control programme (see page 71 for more informa-
tion) was started to be finalised during the first quarter of

2023. Serum samples were screened for the presence of anti-
influenza A antibodies using the same commercial ELISA
used in the passive surveillance.

Humans
Samples are collected in Sweden within the sentinel net-
work of primary care centres from patients with influenza-
like illness and acute respiratory infections during the in-
fluenza surveillance season (380 patients were sampled dur-
ing the season 2021–2022). These samples are analysed
for influenza A and B and SARS-CoV-2. If influenza A
is detected, further subtyping is performed by rRT-PCR for
H1pdm09 and H3. If influenza A positive samples cannot
be subtyped, further characterisation is performed to rule out
zoonotic influenza A. In addition, 200 of the influenza pos-
itive samples from the diagnostic laboratory are subtyped
or characterised by full genome sequencing. Samples from
suspected symptomatic patients with a known exposure to
swine would be characterised to rule out zoonotic influenza
A.

RESULTS
Animals
Passive surveillance
A total of 182 nasal swab samples from 59 herds with res-
piratory signs were analysed with rRT-PCR for swine in-
fluenza virus in 2022. Seven IAV-S infected herds were
identified.

706 serum samples from 13 herds were examined. Of
those, 76 (11%) samples tested positive for antibodies
against IAV-S. Samples were submitted by herd veterinari-
ans from herds with clinical signs of respiratory disease or
for screening for the absence of antibodies to IAV-S.
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Active surveillance
In 2022, 368 samples were analysed for the presence of anti-
bodies to IAV-S. Anti-influenza A antibodies were detected
in a total of 49 samples (13%).

Humans
No cases of zoonotic influenza were identified during the
season 2021–2022 in Sweden (Influenza in Sweden- Season
2021–2022, Public Health Agency of Sweden).

DISCUSSION
The results of the passive surveillance indicate the presence,
but no large impact, of swine influenza in the Swedish pig
population. In the last decade, two new influenza A virus
subtypes were detected in the Swedish pig population. Both
of these virus types were the result of multiple reassortments
between avian or/and human and swine influenza A viruses.

The public health risk of currently circulating IAV-S in
the animal-human interface has not changed in the recent
risk assessments from WHO. Current knowledge suggests
that IAV-S do not have the ability to sustained transmis-
sion human-to-human, and thus the likelihood remains low.
Most infections in humans are mild and infections in hu-
mans are expected to occur since influenza viruses circulate
in swine populations. Influenza A viruses are unpredictable,
and changes (mutations or reassortment) are continuously
induced. This could enable the virus to be more transmissi-
ble among humans. The veterinary importance and the po-
tential public health significance of the influenza A virus in
pigs should not be underestimated. WHO stresses the im-
portance of continuous surveillance of zoonotic influenza
viruses to be able to follow the evolution of these viruses
and evaluate the risk that emergent zoonotic viruses pose to
animals and public health. It would therefore be of value to
regularly perform active surveillance.
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Leptospirosis

BACKGROUND
Several species of the spirochetal bacterium Leptospira can
cause leptospirosis. All mammals including humans are sus-
ceptible to one or several Leptospira serovars.

Leptospirosis occurs worldwide but the dominant
serovars vary by region. Cattle and pigs are considered to
be reservoirs for L. Hardjo and L. Pomona, respectively.
Serovars known to infect and cause clinical disease in dogs
include L. Icterohaemorrhagiae, L. Canicola, L. Grippoty-
phosa, L. Pomona, L. Sejroe and L. Australis. These are all
serovars also known to infect and cause disease in humans.

Serovars that can cause disease in horses include L.
Icterohaemorrhagiae, L. Grippotyphosa, L. Pomona and L.
Bratislava.

Leptospiramay be transmitted directly between animals
or environmentally (i.e., indirectly). The bacteria do not
multiply outside the host but may survive for long periods
in the environment.

Seropositivity to Leptospira spp. other than L. Pomona

are occasionally confirmed in Swedish pigs, mostly to an in-
digenous strain of L. Sejroe, L.Bratislava and L. Icterohaem-
orrhagiae. Occasional serological reactions to the indige-
nous strain of L. Sejroe have also been recorded in Swedish
cattle.

The commercial cattle and pig populations in Sweden
are considered free from L. Hardjo and L. Pomona based on
only negative results from this surveillance system.

Surveillance in other animal species including dogs and
horses is passive only.

Vaccination of dogs against severe disease caused by
leptospirosis in dogs was previously rare, but during the last
few years this has become more common in the southern
parts of the country due to a suspected increase in clinical
cases in dogs. The vaccination status is not always known,
and this may influence some of the laboratory results.

The majority of human cases have during the last decade
been infected outside Sweden during leisure activities in
contact with water.

Figure 25: Serum samples from dogs are routinely tested for several Leptospira serovars. Twenty-one positive analyses were reported
in 2022. However, the basis for reporting was temporarily changed during parts of 2021 and 2022, leading to fewer reports.
Therefore this number cannot be compared with previous periods. Photo: Ivana Rodriguez Ewerlöf.
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DISEASE
Animals
LeptospiraHardjo is one of several pathogenic serovars and
is associated with disease in cattle, sheep, goats and horses.
In cattle, infections may be acute or chronic; asymptomatic,
mild or severe. Acute disease is more often seen in calves.
Disease in adults may go unnoticed, because the early clini-
cal signs of fever and depression are often transient andmild.
Infected herds may have problems with abortions, decreased
fertility and decreased milk yield as well as increased mor-
tality in calves.

The clinical signs in sheep and goats are similar to those
in cattle. Both sheep and cattle can act as asymptomatic
reservoir hosts.

Leptospira infections in pigs may also be asymptomatic
or may give rise to reproductive failure. In piglets; fever,
gastrointestinal disorders and jaundice may be present.

The clinical presentations in dogs infected with Lep-
tospira range from subclinical to severe clinical illness and
death; liver and/or kidney affection as well as varying de-
grees of vasculitis is typical. A peracute pulmonary form
with high mortality rate is not uncommon.

In horses, most infections are subclinical and when clin-
ical signs are present, they resemble those seen in dogs. Late
abortions and recurrent uveitis have also been described.

Humans
Leptospirosis in humans ranges from asymptomatic or mild
influenza-like illness to a severe infection with renal and
hepatic failure, pulmonary distress and death.

LEGISLATION
Animals
Leptospirosis is a notifiable disease in Sweden based on sin-
gle laboratory confirmation of either presence of the bacte-
ria using PCR or presence of antibodies (positive serologi-
cal titres) (SJVFS 2021:10), in all animal species concerned.
Reporting is not serovar specific i.e., to which serovar or
serovars antibodies are detected is not reported. However,
during parts of 2021 and 2022 the interpretation of the basis
for reporting was temporarily changed with single serolog-
ically positive samples mainly, but not consistently, being
left unreported. The number of reported positive analysis
for this reporting period can therefore not be compared with
previous years.

Humans
Leptospirosis in humans is notifiable according to the Com-
municable Disease Act (SFS 2004:168with the amendments
of SFS 2022:217).

SURVEILLANCE
Animals
Active surveillance in cattle and pigs is at present performed
every third year. The surveillance is designed to demon-
strate freedom from L. Hardjo in cattle and L. Pomona in
pigs. Animals sampled for export and in breeding centres
add to the active surveillance.

All serological analyses included in the active surveil-
lance are performed at the National Veterinary Institute
(SVA). The diagnostic test used for L. Hardjo is an indi-
rect ELISA (PrioCHECK® L. Hardjo, Antibody detection
ELISA, Thermo Fisher Scientific, Lelystad, Netherlands)
for both serum and bulk milk samples. Positive serum sam-
ples are further tested withMAT (Microscopic agglutination
test) with results reported as positive at 1:100 or above. For
positive or doubtful ELISA results on bulk milk samples, an
investigation is carried out in the herd and additional indi-
vidual samples are analysed. Antibodies against L. Pomona
are analysed using themicroscopic agglutination test (MAT)
with results reported as positive at 1:100 or above.

Cattle samples analysed using MAT are tested for the
serovars L. Hardjo, L. Sejroe and L. Istrica/ Sejroe.

Pig samples analysed using MAT are tested for the
serovars L. Pomona, L. Icterohaemorrhagiae, L. Istrica/ Se-
jroe, L. Bratislava and L. Tarassovi.

The surveillance in cattle is based on serum and bulk
milk samples selected by systematic random sampling
from the surveillance programme for bovine viral diarrhoea
(BVD) and evenly distributed throughout the sampling pe-
riod. See chapter on BVD (page 24) for details on sam-
pling and population. The surveillance was designed using
a between-herd design prevalence of 0.2%, a within-herd
design prevalence of 40% (based on anticipated prevalence
in naïve herds) and a risk of introduction of 1 in 50 years.
In domestic pigs, the active surveillance is based on sam-
ples collected for the abattoir sampling part of the surveil-
lance carried out by Farm & Animal Health for porcine re-
productive and respiratory syndrome (PRRS). See chapter
on PRRS (page 71) for details on sampling and population.
The surveillance was designed using a between-herd design
prevalence of 0.5%, a within-herd design prevalence of 40%
and a risk of introduction of 1 in 25 years.

The number of samples and herds needed is calculated
yearly taking the outcome of the surveillance in previous
years into account.

In species other than pigs and cattle the surveillance is
purely passive.

Serum samples from dogs submitted to SVA for MAT
testing are currently routinely tested for L. Icterohaemor-
rhagiae, L. Canicola, L. Grippotyphosa, L. Bratislava, L.
Saxkoebing, L. Sejroe, L. Autumnalis, L. Istrica/ Sejroe, L.
Australis and L. Pomona.
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Humans
Notification of human cases is mandatory, and surveillance
is based on identification of the disease by a treating physi-
cian or by laboratory diagnosis. Both are obligated to report
identified cases to the regional and national level to enable
further analyses and adequate intervention measures.

RESULTS
Animals
During 2022, 1424 serum and bulk milk samples from cattle
and 402 serum samples from pigs were analysed in active
surveillance. All samples from pigs were negative, and in
cattle one bulkmilk sample turned out positive in the screen-
ing ELISA and the herd was investigated by analysing new
bulk milk and serum samples. These samples were negative
for antibodies to Leptospira and it was concluded that the
herd was free of Leptospira.

As part of the passive surveillance, one pig herd that was
sampled due to reproductive failure was serologically posi-
tive to serovars L. Icterohaemorrhagiae and L. Bratislava.

In dogs, in total 21 Leptospira-positive laboratory anal-
yses were reported. Due to the above-mentioned change in
the interpretation of the basis for reporting during parts of
2021 and 2022, the number of reported analyses cannot be
compared to previous years. In 2021 in total 15 Leptospira-
positive laboratory analyses were reported, and in 2020 the
number was 48.

No positive laboratory results in horses were reported
during 2022. One serologically positive sample from a horse
was however analysed at SVA during 2022. The result was
due to the temporary change in basis for reporting not re-
ported. In comparison, one positive sample from an im-
ported horse was reported during the previous year, and no
positive sample results from horses were recorded at SVA
during 2021.

Humans
In 2022, two cases of leptospirosis were reported. One case
had acquired the disease in Asia and the other in Central
America.

DISCUSSION
Leptospirosis occurs worldwide, but the predominant
serovars vary by geographic region. The disease is an im-
portant zoonosis as well as being associated with reproduc-
tive losses in livestock causing significant economic costs
worldwide.

L. Hardjo and L. Pomona have never been confirmed in
the commercial cattle and pig populations in Sweden dur-
ing the surveillance programme that has been in place since
1994 and the results of the active surveillance in 2022 con-
firm this freedom of disease at the specified level.

Seropositvity to Leptospira spp. other than L. Pomona
are occasionally confirmed in Swedish pigs, mostly to an
indigenous serovar of L. Sejroe, L. Bratislava and L. Ictero-
haemorrhagiae.

Several Leptospira serovars have been shown to be
present in Swedish dogs by detection of seropositivity to
L. Icterohaemorrhagiae, L. Canicola, L. Grippotyphosa, L.
Bratislava, L. Saxkoebing, L. Sejroe and L. Autumnalis.
Serovars including e.g., L. Bratislava and L. Grippotyphosa
have also been detected in wild rats caught in Swedish cities
in research studies, a further indication of presence of lep-
tospiral serovars in Sweden. Seropositivity to leptospiral
serovars in Swedish dogs has for several years been thought
to be underreported. The changes in basis for reporting dur-
ing 2021 and 2022 lowered the number of reported cases
further. One additional challenge is the fact that the acute
nature of illness, and high mortality rates in many canine
cases where leptospiros is the most likely cause of acute ill-
ness makes it difficult for the veterinarians to collect rele-
vant samples for analyses, including samples both for PCR-
and serology analyses. Several reports to the SVA describe
the death of dogs either prior to sampling, or shortly after.
In the latter case prior to seroconversion and development of
the distinct rise in titres required for diagnosis. Few cases of
human infections are reported each year and the majority are
travel-associated. The primary diagnosis for human cases is
mainly based on serology.
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Listeriosis

BACKGROUND
The genus Listeria contains several species, but Listeria
monocytogenes is the only zoonotic species and was first
described in 1926. Previously, sporadic cases of listeriosis
were reported, often in employees in contact with diseased
animals but since the 1980s outbreaks and cases of listeriosis
have been traced to food products.

Listeria bacteria are widely distributed in the environ-
ment, such as in soil, silage and water. They can survive
for long periods in the environment and tolerate disinfec-
tion and also grow at refrigerator temperatures, in vacuum
packed food and in modified atmospheres. These properties
make elimination of L. monocytogenes difficult. L. monocy-
togenes and other Listeria species are often found as envi-
ronmental contaminants in food producing establishments.
However, it is only L. monocytogenes that is relevant re-
garding human health. The main sources of human liste-
riosis are contaminated food products, such as cold-smoked
or gravad vacuum-packed fish products, meat products and
soft and semi-soft cheeses or other ready-to-eat foods with
a long shelf-life. L. monocytogenes is destroyed by heating
(pasteurisation or cooking).

The main sources of listeriosis for animals are feed or
environment. To prevent listeriosis in ruminants it is essen-
tial to feed animals with a silage of good quality (low pH
and without contamination with soil) as the less acidic pH
enhances multiplication of L. monocytogenes.

In Sweden, during the last ten years approximately
70–120 human cases have been reported annually. Out-
breaks have been associated with vacuum-packed fish, with
semi-soft cheese, cold cuts, frozen corn and with conve-
nience meals.

DISEASE
Animals
L. monocytogenes can infect a wide range of animal species,
both domestic and wild. The clinical picture of the infection
in animals varies from an asymptomatic infection to severe.
Especially in sheep and goats, listeriosis manifests as an en-
cephalitis, abortion, mastitis or septicaemia.

Humans
Listeriosis can be manifested either as a milder non-invasive
form or as a severe invasive disease. The non-invasive form
is generally presented as a febrile gastroenteritis. The se-
vere form most often occurs in immunocompromised per-
sons, newborns, pregnant women and the elderly. Symp-
toms of invasive listeriosis are septicaemia, meningitis and
meningoencephalitis. For those with severe infection, the
case fatality rate is high (20–40%). The infection can lead
to miscarriage, premature delivery or neonatal death.

LEGISLATION
Animals
Listeriosis is a notifiable disease in animals according to
SJVFS 2021:10.

Food
Food safety criteria for L. monocytogenes are specified in
the Commission Regulation (EC) No 2073/2005 on micro-
biological criteria for foodstuffs. Food business operators
shall ensure that foodstuffs are in compliance with the regu-
lation. Different criteria apply to ready-to-eat (RTE) foods
in which growth of L. monocytogenes can occur and in RTE
foods in which growth of L. monocytogenes will not occur
during their shelf-life (see criteria 1.1 - 1.3 in Annex I to the
regulation).

Humans
The invasive form of listeriosis has been a notifiable disease
in Sweden since 1960. It is notifiable according to the Com-
municable Disease Act (SFS 2004:168with the amendments
of SFS 2022:1224).

SURVEILLANCE
Animals
Surveillance in animals is passive. Suspicions on listerio-
sis can be raised on clinical signs and/or laboratory analy-
ses. The diagnosis is based on histological findings at post-
mortem or by detection of the organism by cultivation meth-
ods using enrichment in selective broth followed by cul-
ture on selective and non-selective agar or by direct plat-
ing. Identification is made by mass spectrometry (MALDI-
TOF). The Swedish Board of Agriculture can decide on epi-
demiological investigations if needed.

Food
No official control programme exists for L. monocytogenes.
National and local authorities may perform sampling as part
of extended official controls or targeted projects. Producers
of ready-to-eat foods are obliged to take samples for analy-
sis of L. monocytogenes as part of their self-controls, but the
results are not normally reported to the authorities.

Humans
Notification of human cases is mandatory and surveillance is
based on identification of the disease by treating physician
and/or by laboratory diagnosis; both are obliged to report
to the regional and national level to enable further analyses
and adequate intervention measures. Isolates from human
cases are sent to the Public Health Agency of Sweden for
typing using whole genome sequencing (WGS) to determine
molecular serotype and for cluster detection. As a conven-
tional nomenclature tool, not only the serotype but also the
Multi Locus Sequence Typing (MLST) type, i.e., ST-type,
is defined by WGS.
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RESULTS
Animals
In 2022, listeriosis was reported in 20 sheep, five cattle, one
horse, one red deer and in one hare.

Food
In 2022, 266 samples from different types of food taken
by national and local authorities were analysed for presence
of L. monocytogenes in qualitative analysis (presence or no
presence). L. monocytogeneswas detected in 8 samples (Ta-
ble 12). In addition, 18 samples were analysed in quanti-
tative analysis (number of colony-forming units per gram
(CFU/g)). The levels of L. monocytogenes in these samples
were <10 CFU/g.

Humans
During 2022 the incidence of listeriosis (incidence 1.2 cases
per 100 000 inhabitants) increased slightly compared to
2021 and the overall picture shows an increasing trend of
listeriosis cases in Sweden (Figure 26). In total, 125 cases
were reported compared to 107 cases in 2021 (incidence 1.0
cases per 100 000 inhabitants) (Figure 26). The majority of
the cases reported with listeriosis belong to the older age
groups. The median age was 79 years and as in previous
years, most cases were reported in the age group over 80
years (Figure 27). Sixty-seven cases were females and 57
were males. In total, 45 cases (36 percent of reported cases)
died within one month from diagnosis. Listeriosis is most
often a domestic infection and for 92 percent of the reported
cases in 2022 Sweden was noted as the country of infec-
tion. In 2022 all but nine (93 percent) of the human isolates
were sent to the Public Health Agency of Sweden for typing.
The most common molecular serotypes were as in previous
years IIa (n=83), IVb (n=22) and IIb (n=9) while only two
cases of IIc were reported. In addition to serotype, sequence
type (ST) is also identified by WGS. During 2022 the most
common STs were ST37 (n=17) and ST8 (n=15). A more
in-depth cluster analysis showed that the proportion of iso-
lates belonging to a cluster was 45 percent (n=52), which
was higher than in 2021 (33 percent). In total, 23 differ-
ent clusters were identified of which 21 contained identi-
cal or closely related isolates identified already before 2022.
Five cases with a rare strain of L. monocytogenes in Sweden,
ST1593, were included in a larger cluster with cases from
2019–2022. All cases were notified during the Autumn pe-
riod and the source of infection could not be identified.
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Figure 26: Notified incidence per 100000 inhabitants of human
cases of listeriosis in Sweden 2003–2022 and a model-
predicted trend (negative binomial regression). The
higher incidence in 2013–2014 is due to two larger out-
breaks with in total 49 and 28 cases, respectively.

Investigations of outbreaks and single cases
of listeriosis
Vacuum-packed salmon was sampled at retail level in a lo-
cal investigation of a case of L. monocytogenes ST37. Iso-
lates that clustered with isolates from the human case were
found in two samples of gravad and gravad/cold smoked
salmon, respectively. During further investigation, three ad-
ditional human cases in Sweden 2022 with the same strain
were identified and two of these stated that they had eaten
salmon. WGS data from one food isolate was uploaded into
the GenBank database at the National Center for Biotech-
nology Information (NCBI) in the USA. The isolate clus-
tered with several previous isolates from salmon process-
ing equipment and environment in Norway, indicating that
salmon raw material that had become contaminated during
processing in Norway was the source of the outbreak.

WGS analysis of an isolate of L. monocytogenes from a
sample of an opened package of a pre-cooked minced meat
product taken at home of a case with L. monocytogenes ST8
showed that the food isolate clustered with the human iso-
late. The human case belonged to a cluster of 16 cases with
the same strain from 2020 – 2022, of which seven were
from the second half of 2022. Early in 2023, a clustering
isolate was found in an environmental sample taken by the
competent authority at the meat processing plant (a large
company with national distribution of various pre-cooked
minced meat products), indicating that products from this
plant was the source of the outbreak.

Table 12: Results of analyses in 2022 for presence of L. monocytogenes in food samples taken by authorities.

Reason for sampling No. of samples No. of positive samples Food in which L. monocytogenes
was detected

Survey 8 0
Routine control 225 2 1 meat preparation, 1 ready meal
Suspected food poisoning or complaint 33 6 1 cheese, 2 vacuum-packed

salmon, 3 meat preparation

Total 266 8
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Similarly, WGS analysis of an isolate of L. monocyto-
genes from a sample of an opened package of a washed
rind cheese taken at home of a case with L. monocytogenes
ST155 showed that the food isolate clustered with the hu-
man isolate. Also, four additional human cases in Sweden
from 2018 through 2022 with the same strain were identi-
fied. However, after the Public Health Authority of Sweden
reported the outbreak in EpiPulse, it became clear that the
likely source of the outbreak was salmon and not cheese.
The five cases in Sweden could be linked to 11 cases in five
other countries 2017 – 2022. At the beginning of 2023, the
European Food Safety Authority (EFSA) invited EU Mem-
ber States to submit genomic data regarding food isolates of
L. monocytogenes ST155 to the EFSAOneHealthWGS sys-
tem. The results show that many isolates from salmon and
salmon products clustered with the human cases, indicating
that this type of products is the source of the international
outbreak.

DISCUSSION
During 2022 the incidence of listeriosis increased compared
to the year before and the overall picture shows an increas-
ing trend of listeriosis. (Figure 26). The same trend has been
observed in other European countries. The reasons for the
increase remain unclear but are most likely related to the in-
creased population size of the elderly and an increased pro-
portion of susceptible persons within different age groups,

possibly in combination with other factors such as prefer-
ence changes to more ready-to-eat foods. The ECDC col-
laborates with the member states to strengthen the molecular
surveillance and thereby facilitate detection of cross-border
clusters and outbreaks of L. monocytogenes. This collabo-
ration includes the EFSA and is essential for investigation
of foodborne cross-border outbreaks in Europe.

Surveillance of L. monocytogenes in humans and in food
and food processing environments is essential for under-
standing the sources for human infection and providing tools
for prevention. For detection of outbreak clusters of L.
monocytogenes and for identifying possible links between
human cases and food products, subtyping of isolates us-
ing WGS is essential. Also, uploading genomic data from
food, animals, environment and humans into international
databases such as GenBank (hosted by NCBI in the USA)
and The European Surveillance System (TESSy, hosted by
ECDC) increases the possibility to detect sources of infec-
tion in both national and international outbreaks. In addition
to the previously existing databases, the EFSA One Health
WGS system opened to final users in 2022 and has become
fully operational in January 2023.
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Nephropathia epidemica

BACKGROUND
Nephropathia epidemica (NE) is caused by Puumala virus,
a member of the Hantavirus genus in the Bunyaviridae fam-
ily. Hantaviruses are the cause of rodent-borne haemor-
rhagic fevers with renal syndrome (HFRS) and hantavirus
pulmonary syndrome (HPS). Puumala virus is likely to be
the most prevalent hantavirus in Europe. The virus is ex-
creted in saliva, urine and faeces from its natural reservoir,
the bank vole. Puumala virus can remain infectious in bank
vole cage bedding for two weeks. Transmission to humans
often occurs in an aerosolised form. Humans may be ex-
posed to virus aerosols during occupational or recreational
activities, such as working with hay, cleaning barns or sum-
mer cottages, cutting wood and entering buildings contami-
nated with rodent excretions.

Nephropathia epidemica was first described by two
Swedish physicians, independently, in 1934. The linkage to
the bank vole was suggestedmany years later. The virus was
first isolated in 1982 in Puumala, a municipality in south-
eastern Finland.

In Sweden, between 50 and 600 cases are reported each
season with a considerable interannual variation coupled to
the 3–4-year population cycle of the bank vole. During the

winter seasons 2006–2007 and 2007–2008 the number of
notified cases rose to 1400, wheremost of the cases occurred
in 2007 (Figure 29). It is hypothesised that a parallel occur-
rence of a peak in the bank vole population and lack of snow
cover in December 2006 caused bank voles to seek refuge
in buildings and barns, hence increasing their contact with
humans.

DISEASE
Animals
In the bank vole, the infection is understood to be subclini-
cal.

Humans
The clinical picture is characterised by a sudden onset of
high fever, headache, backache and abdominal pain. The
symptoms range from sub-clinical to renal failure requiring
intensive care and dialysis, but fatal cases are rare. The in-
cubation period varies from 2 to 6 weeks.

LEGISLATION
Animals
Hantaviruses are not notifiable in animals.

Figure 28: Humans may be exposed to Puumala virus during occupational or recreational activities, such as working with hay, cleaning
barns or summer cottages, cutting wood and entering buildings contaminated with rodent excretions. Photo: LordRunar/iS-
tock.
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Humans
Nephropathia epidemica has been notifiable since 1989 ac-
cording to the Communicable Disease Act (SFS 2004:168
with the amendments of SFS 2022:217).

SURVEILLANCE
Animals
There is no surveillance in animals.

Humans
Notification of human cases is mandatory, and surveillance
is based on identification of the disease by a treating physi-
cian or by laboratory diagnosis. Both are obligated to report
identified cases to the regional and national level to enable
further analyses and adequate intervention measures.

RESULTS
Humans
In 2022, 460 cases of NE were reported, which is equivalent
to an incidence of 4.4 cases per 100 000 inhabitants. This is
a significant increase in cases compared with 2021 (n = 278)
(Figure 29). The gender and age distributions were similar
compared with previous years. The median age for cases
was 57 years (age range 2–90 years) and 62% (n = 284) of
cases were men. Few cases of NE were reported below the
age of 20 years (n = 16). The reason for this difference in

incidence between age groups and sexes is not completely
understood, but behaviour is most likely an important factor.

The vast majority of cases were infected in Sweden: 433
(99%) out of the 436 cases where country of infection was
stated. Two cases stated Finland as their country of infec-
tion and one case Norway. The country of infection for 24
cases was unknown.

The region of Västerbotten had the highest incidence
of NE with 56 cases per 100 000 inhabitants, followed by
the regions of Västernorrland (37 cases) and Norrbotten (35
cases). A few cases were also reported in the south of Swe-
den. This regional pattern is consistent with those observed
during previous years.

DISCUSSION
During recent years, fluctuations in the bank vole population
have coincided with increases and decreases in the number
of human cases of Puumala virus infections. The 3–4-year
natural population cycle and variations in the climatic con-
ditions impact the rodent populations.
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Figure 29: Notified incidence per 100000 inhabitants of human Nephropathia epidemica in Sweden 1997–2022.
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Paratuberculosis

Figure 30: In 2022, bulkmilk samples from288dairy herdswere tested for paratuberculosis. All were negative. Photo: Bengt Ekberg/SVA.

BACKGROUND
Paratuberculosis, caused by Mycobacterium avium subsp.
paratuberculosis (MAP), is a common disease of ruminants
inmost parts of the world. Until today, detected outbreaks in
Sweden have been managed through whole herd stamping-
out, tracing and sanitation measures, with the goal of eradi-
cating the disease and to prevent spread of infection, should
it be introduced.

The limited number of outbreaks of paratuberculosis that
have been detected in Sweden have all been directly or in-
directly linked to imported beef cattle. The latest case of
paratuberculosis was detected in 2005, in an imported beef
bull. Paratuberculosis has never been detected in dairy cat-
tle, other ruminant species or wildlife in Sweden.

Previous active surveillance
Several screenings in cattle were initiated after detection of
a positive beef cow in 1993:

• Screening of 200 dairy herds in the years of 2000, 2003
and 2005.

• Screening of sheep herds during the years 1993–2011, first
with serology, then with faecal culture.

• In 2007–2009 faecal culture screening of beef herds with
animals imported during 1990–2005. In 2012, another
screening of beef herds with animals imported during
2005–2011 was conducted.

• Risk-based screening of older cows at abattoirs in
2009–2010, including cows older than six years with signs
of weight loss, resulted in 1211 sampled cows.

• In 2012–2013, bovine practitioners were encouraged to
look for and sample cows with low bodyweight, with or
without diarrhoea and 258 samples were analysed by fae-
cal PCR.

DISEASE
Paratuberculosis, also known as Johne’s disease, causes
chronic diarrhoea and emaciation, resulting in suffering and
death. If present, the disease causes great economic losses
due to reduced milk production, reproductive losses and in-
creased replacements of affected animals.

The incubation period ranges from months to several
years. In areas with endemic infection, clinical disease is
most commonly seen at the age of 2–5 years. The bacte-
ria are excreted in the faeces of an infected animal and the
normal transmission route is faecal to oral. There is no reli-
able method to detect the infection in the individual animal
during the incubation period.

The zoonotic potential of MAP is a recurring question
and there are ongoing discussions about MAP as a possible
contributing factor to the development of Crohn’s disease in
humans.
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LEGISLATION
Paratuberculosis has been included in the Swedish Act of
Epizootic diseases since 1952 (SFS 1999:657 with amend-
ments). Vaccination is prohibited by law and notification
of the infection is mandatory on clinical suspicion (SJVFS
2021:48 (K3)). The Swedish Board of Agriculture decides
on actions when MAP is detected in a herd. Paratubercu-
losis is a listed disease (category E) in the Animal Health
Law, (EU) 2016/429. SJVFS 2021:23 (K28) complements
AHL with provisions as regards measures to prevent spread
of Paratuberculosis in Swedish cattle establishments.

SURVEILLANCE
The overall purpose of the surveillance is to document free-
dom from bovine paratuberculosis and to allow for early de-
tection of the infection and prevent possible spread by early
detection of the infection.

Passive surveillance
Notification, sampling and diagnostic testing are manda-
tory in animals of any ruminant species exhibiting clinical
signs that lead to suspicion of paratuberculosis. Sampling
includes faecal samples from live animals and postmortem
samples from dead or culled animals. The latter consists
of samples from the ileal wall, ileal contents and ileocae-
cal lymph nodes as well as any macroscopic lesions in the
intestines. Wildlife is sampled when paratuberculosis is sus-
pected at post mortem.

Post mortem examinations
Since 2004 sampling is performed on all ruminants above
one year of age submitted for post mortem examinations as
part of the enhanced passive surveillance for paratubercu-
losis. Samples are taken from the ileal wall, ileal contents
and ileocaecal lymph nodes and submitted to the National
Veterinary Institute (SVA). Most of examined animals have
been cattle, the others being predominantly sheep but also a
few goats and exotic ruminants like bison and camelids.

Active surveillance
Programme for targeted surveillance in beef cattle
In the voluntary programme, the target population is beef
herds that sell animals for breeding. The programme is man-
aged by Farm&Animal Health and financed by the Swedish
Board of Agriculture. In total, at the end of 2022, the volun-
tary programme for bovine paratuberculosis encompassed
446 herds, of which 434 were of the highest status within
the programme. The voluntary targeted surveillance pro-
gramme includes all main beef breeding herds and a smaller
number of dairy herds selling calves to beef herds within the
programme.

In affiliated herds, the test method was changed during
2021 from individual faecal samples annually for three years
to individual blood samples which are collected annually for
two consecutive years from all cattle over two years of age.
Serological positive samples are followed up with individ-
ual faecal samples from all cattle over two years of age and
retested serologically the following year. Herds affiliated to

the programme are only allowed to trade with herds of the
same status or higher to maintain their level within the pro-
gramme. After two years of negative test results, the blood
sampling is replaced by post mortem examination of all de-
ceased or euthanised cattle on the premises where paratuber-
culosis cannot be excluded as a cause of culling. In the case
affiliated beef herds have sheep in contact with the cattle,
the sheep are sampled as well.

Bulk milk testing
To improve the surveillance in the cattle population, to also
include the dairy cattle, it was decided in 2019 to implement
annual bulk milk testing. This surveillance component was
designed to demonstrate, with a 99% probability and a de-
tection level of 5%, that the Swedish cattle population is free
from paratuberculosis, considering an annual 0.1% proba-
bility of introduction. To reach this goal, the aim was to
randomly collect and test bulk milk samples from 285 dairy
herds.

Abattoir testing
In parallel to the bulk milk testing, a surveillance compo-
nent designed to demonstrate an equivalent confidence of
freedom from paratuberculosis in beef cattle herds was im-
plemented in 2020. This is based on testing of serum sam-
ples collected at slaughter.

Health controls for export reasons
Testing for MAP is performed for export reasons when re-
quested. The choice of analysis depends on the recipient
country.

Diagnostic tests
Blood from the voluntary programme, the abattoir testing
and the bulk milk samples and are analysed with the ID
Screen Paratuberculosis Indirect commercial ELISA kit (In-
novative Diagnostics, Grabels, France) on an automated
ELISA system (Tecan, Männedorf, Switzerland). Posi-
tive reactions in the screening test are confirmed using
the IDEXX Paratuberculosis Verification Ab Test (IDEXX
Laboratories, Westbrook, Maine, United States), also an in-
direct commercial ELISA kit but with improved specificity
by using individual negative control samples. Any positive
serological reactions are followed upwith faecal samples for
pathogen detection with PCR.

In addition, samples collected from clinical suspicions
are analysed with direct PCR. Real-time PCR is performed
using a commercial kit.

Tissue samples and faecal samples from post mortem
surveillance is cultured for four months (cattle) or six
months (sheep and goat). Direct PCR on a new prepara-
tion from the stored samples are performed on cultures with
mould overgrowth.

All diagnostic analyses are performed at SVA.

RESULTS
Passive surveillance
In 2022, one clinical suspicion of paratuberculosis was in-
vestigated. The animal was sampled and tested negative for
MAP with PCR, and the suspicion was ruled out.
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Table 13: Cattle sampled for paratuberculosis in 2022.

Surveillance in cattle No. of sampled animals No. of herds

Beef herd surveillance programme 387 18
Cattle sampled at postmortem 206 150
Cattle sampled for export 12 3

Table 14: Exotic ruminants sampled for paratuberculosis in 2022.

Surveillance in exotic ruminants No. of sampled animals No. of herds

Exotic and wild kept ruminants sampled at postmortemA 6 4
Exotic and wild kept ruminants sampled for export 4 2

A 1 alpaca, 2 deer, 2 bison and 1 moose

Table 15: Sheep and goats sampled for paratuberculosis in 2022.

Surveillance in sheep and goats No. of sampled animals No. of herds

Sheep/goats sampled in cattle herds within the beef herd surveillance programme 6 1
Sheep sampled at postmortem 58 50
Goats sampled at postmortem 11 7

Sheep sampled for export 1 1

Active surveillance
Bulkmilk samples from 288 dairy herds were tested, all with
negative results. In the abattoir serum sampling, 1568 anal-
yses of samples from at least 808 herds were conducted.
One sample from one herd had a positive serological test
result. In the herd of origin of the test positive cow, indi-
vidual faecal samples from all cattle over two years of age
were collected and analysed with PCR with negative results
andMAPwas excluded. Moreover, 387 cattle samples from
18 herds, and 6 sampled sheep or goat from 1 herd, were
analysed within the programme in beef herds. One sam-
ple from one herd had a positive serological test result. In
the herd of origin of the test positive cow, individual faecal
samples from all cattle over two years of age were collected
and analysed with PCR with negative results and MAP was
excluded. For export reasons, 12 cattle and 1 sheep were
tested. At post mortem examination, 281 animals were sam-
pled: 206 cattle, 58 sheep,11 goats, 2 deer, 1 alpaca, 2 bison
and 1 moose. No cases of MAP were detected in the exam-
inations completed in 2022 (Tables 13, 14 and 15). Based
on surveillance from present and previous years the Swedish
cattle population can be considered free from paratubercu-
losis with a probability of >95%.

DISCUSSION
If present at all, the prevalence of paratuberculosis in
Swedish ruminants remains at a very low level. However, a
previous evaluation of the paratuberculosis surveillance pro-
gramme indicated that the surveillance sensitivity was de-
creasing. In order to improve the surveillance sensitivity in
the dairy cattle population and beef cattle herds not affiliated
to the voluntary programme, testing of bulk milk samples
and abattoir serum samples were added to the surveillance
programme during 2019 and 2020. Adding these surveil-
lance components, will enable us to reach the desired level
of freedom from paratuberculosis at 99% in Swedish cattle
within the next couple of years.

The two positive serological samples in the surveillance
during 2022 were considered to be false positives because
of the detailed follow-up investigations. The test specificity
for the serological test was previously estimated to >99.5%.
The testing applied to Swedish cattle herds during the pe-
riod 2020–2021 indicate that the specificity of the test is
higher. During this period, 4105 samples were tested with 5
samples positive which were considered false positives af-
ter confirmatory testing. This indicated that the specificity
of the serological screening test may be as high as 99.85%.

The risk of introduction of paratuberculosis to Swedish
herds is assessed to be very low, due to the low number of
animals brought in from other countries. The screenings of
beef herds with cattle imported from 1990–2011 was tar-
geting the highest risk group of animals for introduction of
MAP into Sweden; MAP has never been detected in any
other breeds or species than beef cattle and all cases have
been traced back to imported animals with the latest case in
2005.
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Porcine reproductive and
respiratory syndrome

Figure 31: After the successful eradication of porcine reproduc-
tive and respiratory syndrome virus (PRRSV) following
an outbreak in 2007, annual surveillance shows that
Sweden has remained free from the PRRSV since 2008.
Photo: Magnus Aronson/SVA.

BACKGROUND
Porcine reproductive and respiratory syndrome (PRRS) is a
disease of domestic pigs caused by an enveloped RNA-virus
belonging to the family Arteriviridae. The disease was first
described in the USA in 1987 and the virus (PRRSV) was
subsequently identified in 1991. PRRSV has since become
endemic in most pig populations of the world and is consid-
ered one of the most economically important viral diseases
affecting pig production globally. PRRS is highly conta-
gious and is transmitted between pigs through both direct
and indirect contact. Sero- and virus-positive feral pigs and
wild boars have been described but there is no evidence that
they serve as a reservoir for PRRSV.

Sweden has had an active PRRSV surveillance pro-
gramme since 1998, with Farm & Animal Health collecting
samples that are analysed by the National Veterinary Insti-
tute (SVA). In July 2007, the first case of PRRS in Sweden
was detected through this active surveillance programme.

Until then, Sweden had been one of only a few countries
to declare itself free from PRRSV. At the time of detection,
the disease was not widespread, so a decision was made to
control the outbreak through a modified stamping out proce-
dure. The actions taken to eradicate the disease proved to be
effective as, following extensive surveillance during the fall
of 2007, Sweden was once again declared free from PRRSV
with a high probability by the beginning of 2008. Despite
extensive investigation, the source of the outbreak could not
be established.

After the outbreak in 2007, the surveillance programme
was revised in order to enable even earlier detection of an in-
troduction of PRRSV. The programme underwent revision
again in 2012 following extensive changes in the pig pro-
duction system in Sweden.

DISEASE
Infection with PRRSV causes varying clinical signs depend-
ing on factors such as virulence of the particular strain of
PRRS virus, age of the infected animals, presence of other
disease agents in the herd and herd management practices.
The incubation period is 2–7 days and, in adult pigs, the clin-
ical signs are often mild, consisting of fever, lethargy and in-
appetence, although certain strains of PRRSV can cause se-
vere disease, including high mortality, in adult animals. The
most obvious clinical signs of PRRSV infection in this cat-
egory of animal are typically reproductive problems includ-
ing abortion, mummified foetuses, small litters, weak-born
piglets, high piglet mortality and increased incidence of non-
pregnant sows. The primary clinical signs in weaned and
fattening pigs are fever, respiratory signs, reduced growth
and increased mortality.

LEGISLATION
PRRS was included in the Swedish Act of Epizootic dis-
eases in 1999 (SFS 1999:657 with amendments) and is con-
sequently notifiable on suspicion. Notification leads to fur-
ther investigation. PRRS is a listed disease (categories D
and E) in the Animal Health Law, (EU) 2016/429. SJVFS
2021:24 (K29) complements the AHLwith provisions as re-
gards measures to prevent the spread of PRRS in Swedish
pig establishments.

SURVEILLANCE
The purpose of the surveillance is to document freedom
from PRRSV and to detect introduction of the virus before it
becomes widespread in the population. Tests to detect both
viral genome and antibodies against PRRSV are used in the
surveillance. All samples are analysed at SVA. To detect
antibodies against PRRSV, a commercial ELISA method

DISEASE SURVEILLANCE 2022 71



Table 16: Number of samples and herds tested in the active surveillance for porcine reproductive and respiratory syndrome 2010–2022
in relation to the number of registered swine herds.

Year Field sampling Abattoir sampling Total number
of samples

Number of
registered swine

herds in
SwedenA

Number of
samples

Number of
sampled herds

Number of
samples

Number of
sampling
occasions

Number of
sampled
herdsB

2010 2012 126 4424 1475 931 6436 1695
2011 1240 78 2308 770 700 3548 1297
2012 1055 66 2145 717 623 3200 1113

2013 1024 64 1548 516 488 2572 1281
2014 912 57 2028 676 537 2940 1282
2015 824 52 2382 780 521 3206 1228

2016 875 60 2446 815 506 3321 1252
2017 826 54 2625 875 546 3451 1272
2018 784 54 2707 903 514 3491 1346

2019 647 42 2550 851 506 3197 1089
2020 601 43 2410 806 468 3011 1146
2021 626 41 2175 726 433 2801 1190

2022 480 36 2353 787 445 2833 1173

A Jordbruksverket statistikdatabas (statistik.sjv.se/pxweb).
B Some herds were sampled more than once.

(IDEXX PRRS X3 Ab Test, IDEXX Laboratories, West-
brook, Maine, United States) is used. Samples testing posi-
tive for PRRSV antibodies by ELISA are sent to the Danish
Technical University for confirmation testing using an im-
munoperoxidase monolayer assay (IPMA). Analysis for the
presence of PRRS viral genome is done using an in-house
PCR method (modified from Kleiboeker et al., 2005).

Passive surveillance
PRRS is notifiable on clinical suspicion by both veterinar-
ians and farmers and cases with suspect clinical signs are
investigated following notification to the Swedish Board of
Agriculture. The investigationmay include sampling of sick
or dead animals, examination of the herd for the presence of
clinical signs and analyses of production results. During the
investigation the farm is placed under restrictions.

In addition, PCR analysis for the presence of PRRSV
genome is included in the enhanced passive surveillance of
aborted foetuses (see chapter on “Examinations of abortions
in food producing animals” on page 146).

Active surveillance
Within the active surveillance programme, which has been
running in its current, revised form since 2013, all Swedish
nucleus herds, multiplying herds and sow pools are sam-
pled twice a year. Eight samples per herd are collected on
each sampling occasion. In addition, pigs from randomly se-
lected production herds are sampled at slaughter throughout
the year at the 9 largest Swedish abattoirs which slaughter
approximately 99.5% of Sweden’s pigs. Three samples per
herd are collected on each of these sampling occasions.

The revised programme was designed to take into con-
sideration an increased risk of PRRSV introduction and
changes in the structure of Swedish pig production, as well
as to keep the probability of freedom from PRRS at the same
level as it was after demonstration of freedom following the

outbreak in 2007. To achieve this, the programme was de-
signed using a between-herd design prevalence of 0.5%, a
within-herd design prevalence of 40% and a risk of intro-
duction of 1 in 5 years. The number of samples needed is
calculated yearly taking the outcome of the surveillance in
previous years into account. For 2022, the calculated num-
ber of samples required was 2400 from the abattoir sampling
in addition to the field sampling described above.

RESULTS
Passive surveillance
Five investigations following clinical suspicions of PRRS
were conducted in 2022. In four herds, reproductive prob-
lems such as abortion, low conception rate, and weak-born
and stillborn piglets were the primary clinical signs. In
one herd, bluish skin discolouration and increased mortal-
ity among sows lead to the clinical suspicion of PRRS. This
herd was also investigated for African swine fever and Clas-
sical swine fever and found to be negative for these diseases
(see chapter on “Classical swine fever”). The number of
animals sampled and the methods used during the PRRS in-
vestigations varied and were dependent on factors such as
the nature of the suspicion, the clinical manifestation and
howwidespread the clinical signs were in the herd. All sam-
ples taken during the course of the investigations were neg-
ative and all herds were subsequently declared negative for
PRRSV.

Within the programme for enhanced passive surveil-
lance of aborted foetuses, 15 pig foetuses from 10 herds
were examined for the presence of PRRSV genome and all
samples were negative.
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Active surveillance
In 2022, 480 samples from 36 nucleus herds, multiplying
herds and sow pools were analysed. In the abattoir sampling,
2353 samples originating from 445 herds on 787 sampling
occasions (some herds were sampled more than once dur-
ing the year) were analysed. For comparison, the number of
samples tested per year since 2010 is given in Table 16. All
samples tested were negative for antibodies against PRRSV.
Taking the surveillance outcome from previous years into
account, the probability of freedom based on the surveil-
lance during 2022 was >95%.

DISCUSSION
Before the outbreak of PRRS in 2007, the active surveil-
lance programme was based on field sampling in all nucleus
herds, multiplying herds, sow pools and 50 production herds
once a year, usually clustered in time. This surveillance de-
sign had the drawback of being expensive, having a low sen-
sitivity and a risk of poor timeliness. After the outbreak,
the surveillance was further developed by employing con-
tinuous abattoir sampling and more effective field sampling
in nucleus herds, multiplying herds and sow pools to im-
prove early detection of a PRRSV introduction and to in-
crease the sensitivity of the surveillance. The evaluation of
the programme in 2012 indicated that the probability of free-
dom and the sensitivity of surveillance were declining over
time and the changes that were suggested aimed at breaking
this trend. The main reason for the declining probability of
freedom was a decreasing number of samples tested. Dur-
ing recent years, the Swedish pig industry has undergone
substantial structural changes leading to a rapidly declining
number of herds and extensive changes in the market and
in the habits of farmers. These changes emphasise the need
for continuous monitoring of surveillance performance over
the year and a yearly evaluation of performance and design.
The present design, with continuous sampling and testing
over the year in combination with the clinical surveillance,
increases the probability of early detection compared to the
strategy used before the outbreak.
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Psittacosis

BACKGROUND
Psittacosis is caused by Chlamydia psittaci, an intracellular
bacterium. In 1879, psittacosis was described for the first
time in humans when an outbreak of pneumonia associated
with exposure to tropical pet birds was diagnosed among
Swiss patients. The organism was identified in the 1930s.
Since then, outbreaks have been described worldwide.

The main reservoir is the bird population, and the or-
ganism is excreted in faeces and nasal discharges. Birds
may become carriers of the organism and shed it intermit-
tently for years without any clinical signs. People acquire
the infection mainly via inhalation of contaminated dust or
through contact with infected birds. Between birds the in-
fection is transmitted via contact, by ectoparasites or con-
taminated equipment. C. psittaci may persist in dry faecal
material for months.

In some countries, infections caused by C. psittaci have
been described in mammals, such as cattle, sheep and
horses.

Control of psittacosis in animals is very difficult since
the organism exists in both domestic and wild birds.

DISEASE
Animals
Birds commonly develop clinical signs when stressed or
when their immune system is suppressed. Clinical signs in
birds range from an asymptomatic infection to conjunctivi-
tis, sneezing, pneumonia, and generalised infection. Adult
birds usually recover from the infection, but mortality can
reach 90% among young birds.

Humans
In humans, the symptoms often include fever, headache,
rash, myalgia, chills and upper or lower respiratory tract in-
fection. The disease is usually mild or moderate but can
be severe especially in untreated elderly persons. Most hu-
man cases are considered sporadic, and many mild infec-
tions are likely not diagnosed. The incubation period is usu-
ally around 10 days but can vary from 1 to 4 weeks.

LEGISLATION
Animals
Psittacosis is notifiable in birds according to SJVFS
2021:10.

Humans
Psittacosis in humans has been a notifiable disease since
1969 according to the Communicable Disease Act (SFS
2004:168 with the amendments of SFS 2022:217).

SURVEILLANCE
Animals
Surveillance in animals is passive. Notification is based on
detection of the organism. At the National Veterinary In-
stitute (SVA), since 2020, detection is performed by a real-
time PCR targeting Chlamydia psittaci.

Humans
Notification of human cases is mandatory, and surveillance
is based on identification of the disease by a treating physi-
cian or by laboratory diagnosis. Both are obligated to report
identified cases to the regional and national level to enable
further analyses and adequate intervention measures. For
laboratory verification of the infection, serology and, espe-
cially, PCR are the methods predominantly used.

RESULTS
Animals
In 2022, C. psittaci was detected in two out of five pet birds
tested at SVA and also in one wild great tit.

Humans
In 2022, 45 cases of psittacosis were reported which is
slightly fewer than the year before (Figure 32). In Swe-
den, psittacosis is mainly a domestic infection and during
this year none of the cases were reported to have been in-
fected abroad. The highest number of cases were reported
from the Region of Stockholm (n=12), followed by Västra
Götaland (n=10), Kalmar (n=6) and Skåne (n=6). Of the 45
cases, 30 (67%) were male and 39 (87%) were older than
50 years old. The median age was 62 years (range 30–82
years). Contact with birds and bird droppings was consid-
ered an important route of transmission. For 28 of the cases,
handling of poultry, cage birds or bird feeders were reported
as likely vehicles of infection. Psittacosis usually exhibits a
strong seasonal pattern with most reported illnesses occur-
ring during the winter months. In 2022, this pattern was
less pronounced than before as the cases were more evenly
spread throughout the year.
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Figure 32: Number of notified human cases of psittacosis in Sweden 2000–2022.

DISCUSSION
During the recent four years, there has been a marked in-
crease in the number of notified cases of psittacosis in hu-
mans. The reasons for this increase are not known. One ex-
planation could be the recently introduced PCR panels for
screening of respiratory tract infections where C. psittaci is
one of the target organisms. Without such screening, a clear
suspicion from the physician is required which demands
awareness of the illness. In 2019, a pilot questionnaire study
aimed at clinical microbiological laboratories across Swe-
den showed a clear regional overlap between a larger num-
ber of notified cases and usage of a PCR screening approach
that includes C. psittaci.

In Sweden, like in many other countries, human psitta-
cosis is considered underdiagnosed and underreported. In
published reports of psittacosis from other countries, the
source has most often been associated with poultry, espe-
cially turkeys, or pet birds. In Sweden, however, contact
with faeces fromwild birds, for example when cleaning wild
bird feeders, is considered a major source of infection. Ex-
posure to infected pet birds and poultry species can lead to
zoonotic transmission.

C. psittaci has been detected in a variety of wild bird
species, most often in seabirds, doves and parids. At present,
knowledge on the epidemiology of C. psittaci in domestic

and wild birds in Sweden is scarce. In a survey performed
2019 of wild garden birds collected during a ten-year pe-
riod, C. psittaciwas detected in 2.2% of the birds tested. No
screening has so far been done among hobby poultry.
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Q fever

BACKGROUND
Q fever is a zoonotic disease caused by the bacterium Cox-
iella burnetii. Because of its tolerance to heat, dryness and
many disinfectants, the organism is difficult to eradicate.
Cattle, sheep and goats are considered to be the main reser-
voirs of the organism, but pets such as dogs and cats may
also become infected. The agent is shed through several
routes, such as milk, foetal and vaginal fluids, faeces, urine
and semen. C. burnetii has also been isolated from ticks.

Transmission to humans is mainly considered to be
through inhalation of contaminated aerosols and dust.
Therefore, contact with dusty animal products and environ-
ments, such as wool, hay and bedding material may pose a
risk. Also, consumption of unpasteurised milk may be a risk
to susceptible individuals. In humans, immunosuppression,
predisposing valvular heart disease and pregnancy may in-
crease susceptibility to Q fever.

Larger outbreaks of Q fever, when reported, are prin-
cipally associated with small ruminants, whereas cattle can
be a source of sporadic cases. In many countries, Q fever
is seen as an occupational hazard for professionals in con-
tact with domestic ruminants and their environments, such
as farmers, veterinarians and abattoir workers.

The presence of C. burnetii in domestic animal popu-
lations in Sweden has been known since the early 1990s.
In Sweden the bacterium was first isolated from a sheep
placenta in a herd on the isle of Gotland. In 2008/2009,
a national survey of dairy cattle herds showed that 8% of
the herds were antibody positive in bulk milk. There were
large regional differences with the highest prevalence on the
isles of Gotland and Öland (59% and 35%, respectively). In
2010, national surveys of sheep and dairy goat herds showed
a very low prevalence of antibodies: 0.6% (three out of 518
investigated herds) and 1.7% (one out of 58 investigated
herds), respectively. In addition, goat bulk-milk was anal-
ysed for the agent; C. burnetii was not detected. In 2011,
80 sheep farms were investigated by analysing vaginal swab
samples from sheep taken in conjunction with lambing with-
out detecting the agent in any of the samples. These results
suggest that C. burnetii is a rare pathogen in the Swedish
sheep and goat populations. In a survey of 99 Swedish
moose during 2008–2010 no antibody positive samples were
found, indicating that exposure to C. burnetii is rare also in
this wild species.

In humans, only two domestic cases were reported in
the 1980s and 1990s. During the same period, a serologi-
cal survey in humans identified 28% of sheep farmers and
13% of veterinarians to be antibody positive, indicating a
larger extent of the exposure. However, a prospective study
on cases of endocarditis showed that only one of 329 pa-
tients had antibodies to C. burnetii indicating that chronic Q
fever endocarditis is rare. Since Q fever became notifiable
in humans in 2004, one to three cases have been reported
annually until 2008, when an increase was observed. Only

one case was classified as domestic during the period from
2004–2009. In 2010, the situation changed as eight of the
totally 11 reported cases claimed to have been infected in
Sweden. All these domestic cases were identified as a re-
sult of contact tracing when investigating a farm in southern
Sweden, which was included in a national survey on dairy
herds and where the bulk milk from the cows was shown to
be antibody positive forC. burnetii. During the period when
Q fever has been a notifiable disease, only about 20% of the
reported cases have been women (Figure 33). A similar dif-
ference in gender distribution has been described from other
countries, but the cause is not clear.

Since the 1980s, few domestically acquired cases of Q
fever have been reported apart from the cluster in 2010.
Most reported cases have been infected in Mediterranean
countries, including the Canary Islands.

DISEASE
Animals
Q fever in animals is usually asymptomatic but can also lead
to reproductive failures such as abortions or still/weak born
calves. In herds where the agent has been proven to be
present, the investigation of reproductive problems should
still exclude other causes before reproductive failures are at-
tributed to C. burnetii infection.

Humans
In humans the infection can vary from asymptomatic or flu-
like illness to acute pneumonia. Liver complications and ob-
stetric complications can also occur. Most patients recover
but some may develop a chronic illness. The incubation pe-
riod varies likely depending on the number of organisms in-
haled but is usually 2–3 weeks.

LEGISLATION
Animals
Q fever is a notifiable disease (SJVFS 2021:10). Notifica-
tion of a primary case of Q fever in animals is based on de-
tection of the agent C. burnetii or increased antibody levels
in paired samples.

Humans
Q fever has been notifiable according to the Communica-
ble Disease Act since 2004 (SFS 2004:168 with the amend-
ments of SFS 2022:217).
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SURVEILLANCE
Animals
Surveillance for Q fever in animals is passive.

Humans
Notification of human cases is mandatory and surveillance
is based on identification of the disease by a treating physi-
cian or by laboratory diagnosis. Both are obligated to report
identified cases to the regional and national level to enable
further analyses and adequate intervention measures. For
laboratory verification of the infection, serology and PCR
are used.

RESULTS
Animals
Limited testingwas done in 2022 on sheep and cattle, mainly
for export reasons. Blood samples from 3 sheep were anal-
ysed for the presence of antibodies by ELISA. As serolog-
ical tests no longer are performed in Sweden the samples
were sent to Denmark for analyses. Animals from one dairy
cattle herd were tested for C. burnetii in bulk milk by PCR.
In addition, one sheep was tested for the agent by PCR in
conjunction with the surveillance in aborted foetuses. All
samples that were submitted for testing were negative.

Humans
In 2022, six cases of Q fever were reported, which is a sim-
ilar level compared with the last ten years (Figure 33). Four

of the cases were men and two were women. All of them
were older than 50 years of age. One case was reported to
have been infected in Sweden, but the source of infection
was never identified. The rest of the cases, for whom the
countries of infection were known, had acquired their dis-
ease in Gambia, Iraq and Spain.

DISCUSSION
Due to the nature of the infection with asymptomatic cases
and unspecific clinical signs it is likely that Q fever is un-
derreported in both humans and animals in Sweden. Only a
few human cases are diagnosed every year, of which the ma-
jority are infected abroad. The surveillance in animals has
been passive since 2012 and as a consequence of this, very
few animals are being tested every year, mainly for export
reasons. Based on the passive surveillance we know very
little about the current prevalence of Q fever in the animal
population.
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Figure 33: Number of reported human cases of Q fever in Sweden by sex 2004–2022.
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Rabies

Figure 34: The raccoon dog is a reservoir species for rabies in en-
demic European countries. Photo: hannurama/iStock.

BACKGROUND
Rabies is caused by a lyssavirus in the family Rhabdoviri-
dae, which can infect all warm-blooded animals including
humans. The disease occurs worldwide, with some excep-
tions. Rabies is transmitted through contact with saliva, typ-
ically via animal bites. Most human cases are caused by
bites from infected dogs. The reservoir animal species for
rabies in endemic countries are most notably among car-
nivores of the family Canidae. In Europe, the reservoir
species are red foxes and raccoon dogs.

Bats in Europe may carry other types of lyssaviruses
such as European bat lyssavirus (EBLV), which also can
cause rabies-like disease in humans. Sweden has been free
from classical animal rabies since 1886. Findings suggest
that EBLV is present in Sweden, but virus has never been
isolated.

DISEASE
Humans and animals
Rabies virus infects the central nervous system of humans
and mammals. Early symptoms of rabies are non-specific,
consisting of fever, headache, and general malaise. As the
disease progresses, neurological symptoms appear and may
include insomnia, severe anxiety, confusion, slight or partial
paralysis, excitation, hallucinations, agitation, hypersaliva-
tion and difficulties in swallowing. The incubation period
of rabies is usually 3–6 weeks but may vary from five days
to one year.

There are still knowledge gaps on how EBLV infections
affect bats. Experimentally infected bats have shown clini-
cal signs as weight loss, disorientation, lack of coordination,
muscle spasms and aggression. Some infected bats may still
be normal in behaviour.

LEGISLATION
Animals
Rabies is a listed disease (category B, D and E) in theAnimal
Health Law, (EU) 2016/429. Sweden is officially free from

the disease in accordance with (EU) 2021/620. Rabies is no-
tifiable on clinical suspicion as described in SJVFS 2021/10
(K12).

To prevent the introduction of rabies, dogs and cats must
be vaccinated against rabies before entering Sweden. In
addition, depending on the country of origin, some must
have their antibody titre tested. The rules are set in SJVFS
2011:49 (with amendments of SJVFS 2014:47) and in the
EU Regulation 576/2013.

Humans
Rabies in humans is notifiable according to the Communi-
cable Disease Act (SFS 2004:168 with the amendments of
SFS 2013:634).

SURVEILLANCE
Animals
Passive surveillance
Animals with clinical signs where rabies cannot be excluded
are euthanised and tested by fluorescent antibody test (FAT)
and PCR.

Active surveillance
Some of the illegally imported pets that are detected and
come from countries with endemic rabies are euthanised.
They are examined for rabies using PCR to exclude the pos-
sible introduction of rabies in Sweden.

Humans
The surveillance in humans is based on identification of the
disease by treating physician and/or by laboratory diagno-
sis (i.e., passive surveillance). Contact tracing to find the
source of a detected infection is mandatory in case of do-
mestic transmission. Humans exposed to rabies virus will
be evaluated for need of post-exposure vaccination and im-
munoglobulin treatment.

RESULTS
Animals
In 2022, eight dogs, two cats and one ferret were examined
for rabies due to clinical suspicion. In addition, one cat orig-
inating from outside of Sweden were examined for rabies
on request by the County Medical Officer due to human ex-
posure through bites. Two dogs and two cats with foreign
origin displaying unspecific clinical signs (not specific to ra-
bies) were also examined for rabies to rule out the diagnosis.

Four dead bats were examined for rabies. The investi-
gations were requested and paid for by different individuals.
Two of the bats were kept in captivity in a tropical zoo.

In addition, 25 illegally introduced euthanised animals
(24 dogs and one cat) were examined after decision by the
Swedish Board of Agriculture. None of the animals had pre-
sented clinical signs associated with rabies.

In conclusion, all the above animals that were examined
for rabies during 2022 tested negative.
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Humans
No human cases were reported during the year.

DISCUSSION
During the last 50 years, two people have been hospitalised
for rabies in Sweden, both of whom succumbed to the dis-
ease. In 1974, a Swedish man fell ill after having become
infected in India. In 2000, a woman fell ill after a visit to
Thailand. Both patients had most probably been infected by
rabid dogs. Since Sweden is free from classical rabies, the
risk of acquiring the disease from Swedish animals is negli-
gible.

However, since 2004, there has been an increasing prob-
lem with illegal importation of pets, mostly dogs. Ille-
gally imported dogs from endemic countries are probably
the greatest threat to the rabies-free status of Sweden. This
can be exemplified by a case reported in France 2022. A
4-year-old dog, presumably illegally imported from Mo-
rocco, developed clinical signs of rabies when in a shelter in
France. After its death, it was confirmed to be infected by
rabies virus. There was no further secondary transmission to
other animals and all contact persons received post-exposure
vaccination.

The greatest risk to people, however, is contact with
dogs in countries with endemic dog rabies. In 2019 one
woman in Norway died from rabies after having been ex-
posed to a rabid puppy in the Philippines.

After the Russian invasion of Ukraine in February 2022,
the EU Commission urged the Member States to make ex-
ceptions of the entry requirements for pets (dogs, cats, and
ferrets) entering the EU with refugees from Ukraine. Dogs,
cats, and ferrets entering Sweden from Ukraine were, under
certain conditions, exempted from the requirements stated
in the EU regulation 576/2013. The German National Ref-
erence Laboratory for rabies (Friedrich-Loeffler-Institute,
FLI) performed a risk assessment, estimating the risk for a
rabies-infected non-symptomatic pet to enter the EU to be
1:300,000. If previous rabies vaccination was documented
and in line with the EU regulation, the pet was allowed to
enter Sweden without prior notification. If the animal was
claimed to be vaccinated but there were no supporting docu-
ments, the animal was placed in home isolation and antibody
titres were tested. If titres indicated sufficient protection,
the animals were released from home isolation. Otherwise,
the animals had to stay in home isolation for a total of four
months. In total, 384 animals (271 dogs, 112 cats and 1

unspecified species) were analysed at SVA during 2022 to
assess the vaccination status.

The rabies situation in many countries, especially in
the EU, is improving due to control and eradication pro-
grammes. In 2022, cases have only been reported in Hun-
gary, Poland, Romania, and Slovakia. In Poland there was
a resurgence of fox rabies in a previously free area close to
the eastern border to Belarus and Ukraine in 2021. Vacci-
nation campaigns of wild and domestic animals, and other
control measures have been put in place by Polish author-
ities. During 2022, Polish authorities reported 32 cases of
rabies in wildlife and four in domestic animals, mainly in
dogs. In Romania, the 25 reported cases have all been in the
border region to Ukraine and Moldova, and the two cases
in Slovakia and the three cases in Hungary occurred close
to the border to Ukraine. All countries in the EU are con-
sidered rabies-free or low-risk countries. EU co-finances
control, eradication and surveillance programmes in mem-
ber states as well as in some third countries adjacent to EU.
Russia, Belarus, Ukraine, Moldova, and Turkey are consid-
ered high-risk countries with several rabies cases in wild and
domestic animals each year.

From 1998 to 2016, an enhanced passive surveillance
programme where dead bats were examined for the pres-
ence of rabies was implemented almost every year. In addi-
tion, from 2008 to 2013 an active surveillance programme
for EBLV was performed in different regions in Sweden.

Antibodies to EBLV have been detected in specimens
from live Daubenton’s bats as part of the active surveillance
programme, suggesting that EBLV is present in Sweden
(Hammarin et al., 2016). Daubenton’s bats (Myotis dauben-
tonii), associated with EBLV-2, are common and may be
found from the south up to the county of Ångermanland in
the north. Six other Myotis species may also be found in
Sweden. The Serotine Bat (Eptesicus serotidatetimenus),
associated with findings of EBLV-1 in Europe, is found in
certain habitats in the south of Sweden. The Northern Bat
(Eptesicus nilssonii), which is related to the Serotine Bat, is
the most common bat in Sweden, and may be found all over
the country.

REFERENCES
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Salmonellosis
BACKGROUND
Salmonellosis is one of the most important bacterial
zoonoses. The genus is divided into two species: S. enterica
and S. bongori. Most Salmonella belong to S. enterica sub-
species enterica. More than 2500 different serovars belong-
ing to this subspecies have been described. Salmonella can
infect a multitude of animal species, including humans. Hu-
mans are infected by contaminated food products of various
types, through contact with infected animals, via person-to-
person transmission or via a contaminated environment.

A severe domestic outbreak of S. Typhimurium in 1953
with more than 9000 cases prompted the need for a control
programme for Salmonella in Sweden. Since then, the strat-
egy for control has been developed to prevent Salmonella in
all parts of the production chain, from feed to food of an-
imal origin. When Sweden joined the European Union in
1995, the Swedish Salmonella control programme was ac-
cepted. Sweden obtained additional guarantees for live an-
imals, meat, and eggs from countries with a non-equivalent
Salmonella status to be tested for the presence of Salmonella
before entering the Swedish market. The control pro-
gramme constitutes an important safeguard to Swedish pub-
lic health. In 2021, the Swedish Board of Agriculture (SBA)
and the National Veterinary Institute (SVA) received a joint
government assignment to review the control programme
and make suggestions for a revision taking into account
the structural changes in primary production towards fewer
and larger production sites. In spring 2022, the review of
the programme was finalised and a control programme with
strengthened biosecurity programmes and surveillance and
a more risk-based management of infected herds was pro-
posed. Preparatory work for the revision of the programme
is ongoing.

In recent years, a total of 2000–3000 human cases of
salmonellosis have been reported annually to the Public
Health Agency of Sweden. A majority (60–80%) of these
cases were infected abroad. During the last decade, the num-
ber of cases infected abroad has decreased, whereas the do-
mestic incidence has remained stable. Still, the proportion
of domestic infections in Sweden is low compared to many
other countries. The source of the verified outbreaks is of-
ten imported food. The contribution from domestic food-
producing animals to the human disease burden is low. In
2022, as in 2021, the COVID-19 pandemic resulted in both
a very low incidence of salmonellosis and a very high pro-
portion of domestic infections.

DISEASE
Animals
Infected animals are often asymptomatic. However,
Salmonella can cause clinical illness with diarrhoea, abor-
tions, and fever, and even lead to death. In Sweden, clin-
ical signs are frequently seen in cattle, horses, cats and
dogs, whereas infected poultry and pigs are most commonly
asymptomatic.

Humans
Salmonella infects the gastrointestinal tract and causes an
acute gastrointestinal illness. The symptoms can range from
asymptomatic and mild to severe. The incubation period
is typically between 1 and 3 days but can vary from 6
hours to 10 days. Most patients recover from the illness
spontaneously but sequelae such as reactive arthritis occur
in approximately 1–15% of the patients. Excretion of the
pathogen normally lasts for four to six weeks but prolonged
asymptomatic excretion can occur. In rare but severe cases
the infection can spread via the bloodstream to organs out-
side the gastrointestinal tract.

LEGISLATION
Feed
Control of animal feed is an integrated and essential part of
the control programme for Salmonella in primary produc-
tion. Feed business operators are responsible for producing
Salmonella-free feed. Poultry feed must be heat-treated ac-
cording to legislation. A major part of cattle and pig com-
mercial feed is also heat-treated. The production of feed
is supervised by the SBA which carries out announced and
unannounced inspections at feed mills and pet food produc-
ers. The control of Salmonella in feed is regulated in na-
tional legislation (SJVFS 2018:33with amendments, SJVFS
2022:3) as well as in an EU regulation (Commission Regu-
lation (EU) No142/2011).

Animals
Investigation is required upon clinical suspicion of
salmonellosis and any finding of Salmonella, regardless
of serovar, is notifiable. Action is taken to eliminate the
infection or contamination except in cases of findings of S.
diarizonae serovar 61:(k):1,5(7) in sheep. Vaccination is
not used in Sweden. The Salmonella control programme is
governed by the Swedish Act on Zoonoses (SFS 1999:658)
and its regulations. The aim of the programme is that ani-
mals sent for slaughter and animal products should be free
from Salmonella.

Food
Any finding of Salmonella in food is notifiable and a con-
taminated food product is considered unfit for human con-
sumption. However, there is one exception, which is S. di-
arizonae serovar 61:(k):1,5(7) in sheep meat, as this serovar
is not considered to be of public health importance (LIVFS
2005:20).

Laboratories analysing samples taken by authorities are
obliged to send isolates of Salmonella from positive food
samples to the National Reference Laboratory for serotyp-
ing (LIVFS 2005:21).

Humans
Salmonellosis in humans is notifiable according to the Com-
municable Disease Act (SFS 2004:168 with amendments,
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SFS 2022:217). Laboratory confirmed cases include cases
with samples that are positive by PCR only i.e., where no
isolate has been obtained.

MEASURES IN CASE OF FINDINGS
OF SALMONELLA
Isolates
All suspected isolates of Salmonella from non-human
sources are sent to SVA for confirmation and serotyping.
Index cases are defined as the first isolate of Salmonella in
a holding with pigs, cattle, goats, sheep, horses or a poultry
flock during the period of restriction measures. For com-
panion animals, index cases are defined as the first isolate
of Salmonella from a companion animal in a household or a
kennel of a specific species during a calendar year. For wild
animals, the index case is defined as the first isolate from
a wild animal species in a municipality or a locality during
a calendar year. Index isolates from index cases as well as
other index isolates (new serovars from a holding, flock or
companion animal in which another serovar has previously
been detected, findings of Salmonella at postmortem or in
a lymph node but not confirmed in a holding and S. diari-
zonae serovar 61:(k):1,5(7) in sheep) are resistance tested.
From cats and passerine birds, however, a subset of isolates
is resistance tested and further typed. In addition, one isolate
per holding from holdings under restrictions are resistance
tested each year. Isolates of S. Typhimurium are further
typed by MLVA. From 2020 onwards a subset of isolates of
all serovars from food and animal sources is characterised
by whole genome sequencing (WGS).

All isolates of Salmonella from domestic human cases
are sent to the Public Health Agency of Sweden for typ-
ing using WGS. A subset of isolates from travel-associated
cases are also typed. Both serotype and resistance markers
are identified from the sequence data. Clustering of isolates
is also done to identify outbreaks and for source tracing.

Feed
Findings of Salmonella in intra-community traded or im-
ported feed materials and compound feeds are reported
in the Rapid Alert System for Food and Feed (RASFF)
(https://ec.europa.eu/food/safety/rasff_en). Measures are
always taken when Salmonella is detected in feed samples.
Salmonella-positive feed materials are usually treated with
organic acids. After acid treatment the feed material must
be re-tested negative before use in feed production. Fin-
ished feed containing Salmonella must be withdrawn from
the market. Extended sampling and cleaning are done in
the production line if Salmonella is detected in the weekly
surveillance. If Salmonella is found before heat treatment,
the contaminated part of the production line is thoroughly
cleaned and disinfected, usually by dry cleaning, followed
by disinfection. If Salmonella is found after heat treatment,
the production will be stopped, and the feed mill must be
thoroughly cleaned and disinfected. Environmental sam-
pling must show negative results before production is re-
sumed.

Animals
If Salmonella is suspected in an animal, a veterinarian is ob-
ligated to take samples and implement measures to prevent
further transmission. When Salmonella is detected, the lab-
oratory must notify the SBA and the County Administra-
tive Board. When detected in a food-producing animal, the
County Veterinary Officer informs the official veterinarian
at the abattoir involved.

When Salmonella is confirmed on a farm, the holding is
put under restrictions (except in cases of finding of S. diari-
zonae serovar 61:(k):1,5(7) in sheep), an epidemiological in-
vestigation is performed and a plan to eradicate Salmonella
from the holding is defined. Animal movements to and from
the holding are stopped.

All Salmonella-positive poultry flocks are euthanised ir-
respective of serovar. The poultry house involved, and all
possibly contaminated areas are thoroughly cleaned and dis-
infected. Before introduction of new birds, all environmen-
tal samples must be negative for Salmonella.

In pigs and cattle, a combination of partial herd depop-
ulation and hygienic measures monitored by repeated sam-
pling is usually practiced. Cattle herds under restrictions
for Salmonella are monitored by a combination of serologi-
cal and bacteriological testing. Hygienic measures can in-
clude reducing the number of animals, control of animal
feed and manure management on the farm and reduction
of Salmonella contamination in the environment by clean-
ing and disinfection. Animals from restricted herds may be
slaughtered after sampling with negative results. The re-
strictions are lifted when the cleaning and disinfection have
been completed and Salmonella cannot be detected by cul-
ture from whole-herd sampling at two occasions performed
four weeks apart.

If Salmonella is detected in companion animals, advice
on hygienic measures to prevent further spread to other an-
imals or humans is given to the owners. If Salmonella is
detected in horses, the stables and/or the paddocks at risk
are put under restrictions and follow up investigations are
performed on the premises.

Food
Products released on the market will be withdrawn and con-
taminated products will be destroyed or sent for special
treatment to eliminate the Salmonella bacteria, except for
Salmonella diarizonae serovar 61:(k):1,5(7) in sheep meat.

Findings in imported consignments are reported in the
RASFF system and the consignments will be returned to the
country of origin, destroyed, or sent for special treatment as
applicable. RASFF is also used to inform about contami-
nated Swedish food products released on the EU market or
within Sweden.

In food enterprises where Salmonella has been detected,
appropriate follow-up measures will be applied, such as
careful cleaning and disinfection and environmental sam-
pling.
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Figure 35: An illustration of the Swedish surveillance of Salmonella
in feed, food, animals and humans. Infographic by Ari-
anna Comin.

SURVEILLANCE
Feed
In the control programme for feed, the emphasis is on
control of feed raw materials, the heat treatment process,
and preventive measures to avoid recontamination of heat-
treated feed. Suspected feed-borne infections are also inves-
tigated (Figure 35).

Surveillance of intra-community traded and imported
compound feed and feed raw materials
Raw feed materials are the most important risk factor in feed
production. In the domestic legislation, feed materials are
classified according to the empirical risk of being contam-
inated, and high-risk feed materials must test negative for
Salmonella contamination before being used in feed produc-
tion. All consignments of intra-community traded or im-
ported compound feed for cattle, pigs, poultry and reindeer
and feed materials classified as a risk must be sampled and
tested for Salmonella. The sampling plan is designed to de-
tect a Salmonella contamination in 5%of the batchwith 95%
probability.

Surveillance of feed mills
The purpose of the surveillance is to ensure the absence of
Salmonella in the production lines as well as in the feed mill
environment. A safety management system is applied in the
processing line according to HACCP (Hazard Analysis and
Critical Control Points). The management system covers
several specific GMP (Good Manufacturing Practices) re-
quirements, according to the Swedish legislation. A mini-
mum of five dust samples from feed mills that manufacture
compound feedstuffs for poultry and a minimum of two dust
samples from those manufacturing compound feedstuffs for
other food-producing animals must be collected in the pro-
cessing line on a weekly basis. These samples are analysed
at SVA (using the latest version of EN-ISO 6579-1:2017,
MSRV) and any finding of Salmonella is reported to the
SBA. The feed manufacturers also take additional samples
from the processing line and the feed mill environment as
part of their own process quality control.

Pet food and dog chews
Sampling is performed by the feed business operators as part
of their feed safety management system. Consignments of
pet food and dog chews imported from third countries are
sampled according to a sampling plan at the border inspec-
tion. The sampling plan is defined based on a risk assess-
ment.

Animals
In all animal samples except for those taken within the
control programme at abattoirs, detection of Salmonella
is performed using the latest version of the EN-ISO
6579:2017-1 method or a method validated against it.
Measurement of antibodies against Salmonella in blood
or milk samples of cattle is performed using commercial
ELISA tests PrioCHECK® Salmonella Ab bovine ELISA
and PrioCHECK® Salmonella Ab bovine Dublin (Thermo
Fisher Scientific, Lelystad, Netherlands).
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Poultry
The programme comprises a compulsory part and a volun-
tary part. The purpose of the compulsory programme is to
ensure that poultry sent for slaughter and meat products are
free from Salmonella. All poultry species are included in the
compulsory part, which sets the rules for mandatory sam-
pling (Figure 35).

Compulsory programme
All breeding flocks with more than 250 birds are tested (Ta-
ble 17). Grandparents ofGallus gallus broilers are imported
as day-old chicks. Laying hens, turkeys, geese, and ducks
are imported as parents. Samples consist of sock samples
(free range systems) or faecal samples (cage systems) taken
from all parts of the building or the department where the
bird flock is kept. From rearing flocks, two pairs of sock
samples are taken and pooled into one whereas five pairs
pooled into two are taken from the breeding flocks in pro-
duction.

All holdings that sell eggs for consumption are sampled
(Table 17), except those with fewer than 200 birds that only
sell directly to consumers. All poultry flocks that have more
than 500 birds, irrespective of species, must be tested. In
practice, all poultry flocks are tested prior to slaughter and
the results must be available before slaughter. According to
the harmonised legislation, sampling needs to be performed
within 3 weeks prior to slaughter.

The poultry producers pay the costs for the laboratory
analyses and the visits to the farms. Only accredited labora-
tories are allowed to perform the analyses. County Veteri-
nary Officers supervise the poultry control programme re-
gionally. The laboratory sends the test results to the County
Veterinary Officer on a quarterly basis. According to reg-
ulations, the County Veterinary Officer must send a report
on the test results of all poultry holdings to the SBA once a
year.

Voluntary programme
The aims of the voluntary programmes are to prevent intro-
duction of Salmonella into poultry holdings and minimise
the risk of spread of the infection to animals and humans.
The voluntary programmes have been in place for more than
40 years.

All broiler and turkey producers belonging to the
Swedish Poultry Meat Association are affiliated with the

voluntary programme which represents approximately 99%
of slaughtered broilers and 91% of turkeys. This volun-
tary preventive programme includes hygiene and biosecu-
rity measures and a high standard for poultry house con-
struction, such as biosecurity barriers between the clean and
unclean parts. Purchases of animals may only occur from
holdings affiliated with the voluntary programme and only
heat-treated feed is allowed. The poultry houses must be
cleaned and disinfected before introduction of a new flock.
The poultry producer needs to make an application to be ac-
cepted into the voluntary programme and a veterinarian in-
spects the holding at least once a year.

The Swedish Egg Association is responsible for the vol-
untary programme of the egg line (laying hens, pullets,
breeders). The voluntary programme of the egg line resem-
bles that of the meat line. However, a voluntary programme
is also available for holdings with outdoor access. Produc-
ers affiliated with the voluntary programmes of the egg line
receive higher financial compensation in case of a finding
of Salmonella.

Cattle and pig herds
This programme includes a compulsory and a voluntary
component (Figure 35).

Compulsory programme
The aim of the programme is to ensure a low prevalence
of Salmonella in cattle and pig herds. In pigs, the compul-
sory part consists of annual faecal sampling in nucleus and
gilt-multiplying herds and biannual sampling in the central
units of sow pools (multisite production system). In cattle,
Salmonella testing is performed in all calves <15 months
of age that are submitted for necropsy. In both cattle and
pigs, testing is also performed in conjunction with necrop-
sies if Salmonella infection is suspected based on macro-
scopic findings. All imported animals are also tested and,
on clinical suspicion, any herd or single animal should be
tested for Salmonella.

Voluntary programme
The voluntary programme is a general preventive biosecu-
rity programme (“Smittsäkrad besättning”) aiming at de-
creasing the risk of introduction of Salmonella and other in-
fections. Holdings affiliated with the programme receive

Table 17: Sampling scheme for Salmonella in poultry.

Category of poultry Sampling frequency Sample type Sampling before
slaughter

Official
veterinarian

Breeders in rearing 1 d, 4 weeks, 2 weeks prior
to rearing or moving

2 pairs of sock samples Within 3 weeks
before slaughter

Once a year

Breeders in production every 2nd week 5 pairs of sock samples Within 3 weeks
before slaughter

3 times during
production

Layers in rearing 2 weeks prior to moving 2 pairs of sock samples or 2
faecal samples of 75 g

Within 3 weeks
before slaughter

Once a year

Layers in production every 15th week (start at
22–26 weeks)

2 pairs of sock samples or 2
faecal samples of 75 g

Within 3 weeks
before slaughter

Once a year

Poultry for meat
production (all species)

2 pairs of sock samples or 2
faecal samples of 75 g

Within 3 weeks
before slaughter

Once a year
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higher compensation in case of positive findings. In addi-
tion, affiliated holdings are entitled to apply for a commer-
cial Salmonella insurance. Most sow breeding herds and
many of the large dairy herds are affiliated with this pro-
gramme.

In addition, there is the FriskKo (“Healthy Cow”) pro-
gramme which includes testing for Salmonella antibodies in
bulk milk samples collected four times a year. All herds
with test-positive results in this programme are offered vet-
erinary consultations aimed at improving internal biosecu-
rity to control and eradicate any Salmonella infection from
the herd.

Serological screening of salmonella in dairy herds
In 2022, regional bulk milk screenings were performed on
the islands of Gotland and Öland in April and October. Got-
land and Öland were the counties with the highest propor-
tion of test positive herds in the national screening in 2019.
All samples were analysed with PrioCHECK® Salmonella
Ab bovine ELISA (O antigens 1, 4, 5, 12 and 1, 9, 12;
Thermo Fisher Scientific, Lelystad, Netherlands). Samples
with a PP-value higher than twenty (PP>20) in this first
test were also analysed with PrioCHECK® Salmonella Ab
bovine Dublin ELISA (Thermo Fisher Scientific, Lelystad,
Netherlands; JV Dnr 6.2.18-14893/2019).

Serological screening of salmonella in pig herds
During spring 2022, a serological screening in pig herds was
performed as part of the ongoing revision of the control pro-
gramme. Sows in herds with >120 sows that were affiliated
with the voluntary biosecurity programme were sampled
with the aim to evaluate serology as a tool for the control
programme in pigs, estimate prevalence in piglet-producing
and integrated herds and to use the results to design a sero-
logical surveillance component for pigs sampled at abattoirs.
Samples were analysed using IDEXX Swine Salmonella Ab
Test (IDEXX, Hoofddorp, The Netherlands).

Other animals
Animals are tested for Salmonella on clinical suspicion or as
part of trace-back investigations (Figure 35). Wild animals
necropsied at SVA are also tested for Salmonella on suspi-
cion (see chapter ”Post mortem examinations in wildlife” on
page 151).

Surveillance of Salmonella in wild boar was initiated
during 2020 following the detection of Salmonella Choler-
aesuis in a breeding herd of domestic pigs. This serovar
had been absent from domestic pigs in Sweden for a pe-
riod of more than 40 years. Samples from wild boars found
dead and reported to SVA and a subset of apparently healthy
shot wild boars were analysed for Salmonella according to
ISO 6579:1. Suspected isolates of S. Choleraesuis were
whole genome sequenced for confirmation and further typ-
ing. With the purpose of detecting disease presence in new
areas and monitoring of the situation, this surveillance ac-
tivity is ongoing.

Food
Control of Salmonella is an important part of in-house qual-
ity control programmes in many food enterprises in Sweden
(Figure 35). All findings must be reported to the competent
authority.

Between 500 and 1000 samples per year are tested as
part of official sampling by local or national authorities
at food enterprises, in addition to the sampling performed
at slaughterhouses and cutting plants. These samples are
mainly analysed using a method validated against the ref-
erence method EN ISO 6579-1 or NMKL (nr 71:1999).

Isolates of Salmonella from samples of food taken by au-
thorities are always sent for serotyping at theNational Refer-
ence Laboratory for Salmonella (see Legislation). Although
there are no legal requirements, laboratories most often also
send isolates from samples taken by food business opera-
tors for confirmation. Serotyping and in some cases whole
genome sequencing of these isolates is funded by the SBA,
provided that the food business operator agrees that the re-
sults are made available to the national authorities. Data
from 2007 and onwards are stored in a database at SVA.

Surveillance at slaughterhouses and cutting plants
According to the Swedish Salmonella control programme,
samples from intestinal lymph nodes and swabs from car-
casses are taken from cattle and pigs while neck skin sam-
ples are taken from slaughtered poultry. The sampling frame
includes all slaughterhouses that slaughter more than 50 tons
per year. These plants are responsible for more than 99% of
the slaughter of cattle, pigs and poultry in Sweden. Sam-
pling at each slaughterhouse is proportional to the annual
slaughter volume. The total number of samples taken is cal-
culated to detect a prevalence of 0.1% with 95% confidence
level in cattle, pig, and poultry carcasses at a national level.
Altogether, approximately 21 000 samples from cattle, adult
pigs, fattening pigs, and poultry are collected at slaughter-
houses annually.

At red meat cutting plants, approximately 5000 sam-
ples are taken annually from meat residues. Similarly, ap-
proximately 1000 samples are taken in poultry meat cutting
plants.

The samples are analysed by commercial laboratories
using the current edition of the NMKL (nr 71:1999) method.
Up to 10 samples may be pooled into a single sample. If
Salmonella is detected in a pool of lymph nodes, the sam-
ples included are analysed separately.

Food business operators are obliged to take swab sam-
ples from carcasses of sheep, goats, and horses at slaughter-
houses for Salmonella analysis according to the regulation
(EG) 2073/2005 on microbiological criteria for foodstuffs.
The results of these analyses are to be reported to EFSA,
but they are not yet collected by the competent authority. In
Sweden, the corresponding requirements for swab sampling
of carcasses of cattle and pigs and sampling of neck skins
of poultry carcasses are replaced by the sampling within the
Salmonella control programme.
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IN FOCUS: Salmonella Enteritidis outbreak associated with domestic table eggs

Salmonella Enteritidis is the most common cause of food-borne human salmonellosis in Europe. The
infection is most often acquired through the consumption of contaminated poultry products, with
eggs from infected laying hens being the primary source. Not only can S. Enteritidis contaminate
the outer eggshell, but the contents of the eggs from infected hens may also be contaminated. In
Sweden, findings of S. Enteritidis in poultry have been uncommon and, prior to 2022, the serovar had
been detected in commercial laying hens only 3 times since 2003.

In late December 2022, S. Enteritidis was detected in laying hens at Sweden’s largest egg pro-
ducing facility. The pathogen was first identified in a routine environmental sample taken in the
facility’s on-site egg packing plant. After subsequent environmental sampling of all barns at the
facility, S. Enteritidis was identified from two departments in one barn. The facility was placed under
restrictions and the infected flocks were euthanised. Eggs produced at the facility from the end of
November and forward that had already reached market were recalled at the beginning of January
2023. Later, in February 2023, S. Enteritidis was detected in samples from three additional barns. Until
negative sampling results are obtained, eggs produced after findings of S. Enteritidis are either sent
for destruction or to a designated establishment for heat treatment.

Whole genome sequencing has linked 81 human cases to the strain recovered from the facility.
The source of the outbreak in the laying flock has yet to be identified. However, isolates from the
outbreak are genetically similar to isolates from other European outbreaks caused by eggs contam-
inated with S. Enteritidis. Notably, Belgium experienced a large nationwide outbreak with an almost
identical strain (<5 SNP difference) during the first quarter of 2022 that could be linked to domestic
eggs from one producer. Similar strains have also appeared in a couple of long-lasting outbreaks
with cases in multiple countries linked to Polish (2014–2019) and Spanish (2018–2021) eggs (ECDC
and EFSA 2020; ECDC and EFSA 2022). In addition, the outbreak strain is similar (14 SNP difference)
to a smaller Danish egg-linked outbreak in early summer 2022. This raises questions about a possible
common source of infection, but such a connection has not yet been identified. One explanation,
however, could be that the strain enters production facilities in different countries by being present in
the highly centralised breeding pyramid (Li et al., 2021). Findings of a different strain of S. Enteritidis
at a smaller Swedish egg producer in September 2022 lends support to this hypothesis as a strain
similar to this (13 SNP difference) was also causing a third large European egg-related outbreak in
2015–2017 (ECDC and EFSA 2017; Pijnacker et al., 2019).

Humans
Surveillance in humans is based on identification of the
disease by a treating physician and/or by laboratory diag-
nosis (i.e., passive surveillance) (Figure 35). Both treat-
ing physicians and laboratories are obligated to report cases
of salmonellosis to the regional and national level to en-
able further analyses and adequate intervention measures.
Salmonella spp. is part of the microbial surveillance pro-
gramme at the Public Health Agency of Sweden and domes-
tic isolates are whole genome sequenced for serovar deter-
mination, assessment of diversity and cluster detection. The
long-term goal is to use the data to evaluate efforts to lower
the level of domestic incidence of Salmonella infection.

RESULTS
Feed
Fifteen major feed mills produce approximately 95% of the
feed for food-producing animals. In the weekly surveillance
of feed mills, 8611 samples were analysed for Salmonella;
42 of these samples (0.49 %) were positive. Thirteen
serovars were detected; S. Typhimurium and S. Mbandaka

were the most common (n=10) (Table 18).
In addition, Salmonella was detected in 20 out of 1887

analysed batches from feed materials of vegetable origin.
The most common serovar was S. Tennessee (n=7). No
Salmonellawas detected during the year in feed materials of
animal origin or from pet food out of 1194 analysed batches.

Animals
Poultry
Salmonellawas detected in nine of 4047 broiler flocks tested
(Table 19 and Figure 36). Six of these broiler flocks were
found positive for S. Typhimurium through contact tracing
after the parent flock that produced the eggs from which
the broiler flocks hatched was suspected to be Salmonella-
infected. Salmonella was detected in four of the 872 layer
flocks tested (Figure 37). Two of these flocks, which tested
positive for S. Enteritidis, belonged to Sweden’s largest egg
producer and were the source of a food-borne Salmonella
outbreak (see “In focus”). S. Enteritidis of an unrelated
genotype was detected in one other layer flock.
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Table 18: Serovars of Salmonella isolated in feed control in 2022.

Serotype Feed
material
of animal
originA

Pet food Feed
material

of oil
seed

originB

Feed
material
of cereal

grain
origin

Other
plantsC

Process
control

feed mills

Process
control

rapeseed
crushing

plant

S. Agona - - 1 - - 5 -
S. Altona - - - - - 1 -
S. Choleraesuis - - 1 - - - -

S. Derby - - 1 - - - -
S. enterica subspecies diarizonae (IIIb) - - - - - 1 -
S. enterica subspecies enterica - - - 1 - - -

S. enterica subspecies salamae (II) - - - - - 1 -
S. Enteritidis - - - - - 1 -
S. Havana - - - - - 3 -

S. Isangi - - - - - 6 -
S. Kingston - - 2 - - - -
S.Mbandaka - - - - - 10 -

S.Miami - - - - - 1 -
S. Napoli - - - - - 1 -
S.Ohio - - - 1 - 1 -

S. Senftenberg - - 5 - - - -
S. Tennessee - - 7 - - 1 -
S. Typhimurium - - - - - 10 -

Unknown - - 1 - - - -

Total 0 0 18 2 0 42 0
Number of samples 1064 130 1242 645 144 8611 855

AMeat and bone meal, animal fat, fish meal, greaves, protein meal, meat meal, poultry offal meal, hydrolysed animal protein and animal
by-products.
BDerived from palm kernel, rapeseed, soya bean, linseed, peanut and sunflower seed.
CPeas, beans, potatoes and hemp.
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Figure 36: Annual notifications of Salmonella in broiler holdings
from 1968–2022, breeding flocks included.

19
90

19
95

20
00

20
05

20
10

20
15

20
20

0

5

10

15

20

25

30

Year

N
um

b
er
o
fc
as
es

S. Gallinarum/Pullorum S. Livingstone S. Enteritidis

S. Typhimurium S. Other

Figure 37: Annual notifications of Salmonella in layer holdings
from 1987–2022.
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Table 19: Results from the Salmonella control programme in commercial poultry flocks in 2022. The numbers of flocks tested are estimates
due to deficiencies in the Swedish poultry registries and the lack of a unique flock identification.

Animal species Production type Production stage No. flocks tested No. positive Percentage Serovar

Gallus gallus Meat production Adult Grandparent 17 0 0.00% -
Gallus gallus Meat production Adult Parent 124 0 0.00% -
Gallus gallus Meat production Production 4047 9 0.22% S. Typhimurium

(n=8), S. Virchow
(n=1)

Gallus gallus Egg production Adult Parent 14 0 0.00% -
Gallus gallus Egg production Production 872 4 0.46% S. Enteritidis (n=3),

S. Infantis (n=1)
Turkeys Meat production Adult Parent 4 0 0.00% -

Turkeys Meat production Production 166 0 0.00% -
Geese Meat production Production 13 0 -
Ducks Meat production Production 23 0 0.00% -

Salmonellawas detected in one flock of quail. No flocks
of commercially raised turkeys, ducks, geese, or ostriches
tested positive for Salmonella in 2022. As the poultry reg-
istries maintained by the SBA are not sufficiently updated
and a unique flock identification is lacking, the figures on
the number of flocks within the programme and the num-
ber of flocks not sufficiently sampled, can only be consid-
ered estimates. It is estimated that approximately 20% of
the poultry holdings lack an annual official sampling.

Cattle
In total, Salmonella was detected in four new herds in 2022
(Figure 38). Salmonella was isolated from six (0.15%) of
3940 mesenteric lymph nodes from cattle at slaughter (Ta-
ble 20 and Figure 40). Two very large cattle herds which
were placed under restriction due to Salmonella infections in
2020 remained under restriction throughout 2022. One herd

is a dairy herd with S. Derby while the other is a specialised
beef producing herd with S. Dublin. In both cases, the large
size of the herds has made the control and eradication of
Salmonella extremely difficult and costly and highlights the
challenges that the current Salmonella control programme
faces as cattle herds become bigger and more specialised.

In the regional bulk milk screenings on Gotland, 2.6%
of the tested herds were positive in April (3/117) and 20%
in October (24/120), of which none were positive in the
Dublin ELISA. On Öland there were 15% (16/105) and
23% (27/117) test positive herds in April and October re-
spectively, of which most were positive also in the Dublin
ELISA. The results from October 2022 were at the same
level as in October 2019 and this confirms a continued en-
demic situation of Salmonella Dublin on Öland. Regional
screenings will continue to be performed in the following
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Figure 38: Annual notifications of Salmonella in Swedish cattle herds from 1958–2022. Data from 1958 through 1967 is extracted from a
graph presented by J.Å. Robertsson (1985).
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years to better understand variations between years and sea-
sons and to follow the effect of a biosecurity programme
targeted on salmonella positive herds.

Pigs
Salmonella was detected in two pig herds (Figure 39) and
in three (0.09%) of 3522 lymph node samples taken from
adult pigs and from two (0.06%) of 3429 lymph node sam-
ples from fattening pigs (Table 20, Figures 41 and 42).

It was estimated from the results of the serological in-
vestigation in piglet-producing and integrated pig herds that
11% (8–14%) of the herds were serologically positive for
salmonella. The ELISA used cannot distinguish between
serotypes and therefore no conclusions can be drawn con-
cerning common serotypes or geographical clustering of
serotypes.

Other animals
No horses tested positive for Salmonella in 2022. Index
cases of Salmonella infection were detected in 941 cats, 8
dogs, 22 wild birds, 1 hedgehog and 1 roe deer (Table 21).

Salmonella was detected in 51 wild boars from 17 mu-
nicipalities in five counties (Blekinge, Skåne, Stockholm,
Södermanland and Östergötland; Table 22) In total during

2022, 200 wild boars were sampled and S. Choleraesuis was
detected in 32 out of 83 wild boars found dead and in 14
out of 117 shot wild boars. In addition, other serovars were
found in four wild boars found dead and in one shot wild
boar. Serotypes other than S. Choleraesuis isolated from
wild boar were S. Diarizonae (1), S. Typhimurium (1), S.
Mapo (1) and one isolate belonging to the O7-group and one
to the O4-group with no further typing available.

Food
Within the Swedish Salmonella control programme, swab
samples were taken from 6740 pig carcasses and 3996 cattle
carcasses. Neck skin samples were taken from 3062 poul-
try carcasses. Salmonella was not detected in any swab
sample or neck skin sample (Table 20). At cutting plants,
Salmonella was not detected in any of the 5419 red meat
samples but in one of the 1319 poultry meat samples taken.
(Table 20).

In addition to the sampling performed within the con-
trol programme, 534 samples were taken by national and lo-
cal authorities at different food enterprises. Salmonella was
detected in 16 samples, all from products originating from
other countries than Sweden. (Table 23).

Table 20: Results from the Salmonella control programme at slaughterhouses and cutting plants in 2022.

Animal species Sample type No. samples No. positive Percentage Serovar

Cattle Lymph node 3940 6 0.15% S. Choleraesuis (n=1), Monophasic S.
Typhimurium (n=1), S. Coeln (n=1) S. enterica ss
diarizonae (IIIb) 38;r;z (n=1), S. Enteritidis (n=1),

S. Dublin (n=2)A

Carcass swab 3996 0 0.00%

Adult pigs Lymph node 3522 3 0.09% S. Choleraesuis, S. Typhimurium, S. enterica ss
enterica (I) 6,8:eh:-)

Carcass swab 3374 0 0.00%

Fattening pigs Lymph node 3429 2 0.06% S. Typhimurium (n=2)
Carcass swab 3366 0 0.00% -

Cattle and pigs Meat trimmings 5419 0 0.00% -

Poultry Neck skin 2940 0 0.00% -
Meat trimmings 1319 1 0.08% S. Typhimurium

AIn one sample of lymph nodes two serovars, S. Choleraesuis and S. Enteritidis, were detected.
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Figure 39: Annual notifications of Salmonella in pig herds 1968–2022. In 2003, a feed-borne outbreak of S. Cubana occurred in Sweden.
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Figure 40: Samples tested (bars — left axis) and percentage of
Salmonella found (line — right axis) in lymph node sam-
ples from cattle sampled at slaughterhouses.
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Figure 41: Samples tested (bars — left axis) and percentage of
Salmonella found (line — right axis) in lymph node sam-
ples from sows and boars sampled at slaughterhouses.
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Figure 42: Samples tested (bars — left axis) and percentage of
Salmonella found (line — right axis) in lymph node sam-
ples from fattening pigs sampled at slaughterhouses.
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Figure 43: Samples tested (bars — left axis) and percentage of
Salmonella found (line — right axis) in neck skin samples
from poultry sampled at slaughterhouses.

Table 21: Notified index isolates of Salmonella in cats, dogs, horses, wild birds and wild mammals, except wild boar, in 2022. For all
animal species, the number of index cases is the same as the number of index isolates.

Serovar Cats Dogs Horses Wild birds Other wild animals

S. Agona 0 1 0 0 0
S. Enteritidis 1 0 0 0 1A

S. Fulica 0 0 0 2 0

S. Ndolo 1 0 0 0 0
S. Typhimurium 141 6 0 7 1B

Salmonella, 6,7:-:H5 0 1 0 0 0

Salmonella,O:4 798 0 0 13 0

Total index isolates 941 8 0 22 2
Total number testedC 1621 114 27 49 17

AHedgehog
BRoe deer
CTotal number of unique households (pets), stables (horses) or municipalities or locations (wild animals) tested.
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Table 22: Results of surveillance of Salmonella in wild boar found dead, and in apparently healthy hunted wild boar during 2022.

County/Area Category Number sampled S. Choleraesuis Other Salmonella

Stockholm, Södermanland and Östergötland Hunted 66 13 (20%) 1A

Found dead 43 20 (46%) 1A

Skåne and Blekinge Hunted 13 1A 0

Found dead 24 12 (50%) 3 (13%)
Other counties Hunted 38 0 0

Found dead 16 0 0

APercentage is not reported when the number of animals is low.

Sweden notified findings of Salmonella in food in the
Rapid Alert System for Food and Feed (RASFF) at five
occasions during 2022. All these concerned contaminated
batches from other countries than Sweden, either intra-
community traded or imported from third countries, within
the food categories meat, poultry, fruit and vegetables, nuts
and seeds and crustaceans.

In total, data from serotyped isolates from 652 batches
of food or carcasses sampled at retail, slaughterhouses, or
other food enterprises between 2010 and 2022 are available.
Of these, 383 are from imported food batches, 183 of do-
mestic origin (45 food batches and 138 carcasses) and 86
from food batches of mixed or unknown origin. The distri-
bution of serovars differs between the major food categories
(Figure 44). S. Dublin is the most common serovar in beef
meat whereas S. Typhimurium and S. Derby are most com-
mon in porkmeat. The composition of serovars from poultry
meat is quite variable, but S. Newport and S. Infantis are the
most common. Isolates from lamb meat (mainly originating
from swab samples of carcasses) are almost exclusively S.
diarizonae serovar 61:(k):1,5(7), whereas the composition
of isolates from vegetables varies.

Humans
In 2022, a total of 1137 cases of salmonellosis were reported,
compared to 944 cases in 2021 and 826 cases in 2020 (Fig-
ure 45). Domestic cases decreased from 721 cases in 2021 to
665 cases in 2022, resulting in an incidence of 6.3 cases per
100 000 inhabitants. The domestic incidence varies slightly
from year to year but has been largely stable between 5 and
11 cases per 100 000 inhabitants over a long period with the
exception for a drop to 4.1 in the first year of the COVID-19
pandemic.

A total of 39% of the cases (n=446) were considered
to have been infected abroad. Since the turn of the millen-
nium, a nearly fourfold decrease in incidence per 100 000 in-
habitants among travel-associated cases had been observed
until 2019, despite an increase in international travel. Re-
duced travel during the pandemic has led to the incidence
of travel-related cases falling further to a minimum in 2021
of 1.8 cases per 100 000 inhabitants. In 2022, this number
increased to 4.2 and Turkey was most often reported as the
country of infection (n=96), followed by Spain (n=38) and
Thailand (n=33).
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Figure 44: Distribution of Salmonella serovars in different food
categories. Results of serotyping of isolates from sam-
ples taken at retail, slaughterhouses or other food
enterprises by authorities or food business operators
2010 – 2022. In total, samples are from 483 batches
of food or carcasses (beef meat 199, pork meat 54,
poultry meat 42, lamb meat 124, vegetables 64). Food
categories with isolates from samples of less than 20
batches are not included.
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Table 23: Results of Salmonella analyses of food samples taken by the authorities in 2022.

Reason for sampling Total no. of samples No. of positive samples

Survey 28
Routine control 72 1 crayfish
Suspected food poisoning or complaint 309 3 minced meat, 1 chicken meat

Border control 102 4 sesame seed, 7 crayfish
Other or not reported 23
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Figure 45: Incidence (per 100000) of notified human cases of salmonellosis in Sweden, 1997–2022. Travel-associated cases are those
where the patient has reported travel to another country during the incubation period prior to clinical presentation. Domestic
cases are patients that have not travelled outside Sweden.

Among the domestic cases, the median age was 44 years
(0–96 years) and the incidence was highest for children
younger than 5 years of age with 10.2 cases per 100 000 in-
habitants followed by the age group of persons over 80 years
with an incidence of 10.0 per 100 000 inhabitants.

Of the isolates from domestic cases, 88%were serotyped
and the most common serovars among these were S. Ty-
phimurium (30%), S. Enteritidis (17%), S. Agona (6%) and
monophasic S. Typhimurium (6%). An additional 59 differ-
ent serovars were identified in domestic cases during 2022.
Of the cases infected in other countries, 18%were serotyped
and S. Enteritidis was the most common serovar (59% of the
isolates that were typed).

For domestic salmonellosis, a clear seasonality is usu-
ally observed, with most cases occurring during late sum-
mer and early autumn. In 2022, the number of domestic
cases was low in early summer and summer and peaked only
in September/October when a major outbreak occurred (see
“Outbreaks” below). Travel-associated cases were at sig-
nificantly lower levels than during the comparison period
2015–2019 and were at their highest in August. The low
level of people infected abroad was particularly evident dur-
ing the first months of the year when some more extensive
travel restrictions still prevailed (Figure 46).

Outbreaks
In 2022, six outbreaks involving ten or more cases were
identified, which is fewer than in 2021 when eleven such
outbreaks occurred. Together, these outbreaks accounted
for 29% (192/665) of the total number of reported domes-
tic infections. For some, cases were reported over longer
time periods, while others led to a larger number of cases in
a short time, for example in September-October andNovem-
ber (see Figure 46).

Outbreak of S. Enteritidis, undercooked mixed
minced meat patties
At the end of January, a local outbreak linked to a ski compe-
tition was reported in which teachers and students working
as officials fell ill. WGS of isolates from the cases revealed
a strain of S. Enteritidis very similar (differing by 5 SNPs)
to one that had caused 14 cases of illness during 2019–2021.
In 2021, that strain was also identified in chicken meat from
Poland delivered to a fast-food restaurant chain. The inves-
tigation showed that the officials at the ski competition had
eaten undercooked mixed minced meat patties. The meat
patties were made from frozenmixedmincedmeat (beef and
pork) originating from Poland/Slovakia but without eggs or
poultrymeat. Upon analysis of remainingmincedmeat from
the same batch, the outbreak strain was identified. A total
of eleven cases of illness were reported in the outbreak.
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Outbreak of S. Liverpool, frozen pre-cooked crayfish
At the beginning of August 2022, S. Liverpool was identi-
fied from a sample taken at the Swedish border control post
of frozen pre-cooked crayfish produced in China. The batch
was withdrawn from the market before reaching consumers,
but previously delivered batches from the same producer
had been sold to consumers. Follow-up sampling at the bor-
der control post in August led to the discovery of salmonella
in six additional batches. At the same time, human cases
began to be identified with a strain of S. Liverpool that had
previously been found in five cases in late summer-early au-
tumn 2021, but without any cause being found. Interviews
with the cases in 2022 showed that several had eaten cray-
fish before the illness, whereupon a connection between the
findings in crayfish and the human isolates was confirmed
by WGS. As the producer had only been approved for ex-
port in February 2022 and the importer had received crayfish
from another producer in previous years, it was not possible
to identify any connection to the cases in 2021. A total of
20 cases were reported in the outbreak, of which 15 were
infected in 2022.

Outbreak of S. Typhimurium, rocket salad
In early October 2022, a rapidly growing outbreak of S.
Typhimurium was identified via the microbial surveillance
programme at the Public Health Agency of Sweden. In the
previous weeks, a sharp national increase in the number of
reported domestic cases with Salmonella serogroup B had
been observed. Based on epidemiological data including in-
formation from interviews, questionnaire responses and col-
lected receipts, a case-control study was conducted. The re-
sults showed that the outbreak cases had eaten rocket salad
or, alternatively, bagged mixed salad originating from a spe-
cific food chain, before becoming ill. When Finland also
turned out to have outbreak cases, several of which were
linked to a specific restaurant, the traceback was facilitated

and either of two Swedish producers could be identified as
the likely origin. No clear cause for the products being con-
taminated could be identified, but a possible source could
have been wild animals. In total, the outbreak included 109
Swedish outbreak cases.

Outbreak of S.Agona, cucumber
From mid-November 2022, an outbreak of S. Agona with
cases from several different regions in Sweden was investi-
gated. Interviews and questionnaire responses did not give
strong clues about any specific source of infection other than
that those who became ill commonly had bought their food
at one or two of themajor retail chains in Sweden. At the end
of the month, Norway shared information through the Eu-
ropean surveillance portal for infectious diseases, EpiPulse,
about a major outbreak caused by S. Agona, whereupon it
turned out that the Swedish outbreak cases, as well as cases
from the Netherlands, carried the same strain. In Norway, a
thorough tracing of products was carried out based on points
of purchase, along with a case-control study. The results led
to suspicion of Spanish cucumber as the source of infection,
and it turned out that the same supplier had distributed prod-
ucts to the Norwegian, Swedish and Dutch markets. In total,
35 Swedish cases were reported in the outbreak and over 100
in other affected countries, mainly Norway.

Outbreak of S. Enteritidis, eggs
In addition to the outbreaks described above, a larger out-
break with S. Enteritidis linked to domestically produced
eggs also began in 2022, although almost all cases were re-
ported in 2023 (see “In focus”).
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Figure 46: Monthly notifications of domestic and travel-associated human cases of salmonellosis in 2022 and a monthly average for do-
mestic and travel-associated notifications in 2015–2019.
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DISCUSSION
The low proportion of domestic Salmonella infections in hu-
mans is unique to the Nordic countries when compared to
other European countries where such data is collected. This
reflects the low Salmonella burden in domestic animals and
food. However, between 2020 and 2022 the number of re-
ported Salmonella cases in Sweden has halved compared
with pre-pandemic numbers and, in addition, the propor-
tion of domestically infected has become the majority (51,
76 and 58 percent of cases in 2020, 2021 and 2022, respec-
tively). These changes are probably due to restrictions and
changed behaviour during the pandemic, where travel re-
strictions, in particular, can be assumed to have played a
major role.

In the feed sector, in 2022, as in previous years, several
different serovars were isolated in the weekly surveillance
of feed mills where S. Typhimurium and S. Mbandaka were
the most common serovars (n=10). The findings were from
several different feed mills, and most of them from the feed
material intake area. This illustrates the importance of han-
dling feed materials in a proper way even if the feed ma-
terials have been negatively tested for Salmonella. An in-
teresting finding was S. Choleraesuis in a Swedish organic
rapeseed cake where the rapeseed was grown in a county
where S. Choleraesuis had been detected in wild boars.

The number of positive cats in 2022 was similar to that
which was detected in 2018–2020. In 2021 there was a
marked reduction in the number of positive cats, with only
42 index cases. Cats are mainly infected by wild birds and
in years when certain wild bird species are low, the trans-
mission of salmonella to cats may also be reduced, which
may have been the case in 2021.

In 2022, regional bulk milk screenings were used to fol-
low up areas of special interest. This complements the na-
tional bulk milk screenings that are performed with several
years’ interval, and will be continued in 2023.

The Swedish Salmonella control programme has been in
place for decades and has resulted in a very low Salmonella
burden in domestic food producing animals. The structure
of the programme has been largely unchanged since the

1990s and the aim of the programme is still that Swedish
food of animal origin should be free of Salmonella. With
the planned revision of the programme, the Salmonella con-
trol will be performed with a partly different approach than
previously.

Good cooperation between the public health, food safety
and veterinary sectors is crucial in outbreak investigations,
in control, in surveillance as well as in the further develop-
ments of the surveillance programmes.
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SARS-CoV-2

BACKGROUND
Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-
CoV-2) is an emerging zoonotic coronavirus, initially de-
scribed as the causative agent of a cluster of cases of viral
pneumonia in the city of Wuhan, China, in December 2019.
Since then, SARS-CoV-2 has caused the COVID-19 pan-
demic in humans, with over 762 million confirmed human
cases worldwide, and almost 6.9 million deaths to date (mid-
April 2023).

Coronavirus infections are common in both animals and
humans, and some are known to be zoonotic. In humans,
previously known coronaviruses can cause illness ranging
from the common cold to more severe diseases such as Mid-
dle East Respiratory Syndrome (MERS, caused by MERS-
CoV), and SARS (caused by SARS-CoV). SARS-CoV and
MERS-CoV, as well as SARS-CoV-2 belong to the genus
Betacoronavirus, and all are believed to have viral ancestors
with bats as the original host. Whereas investigations sug-
gest that MERS-CoV and SARS-CoV were transmitted to
humans from intermediary animal hosts (dromedary camels
and civet cats, respectively), there is not enough scientific
evidence to identify a possible intermediate host of SARS-
CoV-2 or to explain the original route of transmission to hu-
mans, which may or may not have involved an intermediate
host.

Susceptibility to SARS-CoV-2, either through experi-
mental infections or by identification of natural infections,
has been demonstrated in several animal species, includ-
ing, e.g., cats, ferrets, mink, dogs, and non-human primates.
Natural infections in animals have with few exceptions, in-
cluding farmed mink, white-tailed deer, and Syrian ham-
sters, been limited to sporadic spill-over events from hu-
mans. In farmed mink SARS-CoV-2 has caused extensive
outbreaks with significant between-animal and between-
farm spread in several countries and with a substantial im-
pact on the international mink fur sector. Moreover, cases
of mink to human transmissions have been reported, includ-
ing events of spillover of new mink associated SARS-CoV-
2 variants into the community. Concerns were therefore
raised regarding the risk that mink farms could represent a
serious animal reservoir for SARS-CoV-2. This could in
turn have a negative impact on public health, if new virus
strains, potentially with altered transmissibility or virulence,
affecting the treatment or vaccine efficacy, were introduced.

In the autumn of 2020 SARS-CoV-2 was detected on 13
Swedish mink farms. A subsequent serological screening,
which covered a majority of the mink fur farms active at
the time, suggested that most farms had been exposed to the
virus. Given the extensive spread of SARS-CoV-2 among
Swedish mink, with possible spillover to people associated
with the affected farms, a concern was raised regarding the
potential public health risk of allowing breeding to occur
during the following season. Based on a risk assessment
carried out by The National Veterinary Institute (SVA)

Figure 47: Within the enhanced passive surveillance scheme,
which has been in place since the autumn of 2020, 635
samples from 18 mink farms were analysed for SARS-
CoV-2 in 2022. All were negative. Photo: Svensk Mink
AB.

and the Public Health Agency of Sweden, breeding of mink
was banned during 2021, but no animals were euthanised.
At the end of 2021, a new risk assessment was carried out
and the breeding ban lifted. This as the possible negative
effects on public health now were assessed to be lower due
to available human vaccines and a good public vaccination
coverage. Although breeding was allowed during 2022, no
movement of animals or any establishments of new farms
was permitted without approval from The Swedish Board
of Agriculture.

The number of mink producers in Sweden has reduced
since the start of the COVID-19 pandemic and at the end of
2022 there were 24 active farms in the country.

DISEASE
Animals
Clinical signs of SARS-CoV-2 in mink are often non-
specific and present only in a proportion of outbreaks. Clin-
ical signs can include increased mortality, mild respiratory
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signs, reduced feed intake and occasionally mild gastroin-
testinal signs.

Humans
In most humans, COVID-19 manifests as a respiratory tract
infection, and many different symptoms may be present.

Most people get mild symptoms and can recover at home
without professional medical care. Some people get a severe
form of the illness, with breathing difficulties and pneumo-
nia.

LEGISLATION
Animals
Infection with SARS-CoV-2 in animals is notifiable as an
emerging infection in animals (SJVFS 2013:23). SinceMay
2021, surveillance of SARS-CoV-2 in mink is carried out in
accordance with Implementing Decision (EU) 2021/788.

Humans
COVID-19 in humans is notifiable according to the Com-
municable Disease Act (SFS 2004:168 with amendments,
SFS 2013:634).

SURVEILLANCE
Animals
A surveillance scheme based on enhanced passive surveil-
lance has been in place in Sweden since the autumn of 2020.
All fur farms are to submit whole animals found dead, or
throat swabs from animals found dead, to SVA for SARS-
CoV-2 analysis using qRT-PCR. Positive samples are fur-
ther analysed with whole genome sequencing. The surveil-
lance schemewas initially run on a voluntary basis, but since
May 2021 it is compulsory in accordance with Implement-
ing Decision (EU) 2021/788.

Humans
This report covers the specific active surveillance pro-
gramme for mink farmworkers that was set up from the
end of 2020 until the spring of 2021 in the municipalities
of Sölvesborg and Skara (where most Swedish mink farms
are located). The programme included weekly voluntary
screening using PCR. The purpose of the programme was to
identify infected workers in order to prevent possible trans-
mission from humans to mink. Moreover, the system pro-
vided an early warning of mutations of concern, that could
arise within the animal population and subsequently be in-
troduced into the human community. The surveillance of
virus variants was achieved by performing whole-genome
sequencing of SARS-CoV-2 PCR-positive samples. During
2022, no surveillance of farmworkers was carried out.

RESULTS
Animals
During 2022, 635 samples from 18 farms were analysed for
presence of SARS-CoV-2 at SVA and all were found nega-
tive.

DISCUSSION
Although more than 30 different animal species have been
found to be susceptible to infections with SARS-CoV-2,
extensive outbreaks in animals have mainly been seen in
farmed mink. Once introduced into a farm, SARS-CoV-2
appears to spread efficiently among the animals. The high
animal density that is typically present on a mink farm pro-
vides the ideal conditions for viral replication and transmis-
sion, also increasing the risk of virus evolution. Further-
more, experiences from e.g., the Netherlands and Denmark
in 2020 demonstrated that once SARS-CoV-2 has been in-
troduced into an area with high density of mink farms, farm-
to-farm transmission is likely to occur, with spillover to peo-
ple associated with the farms, as well as to close by commu-
nities. Despite implemented biosecurity measures extensive
spread within, and between farms could occur in Sweden in
2020. A clear association was also observed between the
presence of SARS-CoV-2 in mink and COVID-19 in peo-
ple associated with the animals, supported by the results of
the whole genome sequencing. During 2021, SARS-CoV-2
was only detected on one Swedish mink farm and no further
spread was detected or suspected. The ban on mink breed-
ing during the entire season in 2021 can be assumed to have
contributed to the reduced risk of SARS-CoV-2 infection,
and to the improved situation that was observed. Given that
no breeding took place, there was no need for guest work-
ers during periods that normally required extra labour which
limited possibilities of virus introduction. Additionally, the
remaining mink population during 2021 was limited in size
and had likely been exposed previously to SARS-CoV-2 and
thus assumed to have had some level of herd immunity, al-
beit with limited duration. In 2022 no positive farms were
detected at all and the COVID-19 vaccination in the Swedish
society and the good human vaccination coverage can be as-
sumed to have contributed to the improved situation. This
was also the decisive factor that led to the decision from The
Swedish Board of Agriculture to allowmink breeding again.
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Scrapie

BACKGROUND
Scrapie, which affects sheep and goats, belongs to a
group of diseases called Transmissible Spongiform En-
cephalopathies (TSEs) and was first described more than
250 years ago. The current theory about the causative agent
is the protein-only hypothesis. This theory assumes that pri-
ons, which are misfolded and aggregated proteins, induce
the same misfolded, aggregated, and pathological structure
in normal prion-proteins of the host, resulting in accumula-
tion of prions and cellular damage without the involvement
of any microorganism. Susceptibility to scrapie is geneti-
cally related and some countries have chosen to control the
disease through specific breeding programmes.

Scrapie occurs in different variants, classical and atypi-
cal scrapie/Nor98. Classical scrapie, which is clearly trans-
missible within flocks, has been detected in Sweden on one
occasion, in a single flock in 1986. The whole flock was
culled, and the farmer was not allowed to reintroduce sheep
for seven years. The origin of the disease was never estab-
lished.

In 1998, an atypical variant of scrapie was detected in
Norway (Nor98), and this variant was detected in Sweden
for the first time in 2003. Since then, several cases have
been detected in Sweden and worldwide. Although atypi-
cal scrapie is experimentally transmissible, cases occur spo-
radically and epidemiological studies on the European level
indicate that atypical scrapie probably is a spontaneously
(without known cause) occurring disease which does not
seem to spread within or between flocks.

In 2002, after classical bovine spongiform encephalopa-
thy (BSE) in cattle became a disease of public health concern
(see chapter on BSE, page 21), and the occurrence of BSE in
small ruminants was suspected, both surveillance and con-
trol of TSE in small ruminants was intensified within the
European Union. Since the start of this intensified surveil-
lance, more than 75 000 sheep have been tested in Sweden
without any positive cases of classical scrapie detected. In
2014, Sweden sent an application to the European Com-
mission to obtain status as a country with negligible risk

Figure 48: Classical scrapie has not been detected in Sweden since 1986 and after several years of intensive surveillance, Sweden has
been granted the status “negligible risk” for classical scrapie. Photo: Ylva Persson.
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for classical scrapie. The dossier contained detailed in-
formation about the population, imports (which were lim-
ited), education about the disease, the EU-approved national
control programme as well as results of estimates of the
probability that Sweden is free from classical scrapie. The
Commission evaluated the dossier and also asked the Eu-
ropean Food Safety Authority (EFSA) for an opinion (doi:
10.2903/j.efsa.2015.4292). In August 2016, the application
was approved, and Sweden was granted the status negligi-
ble risk for classical scrapie through Commission regulation
(EC) 2016/1396.

DISEASE
The incubation period of scrapie is long, up to several years.
Clinical signs of classical scrapie are related to the neu-
rological system and include altered behaviour and sensa-
tion, affected movement and posture, as well as pruritus and
subsequent skin lesions. The disease is progressive and al-
ways fatal. All routes of transmission of classical scrapie
have not been established, but transmission occurs horizon-
tally within flocks and especially at lambing, as foetal fluid
and the placenta may contain large amounts of prions. Pri-
ons may remain on contaminated pastures for long periods
of time. Scrapie has, based on epidemiological data, not
been considered a zoonotic disease. However, the ques-
tion is still regularly raised. The majority of cases of atypi-
cal scrapie/Nor98 are detected in the active surveillance and
there are fewer reports of animals with clinical signs such as
e.g., ataxia, loss of body condition and abnormal behaviour.

LEGISLATION
Surveillance and control of scrapie in sheep and goats is reg-
ulated through Regulation (EC) 999/2001 of the European
Parliament and of the Council of 22 May 2001. At the na-
tional level, the surveillance scheme and control were, un-
til 2016, also regulated by an EU-approved national scrapie
control programme which from 2003 also formed the basis
for additional guarantees related to trade within the union
(Commission Regulation (EC) 546/2006).

Sweden was granted the status: “negligible risk”
for classical scrapie through Commission regulation (EC)
2016/1396 amending Regulation (EC) 999/2001 and since
then the rules in 999/2001 replace both the additional guar-
antees and previous surveillance scheme in the national pro-
gramme.

Scrapie is a notifiable disease under the Swedish Act of
Epizootic diseases (SFS 1999:657, with amendments) and
should be notified already on clinical suspicion. The obli-
gation to report applies to animal owners, veterinarians, and
everyone else who is responsible for the animals. Sam-
pling at the national level is regulated by SJVFS 2010:9, last
amended through SJVFS 2013:3.

SURVEILLANCE
The Swedish Board of Agriculture oversees the surveillance
programme which is carried out in cooperation with the Na-
tional Veterinary Institute (SVA). Samples are analysed at

SVA, which is also appointed the National Reference Labo-
ratory (Regulation (EC) 999/2001). A majority of the sam-
ples are collected at rendering and hence there is a close
collaboration with Svensk Lantbrukstjänst and Konvex, two
companies that collect and render carcasses.
Passive surveillance
If scrapie is suspected or cannot be excluded based on clin-
ical signs, the animal is euthanised and samples collected.
Brainstem samples were for the first part of 2022 analysed
using the Bio-Rad TeSeE TM SAP rapid test (Bio-Rad Lab-
oratories, Hercules, California, United States). During 2022
the analysis method at SVA was changed and for the second
part of the year samples were analysed using the IDEXX
HerdChek® BSE-Scrapie Antigen Test kit (IDEXX Labora-
tories, Westbrook, Maine, United States).

If the results are positive or inconclusive, the TeSeETM
Western Blot kit (Bio-Rad Laboratories, Hercules, Califor-
nia, United States) is used for confirmation.
Active surveillance
From 2017, the basis of the active surveillance is Regulation
(EC), 999/2001 Annex III, which states a minimum number
of animals to be sampled based on population size. Themin-
imum number to be sampled in Sweden is 1500 fallen sheep
and 100 fallen goats above the age of 18 months. The sam-
ples should be representative for the population. Prior to
2017 sampling was based on an EU-approved national con-
trol programme, which included sampling of all dead sheep
and goats over 18 months of age that were not slaughtered
for human consumption.

The current national purpose of the surveillance is to
demonstrate freedom of the disease so that Sweden can
maintain the official status of negligible risk as well as to
detect any possible introduction. Regulation (EC) 999/2001
requires that for the preceding 7 years, a sufficient number
of animals should have been tested annually to provide a
95% confidence of detecting classical scrapie if it is present
in that population at a prevalence exceeding 0.1%.

It is mandatory to send fallen animals for rendering, ex-
cept for in the northern parts of Sweden, where animal den-
sity is low (less than 10% of the sheep population is in this
area). In the computerised system for collecting carcasses,
roughly every second or every third (adjusted by season) an-
imal is “flagged” for sampling. The carcasses sent for ren-
dering are sampled by employees at the rendering plants.
All sheep and goats above 18 months of age that are sent for
post-mortem examinations are sampled by veterinarians or
veterinary assistants.

Samples from the active surveillance were for the
first part of 2022 analysed using the Bio-Rad TeSeE TM

SAP rapid test (Bio-Rad Laboratories, Hercules, California,
United States). During 2022 the analysis method at SVA
was changed, and the HerdChek® BSE-Scrapie Antigen
Test kit (IDEXX Laboratories, Westbrook, Maine, United
States) was used at SVA in accordancewith Regulation (EC)
999/2001. If results are positive or inconclusive the Bio-Rad
TeSeE TM Western Blot kit was used for confirmation.

The number of samples and distribution between farms
is followed up on a monthly basis.
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RESULTS
Passive surveillance
In 2022, one sheep was tested due to clinical suspicion of
scrapie with a negative result.

Active surveillance
Sheep
In 2022, SVA examined 1580 sheep from fallen stock. All
samples were negative for classical scrapie and three sam-
ples were positive for atypical scrapie/Nor98. The north-
ern part of the country is under-represented in the sampling
and due to problems with rapid decomposition of carcasses
during the summertime, sampling is not evenly distributed
throughout the year. Apart from this, sampling is considered
representative.

Goats
In 2022, SVA examined 109 goats from fallen stock for
scrapie. All were negative both for classical scrapie and for
atypical scrapie/Nor98.

DISCUSSION
Classical scrapie
Classical scrapie is a challenging disease to both detect and
to eradicate, due to the long incubation period and persis-
tence in the environment. Sweden has chosen not to breed
for resistance and thus the sheep population is susceptible to
classical scrapie. An introduction of the disease could there-
fore potentially have negative consequences for the sheep
industry. The import of sheep and goats to Sweden has for
many years been limited, and in combination with trade re-
quirements, this has kept the risk of introduction at a low
level.

In the active surveillance, no positive cases have been
detected but continued efforts need to be made to increase
the number of samples from the northern parts of the coun-
try. From a surveillance point of view, the seasonal variation
with reduced sampling during the summer, is not deemed to
have a systematic effect.

Atypical scrapie
Since the first case of atypical scrapie was confirmed in
Sweden in 2003, more than 50 cases have been detected.
Out of these, two were detected through passive surveil-
lance and the remaining cases through active surveillance.
At the European level, two epidemiological studies have
concluded that the prevalence is similar in different coun-
tries, and that the prevalence in positive flocks does not dif-
fer from the prevalence in the rest of the sampled popula-
tion. This pattern differs from the way a contagious dis-
ease normally is distributed in a population and supports the
hypothesis that atypical scrapie is spontaneously occurring.
Although within flock transmission between animals seems
to be very low (if it exists) other routes of spread and the
potential zoonotic aspect is regularly subject to discussion.

As a measure to further the knowledge of atypical
scrapie/Nor98, farms with confirmed cases were for a num-
ber of years obligated to carry out increased surveillance
in the herd for two years (Regulation (EC) 999/2001). In
2021 EFSA published a report on the analysis of this in-
tensified surveillance which reached similar conclusions as
the two previous publications. The increased surveillance
was discontinued in 2021 (Commission Regulation (EU)
2021/1176).
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Strangles

BACKGROUND
Strangles is a very contagious disease in horses, caused
by Streptococcus equi subsp. equi (S. equi), belonging to
Lancefield’s group C streptococci. The disease causes sub-
stantial losses for the Swedish equine industry, mainly from
long standstills, which often lead to severe economic cri-
sis for the infected establishment. There are several ex-
amples of strangles leaving riding schools in the threat of
bankruptcy, often avoided by acute municipal aid. Strangles
normally resolves without antibiotic treatment but can cause
severe complications or persistent infection. To control and
eradicate strangles in a population, systematic surveillance
by testing is necessary, and it is crucial that the equine indus-
try implements preventive biosecurity strategies for high-
risk-situations. In 2022, a new vaccine against strangles in
horses was launched in Sweden. It may be the missing tool
to substantially reduce the number of horses affected with
the disease, but at this point, only a minor part of Swedish
horses has been vaccinated.

DISEASE
Strangles affects horses, as well as donkeys and zebras.
Common clinical signs include fever, nasal discharge, de-
pression, cough and enlarged submandibular or cervical
lymph nodes with abscesses. Other signs associated with
strangles may include: inappetence, dysphagia, painful
movements, ruptured abscesses, dyspnoea and swollen
limbs; and less commonly: spread of infection to other or-
gans, so-called “bastard strangles”. Complications of stran-
gles may be severe and lead to death.

So-called “atypical strangles” with mild clinical signs
is probably more typical than previously understood, which
may lead to large outbreaks due to delayed diagnoses. Also,
recent findings indicate that subclinical infections with S.
equi after an acute outbreak may be far more common than
previously understood, and microbiological confirmation of
the absence of S. equi can be required to rule out the horse
being a carrier.

LEGISLATION
Strangles is a notifiable animal disease in Sweden (SJVFS
2021:10). It is notifiable both on clinical suspicion andwhen
it is confirmed.

SURVEILLANCE
In Sweden, surveillance for strangles is passive. Sam-
pling and diagnostic testing are performed on clinical sus-
picion. Typically, samples from upper airways or ruptured

abscesses are submitted for bacterial analysis (culture or
qPCR).

A yearly summary of notified, confirmed cases of stran-
gles per county is produced by the Swedish Board of Agri-
culture (SBA).

Several research projects aiming at a better understand-
ing of strangles epidemiology and transmission have been
performed or are ongoing in Sweden, at the Swedish Univer-
sity of Agricultural Sciences (SLU) and the National Veteri-
nary Institute (SVA).

RESULTS
In 2022, there were 66 officially reported index cases of
strangles in Sweden, each representing an outbreak in a
farm. A survey from 2016–2017 and an ongoing survey
2022–2023 indicate that the majority of outbreaks are cou-
pled to newly arrived, often imported horses. The ongoing
tracing study has identified many variant strains of S. equi,
often changing over time, presumably due to continuous in-
troduction of new strains into Sweden.

DISCUSSION
The passive surveillance results indicate that strangles is a
constant problem in the Swedish horse population. New
studies indicate that newly arrived horses, often from inter-
national trade, are involved in most of the investigated acute
outbreaks. A programme for serosurveillance and tracing
the spread of strangles, by DNA characterisation of differ-
ent isolates, together with vaccination of horses, would pro-
vide effective tools for control. Antibodies induced from
vaccination with the new vaccine do not interfere with the
serological test.

Veterinary practitioners should be made aware that the
probability of detecting S. equi in an infected horse is influ-
enced by several factors: site of specimen collection (nasal
passage, nasopharynx, guttural pouch or abscess), method
of sampling (flocked swab, rayon swab, or wash), and type
of diagnostic test (culture or qPCR), as well as target gene
for the PCR and the DNA amplification method that is per-
formed. Timing of sampling is also crucial.
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Shigatoxin producing Escherichia coli

BACKGROUND
Shigatoxin producing Escherichia coli (STEC) may cause
serious intestinal infections in humans. The toxin can be di-
vided into two main groups, shigatoxin 1 (Stx1) and shiga-
toxin 2 (Stx2), and the genes encoding the toxins can be fur-
ther divided into several subtypes, for example, stx1a. Often
the strains associatedwith severe disease carry the stx2 gene.

STEC was only sporadically detected in Sweden before
1995, when 114 human cases of STEC O157:H7 were noti-
fied. In 1996, STECO157 was isolated in Swedish cattle for
the first time and human STECO157 infection was traced to
a cattle herd. Cattle are the main reservoir of STEC associ-
ated with human disease although other animal species may
also carry the organism. Not only foods of bovine origin but
also vegetable food items and drinking water have been im-
plicated in outbreaks. The infection can also be transmitted
through direct or indirect animal contact, via the environ-
ment or person-to-person contacts.

Since 2005, between 230–890 cases (2.4–8.7 cases per
100 000 inhabitants) of STEC infections have been reported
in Sweden annually, of which 50%-80% are domestically
acquired. Most cases, both domestic and travel-associated,
are reported during the period July to September.

DISEASE
Animals
Animals do not develop clinical disease.

Humans
The clinical picture can vary from asymptomatic infec-
tion to non-haemorrhagic or haemorrhagic diarrhoea as-
sociated with abdominal cramps. Most patients fully re-
cover. However, a severe complication of the disease is
haemorrhagic uremic syndrome, HUS. HUS is characterised
by acute renal failure, thrombocytopenia, and microangio-
pathic haemolytic anaemia; a condition that may lead to
death. In recent years, approximately 3% of the laboratory-
confirmed cases in Sweden have developed HUS. A large
proportion of the patients are young children, and severe
complications are most common in this age group, as well
as among elderly people.

During 2015 to 2022, 162 of a total of 5339 cases
with STEC were reported to develop HUS (3.0%). When
analysing which serotypes and stx profiles that have been
associated with HUS during 2015 to 2022 the most preva-
lent serotype was the domestic serotype O157:H7 clade 8
with 53 (33%) cases, followed by O26 with 23 (14%) cases,
O157:H7 with 9 cases (6%) and O121 with 8 cases (5%).
(Table 24). Almost 30 percent of the HUS cases did not
have an isolate for typing.

LEGISLATION
Animals
Since 1999, STEC O157 findings in animals are notifi-
able when associated with human infection as described in
SJVFS 2021:10.

Food
Detection of STEC in food is not notifiable.

Humans
STEC O157 has been notifiable for both clinicians and lab-
oratories under the Swedish Communicable Disease Act
since 1996. All EHEC serotypes have been notifiable
since 1 July 2004 (SFS 2004:168 with the addition of SFS
2022:217). A laboratory confirmed case can also include
cases that are only positive by PCR i.e., where no isolate
has been obtained.

SURVEILLANCE
Animals
Surveillance of STEC in animals is both enhanced passive
(i.e., traceback investigations from human STEC cases) and
active, which consists of planned prevalence surveys of
STEC in abattoirs.

Passive – traceback from human cases
If a CountyMedical Officer suspects an association between
a human case of STEC infection and animals, or a farm with
animals, the County Veterinary Officer will be informed. A
request will be made to the Swedish Board of Agriculture
for a trace back investigation and sampling of suspected an-
imals, and/or the environment of the animals.

Active
Prevalence studies of STEC O157 in cattle at abattoirs have
been conducted annually between 1997 and 2002, and then
every third year. The last study was performed during
2020–2021. In these conducted studies, STEC O157 has
predominantly been isolated from cattle originating from
southern Sweden and rarely from the northern two thirds of
the country.

Food
No official control programme exists for STEC. National
and local authority may perform sampling as a part of ex-
tended official controls or targeted projects.

Humans
The surveillance in humans is based on identification of the
disease by the treating physician and/or by laboratory diag-
nosis (i.e., passive surveillance). Both treating physicians
and laboratories are obliged to report to the regional and na-
tional level to enable further analyses and adequate interven-
tion measures.

100 DISEASE SURVEILLANCE 2022



IN FOCUS: Whole genome typing data provides support for source tracking

The most obvious use of whole genome typing data is event-driven comparison of isolates from cases
and suspected sources to confirm routes of transmission. However, as WGS has now been in use for
some time at Swedish national authorities, analysing cumulative data over time can give even more
interesting information. Figure 49 shows a single nucleotide polymorphism (SNP) tree of all available
sequence data from domestically acquired human cases of STEC O157:H7 between 2018 and 2021,
compared to all isolates from cattle and sheep collected 2014–2021. The animal data include multiple
nationwide slaughterhouse prevalence studies and is therefore likely to contain all variants commonly
occurring among Swedish ruminants.

Notably, the diversity among the ruminant isolates is low, and for example clade 8 isolates are
homogenous which is consistent with the theory of them being present as the consequence of a
single introduction event in the 90s (Franz et al 2019). All ruminant clusters are linked to human
cases of STEC infection, but certain clusters are very common among ruminants while causing few
infections among the human population, e.g., the cluster marked with an asterisk. As evident in the
tree, the diversity among human isolates is far higher, likely reflecting infection from diverse imported
foodstuffs and perhaps unexplored animal reservoirs.

This type of reference data from historical isolates can suggest likely sources for investigation
early in an outbreak, as illustrated by the clade 8 outbreak 2022 which was identified as likely to be of
domestic origin based on genome comparison. One limiting factor, however, is that reference data
from animals is only available for the more common serotypes due to the difficulty and high cost of
large-scale sample collection and analysis.

Figure 49: Single nucleotide polymorphism (SNP) tree of all available sequence data from domestically acquired human cases
of STEC O157:H7 between 2018 and 2021, compared to all isolates from cattle and sheep collected 2014–2021.
Created with GrapeTree.
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Table 24: Serotypes and shigatoxin (stx) profiles for reported cases with haemorrhagic uremic syndrome (HUS), 2015–2022.
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O26 1 - 2 9 - 2 8 - - - - - - - 1 23
O111:H8 - - - 1 - - 1 - - - - - - - - 2
O113:H4 - - - - 4 - - - - - - - - - - 4

O121 - - - - - 1 7 - - - - - - - - 8
O145:H28 - - - - - - 2 - - - - - - - - 2
O146:H21 - - - - - - - - - 2 - - - - - 2

O157:H7 - - - 2 - 1 5 1 - - - - - - - 9
O157:H7, clade 8 - - - - - 3 7 43 - - - - - - - 53
OtherA - - 2 1 - 3 3 1 1 2 1 1 1 1 - 17

Untyped 1 5 - - - 20 - - - - - - - - 16 42

Total 2 5 4 13 4 30 33 45 1 4 1 1 1 1 17 162

AONT:H2, ONT:H6, ONT:H29, O77:H41, O103, O112ac:H19, O113:H21, O117:H7, O130:H11, O146:H21, O153, O156, O165:H25,
O175:H21, O182:H25.

Molecular surveillance
Isolates from human cases, food and animals are investi-
gated by the national authorities using whole genome se-
quencing (WGS) to determine the molecular serotype, rele-
vant virulence genes and for cluster detection. As a conven-
tional nomenclature tool, the Multi Locus Sequence Typing
(MLST) type, is also defined by WGS. Single nucleotide
polymorphism (SNP) analysis is used to compare human
isolates to those recovered from suspected sources during
outbreak investigations and traceback activities. WGS data
is also used to monitor long-term trends, e.g., the population
structure of STEC among Swedish animals and the types of
STEC causing severe cases of illness among humans.

RESULTS
Animals
Passive - Traceback from human cases
See section “Investigations of outbreaks and single cases of
infection of STEC” below.

Active
A prevalence survey of STEC O26 and O157 in sheep at
abattoirs was performed between May and December 2022.
In total, 634 samples were collected from 9 abattoirs. STEC
O157 was detected in 14 samples (2.2%) of which one iso-
late belonged to the clade 8 variant. STECO26was detected
in 3 samples (0.5%).
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Figure 50: Incidence (per 100000 inhabitants) of notified human shigatoxin producing Escherichia coli (STEC) cases in Sweden,
1997–2022. Prior to 2005, only O157 was required to be reported. In 2005, all serogroups of STEC including PCR findings
became subject for notification and gradual introduction of multiplex PCR-panels has likely further led to more cases being
detected with time. In 2005, 2016 and 2018, the number of cases increased due to one or more large domestic outbreaks.
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Table 25: Distribution of serotypes and shigatoxin subtypes in haemorrhagic uremic syndrome (HUS) cases in 2022.
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ONT:H2 1 - - - - - - - 1
ONT:H4 - - - 1 - - - - 1
O26:H11 - 1 - - 1 - - - 2

O111:H8 - - - - 1 - - - 1
O113:H4 - - 1 - - - - - 1
O121:H19 - - - - 2 - - - 2

O146:H21 - - - - - - 1 - 1
O157:H7 - - - 1 - - - - 1
O157:H7, clade 8 - - - - - 1 - - 1

Untyped - - - 4 - - - 4 8

Total 1 1 1 6 4 1 1 4 19

Food
In 2022, 11 samples were taken by national and local author-
ities from different types of food and analysed for STEC.
STEC was not found in any of these samples.
Humans
In 2022, 857 human cases were reported of which 583 were
domestically acquired (68%). The domestic incidence in
2022 was 5.5 (cases per 100 000 inhabitants), and over a
longer period of time an increasing trend is seen, possibly
linked to improved diagnostics (Figure 50). As in previous
years, the incidence was highest in children younger than
five years.

Both domestic and travel-associated infections with
STEC show a clear seasonal trend with most cases being
reported in summer and early autumn. In 2022, the number
of domestic cases were highest between July and October.
Travel-associated cases were low in the beginning of 2022,
when travel restrictions still prevailed due to the COVID-
19 pandemic, but eventually reached similar levels to the
comparison period 2015–2019 with a peak in August (Fig-
ure 51).

STEC-associated HUS was reported in 19 cases of
which 17 were domestically acquired infections. Eleven of
the HUS cases were children under the age of 10. Isolates
could be retrieved and serotyped from 11 of the HUS cases.
No single serotype gave rise to more than two HUS-cases
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Figure 51: Monthly notifications of domestic and travel-associated human shigatoxin producing Escherichia coli (STEC) cases in 2022 and
monthly average for domestic and travel-associated notifications in 2015–2019.
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(Table 25).
An isolate could be retrieved and thereby serotyped from

53% of the domestically acquired STEC cases. However,
for the travel-associated cases only 46% were typed (Ta-
ble 26). The reason for the low isolation frequency is not
known. It can be influenced by regional analysis algorithms,
unusual serotypes that are difficult to isolate or that cases
who are infected abroad are seeking care at a later stage of
the infection when the concentration of the pathogen is too
low for isolation. In total 79 different serotypes were iden-
tified, but for six of these the O type could not be identi-
fied. The most common serotypes were O157:H7 (n=79),
O26:H11 (n=57) and O103:H2 (n=37). Thirty cases were
diagnosed with the domestic clade 8 of O157:H7, stx2a and
stx2c alternatively only stx2a. Only one of these cases de-
veloped HUS which is low compared to the seven HUS-
cases with this clone reported in 2021.

Investigations of outbreaks and single cases
of infection of STEC
In 2022, three joint farm investigations were carried out af-
ter human cases were detected with suspicion of connection
to farm animals. Within these investigations, four animal
herds were sampled. The suspicions were due to drinking of
unpasteurised milk or having direct contact with cattle. All
these farms were negative for STEC. The farms were exam-
ined for STEC O26 (one farm) and for O103 (three farms).
In addition to the cases of suspected farm connection, three
outbreaks were investigated. One outbreak was caused by

O121:H19, a second by O63:H6 while a combination of the
serotypes O103:H2 and O157:H7 clade 8 was behind a third
outbreak. None of the investigations led to any suspected
source of infection being identified, but for the outbreak in
which O157:H7 clade 8 was included, the infection likely
originated from a Swedish food and/or from Swedish ani-
mals as the clone is domestic.

DISCUSSION
The long-term trend for human cases of STEC infection in
Sweden is rising. One known factor contributing to the
higher incidence of notified cases in some regions in Sweden
is an increased use of multiplex PCR panels, allowing both
a broader spectrum of toxin genes to be detected and a larger
number of faecal samples to be screened for STEC. Indeed,
there seems to be a tendency towards a larger diversity in
serotypes and toxin types identified among STEC-isolates.
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Table 26: Number of reported human cases of shigatoxin producing Escherichia coli (STEC) in comparison to number of cases where an
isolate could be retrieved 2022.

Origin of infection Number of reported cases Number of isolates typed
(%)

Domestically acquired 583 307 (53%)
Travel-associated 244 113 (46%)
Unknown country of infection 30 9 (30%)

Total 857 429 (50%)
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Small ruminant lentiviruses

BACKGROUND
Small ruminant lentiviruses (SRLVs) include caprine
arthritis-encephalitis virus (CAEV) and visna/maedi virus
(VMV) in the retrovirus family. Maedi-visna (MV) is a
globally distributed contagious disease in sheep, first de-
scribed in Iceland in 1939. Caprine arthritis-encephalitis
(CAE) andMV are common diseases in most goat and sheep
producing countries all over the world. Transmission be-
tween animals occurs most commonly via the oral route
(mainly via milk and colostrum) but may also occur via in-
halation of infected aerosol droplets. The incubation period
is long; often 4–5 years. Lentiviruses persists in the animal
for life despite the presence of neutralising antibodies.

The first case of MV in Swedish sheep was officially
reported in 1974. Fifteen years later, the flock-level sero-
prevalence was 8.2% as demonstrated by sampling of ran-
domly selected sheep at abattoirs. The prevalence of CAE
in Sweden is not known, but in a pilot study from 2018 30%
of the herds were seropositive.

Voluntary control programmes for MV and CAE were
launched by Farm&Animal Health (at the time called Sven-
ska Djurhälsovården) in 1993 and 1999, respectively, and
in 2005 an additional simplified version started, with sin-
gle sampling of sheep and goats to identify diseased flocks
and then in the next step enrol them into the control pro-
gramme. From 2020, the simplified version is no longer
available. The MV and CAE programmes were run in par-
allel, but from 2020, they are merged into one programme
called the MV/CAE programme.

Data from all sampled and controlled flocks have been
recorded since 1993.

DISEASE
Only the maedi form of MV, a progressive viral pneumo-
nia, is occurring in Swedish sheep flocks. The visna form,
a central nervous system disease characterised by chronic
wasting, is not, as far as we know, manifested in Swedish
sheep. The disease typically remains latent in the flock for
several years before appearing with clinical manifestations.
In an advanced stage of the disease the typical clinical signs
are severe emaciation and respiratory distress in older ewes.
After the appearance of clinical signs, the outcome is always
fatal within weeks to months. CAE occurs in four different
forms: arthritis, nervous form, pneumonia, and mastitis. In
Sweden, subclinical disease is probably most common.

LEGISLATION
MV and CAE are notifiable diseases (SJVFS 2021:10). The
control programme is regulated through SJVFS 2015:17 (K
152).

Figure 52: The purpose of the control programme is to eradicate
maedi-visna (MV) and caprine arthritis-encephalitis
(CAE) from Swedish sheep and goat flocks and to pre-
vent introduction into free flocks. Photo: Ylva Persson.

SURVEILLANCE
The purpose of the control programme is to detect and erad-
icate MV and CAE from Swedish sheep and goat flocks and
to prevent introduction into free flocks. Documentation of
the MV/CAE status in the flocks is essential. By identifying
infected flocks and taking measures, the spread of MV/CAE
stops, and eradication is possible. Prevention of introduc-
tion of MV/CAE into flocks is crucial.

The programme is based on individual serological test-
ing of sheep and goats at farm level. A flock specific
MV/CAE status is achieved by repeated blood sampling and
testing. Participating farmers sign an agreement that all
sheep and goats in the flock are individually identified (ac-
cording to legislations) and recorded. Purchase of sheep and
goats is only allowed from flocks with a similar or higher
MV/CAE status.

Three consecutive serological tests are performed on all
sheep and goats ≥12 months old with an interval of 12–16
months. All samples in each test must be negative for
MV/CAE antibodies. Each test renders an MV/CAE sta-
tus: M1/C1, M2/C2 and M3/C3. The M3/C3 status is re-
placed by the so-called MV/CAE free status following fi-
nal tests with negative results carried out 24–28 months af-
ter gaining the M3/C3-status on all sheep/goats ≥24 months
old. The MV/CAE free status is maintained by an assur-
ance of the owner every second year, where they declare
that their animal contacts are only with farms withM3/C3 or
MV/CAE free status, i.e., without any additional testing. An
indirect control of the M3/C3/MV/CAE free status holdings
is performed by testing of sheep and goats from holdings
entering the programme as these new animals are mainly
bought from M3/C3 or MV/CAE free status flocks. In case
of MVV/CAEV infection, either the whole herd is culled or
other control and eradication measures including selective
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slaughter is performed, depending on the prevalence of pos-
itive sheep and goats within the flock.

The programme is based on serological examination of
blood samples for antibodies against MVV or CAEV with
an ELISA test. In October 2021, the screening ELISA
test was changed to an ELISA test with higher sensitiv-
ity, from IDEXX CAEV/MVV Total Ab (IDEXX Labo-
ratories, Westbrook, Maine, United States) to ID Screen
MVV/CAEV indirect (Innovative Diagnostics, Grabels,
France). Samples with inconclusive or seropositive results
are retested. Samples from sheep are retested using the same
ELISA test, and if the results are still seropositive a con-
firmatory test is performed using agar gel immunodiffusion
(Maeditect AGID, Alpha Scientific, Slough, United King-
dom). Samples from goats are retested with another ELISA
test (IDEXX CAE/MVV Total AB Test) as a confirmatory
test as this test has a higher specificity to CAEV antibodies
than MVV-antibodies.

Post mortem examinations and histopathology are ad-
ditional important tools to detect MV and CAE. Diagnos-
tic testing is performed at the National Veterinary Institute
(SVA). Serum samples collected in the MV-programme are
also used for other active surveillance activities in sheep
(e.g., Brucellosis).

RESULTS
During 2022, approximately 7200 samples from sheep and
goats were analysed in the MV/CAE control programme for
antibodies against MVV/CAEV.

At the end of 2022, 3318 sheep flocks with 111 038
sheep and 269 goat flocks with 2212 goats were enrolled
in the programme. This corresponds to about 42% of the
Swedish sheep population, and about 11% of the goat popu-
lation. Most of the flocks have achievedM3/C3 orMV/CAE
free status. The rest of the flocks are somewhere in the pro-
cess from unknown to free, which normally takes five years
and four sampling occasions.

In 2022, 14 animals in two different flocks were consid-
ered MV/CAEV positive. The positive herds consisted of 2
goat flocks.

DISCUSSION
It is now more than 25 years since the MV programme was
launched. A series of measures have been taken to enrol
the majority of Swedish sheep flocks as one of the main
purposes of the programme is to reach freedom from dis-
ease. This has been hard to achieve despite of campaigns
and economic support. A revision of the MV programme
was made during 2013 by Farm & Animal Health and SVA.
Since July 2014, the programme has been further refined
to improve efficacy and efficiency, e.g., by increasing sam-
pling in risk areas and higher risk flocks and reducing sam-
pling in long-term MV free and well-documented flocks.
In 2020, the CAE programme was merged with the MV
programme into one programme called the MV/CAE pro-
gramme, both to highlight the importance of CAE free goats
but also to address the risk of disease transmission between
sheep and goats. The programmewas evaluated during 2020
for more cost-effective sampling, diagnostics, and control
measures. Implementation of the recommended updates are
in progress. In 2022, a PhD project called “Lenti free farm”
was launched with the aims to recruit more goat and sheep
farms to the control programme, to study the prevalence of
SRLV in Swedish sheep and goat herds, to evaluate the most
cost-effective sampling methods and to learn more about the
epidemiology of SRLV in Sweden.

After a successful programme, Norway has declared
most herds free from CAE, showing that it is possible to
eradicate the disease.
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Swine dysentery

Figure 53: A national collaboration between the National Veterinary Institute and the industry, with the aim of eradicating swine dysentery
(SD), has been active since 2020. All information on positive herds is shared within this network. By the end of 2022 there were
six herds positive for SD, a decrease by half since the year before. Photo: Marie SJölund.

BACKGROUND
Swine dysentery (SD) caused by Brachyspira hyodysente-
riae (B. hyodysenteriae) is a severe disease affecting the
large intestine of pigs. Clinical signs of SD include mu-
cohaemorrhagic diarrhoea occasionally being blood-tinged,
ill-thrift, inappetence and weight loss. Mortalities can be
significant, but the largest economical losses are induced by
a reduced weight gain and treatment costs.

SD was rare in Sweden prior to the ban of the use of low
dose antibiotics for growth promotion in Sweden. Follow-
ing this ban in 1986, SD was more frequently diagnosed.
Since then, improvements in management and biosecurity
have contributed to a reduction in the occurrence of SD in
the population. More recently, a voluntary programme for
certifying the SD status of nucleus and multiplying herds
has also contributed to a reduction in the occurrence and
spread of SD. The pig health organisations organise and op-
erate the programme. In addition, SD has also successfully
been eradicated from affected herds following special san-
itation protocols involving removal, medication, cleaning
and disinfection. Despite this, SD is still diagnosed in a few
herds annually. Therefore, herds may trade pigs despite the
presence of subclinical SD. Herd owners may also choose

to change abattoir or animal-health organisation without in-
forming them of their existing SD status, rendering further
spread possible.

Tiamulin has been the drug of choice for controlling SD.
However, in 2016, tiamulin-resistant SD was identified for
the first time in Sweden. This is particularly worrisome
as few antibiotics are available for treatment of SD. Fortu-
nately, the tiamulin resistant strain of SD was successfully
eradicated, but this incident awakened a general interest in
eradicating SD at a national level.

LEGISLATION
SD is not a regulated or notifiable disease.

SURVEILLANCE
Nucleus and multiplying herds have been actively tested for
the presence of SD since the 1990s. A national network with
the aim of eradicating SD at the national level was estab-
lished in the autumn of 2019 and became active on the 1st of
January 2020. It includes the pig producers’ organisation,
abattoirs, pig health organisations and the National Veteri-
nary Institute (SVA). The work is coordinated from SVA,
and all diagnosed cases of SD during the period 2016–2019
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as well as the present status of these herds were defined.
From the 1st of January 2020, all herds where clinical signs
make SD a differential diagnosis, are tested at SVA by cul-
turing from rectal swabs. All information on positive herds
is shared with the network.

In herds that were previously diagnosed with SD and
not yet declared free from the infection on the 1st of Jan-
uary 2020, measures on transports agreed within the net-
workwere implemented to reduce the risk for infecting other
herds. Similarly, from then on, these measures have been
applied to all herds that test positive for SD until they have
been declared free from the infection.

RESULTS AND DISCUSSION
During 2016–2021, SD was diagnosed in 33 herds, whereof
12 still had not been declared free by the 31st of December
2021.

In 2022, a total number of 93 herds were tested for SD
(Table 27). Some herds were sampled more than once with
a total of 112 sampling occasions. Of the sampled herds,
20 were nucleus or multiplying herds tested within the pro-
gramme. All these herds tested negative. The other 73 tested
herds were tested due to clinical signs indicative of SD. SD
was detected in two specialised fattening herds of these 73
herds. SD could not be detected in the supplying piglet pro-
ducing herds. By the 31st of December 2022, SD had been
confirmed in six herds, where eradication programmes were
active in one of these herds.

The overarching goal of the programme and the network
is to eradicate SD from the Swedish pig population. By the
end of 2022, there were six herds positive for SD compared
to 12 herds one year earlier (Table 28). The lower number of
herds positive for SD could partly be explained by a change
in the criteria to declare herds free from SD. Previous crite-
ria included sampling on three occasions which was rarely
met by specialised fattening farms. The present criteria for

specialised fattening farms require testing one one single oc-
casion after all stable units have been emptied, cleaned and
disinfected. Therefore, eight herds could be declared free
from SD in 2022. Overall, the Swedish situation on SD has
continuously improved by an increased certainty of the dis-
ease status from intensified testing of the population.

Table 27: Herds monitored for swine dysentery (SD) in Sweden
during 2022.

Reason for testing Sampled herds Positive herds

Certification testing of
breeding stock herds

20 0

Testing on clinical
suspicion

73 2

Retesting of previously
positive herds

19 6

Table 28: Number of herds positive for swine dysentery (SD) at the
end of 2022.

Herds with SD on 2022-01-01 6
New herds diagnosed during 2022 2
Herds declared free from SD during 2022 8

Herds with SD on 2022-12-31 6
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Tick-borne encephalitis

BACKGROUND
Tick-borne encephalitis virus (TBEV) belongs to the genus
flavivirus in the family Flaviviridae. TBEV is endemic in
an area ranging from northern China and Japan, through far-
eastern Russia to Europe. The virus can cause a neurologi-
cal infection which may lead to long-term sequelae in the af-
fected patients. The virus circulates in a cycle involving ixo-
did ticks, e.g., Ixodes ricinus (Sheep tick) and I. persulcatus
(Taiga tick), and their vertebrate hosts, mainly small mam-
mals. For example, wild rodents act as a natural reservoir for
TBEV. The virus can also circulate in the tick population
through transovarial transmission without involvement of
vertebrate hosts. Large mammals, predominantly ungulates,
are important for the maintenance of large tick populations.
Humans are accidental hosts and do not contribute to the cir-
culation of TBEV. Humans typically become infected via
ticks, although unpasteurised milk and milk products have
also been reported as sources. Vaccination of persons liv-
ing, visiting, or working in endemic areas is recommended
by the Communicable Disease Control Units in Sweden.

Three sub-types of TBEV are described: the European,
Siberian and Far Eastern subtypes. So far, only the Euro-
pean subtype has been identified in Sweden.

The first human case of tick-borne encephalitis (TBE)
infection in Sweden was reported in 1954. During the fol-
lowing three decades, 10–40 annual cases were reported.
From the mid-1980s a clearly increasing trend has been ob-
served. In recent years about 200–500 cases have been re-
ported annually, with a peak in reported cases (n=533) dur-
ing 2021. The majority of cases are infected in Sweden and
most affected people have been infected on the east coast
of Sweden and in the Stockholm archipelago. However, in
recent decades cases have also been observed regularly on
the west coast of the country and the infection occurs from
Skåne in the south to Gävleborg and Dalarna in the north.
The age distribution is wide but most of the cases are seen
between the ages of 30 and 70 years. There is a slight over-
representation of infected men. A majority of the patients
are diagnosed between July to October.

DISEASE
Animals
In general, animals develop a subclinical infection. Con-
firmed clinical cases have been reported in dogs and was
first reported in Sweden in 2019. Also, clinical confirmed
cases in horses have been observed in Europe but our knowl-
edge about the impact of TBEV infection in horse popula-
tions are scarce. Seroconversion has been demonstrated in
grazing domestic animals such as goats, sheep and cattle as
well as in wild ungulates. Ruminants may excrete the virus
in milk. Wild rodents are considered the natural reservoir
for TBEV but are not reported to contract the disease.

Figure 54: The tick-borne encephalitis virus is spread by ixodid
ticks. The most common tick species in Sweden is the
Ixodes ricinus. The photo shows an adult, female, I. rici-
nus. Photo: Anders Lindström.

Humans
In humans, a biphasic course of the disease is common. The
first, viraemic phase lasts for about four days. After an inter-
val of about a week, a meningoencephalitic phase appears in
about one third of the patients. The symptoms may include
fever, headache, nausea, cognitive dysfunctions or spinal
paresis. The mortality is low for infection with the Euro-
pean subtype, about 0.5%. The incubation period of TBE is
usually between 7 and 14 days.

LEGISLATION
Animals
TBE is not a notifiable disease in animals in Sweden.

Humans
TBE in humans is notifiable since 2004, according to the
Communicable Disease Act (SFS 2004:168 with the amend-
ments of SFS 2022:217).

DISEASE SURVEILLANCE 2022 109



SURVEILLANCE
Animals
The veterinary aspects of this zoonotic disease are little no-
ticed since animals rarely show any clinical signs. How-
ever, serological testing of wild animals (e.g., moose and
deer), and grazing domestic animals, as well as analysing
colostrum from goat, sheep and cattle, has been suggested
as an indicator of the circulation of the virus.

Humans
TBE is notifiable based on identification of the disease by a
treating physician or by laboratory diagnosis. Both are ob-
ligated to report identified cases to the regional and national
level to enable further analyses and adequate intervention
measures.

RESULTS
Animals
No surveys on TBE in animals were performed in 2022.
Nevertheless, results from a recently published study where
dairymilk from cow and goat were tested revealed important
information for identification of emerging TBE risk areas
in Sweden. Factors such as consumption of unpasteurised
milk, limited use of tick prophylaxis on animals and a mod-
erate coverage of human TBE vaccination, was presented as
possible risk factors for TBEV infection in Sweden.

Humans
In 2022, 467 cases of TBE were reported, which is a de-
crease comparedwith the previous year (n=533) (Figure 55).

More men (62%) than women were reported infected
with TBE. The incidence was highest in the age group 40–79
years (median age 50 years, range 2–94 years of age). Nor-
mally, few young children are reported with TBE and this
was also the case in 2022 with only four cases among chil-
dren below the age of 5, despite the high total number of
cases.
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Figure 55: Incidence (per 100000 inhabitants) of notified cases
of tick-borne encephalitis in humans 1986–2022.

Figure 56: Geographical distribution of notified cases of tick-
borne encephalitis in humans in 2022, based on the
municipality of infection.
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All except twelve cases acquired their infections in Swe-
den. Nine people were infected in Finland, two in Norway
and one in Austria. TBE is spreading in the country and in
2022 the infection was reported from eleven municipalities
that have previously had no cases (Figure 56). The first TBE
case became ill in March and the last in November. Most
cases were reported in August. Although the incidence de-
creased slightly in 2022 compared with the previous year, it
was still at a higher level compared to all the years before
2021. This high incidence was probably due to several in-
teracting factors, such as continued high densities of small
rodents in 2021 and favourable weather for ticks as well as
for people spending more time outdoors.

DISCUSSION
The overall picture shows a significantly increasing trend of
the incidence since the reporting started.

Although most human cases acquire the TBEV infec-
tion via tick bites the infection can be food-borne. Out-
breaks and clusters of cases of TBE caused by consumption
of unpasteurised milk or milk products have been described
in several European countries. National surveys recently
performed in Sweden show that the virus circulates in the
Swedish population of dairy cattle and sheep.

The peak in reported cases during 2021, and the long-
term increase in TBE incidence is probably due to several
interacting factors. The most important cause is presumably
the very dense population of ticks, a consequence of a large
roe deer population from the 1980s. This situation in com-
bination with a high population of small host animals such
as bank voles, and optimal weather for both virus spread
and humans spending time outdoors, could explain the large
number of cases reported. Milder winters with less snow
cover, increased precipitation throughout the year, and pro-
longed vegetation period, especially in the southern parts of
Sweden, have improved the survival and abundance of ticks
and plays a potential role in the long term, enabling ticks to
spread to new areas.

I. ricinus can transmit the European TBEV whereas I.
persulcatus can harbour also Siberian and Far Eastern sub-
types of TBEV that are associated with much more severe
forms of the disease. At present, the two latter subtypes have
not yet been identified in Swedish ticks. However, the risk
of their appearance (likely to be followed by severe human
cases of TBE) in the northern parts of the country now or
in the near future has become real considering the ongoing
spread of I. persulcatus along the northern coastline.
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Trichinellosis

Figure 57: All bears delivered to game handling establishments, and most hunted bears consumed in private households, are tested for
Trichinella. In 2022, the parasite was found in 2 out of 476 tested bears. Photo: SVA.

BACKGROUND
Trichinellosis is caused by parasitic nematodes of the genus
Trichinella. The parasites can be hosted by different mam-
mals including domestic pigs and horses, but the main reser-
voirs are wild carnivores and omnivores. Humans typically
acquire the infection by eating raw or inadequately heated
infected meat or meat products, for example cold-smoked,
fermented sausages. In the gut, the Trichinella larvae de-
velop into adult worms and mate. After mating, the female
releases new larvae which penetrate the intestinal mucosa
and travel via the bloodstream to various organs and mus-
cles. In striated muscle cells the larvae may survive in an
encapsulated form for years. There are several Trichinella
species of which T. spiralis is the most widespread and most
common in domestic pigs and as a cause of human disease.

In Europe today, trichinellosis is a rare disease that oc-
curs predominantly in a few countries, mainly Bulgaria and
Romania but also other countries such as Italy and Croatia
have reported several cases during the last five years. Hu-
man cases are often associated with food-borne outbreaks
and thus the reported numbers of cases fluctuate between
years, but without any significant increase or decrease dur-
ing the period 2017–2021. Most outbreaks are caused by
meat/meat products from pigs, but wild boar meat is also an
important source of infection. Trichinella spiralis followed
by T. britovi are the dominant causes of human disease. Ac-
cording to EU legislation all slaughtered pigs, horses and

wild boars should be tested for Trichinella, with the possi-
ble exemption for pigs raised under controlled housing con-
ditions (EU 2015/1375). While many EU Member states
have not detected any infected pigs since long back, posi-
tive cases occur in others. For example, in 2021 positive
pigs were reported from Romania, Poland, Croatia, France,
Spain and Finland. These infected pigs were all free-range
and backyard pigs reared in rural regions.

In Sweden, Trichinella has been monitored at slaugh-
ter in domestic pigs since the beginning of the 20th century.
From 1970–1990 sporadic cases were detected in domestic
pigs, but since 1994 there has not been any positive pigs.
The parasite is endemic at a low level in Swedish wildlife.
The species most often detected in wild boars are T. britovi
and T. pseudospiralis, while the freeze-resistant T. nativa
is dominating in wild carnivores, especially those from the
northern part of the country. In contrast, T. spiralis has been
a rare finding in Swedish wildlife during the last decade.

In humans, the disease is extremely rare in Sweden and
detected human cases are usually infected abroad. Since
2004 only seven human cases with confirmed infection with
Trichinella have been reported; all except one (in 2013)
were infected abroad.

DISEASE
Animals
Animals rarely develop a clinical infection, although both
pigs and rodents can exhibit clinical signs.
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Humans
In humans, the disease can range from subclinical infection
to fatal disease. The incubation period varies from 5–15
days. Symptoms initially involve diarrhoea and abdominal
pain and later muscle pain, fever, oedema of the upper eye-
lids and photosensitivity. Intestinal stages of the disease re-
spond well to treatment. Cardiac and neurological compli-
cations may occur 3–6 weeks post infection. Trichinella is
not transmitted between humans.

LEGISLATION
Animals
Trichinella is notifiable in animals according to SJVFS
2021:10. Official controls for Trichinella in meat is
regulated by Commission Implementing Regulation EU
2015/1375 of 10 August 2015.

Humans
Trichinellosis is notifiable according to the Communicable
Disease Act (SFS 2004:168 with the amendments of SFS
2022:217).

SURVEILLANCE
Animals
Testing for Trichinella is part of routine meat inspection
for domestic pigs, horses, wild boars and other animal
species that can become infected. Since 2014, Sweden ap-
plies reduced testing of domestic pigs from holdings of-
ficially recognised to apply controlled housing conditions
(EU 2015/1375). The risk of Trichinella infection in pigs
from such production sites is considered as negligible and
only certain categories of pigs are required to be tested.
In Sweden, all carcasses of breeding sows and boars sent
for slaughter are examined, while fattening pigs originat-
ing from controlled holdings are not obligated to test for
Trichinella. Pig production sites without controlled housing
conditions should test all their slaughtered domestic pigs.
The digestion method (ISO 18743:2015) is the only method
applied in testing for Trichinella.

All slaughtered horses, and all wild boars and bears
delivered to game handling establishments, are tested for
Trichinella. Also, most hunters test wild boars and bears
consumed in private households. In addition, to monitor the

occurrence of Trichinella in the environment several species
of wild animals are tested for Trichinella, including foxes,
lynxes, wolves, wolverines, badgers and birds of prey. Test-
ing of Trichinella in animals was performed by five labora-
tories during 2022.

Humans
Notification of human cases is mandatory and surveillance
is based on identification of the disease by a treating physi-
cian or by laboratory diagnosis. Both are obligated to report
identified cases to the regional and national level to enable
further analyses and adequate intervention measures.

RESULTS
Animals
In 2022, the number of tested pigs from controlled hous-
ing conditions were 61 527 breeding sows, 489 boars and
1 722 200 fattening pigs. In addition, 490 326 slaughtered
pigs (all categories) from uncontrolled housing conditions
were tested. The number of slaughtered and tested horses
was 1095. Trichinella was not detected in domestic pigs or
horses.

Trichinella spp. was detected in 6 out of a total of
113 803 (0.005%) wild boar samples and also in 2 bears, 5
lynx and 2 wolves, see Table 29. These figures are based on
results from examination of samples from animals submit-
ted to game handling establishments (13 208 wild boars and
181 bears) as well as samples submitted for testing by pri-
vate hunters. In addition, samples were taken from selected
wildlife species (primarily carnivores) sent to the National
Veterinary Institute (SVA) within the general surveillance
programme for wildlife diseases.

Humans
No human case of trichinellosis was reported in 2022.

DISCUSSION
Trichinellosis is extremely rare in Swedish food-producing
animals and a majority of the few human cases detected dur-
ing the last decades were infected abroad. The Trichinella
situation in the Swedish animal population seems to be sta-
ble. Trichinella occurs in wild carnivores and wild boar but
the risk of getting Trichinella from domestic pigs and horses
is negligible.

Table 29: Findings of Trichinella in wild animals in 2022.

Animal species No. samples No.
positives

Percentage (%) T. britovi T. nativa T. pseudospiralis T. spiralis Trichinella sp.

Badgers 6 0 0.00% - - - - -
Bears 476 2 0.42% - 2 - - -
Beavers 11 0 0.00% - - - - -

Lion 1 0 0.00% - - - - -
Lynx 110 5 4.55% - 5 - - -
Red fox 162 0 0.00% - - - - -

Seals 8 0 0.00% - - - - -
Wild boars 113803 6 0.005% 5 - - - 1
Wolves 32 2 6.25% 1 1 - - -

Total - 15 - 6 8 - - 1
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Tuberculosis

BACKGROUND
Tuberculosis (TB) is a serious disease in humans and ani-
mals caused by bacteria included in the Mycobacterium tu-
berculosis complex. Mycobacterium bovis causes bovine
TB in several animal species as well as in humans. Histori-
cally, the reservoir has been cattle, but many other wild and
domestic species can also maintain the infection. Wildlife
reservoirs including badgers, deer and wild boar cause per-
sistent problems in some countries. Humans usually acquire
M. bovis infection via unpasteurised milk or via inhalation.
The predominant cause of human TB globally is however
Mycobacterium tuberculosis. In countries where human TB
caused byM. tuberculosis is common, this bacterium is also
frequently isolated from various species of animals.

Bovine TB was introduced to the Swedish cattle popu-
lation through imports in the first half of the 19th century. In
1958, after a successful control programme, Swedenwas de-
clared officially free from bovine TB. Since then, sporadic
cases have occurred in cattle, the most recent in 1978. Com-
pulsory tuberculin testing of all cattle was abolished in 1970
and the national TB surveillance in cattle has since then been
based on meat inspection and clinical surveillance.

When Sweden joined the European Union in 1995, the
status of OTF (officially tuberculosis free) was obtained.

In 1987, M. bovis infection was introduced into the
farmed deer population through imports. A control pro-
gramme for TB in farmed deer was introduced in 1994 and
made compulsory in 2003. The last case of TB in farmed
deer was identified in 1997.

The yearly incidence among humans in Sweden in the
early 1940s was above 300 per 100 000 inhabitants. This
was followed by a rapid decline, beginning before effec-
tive treatment was available in the early 1950s. Currently,
the yearly incidence is 3.7 per 100 000 inhabitants, which is
among the lowest in the world. Almost 85% of the cases are
born outside of Sweden and the vast majority of them are
immigrants originating from countries that still have a high
incidence of TB. The yearly incidence among people born
in Sweden is 0.75 per 100 000 inhabitants. A large majority
of the cases detected in humans in Sweden are caused byM.
tuberculosis and only a few cases per year are caused by M.
bovis.

DISEASE
The clinical signs caused by TB in both humans and an-
imals depend largely on the localisation of the infection.
The disease progresses slowly, and clinical signs may take a
long time to develop, even in cases with substantial lesions.

Figure 58: Due to successful eradication efforts, the probability that Swedish farmed deer are free from tuberculosis (TB) remains high.
There have been no confirmed cases since 1997. Photo: SVA.
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Weight loss and sometimes coughing (in cases with respi-
ratory tract infection), ascites (due to infection in intestinal
lymph nodes or liver) or mastitis (mainly in cattle with udder
infection) can be seen. The incubation period varies from
weeks to years.

LEGISLATION
Animals
Infection by mycobacteria included in the M. tuberculosis
complex (here defined as M. bovis, M. caprae or M. tu-
berculosis) is a listed disease (category B, D and E in cat-
tle and other bovine animals, and D and E in goats, sheep,
deer, camelids and other cloven-hoofed mammals) in the
Animal Health Law, (EU) 2016/429. Sweden is officially
free from the disease in bovine animals in accordance with
(EU) 2021/620, and surveillance to demonstrate freedom is
implemented in accordance with (EU) 2020/689. Tubercu-
losis caused by infection with M. bovis or M. tuberculosis
is included in the Swedish Act of Epizootic diseases (SFS
1999:657 with amendments) and notifiable as described in
SJVFS 2021/10 (K12). Infections caused by other mem-
bers of the M. tuberculosis complex are not covered by the
Swedish Act of Epizootic diseases but are still notifiable.

Humans
Tuberculosis in humans is a notifiable disease according
to the Communicable Disease Act (SFS 2004:168 with the
amendments of SFS 2022:217). Contact tracing is compul-
sory, and the treatment is free of charge. Refusing treatment
as a patient when being contagious can lead to detention.

SURVEILLANCE
Passive surveillance
Animals
TB is notifiable both on suspicion and confirmed diagnosis
and farmers and veterinarians are obliged to report suspi-
cion of TB. Clinical signs suspicious of TB in animals or
lesions detected at slaughter, surgery or postmortem in an
animal prompt investigation, which may include sampling
for histopathology, bacteriology, PCR, tuberculin testing of
contact animals and epidemiological investigations.

Surveillance for TB ismainly performed bymeat inspec-
tion at slaughter of food producing animals. Official inspec-
tors from the Swedish Food Agency perform the inspec-
tions. Suspect lesions are sent to the National Veterinary
Institute (SVA) for histology and PCR, as described above.
For tissue from macroscopic lesions indicating TB, histol-
ogy and PCR forM. tuberculosis andM. avium complex are
performed. Samples positive for M tuberculosis-complex
at PCR are cultured on solid media (Löwenstein-Jensen and
Stonebrink’s) at SVA and cultured for up to twelve weeks.
Suspected colonies are tested with PCR and, if necessary,
with sequencing of a specific gene. Isolates suspected to
belong to the M. tuberculosis complex or where the M. tu-
berculosis complex cannot be ruled out are sent for confir-
mation to the European Reference Laboratory in Madrid or
the Public Health Agency of Sweden. Positive isolates are
further subtyped.

Skin fold tuberculin tests are performed according to
(EU) 2020/689. The comparative intradermal test is used,
mostly at the neck site. In case of positive tuberculin test re-
actors, the animal is culled and samples from organs with
macroscopic lesions and lymph nodes from five different
areas (retropharyngeal, submandibular, mediastinal, mesen-
teric and inguinal) are collected and examined as described
above.

A positive finding of mycobacteria belonging to the M.
tuberculosis complex in animals, either detected through ac-
tive or passive surveillance, will generate contacts with pub-
lic health representatives to ensure that possible exposure of
humans can be investigated.

Humans
The surveillance in humans is mainly passive but contact
tracing from diagnosed cases is compulsory and asylum
seekers from high incidence countries are offered health ex-
amination where screening for TB is included, mainly with
IGRA.

In humans, culture on sputum smear is the standard test
when pulmonary TB is suspected. Otherwise culture from
urine, faeces, blood or liquor is also a possibility, or biopsies
from suspected site of infection. All isolates from humans
are genotypedwith whole genome sequencing, mainly to de-
tect clustering of cases that could indicate ongoing transmis-
sion, but also to look for genetic mutations associated with
resistance.

Active surveillance
Animals
The control programme in farmed deer was initially, until
October 2012, based on regular whole-herd tuberculin test-
ing, or whole-herd slaughter and meat inspection. Since Oc-
tober 2012, tuberculin tests are no longer performed in TB-
free herds, but inspections at slaughter and post mortem of
animals found dead or euthanised are still required.

A voluntary control programme in alpacas was launched
by Farm & Animal Health in 2015. Testing of alpacas for
TB is done using a serological test (Enferplex Bovine TB,
Enfer Group, Kildare, Ireland) instead of an intradermal test
as the intradermal test has a demonstrated low sensitivity in
alpacas. All adult animals in the herd are serologically tested
and all animal purchases and contacts with other herds are
recorded and in order to maintain the current status, specific
requirements must be met when purchasing new animals.

Furthermore, tuberculin tests are performed at artifi-
cial insemination centres and prior to export of animals
as required according to EU-legislation (Council Directive
64/432/EEC). Positive animals are treated as suspect cases
of TB as described above.

RESULTS
Animals
Due to lesions detected at slaughter, 13 animals whereof 9
pigs and 4 cattle were investigated by histology or, where
relevant, by culture and/or PCR. From these samples NTM
(Non-tuberculous mycobacteria), from the Mycobacterium
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avium/intracellulare complex were isolated from 8 pigs. No
other slaughterhouse samples yielded any mycobacteria.

Due to clinical suspicions, macroscopic lesions, or find-
ings of acid-fast bacteria, samples from four cats, three dogs,
one fallow deer and one forest hare were investigated. From
these samples NTM from the Mycobacterium avium/intra-
cellulare complex were isolated from two cats, one dog and
one forest hare. No other sample yielded any mycobacteria.

One herd was investigated due to a suspicious contact
with a human with open TB considered highly contagious
after sputum samples. In this case the farm worker had
worked in a dairy herd with close contact with the cattle
while having clinical signs later shown to be due to open
TB (M. Tuberculosis). Comparative intradermal tests (tu-
berculin test) were performed on all animals in the herd, all
with negative results. A retest of all animals in the herd is
planned in 2023, 4–6 months after the first testing.

During 2022, 1 alpaca, 3 goats, 4 camels, 8 vicuñas and
2 llamas were tested serologically in relation to export or
import, and within the voluntary control programme 238 al-
pacas from 19 herds and 3 llamas from 2 herds were tested,
all with negative final results.

In 2022, there were approximately 245 holdings with
farmed deer that were considered active. All except one had
obtained TB free status. The remaining herd was exempted
from regular testing and following the alternative track to
obtain a free status; slaughter of at least 20% of the herd
yearly, for 15 years, without findings of TB at meat inspec-
tions or necropsies. TB was not detected in any farmed deer
in Sweden during 2022.

Humans
The total number of detected cases of tuberculosis in humans
in 2022 was 386. Out of these, six cases were caused by M.
bovis, two cases which presented with pulmonary TB and
four cases presented with extrapulmonary TB. One case was
born in Sweden in the 1930s and most likely infected during
childhood or youth. The other five cases were most prob-
ably infected in their respective country of origin: Eritrea,
Iran, Somalia and Syria. Five of the isolates were unique
when analysed with whole genome sequencing. One iso-
late clustered with an isolate from 2020 from a case with the
same country of origin. There was no connection in Sweden
between the two cases while infectious.

DISCUSSION
In summary, the overall TB situation in animals and humans
in Sweden remains favourable.

No cases of TB were detected in Swedish livestock dur-
ing 2022. The officially free status for bovine TB in cattle
has beenmaintained during 2022. Although the surveillance
is mainly dependent on inspections of slaughtered animals,
this has been considered sufficient. However, the number of
submissions of lesions from slaughtered ruminants has de-
creased over the years and work has been initiated in 2019
to increase submissions. At the end of 2021 SVA started
to use PCR as initial analytic test. Passive surveillance
based on clinical suspicions and post mortem findings will

always have a low sensitivity as clinical signs are unspecific
and also because clinical symptoms and massive lesions are
mainly seen in late stages of the infection Therefore, to as-
sure early detection, a dairy herd was tested when a suspi-
cious contact with a human case was reported. This was a
new situation for Swedish circumstances. It highlights the
importance of close collaboration between the public health
and veterinary sectors. In December 2022 bovine tuberculo-
sis (M. bovis) was confirmed in a herd with cattle in Norway.
The suspicion arose due to lesions detected at slaughter in
November. The farm was placed under restrictions. A fol-
lowing investigation showed a positive animal in a contact
herd. Workers who had been in contact with the infected
animals were also tested for the disease, and some tested
positive. The suspicion is that people could have become
infected when working at the slaughterhouse, but earlier on-
set of infection could not be ruled out. The source of the
infection has not yet been identified.

The eradication efforts in farmed deer have been suc-
cessful and the probability that Swedish farmed deer are TB
free is high. The aim is to eventually declare all deer herds
officially free. This aim together with the implementation
of the Animal Health Law, (EU) 2020/688, implies that a
review of TB surveillance in farmed deer is needed. Live-
stock imports to Sweden are very limited, and TB is an inter-
nationally regulated disease which means that precautionary
measures are taken.

The rapid decline of TB in humans in the 1940s coin-
cided with the eradication of TB in cattle and started before
the introduction of effective treatment in the 1950s. A much
larger part of the human population lived in close contact
with domestic animals at the time, and the successful con-
trol of TB in cattle is likely to have contributed to the de-
cline in human incidence of TB. Today, Sweden has one of
the lowest incidences of human TB in the world and there
are no signs of ongoing transmission between humans and
animals, neither from animals to humans nor from humans
to animals.
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Tularaemia

BACKGROUND
The bacterium Francisella tularensis is the causative agent
of tularaemia, a disease affecting many animal species, in-
cluding humans. Although many different animal species
can be infected, tularaemia is typically found in hares and
small rodents. There are several subtypes of F. tularensis
of variable virulence. F. tularensis subsp. holarctica (type
B) is the main subspecies responsible for human and animal
infection in Europe. F. tularensis is capable of surviving for
weeks at low temperatures in water, moist soil, or decaying
plant and animal matter.

Humans become infected through a variety of mecha-
nisms such as bites of infected insects or other arthropods,
handling infected or dead animals, ingesting contaminated
food or water, and inhaling aerosols of bacteria. Clinical

disease is variable and dependent on the route of transmis-
sion. The age group of 40–79 years is the most affected in
both sexes. Tularaemia may occur during the whole year,
but elevated number of cases are commonly seen during late
summer and early autumn.

Hares and other animals are probably infected by the
same routes as humans even if it is difficult to prove. Le-
sions in the skin are difficult to find in furred animals, but
in some hare cases the infection sites have been confirmed
by finding still attached ticks and pathology corresponding
to tularaemia. In hares with pneumonia a respiratory route
might be suspected. In wildlife species that are more resis-
tant to developing disease upon infection, e.g., carnivores
and omnivores, F. tularensis has been found in lymph nodes
in the jaw region suggesting infection through contaminated
food or water.

Figure 59: Dead European brown hare reported by the public. In 2022, Francisella tularensis was detected in 5 European brown hares
and 3 mountain hares. Photo: Anonymous.
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Sweden has reported cases of tularaemia in humans and
animals since 1931. Ever since the first Swedish tularaemia
case was reported, endemic areas have been identified in
northern and central Sweden.

The mountain hare and the European brown hare are the
animal species in which tularaemia hasmost frequently been
identified. Diseased animals have been found in the tradi-
tionally endemic areas in northern and central Sweden, as
well as in regions south of these areas.

The annual numbers of reported human cases range from
a few cases to more than 2700 cases in 1967.

DISEASE
Animals
In Swedish hares, and in many rodent species that die of
tularaemia, a common pathological presentation of the dis-
ease is a disseminated multi-organ septicaemia. Some of
the hares have lesions corresponding to a somewhat more
prolonged course of disease, but ultimately the infection re-
sumes a more acute course ending in septicaemia. Carni-
vores and omnivores are animal species that develop no or
mild disease. Studies of several wild carnivore and omni-
vore species in Sweden and other countries have detected
antibodies but no signs of disease.

Humans
Tularaemia can be manifested in different forms depending
on the route of transmission and on the virulence of the or-
ganism. The ulceroglandular form is the most commonly di-
agnosed form and is more frequently seen than the typhoidal
form. The pneumonic, oculoglandular and oropharyngeal
forms are rarely diagnosed. In the ulceroglandular form, a
local ulcer usually appears at the site of infection and the ad-
jacent lymph nodes are enlarged. The general symptoms of
tularaemia are high fever, headache and nausea.

LEGISLATION
Animals
Tularaemia is notifiable in animals (SJVFS 2021:10).

Humans
Tularaemia has been a notifiable disease since 1970 accord-
ing to the Communicable Disease Act (SFS 2004:168 with
the amendments of SFS 2022:217).

SURVEILLANCE
Animals
Surveillance in animals is passive. It is based on voluntary
submission of animals found dead or euthanised by hunters
and the general public. Detection is based on PCR or im-
munohistochemistry of the animal sample. Laboratories are
required to report identified tularaemia cases in animals to
the authorities.

Humans
Notification of human cases is mandatory and surveillance
is based on identification of the disease by a treating physi-
cian or by laboratory diagnosis. Both are obligated to report
identified cases to the regional and national level to enable
further analyses and adequate intervention measures. For
laboratory verification of the infection, serology, PCR and
isolation of the bacteria are used.

RESULTS
Animals
In 2022, 22 European brown hares, 6 mountain hares, 3 red
squirrels and 8 dogs were investigated. The number of re-
ported dead hares and the number submitted for examina-
tion was lower than in the previous year and lower than in
the outbreak year 2019. F. tularensis subsp. holarctica was
detected in 5 European brown hares, 3 mountain hares and 3
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Figure 60: Incidence of notified human cases of tularaemia in Sweden 1997–2022. Bars indicate the incidence per 100000 inhabitants
and adjacent numbers the total number of cases reported.
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red squirrels. Tularaemic hares were found in four counties
(Västerbotten, Dalarna, Uppsala and Stockholm). The num-
ber of positive hares per county ranged from one to three.
The 3 positive red squirrels were found in Västerbotten in
connection with tularaemic hares. Three investigated dogs
were serologically positive for tularaemia.

Humans
In 2022, 276 human cases of tularaemia were reported,
which is a similar number of cases as seen over the last three
decades (Figure 60). Of the cases for which the country of
infection was known, the vast majority (99%) were reported
as infected in Sweden. For the population as a whole, the
incidence was 2.6 per 100 000 inhabitants. However, as in
previous years, there were considerable regional differences
with a larger proportion of cases in the central and north-
ern parts of the country (Figure 61). During 2022, the in-
cidence was highest in the county of Västerbotten with 41
cases per 100 000 inhabitants, followed by the county of
Jämtland with 19 cases per 100 000 inhabitants. The rea-
sons behind the annual and regional fluctuations observed
are not known.

More men (63%) than women were reported to be in-
fected in 2022, which is in accordance with previous years.
The incidence of tularaemia was highest in the age group 40
years and older, which is also similar to previous years. The
uneven distribution among age groups and sexes might par-
tially be attributed to the demographic distribution of people
who work or practice leisure activities outdoors in high-risk
rural areas.

As in previous years, the number of cases started to
increase in July and peaked at the end of August and in
September.

DISCUSSION
Tularaemia has been endemic in northern and central Swe-
den at least since the early 20th century with amarked annual
variation. Years with high numbers of cases are often fol-
lowed by periods when the disease is virtually absent. There
is no obvious explanation for these fluctuations. Probably,
variations in population sizes of host animals and insect vec-
tors that can transmit infection to humans play a major role
which in turn is influenced by factors such as predators, dis-
eases, weather and climate.

During the last two decades, the epidemiology of tu-
laraemia has changed and the number of reported cases in
humans and animals, mainly hares, infected south of the
previous endemic region is increasing. Since the informa-
tion on diseased and dead hares is dependent on voluntary
reporting and submitting animals for investigation the true
numbers are not known.

The reservoir for the bacterium between outbreaks has
not been clearly identified. In some countries, outbreaks of
tularaemia in animals have been associated with a rise in ro-
dent and hare populations, but this has not been confirmed in
Sweden. The epidemiological role of the hare as a possible
carrier of F. tularensis is unclear.

Figure 61: Incidence of reported human tularaemia cases in
Swedish counties 2022. The colour scale represents the
number of cases per 100000 inhabitants.
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Yersiniosis

BACKGROUND
Bacteria of the genus Yersinia are associated with human
and animal diseases and were first identified in the late 19th
century and subsequently classified into a genus in the mid-
20th century. Two enteropathogenic species of the genus are
zoonotic: Yersinia enterocolitica and Yersinia pseudotuber-
culosis. Pigs are considered the main reservoir of Y. entero-
colitica. Yersinia bacteria are widespread in nature, among
which non-pathogenic strains are most frequent. The most
common human pathogenic bioserotype is Y. enterocolitica
4/O:3.

Wild animals, especially rodents and birds are consid-
ered the principal reservoir of Y. pseudotuberculosis. Both
Y. enterocolitica and Y. pseudotuberculosis are frequently
found in pig tonsils and porcine intestinal contents. Infec-
tions caused by Y. enterocolitica are thought to be food-
borne and pigs are considered the main source of infec-
tion. The sources and vehicles of Y. pseudotuberculosis in-
fections in humans are not well understood but infections
caused by consumption of contaminated carrots and iceberg
lettuce have been described in Finland. Yersinia bacteria are
destroyed by heating (pasteurisation and cooking) but can
grow at refrigerator temperature and in vacuum and modi-
fied atmosphere packaging.

Themost recent available information, from 2014–2015,
indicates that the prevalence of Y. enterocolitica in the
Swedish domestic pig population (30.5% of herds) is similar
to that of other pig producing countries in Europe. Human
yersiniosis is primarily a domestic infection with about three
quarters of the cases reported to be infected in Sweden.

DISEASE
Animals
Pigs are asymptomatic intestinal carriers of pathogenic Y.
enterocolitica and Y. pseudotuberculosis. Infection with Y.
pseudotuberculosis in other animals may vary from asymp-
tomatic to severe mesenteric lymphadenitis and lead to sep-
ticaemia and death. Y. enterocolitica has occasionally been
isolated from cats and dogs with diarrhoea.

Humans
Y. enterocolitica causes gastrointestinal symptoms in hu-
mans ranging from mild self-limiting diarrhoea to acute
mesenteric lymphadenitis, which might be difficult to dif-
ferentiate from appendicitis. Y. pseudotuberculosis causes
primarily abdominal pain, fever headache and erythema no-
dosum, a skin reaction. The infection can be complicated by
long-term sequelae including reactive arthritis, uveitis and
glomerulonephritis (kidney disease).

LEGISLATION
Animals
Y. enterocolitica and Y. pseudotuberculosis are not notifi-
able in animals.

Food
Detection of Y. enterocolitica and Y. pseudotuberculosis in
food is not notifiable.

Humans
Yersiniosis (isolation or identification by PCR of Y. ente-
rocolitica (other than biotype 1A) or Y. pseudotuberculosis
from a clinical sample) is notifiable according to the Com-
municable DiseaseAct (SFS 2004:168with the amendments
of SFS 2022:217). Diagnosis of yersiniosis by serology is
not notifiable.
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SURVEILLANCE
Animals
No active surveillance programme exists for Yersinia spp.
in production animals. Some materials were submitted for
routine health examinations or because of clinical disease,
primarily from wildlife and zoo animals.

Food
No official control programme exists for Yersinia spp. Na-
tional and local authorities may perform sampling as a part
of extended official controls or targeted projects. Sampling
may be performed by food business operators, but analysis
results are not normally reported to the authorities.

Humans
The surveillance in humans is based on identification of the
disease by treating physician and/or by laboratory diagnosis
(i.e., passive surveillance). Both treating physicians and lab-
oratories are obligated to report to the regional and national
level to enable further analyses and adequate intervention
measures.

RESULTS
Animals
In 2022, Yersinia species was isolated at the National Vet-
erinary Institute (SVA) from 8 wild animals including 4 Eu-
ropean hare, 1 fox, 1 crane, and 2 porpoises and 17 zoo ani-
mals including large felines, primates, canines, 1 brown bear
and 1 Northern hawk-owl. A total of 62 animals including 9
wild animals and 57 zoo animals were investigated at SVA
for Yersinia spp. during 2022.

Food
In 2022, two samples of carrots taken by local authorities
were positive for Y. enterocolitica and Y. pseudotuberculo-
sis.

Humans
During 2022, 238 cases were reported (2.3 cases per 100 000
inhabitants). This is similar to levels seen over the past
decade except in 2019 and 2021 when major outbreaks oc-
curred. The proportion of cases reported as infected in Swe-
den was 85% (Figure 62).

Like previous years, the incidence was highest among
children younger than five years of age. The incidence was
5.7 cases per 100 000 inhabitants for infants and 5.3 for chil-
dren 1–4 years old, compared to 2.3 for all cases. In 2022,
the incidence was also higher than average among cases
25–29 years old (5.1).

Yersiniosis follows a minor seasonal variation with the
highest number of cases infected during the summer and an
additional increase in January. A similar pattern was also
observed in 2022 although the variability between months
was small (Figure 63). For themajority of cases, species was
reported, with 169 being Y. enterocolitica and 17 Y. pseudo-
tuberculosis.

The majority of yersiniosis cases are considered spo-
radic. However, Yersinia spp. is not part of the national
microbial surveillance programme in Sweden. Therefore,
there is no national monitoring of circulating subtypes and
a limited ability to capture cross-regional outbreaks.

Outbreaks
No outbreaks in humans were identified in 2022.
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DISCUSSION
In the beginning of the 2000s, the number of reported cases
of yersiniosis decreased not only in Sweden but also in the
other European countries. This decrease occurred without
any active interventions in the food chain. In recent years, it
has been difficult to assess any clear trend due to large out-
breaks in 2019 and 2021 and the effects from the pandemic
since 2020.

Yersiniosis in humans is considered foodborne and most
infected cases are of domestic origin. Outbreaks in hu-
mans are rarely detected. Most infections are considered
sporadic but under-reporting may be considerable. Case-
control studies suggest that consumption of pork products is
a risk factor, however vegetables should also be considered
as a potential route for transmission as shown by a Swedish-
Danish outbreak in 2019 linked to spinach (Espenhain et
al., 2019) and a Swedish outbreak in 2021 likely caused
by contaminated iceberg lettuce (National Veterinary Insti-
tute, 2022). Updated information on the prevalence of en-
teropathogenic Yersinia in Swedish production animals is
lacking, the most recent in 2015. Similarly, recent studies in
Swedish food have not been done. Good agricultural prac-
tices, as well as good slaughter hygiene and good manufac-
turing practices in food processing are essential for control
of Yersinia.
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Clinical surveillance

BACKGROUND
Clinical (also referred to as passive) surveillance is a funda-
mental component of disease surveillance. For animal dis-
eases that typically present with severe and obvious clinical
signs, such as foot-and-mouth disease, African swine fever
and anthrax, clinical surveillance is in fact the most efficient
means for early detection, which is of utmost importance in
order to prevent spread and reduce the impact. For other
diseases of importance, clinical surveillance is complemen-
tary to active surveillance activities. In this chapter, clin-
ical surveillance of diseases included in the Swedish Act
of Epizootic diseases (SFS 1999:657 with amendments) is
described. Specifically, clinical surveillance approaches to
foot-and-mouth disease, African swine fever, anthrax and
Newcastle disease are described in more detail. Diseases
with both passive and active surveillance components are
presented in specific chapters.

DISEASES
African swine fever
African swine fever (ASF) is a contagious disease of do-
mestic pigs and wild boar, in its acute form characterised by
haemorrhagic fever and high case fatality rates. The disease
is endemic in large parts of sub-Saharan Africa. In 2007
an incursion into Europe occurred and since then the geo-
graphical distribution has expanded despite extensive dis-
ease control measures being implemented. ASF is currently
present in large parts of Europe, in particular among wild
boar populations. To date two of the affected countries (the
Czech Republic and Belgium) have eliminated the infection
(although the Czech Republic was reinfected in 2022), but in
other parts of Europe the disease continues to spread affect-
ing new countries every year. In 2018 the disease emerged
for the first time in China, the largest pig producer in the
world accounting for almost half of the world’s pork produc-
tion. It has since spread to large parts of Asia and in 2021 it
reached the Americas as both the Dominican Republic and
Haiti reported outbreaks. With these developments, ASF is
currently considered a global threat.

Anthrax
Anthrax is a serious zoonotic disease that may affect most
mammals, especially herbivores. It is caused by Bacillus
anthracis, a spore forming bacterium. The spores are highly
resistant and may survive in the soil for decades. The dis-
ease was common in Swedish livestock in the beginning of
the 20th century, with a significant reduction in frequency
of outbreaks during the latter part of the century. During
the last decade, however, the disease has re-emerged in the
country with reported outbreaks in 2008, 2011, 2013 and
2016. The disease is endemic in most countries of the world.

Foot-and-mouth disease
Foot-and-mouth disease (FMD) is a highly contagious dis-
ease of cloven-hoofed animals such as pigs, cattle, sheep
and goats. The case fatality rate in FMD is low, but morbid-
ity very high and convalescence is extended, which cause
severe production losses. The cost of disease eradication in
countries previously free from the disease is extremely high.
FMD is endemic in many parts of the world, but since 2011
the disease is absent in Europe. However, the major FMD
epidemics that affected several European countries during
the last twenty years demonstrated that the continent is con-
tinuously at risk for FMD virus introduction, and that early
detection is crucial.

Newcastle disease
Newcastle disease (ND) is a highly contagious and often se-
vere disease of domestic poultry and other birds, caused by
virulent strains of avian paramyxovirus type 1. Wild birds
are important reservoirs of the virus, which is transmitted
through direct and indirect contacts between infected and
non-infected birds. Since 1995, 23 outbreaks of ND have
occurred in Sweden, all of which have been successfully
eradicated. Sweden has status of ND free without vaccina-
tion (Commission implementing regulation (EU) 2021/620).

LEGISLATION
Clinical suspicions of diseases included in the Swedish Act
of Epizootic diseases (SFS 1999:657 with amendments), in-
cluding ASF, anthrax, FMD and ND, must be notified to
the Swedish Board of Agriculture. This obligation applies
to animal keepers, official and private veterinarians, vet-
erinary laboratories, and other relevant stakeholders. Sus-
picions are investigated after consultation with disease ex-
perts at the National Veterinary Institute (SVA) and follow-
ing notification to the Swedish Board of Agriculture, and
sampling and analysis carried out in accordance with diag-
nostic manuals of the EC as applicable (Regulation (EU)
2016/429 and the supplements Commission Delegated Reg-
ulation (EU) 2020/689 and Commission Delegated Regu-
lation (EU) 2020/687). In addition, a number of other in-
fectious diseases are notifiable to the Board of Agricul-
ture and/or the relevant County Administrative Board based
on laboratory confirmation or clinical suspicion (SJVFS
2013:23).

SURVEILLANCE
Every year, hundreds of suspicions of serious infectious dis-
eases are reported by field veterinarians, animal owners or
private veterinary pathologists to the experts at SVA. Many
of these suspicions can be ruled out already based on anam-
nesis and initial clinical investigation, whereas others re-
quire notification to the Swedish Board of Agriculture and
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further investigation including sampling of sick or dead ani-
mals, with movement restrictions imposed on the farms dur-
ing the investigation. Also, in cases in which the disease
in question is not primarily suspected, but where it cannot
be excluded based on clinical investigation, samples can
be submitted for laboratory investigation to exclude a di-
agnosis. This can only be done after discussions with ex-
perts at SVA and in consultation with the Swedish Board of
Agriculture. This approach serves to reduce the threshold
for submitting samples for analysis of notifiable diseases,
and thereby increasing the sensitivity of the system. The
Swedish Board of Agriculture covers all costs for veterinary
visits, transports, and diagnostic analyses related to the in-
vestigation.

African swine fever
Reported cases of increased mortality or serious morbidity,
with clinical signs such as haemorrhagic disorders or repro-
ductive failures in pigs are considered suspicions of ASF un-
til ruled out through further clinical investigation. Samples
are sent to SVA for laboratory analyses. Due to clinical sim-
ilarity, samples from domestic pigs collected for ASF are in
general also analysed for classical swine fever (CSF). This
strategy is strongly recommended by the EU.

Given the current situation in Europe as regards ASF in
wild boar, the surveillance is enhanced, and Swedish public
are encouraged to report all findings of dead wild boar. If
possible, carcasses or samples are taken in and investigated

to rule out ASF as the cause of death (see also specific chap-
ter on infectious diseases in wild boars, page 129). Reports
of two or more wild boars found dead in the same location,
or of wild boars found dead with signs suggesting ASF, are
included in the surveillance as clinical suspicions.

Anthrax
Cases with a history of sudden deaths in more than one an-
imal on the premise are considered suspicions of anthrax.
Clinical signs such as fever, bloody discharges from the
nose, mouth, anus or vagina, uncoagulated blood, subcu-
taneous oedematous swellings and lack of rigor mortis, as
well as recent landscape interventions such as dredging or
digging in areas accessible to the animals, strengthens the
suspicion. In addition, cases with gross pathological lesions
suggestive of anthrax found at postmortem are considered
suspicions of anthrax. Samples from suspected cases are
sent to the SVA for laboratory analyses.

The surveillance in the two areas affected by anthrax the
last ten years has been enhanced since the outbreaks. The
aim is to investigate all cattle, sheep and wild ruminants
found dead in the area with no obvious cause of death, in
order to rule out anthrax.

Foot-and-mouth disease
Reported cases of disease in cattle, pigs, sheep or goats
which presents with vesicular lesions of the feet, buccal
mucosa or mammary glands, are considered suspicions of
FMD. Samples are sent to the SVA for analyses.

Table 30: Suspicions of epizootic diseases reported and further investigated 2013–2022, based on sampling of sick or dead animals.

InvestigatedA (Confirmed)

Disease 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

African swine feverB 17 (0) 6 (0) 17 (0) 20 (0) 18 (0) 18 (0) 38 (0) 80 (0) 63 (0) 84 (0)
AnthraxC 18 (1) 18 (0) 11 (0) 74 (15) 34 (0) 16 (0) 15 (0) 10 (0) 15 (0) 14 (0)
Aujesky’s disease 2 (0) 2 (0) 1 (0) 2 (0) 0 (0) 1 (0) 2 (0) 1 (0) 1 (0) 1 (0)

Avian influenzaD 12 (1) 16 (0) 15 (0) 17 (2) 28 (4) 9 (1) 9 (0) 8 (2) 81(28) 31(1)
Bluetongue 2 (0) 2 (0) 2 (0) 2 (0) 2 (0) 2 (0) 2 (0) 4 (0) 3 (0) 4 (0)
Brucellosis 5 (0) 2 (0) 1 (0) 0 (0) 0 (0) 1 (0) 1 (0) 0 (0) 4 (0) 4 (0)

BSEE 4 (0) 3 (0) 1 (0) 2 (0) 2 (0) 42 (0) 18 (0) 10 (0) 13 (0) 9 (0)
CWDF 0 (0) 0 (0) 0 (0) 0 (0) 1 (0) 17(0) 31 (2) 27 (1) 17 (0) 19 (0)
Classical swine fever 4 (0) 5 (0) 3 (0) 5 (0) 3 (0) 4 (0) 5 (0) 8 (0) 4 (0) 7 (0)

FMD 2 (0) 1 (0) 1 (0) 1 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 1 (0)
IBR 3 (0) 1 (0) 0 (0) 0 (0) 0 (0) 2 (0) 1 (0) 3 (0) 1 (0) 0 (0)
Lumpy skin disease 0 (0) 0 (0) 1 (0) 1 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

Newcastle disease 15 (0) 25 (3) 15 (0) 17 (1) 29 (3) 8 (1) 11 (0) 9 (1) 24 (1) 22 (2)
Paratuberculosis 4 (0) 7 (0) 3 (0) 5 (0) 5 (0) 1 (0) 4 (0) 4 (0) 2 (0) 4 (0)
PRRS 9 (0) 4 (0) 5 (0) 5 (0) 2 (0) 2 (0) 12 (0) 5 (0) 7 (0) 5 (0)

Rabies 8 (0) 5 (0) 10 (0) 3 (0) 6 (0) 9 (0) 5 (0) 12 (0) 13 (0) 16 (0)
TuberculosisG 8 (0) 14 (0) 8 (0) 6 (0) 9 (0) 7(0) 15 (0) 20 (0) 14 (0) 23 (0)
West Nile fever 2 (0) 1 (0) 2 (0) 1 (0) 2 (0) 0 (0) 5 (0) 4 (0) 0 (0) 1 (0)

AIn many cases clinical suspicions were investigated for several diseases with similar clinical picture (e.g., ASF/CSF/PRRS, AI/ND).
BIncludes wild boars found dead, also described in the specific chapter on infectious diseases in wild boars (page 129).
CIncludes animals from the intensified surveillance in the two areas with outbreaks in 2008 and 2011 respectively.
DDoes not include surveillance of, or cases in, wild birds.
EThe increased number of clinical suspicions in 2018 and 2019 compared to previous years is the result of substantial efforts to detect
and notify animals with clinical signs compatible with BSE.
FDoes not include surveillance of, or cases, in the intensified sampling.
GReported as cases per herd or owner, surveillance at slaughter included.
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Newcastle disease
Reported cases of disease in poultry, or other birds kept in
captivity, that present a significant reduction in egg produc-
tion (egg drop) and deterioration of eggshell quality are con-
sidered suspicions of ND, even without more severe clinical
signs such as increased mortality, nervous signs and respi-
ratory distress. Samples are sent to SVA for analyses. Due
to clinical similarity, samples from poultry collected for ND
are in general also analysed for avian influenza.

In addition, an active ND surveillance component is
present within the Poultry Health Control Programme tar-
geting breeding flocks (described in the specific chapter re-
lated to this programme, page 127).

RESULTS
The suspicions of animal diseases included in the Swedish
Act of Epizootic diseases (SFS 1999:657 with amendments)
that were reported and further investigated based on sam-
pling of sick or dead animals between 2014–2022 are com-
piled in Table 30.

In 2022, five clinical suspicions of ASF in domestic pigs
and two in wild boars were investigated, with negative re-
sults. Samples from the suspicions in domestic pigs were
also analysed for CSF, and one for PRRS, one of the suspi-
cions in wild boar was also analysed for CSF, all with neg-
ative results. In addition, 77 samples from wild boars found
dead were analysed for ASF, as part of the enhanced passive
surveillance, all with negative results.

Twelve clinical suspicions of anthrax in cattle, one in
sheep, one in a horse were reported and investigated during
2022. In none of the cases, anthrax could be confirmed.

One clinical suspicion of FMD was investigated during
2022, with negative result

22 clinical suspicions of ND were investigated of
which two were positive for Newcastle disease virus (avian
paramyxovirus-1). Eighteen of the suspicions were concur-
rently investigated for avian influenza in connectionwith the
ongoing outbreak during 2022 (see page 51).

DISCUSSION
Clinical surveillance constitutes a fundamental part of the
animal disease surveillance system and is particularly im-
portant as regards early detection of epizootic and/or emerg-
ing diseases. This surveillance component depends on the
level of cooperation and trust between the relevant stake-
holders in the field (including animal keepers and official
and private veterinarians, among others) and the central vet-
erinary authorities, but also on the level of knowledge and

awareness among all involved. In Sweden, cooperation be-
tween the relevant stakeholders is long-standing at a high
level, and the level of knowledge and awareness as regards
epizootic diseases as well as the obligation to report suspi-
cions thereof is considered good. Based on this and given
the relatively high numbers of suspicions of epizootic dis-
eases investigated each year, the performance of the clinical
surveillance is considered adequate. However, a systematic
evaluation of this performance has never been carried out.
Therefore, to get a better understanding of the coverage and
representativeness of the clinical surveillance and thus the
performance, and to identify gaps, an evaluation of the clini-
cal surveillance using data from the last ten years is currently
underway.

As regards ASF, given the current situation in Europe
and globally the risk for introduction to Swedish wild boars
is considered increased. In case of introduction early detec-
tion is crucial in order to prevent a longer-term establish-
ment of the disease. The timeline of detection depends to
a large extent on the capacity of Swedish hunters to detect,
and their willingness to report, findings of dead wild boars.
The number of wild boars submitted by the public in the en-
hanced passive surveillance increased substantially during
2019 and 2020, followed by a small decrease in 2021, and
again an increase in 2022. The rise of submitted wild boars
in 2022 was probably to some extent a result of increased
awareness of ASF among hunters and the general public as
well as an increased effort from SVA and the Swedish Board
of Agriculture to get a sample from all reports of findings
of dead wild boars. However, given the population size of
Swedish wild boar (estimated to at least 300 000–400 000)
and the expected number of wild boars that would die from
other causes than hunting and road kills, and thus constitute
the potential sampling frame for the surveillance, the num-
ber is not adequate. Further measures are therefore being
taken to increase the numbers.
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Poultry Health Control Programme

BACKGROUND
The aim of the Poultry Health Control Programme is to doc-
ument freedom from the included diseases, to prevent the in-
troduction and further spread of diseases and to allow trade
from the participating companies.

The Poultry Health Control Programme is based on pro-
visions (SJVFS 2010:58) issued by the Swedish Board of
Agriculture. The programme is mandatory for all Swedish
hatcheries producing more than 50 000 day-old chicks per
year and all breeding establishments (grandparent and par-
ent flocks of layers, broilers and turkeys) delivering hatch-
ing eggs to these hatcheries. In addition to serological sam-
pling for several infectious diseases, the programme consists
of biosecurity requirements, standards for poultry houses,
management and clinical surveillance.

LEGISLATION AND DISEASES
All diseases covered by the programme are notifiable ac-
cording to provisions issued by the Swedish Board of Agri-
culture (SJVFS 2021:10). The diseases included in the pro-
gramme during 2022 are briefly described below.

Fowl typhoid and pullorum disease
Fowl typhoid and pullorum disease are two poultry dis-
eases caused by Salmonella enterica subspecies enterica
serovar Gallinarum biovar Gallinarum (Salmonella Galli-
narum, fowl typhoid) and biovar Pullorum (Salmonella Pul-
lorum, pullorum disease), respectively. These two biovars
of the same serovar are specifically adapted to poultry, and
vertical transmission (from the hen to the chicken via the
egg) is an important feature, in addition to the common hor-
izontal spread. Pullorum disease mainly affects foetuses
and chickens up to 3 weeks of age while Salmonella Galli-
narum commonly infects and causes disease (diarrhoea, in-
appetence, production losses and mortality) in older birds.
Infection with both biovars are included in the Swedish
zoonosis legislation (SJVFS 2004:2) and are listed diseases
(categories D and E) in the Animal Health Law, Regula-
tion (EU) 2016/429. The diseases were eradicated from the
Swedish commercial poultry population in the beginning of
the 1960s. A single case of fowl typhoid (Salmonella Galli-
narum) was detected in a backyard flock in 1984 but has not
been diagnosed since then. Salmonella Pullorum is however
present in the Swedish backyard poultry population; the last
outbreak was diagnosed in 2017.

Mycoplasma gallisepticum, Mycoplasma synoviae
andMycoplasma meleagridis
Mycoplasma gallisepticum,M. synoviae andM. meleagridis
are important poultry pathogens. However, M. meleagridis
is only pathogenic for turkeys. These three mycoplasmas
can spread both horizontally and vertically. They mainly
cause respiratory disease and egg production losses. My-
coplasma gallisepticum and M. synoviae may also cause

arthritis. Mycoplasma gallisepticum andM. meleagridis are
listed diseases (categories D and E) in the Animal Health
Law (EU) 2016/429. Due to its potential to cause disease
and production losses, testing for M. synoviae was included
in the programme between 1995 and 2010. During a revi-
sion of the programme the agent was excluded but is since 1
June 2015 included again. In 2016, testing for M. synoviae
was further intensified. Mycoplasma gallisepticum and M.
synoviae are present in the backyard poultry population in
Sweden and in 2016, 2017 and 2019 antibodies to M. syn-
oviaewere detected in chicken breeding flocks. In 2020, an-
tibodies to M. meleagridis were detected in a turkey breed-
ing flock in the Poultry Health Control Programme for the
first time.

Paramyxovirus type 1
Paramyxovirus type 1 may cause outbreaks of Newcastle
disease, with egg production losses, increased mortality,
nervous signs and respiratory disease; the severity of the
disease may vary. The virus is transmitted through direct
and indirect contacts with infected birds and for shorter dis-
tances also with the wind. Wild birds are an important reser-
voir. Since 1995, twenty-three outbreaks of Newcastle dis-
ease have occurred in Sweden. The disease is listed (cate-
gories A, D and E) in the in the Animal Health Law, (EU)
2016/429. Since all outbreaks have been successfully eradi-
cated, Sweden has a status of Newcastle disease free country
without vaccination according to Commission Implement-
ing Regulation (EU) 2021/620.

Egg drop syndrome
Egg drop syndrome virus is a naturally occurring adenovirus
in waterfowl (including the wild population) in which it does
not cause any clinical disease. In chickens, the clinical signs
are only seen during the production period as decreased egg
production in an otherwise clinically healthy flock. The
virus is able to spread both vertically and horizontally. The
Swedish poultry breeding population is free from the dis-
ease.

SURVEILLANCE
Serological screening within the programme is administered
by the National Veterinary Institute (SVA) and financed by
the Swedish Board of Agriculture and the participating com-
panies. In 2022, six breeding companies participated in the
programme: four broiler, two laying hen and one turkey
breeding company (one company with both broiler and lay-
ing hen parent flocks). In accordance with the provisions
(SJVFS 2010:58), sixty blood samples were taken from the
breeding flocks included in the programme, once during the
rearing period and several times during the production pe-
riod. In the majority of the flocks, blood samples are taken
by the breeding companies’ personnel after delegation from
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Table 31: Sampling schedule for chicken grandparent and parent flocks. Number of blood samples tested at different weeks of age.

Age in weeks

Agent 16 24 36 48 60 72 84

S. Pullorum / S. Gallinarum - 60 - - - - -
Mycoplasma gallisepticum 60 60 60 60 60 60 60
Mycoplasma synoviae 60 60 60 60 60 60 60
Paramyxovirus type 1 - - - 60 - - -
Egg drop syndrome virus - 30 - - - - -

the official veterinarian. In the remaining flocks the offi-
cial veterinarian takes the samples. The blood samples were
sent bymail to SVAwhere serological tests were performed.
The sampling and testing schemes are presented in tables 31
and 32.

Table 32: Sampling schedule for turkey parent flocks. Number of
blood samples tested at different weeks of age.

Age in weeks

Agent 20 32 44 56

S. Pullorum / S. Gallinarum - 60 - -
Mycoplasma gallisepticum 60 60 60 60
Mycoplasma meleagridis 60 60 60 60
Mycoplasma synoviae 60 60 60 60
Paramyxovirus type 1 - - - 60

RESULTS
Table 33 gives an overview of all samples taken in breeding
flocks of chickens and turkeys, and the laboratory methods
used, during 2022.

Serological reactions to M. synoviae were detected in
five chicken parent flocks and one chicken grandparent
flock. All six flocks were considered free from M. syn-
oviae based on clinical status and testing of new samples.

Six chicken parent flocks and one chicken grandparent flock
were further investigated due to a few positive samples for
M. gallisepticum. In addition, one chicken parent flock and
one chicken grandparent flock were investigated due to a
few positive samples for SalmonellaGallinarum/Salmonella
Pullorum, nine chicken parent flocks investigated based on
a few positive samples for Egg Drop Syndrome and one
chicken parent flock investigated due to a single positive
sample for PMV-1. No clinical signs were seen, and after
testing new samples from these flocks the previous positive
samples were considered as unspecific serological reactions.

DISCUSSION
In previous years, antibodies have been detected to both M.
synoviae (chicken breeding flocks in 2016, 2017 and 2019)
and M. meleagridis (one turkey breeding flock in 2020)
within the Poultry Health Control Programme. In 2022, the
results from the serological screening support the status of
freedom from these diseases as well as several other impor-
tant infectious diseases in the Swedish breeding poultry pop-
ulation. In addition to the serological screening, the clinical
surveillance of the poultry breeding population is also of ut-
most importance.

Table 33: Number of sampling occasions for grandparent (GP) and parent (P) flocks of chickens and turkeys and total number of samples
tested during 2022.

No. of sampling occasions No. of samples

Chickens Turkeys Chickens Turkeys

Agent GP P P GP P P Method

S. Pullorum / S. Gallinarum 10 88 4 600 5280 240 Serum plate agglutination test, antigen,
Ceva Biovac

Mycoplasma gallisepticum /
Mycoplasma synoviae

50 413 16 3000 24780 960 Mycoplasma gallisepticum/synoviae
Antibody Test Kit, BioChek

Mycoplasma meleagridis 0 0 16 0 0 960 Serum plate agglutination test, antigen,
Ceva Biovac

Paramyxovirus type 1 9 95 4 540 5700 240 NDV screen competition ELISA, IDvet
Egg drop syndrome virus 10 88 0 300 2640 0 Antibody haemagglutination inhibition

test, antigen, GD Animal Health
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Infectious diseases in wild boars

BACKGROUND
Wild boars are susceptible to contagious diseases that affect
domestic pigs, and they can therefore play a role in spread-
ing disease to and from domestic pigs. For example, Au-
jeszky’s Disease (AD) is present in several wild boar pop-
ulations in the EU, which has led to sporadic transmissions
of the disease to domestic pig herds. Wild boars were in-
volved in the spread of Classical swine fever (CSF) during
outbreaks in domestic pigs in several EU countries in the
1990s and early 2000s. In recent years, African swine fever
(ASF) has spread in Europe and in 2022, cases of the dis-
ease were reported in the wild boar population of 11 EU
countries. Since 2020, the pig-adapted Salmonella Choler-
aesuis is known to be regionally present in the wild boar
population. The Swedish wild boar population is increas-
ing rapidly and is now estimated to be 250 000–300 000 ani-
mals. Established wild boar populations are found primarily
in the southern parts of the country, but the northern border
of the wild boar’s range in Sweden is extending and it has,
at present, passed the level of the river Dalälven. Surveil-
lance of infectious diseases in Swedish wild boar has been
ongoing since 2000. The purposes of this monitoring are to
provide evidence that Sweden is free from several impor-
tant infectious pig diseases and to enable early detection of
introductions of these diseases into the country. Enhanced
monitoring of salmonella in wild boar is in place nationally
(see chapter “Salmonellosis”, page 80).s

LEGISLATION
Several diseases capable of infecting wild boar, including
ASF, CSF, AD, brucellosis and Porcine reproductive and
respiratory syndrome (PRRS), are included in the Swedish
Act of Epizootic Diseases (SFS 1999:657with amendments)
and are therefore notifiable upon clinical suspicion. If any
of these diseases are suspected or confirmed, measures will
be taken to control the disease and to prevent further spread.

SURVEILLANCE
Passive surveillance
Any sick or dead wild boar that is reported to have shown
clinical signs, or found to have post mortem lesions consis-
tent with a disease included in the Swedish Act of Epizootic
Diseases, is sampled and investigated.

Additionally, an enhanced passive surveillance pro-
gramme for ASF in wild boars has been in place since 2013.
Anyone who finds a dead wild boar can voluntarily submit
the whole carcass or samples from it to the National Vet-
erinary Institute (SVA) for post-mortem examination. In
case a finding is reported and the reporting person is un-
able to assist with sampling, a veterinarian is appointed by
the Swedish board of Agriculture (SBA) to visit the carcass
and collect the required samples. All submitted samples are
analysed for the presence of ASF virus genome with PCR,
whether lesions suggestive of the disease are present or not.

Since late 2020, wild boars submitted to SVA are also ex-
amined for the presence of Salmonella by tissue culture (see
chapter “Salmonellosis” (page 80).

Active surveillance
Since the year 2000, samples from hunted wild boars
throughout Sweden have been collected for surveillance
purposes every year. Hunters voluntarily collect blood sam-
ples when free-living wild boars are harvested. The sam-
ples are sent to SVA for analysis for the presence of an-
tibodies to infectious agents that are of importance to do-
mestic pig production. In 2022, the samples were used for
the active surveillance of AD and CSF. The samples were
tested for antibodies against AD and CSF using the ELISA
kits SVANOVIR® PRV-gB-Ab ELISA (Svanova, Upp-
sala, Sweden) and IDEXX HerdChek® CSFV Ab Test Kit
(IDEXX Laboratories, Westbrook, Maine, United States).
The surveillance was designed to detect these diseases at
a 1% prevalence with a 99% confidence level. To reach
this level of confidence, it was calculated that 500 samples
would need to be submitted for analysis.

Since late 2020, hunters have also had the opportunity to
submit tissue and faecal samples from hunted wild boars for
Salmonella culturing. More information about this surveil-
lance can be found in the chapter “Salmonellosis” (page 80).

RESULTS
Passive surveillance
Samples from 78 wild boars that were found sick or dead
were submitted by members of the general public for ex-
amination for the presence of ASF virus genome in 2022.
The number of wild boars submitted annually over the last
three years represents an approximate doubling in the num-
ber of animals submitted for analysis as compared to previ-
ous years. This increase is likely a result of several aware-
ness campaigns that were carried out to increase voluntary
reporting of dead wild boar findings, as well as heightened
awareness and concern about ASF among the general public
as a direct result of the spread of the disease in the EU in re-
cent years. The use of veterinarians through the SBA have
further supported the increased sampling of wild boar found
dead. The recent finding of SalmonellaCholeraesuis in pop-
ulations of wild boar in some areas of the country (see chap-
ter “Salmonellosis”, page 80) has likely also increased pub-
lic interest in submitting dead wild boars for post mortem
examination.

The geographic distribution of the sampled dead wild
boar is shown in Figure 64. All samples from the submitted
wild boar were negative for ASF. Additional post mortem
findings in these wild boars are reported in the chapter “Post
mortem examinations in wildlife” (page 151) in this report.
The results of the Salmonella surveillance in wild boar are
reported in the chapter “Salmonellosis” (page 80).
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Figure 64: Geographical distribution by county of origin of wild
boar samples included in the surveillance for 2022.
Note that in some cases, the coordinates for the site
at which a wild boar was sampled were not provided
and those animals are not included on the map. The
number of hunted wild boar sampled and tested for
antibodies against classical swine fever (CSF) are indi-
cated by the cyan bars (79), while those tested for anti-
bodies against Aujeszky’s disease (AD) are indicated by
the white bars (78). The brown bars indicate the num-
ber of wild boars found dead and tested for African
swine fever (ASF) (total 78). The background colours
indicate wild boar density based on hunting statistics
from 2021–2022 (Swedish Association for Hunting and
Wildlife Management, game monitoring).

During 2022, suspicions of diseases included in the
Swedish Act of Epizootic Diseases were investigated in
free-living wild boar on two occasions. Suspicions of ASF
arose at necropsy of wild boar found dead, as the post
mortem lesions were compatible with infection with ASF
virus. In both cases, organ samples from the dead animals
were analysed for the presence of ASF virus genome by PCR
and found negative. One of the two were in addition anal-
ysed for CSF virus by PCR and found negative for that dis-
ease as well.

Active surveillance
In 2022, 79 blood samples were collected from hunted wild
boars and analysed for the presence of antibodies against
CSF and 78 for AD. All samples were negative. The ge-
ographical distribution of sampled wild boars was roughly
correlated to the distribution and density of the Swedish
wild boar population (Figure 64) (location information was
not available for 16 of the hunted wild boar). The goal of
analysing 500 samples for antibodies against these two dis-
eases was not met. However, the surveillance evidence col-
lected in 2022 is sufficient to indicate that the prevalence of
AD and CSF in the Swedish wild boar population is <4%
with a certainty of 95%.

DISCUSSION
The Swedish wild boar population is growing, and the
boundary of the population is moving north. In areas where
wild boars are already present, the population is also becom-
ing denser, which increases the risk of direct and indirect
contact between wild boars and domestic pigs. The area in
Sweden inhabited by wild boars is surrounded by the sea so
there is no risk ofwild boarsmigrating into Sweden. Instead,
the role of the wild boar in disease spread might be to pick
up infectious agents introduced into Sweden by other routes.
For example, wild boars could gain access to infected meat
or other animal products in garbage or following indirect
spread by other means from people, vehicles or equipment.
The unfavourable development of the global ASF situation
is of special concern and calls for efficient approaches to
early detection of disease in the wild boar population. As
such, methods to further increase the number of wild boars
found dead that are reported and/or voluntarily submitted by
the public for post mortem and ASF testing are currently be-
ing investigated.
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Infectious diseases and parasites
in honeybees

Figure 65: A busy honeybee. The health situation for Swedish honeybees is good. Photo: Piero Onorati.

BACKGROUND
Every beekeeper in Sweden has the responsibility to pre-
vent the spread of bee diseases and is obliged to register the
location of their apiaries to the responsible County Admin-
istrative Boards (CABs). There is to date no national bee
register (see below), but the number of apiaries and colonies
is estimated by the local bee inspectors and reported to the
respective CABs. The health of honeybees is supervised by
local bee inspectors, who are appointed and given the re-
sponsibility over local inspection districts by seven of the
CABs. Sweden was in 2022 divided in 315 bee districts and
local bee inspectors are responsible for the practical con-
trol of the apiaries located in their designated district. The
Swedish Board of Agriculture (SBA) is the central compe-
tent authority for the control of bee diseases. The SBA is re-
sponsible for the regulations and guidelines for management
and control of the honeybee diseases regulated in SJVFS
1992:38 (amendment regulation number 2018:47) including
American foulbrood, Varroa and tracheal mite infestations.
There are regulations for themovements of bees, bee-related
products and beekeeping equipment to prevent contagious
bee diseases from entering the country and to reduce further

spread. Applications for permits to import bees from coun-
tries outside the EU must be made to the SBA at each point
of entry. The conditions for import are the same in all EU
Member States. If bees are introduced without permission,
it is considered a violation of the law on smuggling goods.

DISEASES AND LEGISLATION
All bee inspectors, veterinarians and laboratories analysing
samples from honeybee colonies, are obliged to notify the
SBA if American or European foulbrood (AFB and EFB,
respectively), tracheal mite infestation/acariosis (Acarapis
woodi), Varroa mite infestation/varroosis (Varroa destruc-
tor), Tropilaelaps mite infestation (Tropilaelaps spp) or the
small hive beetle (Aethina tumida) are found. This is reg-
ulated in the bee diseases act (1974:211), the ordinance of
bee diseases (1974:212) and the SBA’s regulation (SJVFS
1992:38) on the control of American foulbrood, Varroa and
tracheal mites in honeybees, as well as the SBA’s regula-
tion on notification of animal diseases and infectious agents
(SJVFS 2021:10). A beekeeper needs a permit issued by a
bee inspector to move the bees out of an area that has been
declared infected with AFB by the SBA. Visual inspection
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of clinical signs of AFB and Varroa mites is carried out at
the same time. In case of an outbreak of AFB, or if Varroa
mites are reported from an area or region where it has not
been detected earlier, the bee inspector notifies the CAB,
which in turn notifies the SBA. The SBA then declares the
area in which the apiary is situated infected/infested. Bee in-
spectors can send samples of diseased brood, larvae, pupae
or adult bees to the National Reference Laboratory (NRL)
for bee health at the Swedish University of Agricultural Sci-
ences (SLU), where the diagnosis of honeybee diseases in-
cluded in the legislation is performed on behalf of the SBA.
This is a yearly, laboratory-based, passive surveillance of
honeybee diseases.

American foulbrood
American foulbrood (AFB) of honeybees is a contagious
bacterial disease caused by the spore-forming bacterium,
Paenibacillus larvae. The disease is widely distributed
across the world causing great economic losses in apicul-
ture and is notifiable in most countries. As the name indi-
cates, the disease only affects the larval stages of honeybees
(brood refers to the eggs, larvae and pupae of honeybees).
AFB is highly infectious, lethal to the individual honeybee
larva and potentially lethal to infected colonies. AFB is a
listed disease (category D and E) in the Animal Health Law,
(EU) 2016/429. In many European countries, Sweden in-
cluded, the disease is controlled through burning of colonies
with clinical disease and the use of beekeeping management
techniques to avoid the spread of the infectious agent to un-
infected hives. Current legislation does not allow European
beekeepers to use antibiotics since there is no maximum
residue limit (MRL) set for the antibiotic substances used
to control AFB (oxytetracycline and tylosin). No antibi-
otics can be legally used since there is a zero-tolerance limit
to antibiotic residues in honey. Sweden has strict rules for
the movement of bees, apiculture equipment and honeybee
products from areas where AFB has been reported. The bee
inspectors burn any colony with clinical signs of American
foulbrood and inspect and/or use samples of adult bees to
track all other colonies with clinical disease within a 3 km
radius from the infected apiary. In addition, apiaries out-
side the 3 km radius that have been in contact with infected
colonies through beekeeping management are inspected and
sampled.

European foulbrood
European foulbrood (EFB) is a serious disease of honeybees
caused by the bacterium Melissococcus plutonius. EFB af-
fects mainly young honeybee larvae usually between 4 and 5
days old. A massive loss of brood resulting from severe in-
fection weakens the colony and can lead to its collapse. Re-
gional variations in disease burden have been reported and
recent decades have seen dramatic increases in the preva-
lence of EFB in parts of Europe. Large disease outbreaks
have been identified in areas previously thought to be dis-
ease free.

Tracheal mite infestation (acariosis)
The honeybee tracheal mite Acarapis woodi is an inter-
nal parasite of the respiratory system of adult honeybees.
The tracheal mite has spread through global beekeeping ex-
changes and has been reported from all European countries
except Sweden. It is therefore regulated in Swedish legisla-
tion.

Varroa mite infestation (varroosis) and associated
virus infections
The honeybee parasitic mite, Varroa destructor, was origi-
nally confined to the Eastern honeybee (Apis cerana), where
a stable host-parasite relationship exists due to a long period
of coevolution. After a shift in the last century, from the na-
tive host to the Western honeybee (Apis mellifera), the mite
dispersed around the globe and is currently considered the
greatest threat to honeybees and apiculture worldwide. The
mite was reported in Europe in the late 1970s and was found
on Gotland in 1987 and in the county of Skåne in 1991. The
regulations from the SBA have since been aimed at limit-
ing the spread of the Varroa mite in the country. There are
still areas in northern Sweden where Varroa mites have so
far not been reported (parts of Dalarna, Västerbotten, Jämt-
land, Västernorrland and Norrbotten), but it is spreading and
there were reports of findings of the mite in hitherto free ar-
eas during 2021. Varroa is a listed disease (category C, D
and E) in the Animal Health Law, (EU) 2016/429.

Honeybee viruses such as Deformed wing virus (DWV)
and Acute bee paralysis virus (ABPV) are associated with
the Varroa mite, and DWV is the actual cause of the clini-
cal signs observed in connection with high Varroa numbers.
The mite acts as a biological vector for both viruses.

Tropilaelaps mite infestation
Mites of the genus Tropilaelaps affect both developing
brood and adult bees mainly in Asia. Tropilaelaps mer-
cedesae and Tropilaelaps clareae are the only species found
reproducing on brood of A. mellifera. The distribution of
the emerging mite is currently restricted to tropical and sub-
tropical regions of Asia and Africa but is regulated within
the EU, and honeybee queen imports from outside EU are
visually inspected for the occurrence of Tropilaelaps mites.
The mite has not been reported as being present in Europe.
Tropilaelaps mite infestation is a listed disease (category D
and E) in the Animal Health Law, (EU) 2016/429.

The small hive beetle
The small hive beetle (Aethina tumida) is endemic to sub-
Saharan Africa, but has spread to many other locations, in-
cluding North America, Australia and the Philippines, and
was detected in Europe in 2014, in Calabria and Sicily. The
European Commission has defined protective measures to
prevent the spread of the beetle and the incidence is still
limited to these areas in southern Italy. Small hive beetle
infestation in honeybees is a listed disease (category D and
E) in the Animal Health Law, (EU) 2016/429.

The small hive beetle can be a destructive pest of hon-
eybee colonies, causing damage to comb, stored honey and
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pollen. The primary damage to colonies and stored honey is
caused through the activity of the larvae tunnelling through
honeycombs, feeding and defecating, causing discoloura-
tion and fermentation of the honey. If a beetle infestation
is sufficiently heavy, they may cause bees to abandon their
hive.

SURVEILLANCE
Passive surveillance
Passive disease surveillance of honeybee diseases and par-
asites in Sweden is done through diagnostics related to dis-
ease outbreaks, and the results are reported by the NRL to
the SBA yearly.

Enhanced passive surveillance by visual inspection of
clinical signs of AFB is done when a beekeeper needs a per-
mit issued by the bee inspector in order to move the bees
out of an area which is declared infected by the SBA. All
inspections during which diseases are detected are reported
by the bee inspectors to the CABs. For results over time, see
Figure 66.

Active surveillance
In 2016, a baseline study of the prevalence of Varroa mites,
the viruses DWV, ABPV, the bacteriaMelissococcus pluto-
nius and Paenibacillus larvae was initiated by the national
reference laboratory (NRL) for bee health and conducted in
collaboration with the National Veterinary Institute (SVA).
According to the national surveillance plan (NÖP), follow
up studies should be done at 5-year intervals and was there-
fore carried out during 2021. In the 2021 baseline study, the
tracheal mite Acarapis woodi was added.

RESULTS
Passive surveillance
Samples from a total of 3185 bee colonies in 318 beekeep-
ing operations were analysed by the NRL for bee health in
2022. The results are shown in (Table 34). AFB was de-
tected in 516 colonies in 77 beekeeping operations. EFB
was detected in 9 colonies from 5 beekeeping operations.

The national bee inspectors performed visual inspection
of disease symptoms in 3242 colonies in 882 apiaries and
reported symptoms of AFB in 118 colonies in 72 apiaries.
See Figure 66.

No active surveillance was conducted during 2022.

DISCUSSION
The reporting of AFB is based on the information that the
bee inspectors report to the CABs and is based on visual ob-
servation of clinical signs (Figure 66). However, since Jan-
uary 2019, the bee inspectors can also send samples of adult
bees to the NRL for the detection of Paenibacillus larvae in
connection with a disease outbreak and tracing, which has
resulted in a substantial increase in the number of honeybee
colonies analysed yearly for the presence of the bacterium
(Table 34). This complement to visual inspection of hon-
eybee colonies in connection with outbreaks of AFB have
proven to be a useful tool for the bee inspectors to track
symptomatic colonies.

In the 2016 baseline study, Paenibacillus larvaewas de-
tected in 6% of the investigated apiaries, whereas the total
prevalence in 2021 was 2%. Based on these two observa-
tions and the reports from the bee inspectors, the AFB inci-
dence in the country is still low and seems to be relatively
stable. Future follow up studies and disease monitoring are
needed to confirm this observation.

The causative agent of EFB, Melissococcus plutonius,
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Figure 66: Number of new cases of American foulbrood in 2005–2022 in bee colonies and apiaries, based on reports frombee inspectors
to the County Administrative Boards. A total of 3242 colonies in 882 apiaries were inspected in 2022.
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Table 34: Number of samples from the Swedish honeybee population analysed at the national reference laboratory for bee health during
2022. Testing conducted based mainly on clinical suspicions.

Disease/parasite No. of tested
beekeeping
operations

No. of
infected/infested

operations

No. of operations
with symptomatic

brood

No. of
tested

colonies

No. of
infected/infested

colonies

No. of colonies
with symptomatic

brood

AFB 318 77 45 3185 516 91
EFB 12 5 5 20 9 9
A. woodi 4 0 0 6 0 0

V. destructor 113 81 5 466 402 7
Tropilaelaps spp. 0 0 0 0 0 0
A. tumida 1 0 0 1 0 0

was detected in only two apiaries in the county of Östergöt-
land in the 2016 baseline study, whereas it was detected in
2% of all the investigated apiaries and in four counties in
the 2021 follow-up study. Historically, EFB has been con-
sidered less serious than AFB but reports of more aggres-
sive forms of the bacterium and more serious disease out-
breaks have become increasingly common, which highlights
the value of continued disease monitoring to prevent future
outbreaks in Sweden.

After the introduction of the Varroa mite in Sweden in
the early 90s, the SBA introduced regulations to prevent or
at least slow down the spread of the mite in the country.
This has not completely prevented the spread but has led to
the fact that we still have apiaries and areas in the north-
ern parts of the country that are apparently free from Varroa
mites. This was further confirmed by the results of the 2021
baseline survey reinforcing earlier observations and reports
from bee inspectors. Although the results from the 2021
study shows that the total Varroa prevalence is higher than
in 2016, we still have areas where the mite seems to be ab-
sent. In the 2021 baseline survey, DWV was detected in
all counties, however with lower prevalence in the northern
counties. The spread of DWV coincides with the presence
of Varroa and follows the spread of the mite. The other
virus associated with Varroa, ABPV, was detected in one
county only and the prevalence seems to be stable compared
to the 2016 baseline study. A possible explanation for the
sparse occurrence of ABPV is that the virus is highly vir-
ulent and kills its host (honeybee larvae) faster than it can
effectively spread. This could explain why the less viru-
lent virus DWV has such a high prevalence while ABPV is
rare. It is also worth noting that the county where ABPV
is detected, Skåne, is one of the counties where Varroa was
first introduced into the country. At that time (late 80s, early
90s), ABPVwas the most dominant Varroa-associated virus
in Europe before being surpassed by DWV. Perhaps it is that
ABPV was established in parts of the honeybee population
in these counties before DWV became more widely spread.

The honeybee tracheal mite Acarapis woodi has, to date,
not been detected in Swedish apiaries and is therefore reg-
ulated in national legislation. Earlier surveys of the occur-
rence of the mite have been performed by SLU on behalf
of the SBA in 1993 and 2010/11. There have been discus-
sions among beekeepers about the validity of the national
legislation on tracheal mites and the claimed absence in the
country. The 2021 baseline study reinforces this absence
and provides a valuable argument for continued legislation
and surveillance.

The lack of a national bee registermakes it difficult to or-
ganise sampling of honeybees. As part of the new EU legis-
lation on animal health, Regulation (EU) 2016/429 (the An-
imal Health Law), registers of all animals kept in husbandry
for food production are mandatory, and a register for hon-
eybee operations will be in place shortly. This will facilitate
disease surveillance in the future and is a prerequisite for
being able to follow the contingency plans for certain exotic
pests in honeybees.

In summary, the health situation for Swedish honeybees
is good and we should continue to promote regular disease
monitoring to maintain it.
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Infectious diseases in dogs and cats

Figure 67: In an international perspective, Swedish dogs are in
good health. Photo: Karl Ståhl.

BACKGROUND
Approximately one million dogs are registered as living in
Sweden. Registration of cats was not mandatory prior to 1
January 2023, and the number of registered cats has yet to be
evaluated. A handful estimations of the total number of cats
have been published over the years, and based on these, the
current estimate is approximately 1.4 million. Furthermore,
according to older estimates (prior to the year 2020) at least
a quarter of all households own at least either one cat or one
dog.

From an infectious disease perspective, Swedish dogs
and cats are in good health. Stray dogs are generally not
present in the country and rehoming centres for dogs are so
far uncommon. Stray cats are present, as are rehoming cen-
tres for such cats, but although statistical data is lacking, the
size of the population of stray cats in Sweden can be as-
sumed to be very limited in an international perspective.

Antimicrobial use in veterinary care of dogs and cats
is also generally low when compared to international data.
In Sweden, antibiotics for use in animals can only be pre-
scribed by veterinarians. In addition, use of some substances
is prohibited or further restricted by additional regulations.

The low level of antimicrobial usage is reflected in occur-
rence of resistance among isolates from clinical samples sent
to the National Veterinary Institute (SVA). Information and
data on antibiotic resistance in bacteria from animals as well
as in food is presented in a separate chapter (page 153).

The number of clinically relevant infections with Lep-
tospira has increased in Swedish dogs over the last decade.
This is thought to be a result of climate change and changes
in biodiversity including an increase in rat populations in
cities. Vaccination to reduce the risk of severe disease has
become increasingly common in dogs in the southern parts
of the country including Mälardalen. So far, no feline case
of leptospirosis has been reported in Sweden. The infec-
tion is also rarely described in cats in international literature.
Further information and data on leptospirosis is presented in
a separate chapter (page 60).

Each winter, an increase in clinical cases of salmonel-
losis, Songbird fever, caused by Salmonella Typhimurium
is noticeable in Swedish cats. Some cats need supportive
veterinary care at animal hospitals for several days, others
present with a milder disease and are only treated over the
day at smaller clinics. Further information as well as data on
salmonellosis in Swedish animals is presented in a separate
chapter (page 80).

Import of dogs via websites run by various individuals
and organisations has increased markedly in Sweden as well
as in other European countries from the 1990: s. As docu-
mented by several EU and UK organisations and authorities,
the physical and mental health status of so-called “Internet
dogs” (dogs traded online and not sold by registered breed-
ers) and puppies from so called puppy mills is often poor.
This, as well as the commonly encountered lack of credible
background documents, are indications of recurring animal
welfare problems involved in illegal trading and import of
dogs. The accompanying increased risk of import of non-
endemic, or rarely occurring infections into the country is
also a of concern.

Sweden has been free of dog rabies since the late 19th
century. The risk for reintroduction due to the increase in
imported pets is mirrored in the increase in the yearly num-
ber of euthanised dogs investigated for rabies, often on the
owners’ requests following a veterinary visit. Further infor-
mation and data on Rabies is presented in a separate chapter
(page 78). Furthermore, the zoonotic tapeworm Echinococ-
cus multilocularis has yet to be isolated from Swedish dogs,
but the risk of importation of the parasite with imported dogs
is of concern. Further information and data on Echinococ-
cosis are presented in a separate chapter (page 41). Other
infections of importance both to human and animal health
not currently present in Swedish companion animals unless
they have been infected abroad, include the zoonotic para-
sitic diseases leishmaniasis or dirofilariasis. Furthermore,
animals may bring in tick species non-endemic to Sweden,
that can carry and transmit vector-borne infections, some of
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which are zoonotic. The risk of non-endemic, or rarely oc-
curring infections diagnosed in imported dogs also include
the bacterial infection Brucella canis and the non-zoonotic
transmissible venereal tumour (TVT). Further information
and data on brucellosis in dogs is presented in a separate
chapter (page 26). Finally, the risk for presence of multi-
resistant bacteria is also expected to be higher in imported
animals.

The import of cats via various organisations instead of
recruiting a kitten born at a Swedish farm by a domesti-
cated farm cat or buying a cat from a Swedish breeder is
a fairly new phenomenon to Sweden. The extent of such
imports and the effects over time on presence of infections
in the Swedish cat population is yet to be evaluated. No-
tably though, the two feline, non- zoonotic viral infections
feline immunosuppressive virus (FIV) and feline leukaemia
virus (FeLV) are rare in Sweden, but several cases of par-
ticularly FeLV entering breeding colonies via import of cats
are known.

LEGISLATION AND SURVEILLANCE
Passive surveillance of infections in dogs and cats is based
on reporting of suspected or confirmed cases of notifiable
diseases in accordance with SJVS 2021:10. However, far
from all infections are included in the legislation. Further-
more, underreporting of notifiable infections is known to be
present.

Active communication and collaborations with veteri-
narians working clinically, as well as participation in sev-
eral veterinary study groups remains a key component of
surveillance of the health status of Swedish dogs and cats.
This include investigations into possible outbreaks and pos-
sible causes of true or perceived increases in various clinical
syndromes such as diarrhoea with deadly outcomes, severe
respiratory infections, and clusters of cases of high fever as
well as severe disease where the cause is difficult to deter-
mine.

Notifiable infections presented in this chapter include
the four parasitic infections leishmaniasis, dirofilariasis,
babesiosis and angiostrongyliasis, as well as the vector-
borne canine bacterial infection monocytic ehrlichiosis and
TVT in dogs. None of these infections are considered en-
demic in Sweden. In addition to the listed notifiable dis-
eases, infections with agents that do not normally occur in
the country (non-endemic infections) are notifiable.

Furthermore, the two viral infections canine distemper
virus (CDV) and canine adenovirus (CAD) both causing
severe disease and outbreaks in unvaccinated dogs and re-
garded as being present globally are notifiable, as are the
two viral infections FIV and FeLV, both rarely detected in
Swedish cats.

The two viruses canine parvovirus (CPV) and feline par-
vovirus (FPV) are, just as CDV and CAD, regarded as be-
ing present globally, causing severe disease and outbreaks in
unvaccinated dogs and cats respectively. They are however
not notifiable in Sweden. Other non-notifiable infections
include the infectious agents involved in the upper respira-
tory disease syndrome in dogs often called kennel cough,

and the upper respiratory and ophthalmological disease syn-
drome in cats often called cat flu. The primary infectious
agents in dogs are Canine parainfluenza virus type-2 (CPiV-
2) and the bacteria Bordetella bronchiseptica. In cats feline
calicivirus (FCV), feline herpesvirus (FHV) and the bacte-
ria Bordetella bronchiseptica dominates. Feline infectious
peritonitis (FIP), a severe until recently not only deadly but
untreatable disease in cats caused bymutation of feline coro-
navirus, is relatively common in multi-cat households, par-
ticularly in kittens in Sweden as well as in other countries.
The disease is however not notifiable.

DISEASES
Canine leishmaniasis
Infection in dogs with the zoonotic parasite Leishmania in-
fantum is a major global zoonosis. The parasite causes a
generally slow- developing but severe and in the end fatal
disease in dogs if left untreated. Furthermore, the infec-
tion is often persistent despite of treatment. Relapses are
therefore common, and the infection is in some dogs fatal
despite treatment. Dogs are the main reservoir for the para-
site, which is transmitted by a phlebotomine sand fly vector.
Non-sand fly modes of transmission such as transplacen-
tal and through blood transfusion have also been described.
The vector, i.e., the correct sandfly species is in Europe
mainly present in the South, but a spread northward has been
documented; suspected autochthonous cases of canine leish-
maniasis has been reported from for example Germany. The
vector has however not yet established itself in the Nordic
countries and canine leishmaniasis has in Sweden so far only
been diagnosed in dogs infected abroad. In total, approxi-
mately 400 such cases (17–53 per year) have been reported,
of which 45 were reported during the year 2022.

Dirofilaria immitis
The parasite Dirofilaria immitis, also called heartworm, can
infect both dogs and cats and on rare occasions humans. The
infection can in dogs be life threatening as the worms be-
come adult and cause damage to blood vessels, lungs, and
in some cases also the heart. The cat is an atypical host
for heartworms and infected cats are often asymptomatic,
as most worms do not survive to the adult stage in cats.

The parasite develops to an infective stage within a
mosquito. The vector (mosquito) then passes on the in-
fection to the next dog or cat when feeding. Competent
vectors are present in Sweden. The development of the
parasite towards the infective stage that takes place within
the vector is however dependent on a high temperature for
prolonged periods of time. The infection is therefore still
mainly present in countries with a warmer climate, in Eu-
rope in the Mediterranean basin, although a recent change
in distribution with cases being more commonly detected
further north is documented. Infection with Dirofilaria im-
mitis has in Sweden so far only been diagnosed in imported
dogs. In total, approximately 39 cases (0–9 per year) have
been reported. Nine of these were reported during the year
2022.
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Canine babesiosis
Canine babesiosis is a tick-borne disease in dogs caused
by various species of the protozoan genus Babesia, mainly
Babesia canis, Babesia vogeli, Babesia gibsoni and Babesia
microti-like species, none of which currently are regarded
as zoonotic agents. The parasite has a predilection for ery-
throcytes and infected dogs may develop acute haemolytic
anaemia. The prognosis is often favourable in dogs with or
without treatment. In severe cases however, complications
due to the infection itself as well as the haemolysis can lead
to severe multisystemic disease and death despite advanced
intensive care.

In Europe, the tick species mainly spreading the proto-
zoa to dogs is Dermacentor reticulatus. Other tick species
including Rhipicephalus sanguineus and several Ixodes
species have been implicated as potential competent vec-
tors. The geographical distribution of Babesia spp. depends
on the presence of competent ticks to transmit them as well
as infected dogs, and although Dermacentor reticulatus re-
cently was discovered in Sweden, canine babesiosis has so
far only been diagnosed in dogs infected abroad. In total ap-
proximately 33 such cases (1–5 per year) have so far been
reported, five of which were reported during the year 2022.

Angiostrongylus vasorum
Angiostrongylus vasorum is a parasitic nematode affect-
ing the heart and pulmonary arteries of wild and domes-
tic canids. In dogs the nematode mainly causes cardiopul-
monary disorders and coagulopathies. The infection is often
treatable but can also be fatal.

The parasite has an indirect life cycle in which slugs and
snails act as intermediate hosts. A rise of documented cases
of canine angiostrongyliasis across Europe has been docu-
mented, and from being unknown in Sweden, approximately
29 cases of Angiostrongyliasis has now been reported in
Swedish dogs over the last decade (0–11 per year). No case
was reported during the year 2022.

Monocytic ehrlichiosis and Hepatozoon canis
Monocytic ehrlichiosis and Hepatozoon canis are two in-
fectious agents which do not normally occur in Sweden,
and therefore are notifiable. Both are non-zoonotic tick-
borne infections spread from dog to dog by tick species not
normally detected in Sweden, primarily by Rhipicephalus
sanguineus, the so-called brown dog-tick. The bacterial
infection Monocytic ehrlichiosis causes fever and general
malaise and in some cases a chronic infection of stem cells
in the bone marrow with a lethal outcome. In total 65 cases,
of which 22 in the year 2022 are reported. The parasite H.
canis can cause hepatitis, glomerulonephritis, pneumonia,
and anaemia in dogs. In total four cases of H. canis in dogs
have been reported over the years, one if which in 2022.

Transmissible veneral vumour (TVT)
TVT is a contagious, non-zoonotic malignant tumour dis-
ease in dogs.

It is transmitted from dog to dog through direct contact,
generally with mucous membranes. Treatment consists of

chemotherapy combined with surgery. It is currently a rare
disease in Swedish dogs, but the risk of an increase in the
number of cases is recognised, as the yearly number of im-
ported dogs is known to remain at a high level. In total 19
cases have been reported since the year 2011, all of which
have been imported dogs, and two of which during the year
2022.

Canine distemper virus (CDV) and
canine adenovirus (CAD)
CDV and CAD both cause outbreaks of severe systemic dis-
ease and deaths including peracute deaths and outbreaks in
unvaccinated dog populations as well as in single unvacci-
nated dogs and puppies. However, especially in dogs older
than six months both infections are also often asymptomatic.
Both viruses are regarded to be present globally. They are
spread not only by unvaccinated dogs with and without ac-
companying symptoms, but also by several different wild
animal species. Both viruses can persist and remain infec-
tive in both outdoor and indoor environment for a long time,
up to several weeks or months. Vaccination against these vi-
ral infections is recommended to all puppies and dogs living
in Sweden. Dogs bred and sold in Sweden have generally
been well vaccinated against CDV and CAD for over three
decades, and only a few clinical cases are reported yearly.
The vaccination status of imported puppies and dogs is how-
ever often questionable, although coherent data is currently
missing. The number of clinical cases in such dogs are also
unclear, but an underreporting is expected.

On average less than one case per year of clinical disease
caused by CDV has been reported; in total 19 cases have
been reported from 1997 until now, with no case in 2021
and 2022. On average approximately two cases per year of
clinical disease caused by CAD have been reported since
1997. No case was reported in 2022. However, infections
and deaths in dogs from puppy mills and other dogs bought
via Internet from non-registered breeders and dog-sellers are
often not investigated. In addition, peracute deaths in newly
bought puppies, a typical case description relevant for both
viruses, are rarely investigated further even when the pup-
pies are sold by registered breeders.

Feline immunosuppressive virus (FIV) and
Feline Leukaemia Virus (FeLV)
The two feline viral infections FIV and FeLV, both rarely
detected in Swedish cats, are notifiable. Both viruses can
cause chronic progressive infections with a multitude of as-
sociated diseases and diagnosis, including immunosuppres-
sion. A lethal outcome is common, but the progression to se-
vere disease may take months to years. Both viruses spread
from cat to cat by direct, mainly prolonged, contact and in
the case of FIV most often through biting. Transplacental
infection also occurs. Due to a very low prevalence of FIV-
and FeLV infections in the country most Swedish cats are
not vaccinated against either of the two viral infections.
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NON-NOTIFIABLE INFECTIONS
Canine parvovirus (CPV)
CPV is just as CDV and CAD regarded as being present
globally, causing severe disease and outbreaks in unvacci-
nated dogs. The infection is however not notifiable in Swe-
den. The virus is spread not only by unvaccinated dogs but
also by several different wild animal species. It can persist in
infectious form in both outdoor and indoor environment for
a long time, formonths or several years. The virus causes se-
vere systemic disease and deaths including peracute deaths
and outbreaks in unvaccinated younger dogs especially. The
infection is however often asymptomatic, especially in dogs
older than six months. As for CDV and CAD, dogs bred
and sold in Sweden have been well vaccinated against CPV
for over three decades. Although the exact number of clin-
ical cases in such dogs is unclear, the yearly caseload is in
an international perspective low to very low. The vaccina-
tion status of imported puppies and dogs is however often
questionable. Coherent data om vaccination status is cur-
rently missing, as is data on the number of clinical cases of
CPV-related disease in puppies from puppy mills and ille-
gally imported dogs, but an underreporting is expected.

Kennel cough (upper respiratory tract infection)
Neither respiratory tract disease nor the individual infectious
agents involved in the upper respiratory disease syndrome in
dogs often called kennel cough are notifiable. The number
of cases, including severe cases and outbreaks is unknown.
It is however well known that the risk of clinical symp-
toms and especially outbreaks is increased in dogs living in
groups compared to solitary living dogs, and that the vast
majority of cases are self-limiting and mild. Vaccination of
dogs aimed at lessening the risk of the two main causes of
kennel cough: Canine parainfluenza virus type-2 (CPiV-2)
and the bacteria Bordetella bronchiseptica is therefore not
considered to be a core vaccination, i.e., such vaccinations
are not recommended to all Swedish dogs. Vaccination is
however commonly recommended by veterinary clinicians
for dogs where even milder disease would interrupt daily
activities, such as working dogs, as well as for kennels to
protect puppies. Furthermore, as keeping dogs in groups in-
creases the risk for outbreaks and prolonged periods of up-
per respiratory disease, vaccination is commonly requested
by organisers prior to participation on group activities and
group housing such as day-care centres for privately owned
dogs.

Feline parvovirus (FPV)
FPV is regarded as being present globally, causing severe
disease and outbreaks in unvaccinated cats. The virus is
spread not only by unvaccinated cats but also by several
different wild animal species and can persist in infectious
form in both outdoor and indoor environment for several
months. Generally, cats bred and sold in Sweden, including
mixed breed cats and cats from non-breeders, are well vac-
cinated against FPV, as such vaccination is recommended
to all kittens and adult cats. Stray cats are however ex-
pected to frequently be unvaccinated, and both single cases

and outbreaks involving several such cats are also detected
yearly. The total number of cases and outbreaks is however
not known, also as the infection is not notifiable.

Feline calicivirus (FCV) and feline herpesvirus (FHV)
Cats kept in multi-cat households, especially kittens, are at
a higher risk of developing severe upper respiratory disease
and ophthalmologic disease following infection with FCV
and FHV, but neither presence of infectious agents nor clin-
ical symptoms compatible with cat flu are notifiable. With
an increase in the status of cats as pets over the last decades,
cats bred and sold in Sweden, including mixed breed cats
and cats from non-breeders, are generally routinely vacci-
nated against FCV and FHV. The aim of felinesuch vacci-
nation is to decrease the risk of development of the more
severe forms of disease. This is generally acknowledged as
an effective strategy and severe cases are more likely seen
in stray cats. The vaccination status in cats imported online
from Southern and Eastern Europe remains to be investi-
gated.

Feline infectious peritonitis (FIP)
FIP, a severe and until recently not only deadly but untreat-
able disease in cats caused bymutation of feline coronavirus,
is relatively common inmulti-cat households, particularly in
kittens in Sweden as well as in other countries. The disease
is however not notifiable, and the exact number of cases is
unknown.

SUMMARY
In summary, from an infectious disease perspective Swedish
dogs and cats are in an international viewpoint in good
health.

Vaccination coverage for relevant infections is high in
both dogs and cats, and outbreaks of infectious disease is
generally limited to outbreaks in stray cat populations due to
FPV, FHV and FCV. The number of clinically relevant in-
fections with Leptospira has however increased in Swedish
dogs over the last decade, and outbreaks of clinical cases in
cats of salmonellosis caused by S. Typhimurium (songbird
disease) is common during the winter months.

The increase in imported pets during the last two decades
mirrors the increase commercial export of dogs and puppies
in other EU states and the UK. In addition to the significant
problems with animal welfare connected to a large portion
of this trade, the risk of introductions of infections includ-
ing rabies, multi-resistant bacteria, non-endemic tick species
and zoonotic infections such as leishmaniasis is of concern.
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ket.se/djur/personal-inom-djurens-halso–och-sjukvard/
anmalningsskyldighet/statistik-over-anmalningspliktiga-
djursjukdomar
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Infectious diseases in fish,
crustaceans and molluscs

Figure 68: Wild arctic char infected with bacterial kidney disease. Photo: Victor Felix.

BACKGROUND
All registered aquaculture farms are obligated to participate
in the Official Health Control Programme, regulated in ac-
cordance with the Animal Health Law, (EU) 2016/429 and
its implementing regulation (EU) 2018/1882. Sweden has
a good health status in aquaculture as well as in wild pop-
ulations of fish and shellfish in the aspect that none of the
serious viral diseases that occur in other European countries
are prevalent in Sweden. A restrictive approach to imports
of live fish for restocking/farming, an early introduction of
health control in farms and the presence of hydroelectric
power dams inmost Swedish rivers (acting as migration bar-
riers for feral fish from the coastal zone) all contribute to
maintaining this health status. The presence of dams also
results in a different health status at the coast compared to
the more disease-free continental zone. To maintain this sit-
uation, all transport of live fish from the coast to the inland
zone is forbidden and Sweden has a national restocking pro-
gramme for salmonids to maintain populations that cannot
migrate and spawn in nature.

LEGISLATION AND DISEASES
All Swedish fish farms have participated in surveillance for
the diseases mentioned below since the late 1980s. In 2021,
when the new Animal Health Law (EU 2016/429) was im-
plemented, legislation for disease surveillance and method-
ology was also changed. Previously the Commission Imple-
menting Decision (EU) 2015/1554 was followed regarding
both surveillance and diagnostics. Currently, surveillance
is regulated by the Commission Implementing Regulation
(EU) 2018/1882 and diagnostic manuals have been removed
and are now the responsibility of the European Union Ref-
erence Laboratory for Fish and Crustacean diseases, Den-
mark and the European Union Reference Laboratory for
Molluscs diseases (Ifremer), France. Sweden is officially
free from Viral haemorrhagic septicaemia (VHS) and In-
fectious haematopoietic necrosis (IHN) in accordance with
(EU) 2021/620. Sweden is considered free from SVC and
has approved national measures in accordance with (EU)
2021/620. Sweden is considered free from Infectious Pan-
creatic Necrosis (IPN) in the inland zone and has approved
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national measures in accordance with (EU) 2021/260. The
inland zone has an eradication programme for renibacterio-
sis/bacterial kidney disease (BKD) and the coastal zone for
IPN (EU) 2021/620. These diseases are notifiable in ac-
cordance with SJVFS 2021:10. Further, IHN, VHS, IPN
(other than genogroup 2/serotype ab) and SVC are included
in the Swedish Act of epizootic diseases (SFS 1999:657with
amendments). In addition, testing is routinely done for Koi
herpes virus (KHV) in imported, quarantined koi. Marteil-
iosis and bonamiosis (shellfish) and crayfish plague and
white spot syndrome (crayfish) are actively tested for within
the wild crustacean and mollusc surveillance programmes.
These diseases are also regulated by the Swedish legisla-
tion on notifiable diseases (SJVFS 2021:10). Other notifi-
able diseases such as furunculosis (Aeromonas salmonicida
subsp. salmonicida, ASS) and yersiniosis/enteric redmouth
disease (ERM), are not actively tested for within surveil-
lance programmes.

Epizootic haematopoietic necrosis (EHN)
EHN is caused by a ranavirus. The disease is considered ex-
otic to EU and is a listed disease (category A, D and E) in the
Animal Health Law, (EU) 2016/429. Susceptible species
present in Sweden are rainbow trout, European/redfin perch,
Northern pike and pike-perch. Fish are susceptible at all
ages. Farm outbreaks have occurred at 11–20°Cwith a rapid
onset of high mortality rates and there is no evidence of a
carrier state.

Infectious haematopoietic necrosis (IHN) and viral
haemorrhagic septicaemia (VHS)
Both diseases are caused by rhabdoviruses and occur fre-
quently in Europe. VHS and IHN are listed diseases (cate-
gory C, D and E) in the Animal Health Law, (EU) 2016/429.
They are transferred horizontally, but vertical transmission
cannot be completely ruled out for IHN. Both diseases have
greatest impact in freshwater rainbow trout (Oncorhynchus
mykiss) aquaculture but have also been detected in several
other species. Infected fish exhibit behavioural changes,
lethargy and abnormal swimming (whirling). The fish are
anaemic with varying degrees of haemorrhage in multiple
organs. VHS also exists in a marine form, and a low preva-
lence in wild populations of sensitive species cannot be ex-
cluded in the Swedish coastal zone since the virus has been
identified in wild fish from Skagerrak and the Bornholm
basin. A large outbreak of IHN occurred in Danish rainbow
trout farms and associated put and take lakes in the spring
and summer of 2021. The disease was spread to Åland (Fin-
land archipelago) rainbow trout farms by sale of live fish.
Consecutive outbreaks occurred in both Denmark andÅland
in 2022 and eradication is still ongoing. Extra surveillance
of wild salmon returning to Swedish river systems has been
done during the summers because they pass Åland en route,
but the virus has not been detected in our wild salmon pop-
ulations. The virus has not yet been identified in Sweden.

Infectious pancreatic necrosis (IPN)
IPN is caused by an Aquabirnavirus which is highly infec-
tious to juvenile salmonids. Susceptibility declines with in-
creasing age. Fish that survive infection become subclinical
carriers. In addition to salmonids, the virus has been de-
tected in several other species. The virus is transmitted both
horizontally and vertically.

There are seven genogroups with varying virulence.
Some genogroups cause up to 90% mortality in fry, and
IPN is considered one of the costliest fish diseases in several
European countries. Symptoms include darkening, abdomi-
nal distension and corkscrew swimming. Petechial haemor-
rhage in abdominal fat and internal organs or severe anaemia
are the most common internal disease signs. IPN appears
sporadically in Swedish east coast fattening farms as well
as in salmon and sea trout brood stock on both the east and
west coast.

Renibacteriosis (BKD)
BKD is caused by a gram-positive bacterium, Renibac-
terium salmoninarum. The infection can be transmitted both
horizontally and vertically. The disease favours low water
temperatures, and outbreaks mainly occur at temperatures
between 7 and 15°C.

Salmon and Arctic char are the native species most sus-
ceptible to BKD and mortality can reach 80%. In rainbow
trout, the disease is chronic with a continuous low mortality
of about 5–10%, however outbreaks with up to 40% mortal-
ity can occur. Infected fish may have reduced growth and
secondary bacterial infections such as ASS, which demands
antimicrobial treatments, and disease can result in a deteri-
oration of the meat quality. BKD is present in a few farms
in the Swedish inland zone.

Spring viraemia of carp (SVC)
SVC is caused by a rhabdovirus. The disease occurs in Asia
and several European countries. SVC is not present in Swe-
den. Several species within the cyprinid family are suscep-
tible to infection and the virus is transmitted horizontally.
Clinical signs are usually general, such as darkening, ex-
ophthalmia and slow breathing. The fish swim lazily with
sporadic periods of hyperactivity. Other common findings
are pale gills, ascites and skin and gill haemorrhage. In-
ternally, haemorrhage is found in various organs including
muscle, swim bladder and the brain.

Koi herpes virus (KHV) infection
KHV is a herpesvirus and affects common carp (Cypri-
nus carpio) and variants thereof, including koi. KHV is a
listed disease (category E) in the Animal Health Law, (EU)
2016/429. The virus was first detected in 1998 and has
since then been reported from all continents except Aus-
tralia. Transmission is horizontal. KHV can cause severe
problems and is associated with highmortality. Infected fish
usually swim at the surface and have an increased breathing
frequency. Disease signs include enophthalmia, gill necro-
sis and secondary bacterial or parasitic infections on gills
and skin. Surviving carps can become subclinical carriers.
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The prevalence in Sweden is unknown. Koi is frequently
imported, but only a few farms use quarantine and sampling.
Two outbreaks in koi, with 90–100% mortality, occurred in
2018.

Crayfish plague
Crayfish plague is caused by an aquatic oomycete
(Aphanomyces astaci) that spreadwith live crayfish from the
United States to Europe in the late 1800s. The disease oc-
curs throughout Europe and North America. The oomycete
reproduces by spores spread in the water. When the spores
infect crayfish, they grow through the skin and attack the
underlying tissues.

The signal crayfish becomes subclinically infected and
may exhibit black (melanised) areas in the shell adjacent to
the presence of the fungus in the skin. The spots disappear
when the shell is shed but may gradually reappear.

When noble crayfish are infected, the first sign is high
mortality in affected populations. Disease in the individual
is characterised by behavioural changes such as movement
during daytime and, reduced coordination and balance.

Crayfish plague is spread in the southern parts of Swe-
den.

White spot syndrome (WSS)
WSS is caused by White spot syndrome virus (WSSv), a
Whispovirus that can infect a wide range of aquatic crus-
taceans, including marine, brackish and freshwater shrimps,
crabs, crayfish and lobsters. WSS is a listed disease (cate-
gory A, D and E) in the Animal Health Law, (EU) 2016/429.
Outbreaks with high mortality occur at water temperatures
of 18–30°C. The most common clinical sign in penaeid/gi-
ant shrimps is white spots in the exoskeleton. In species with
a thicker exoskeleton the disease can occur without obvious
external signs.

The virus is transmitted both horizontally and vertically
and has a long survival time outside the host animal. Viable
virus can be present in imported frozen raw giant shrimps.
There is a non-negligible risk that the virus will be intro-
duced to the aquatic environment by anglers using these
shrimps for bait. The consequences are difficult to predict
but if introduced, the virus may have a negative impact on
Swedish crustacean populations. WSSv has never been de-
tected in Sweden.

Marteiliosis
Marteiliosis, a disease in oysters and blue mussels, is caused
by a protist parasite (Marteilia refringens in oysters and
M. pararefringens in blue mussels). Marteiliosis is a listed
disease (category C, D and E) in the Animal Health Law,
(EU) 2016/429. The parasite needs a crustacean (Paracartia
grani) as an intermediate host. The disease causes reduced
fitness, impaired growth and resorption of the gonads and
hence reduced reproductive capacity. M. pararefringens is
present in the Swedish west coast waters.

Bonamiosis
Bonamiosis is a disease in oysters caused by the protistan
parasite Bonamia ostreae. Bonamiosis is a listed disease
(category C, D and E) in the Animal Health Law, (EU)
2016/429. The parasite invades and destroys the haemo-
cytes. Usually, the only sign of disease is increased mor-
tality in the infected oyster population. B. ostreae is found
along the European Atlantic coast as far up as Denmark,
where it has been found in Limfjorden.

Perkinsosis
Perkinsosis is a disease in bivalves caused by protists of the
genus Perkinsus. Perkinsosis is a listed disease (category A,
D and E) in the Animal Health Law, (EU) 2016/429. The
most relevant species under Swedish conditions is P. mar-
inus that infects Magallana gigas among other species. M.
gigas usually do not show any signs of disease. The disease
has never been found in Sweden or neighbouring countries.

Mikrocytosis
Mikrocytosis is a disease in oysters that is caused by the
protist Mikrocytos mackini. Mikrocytosis is a listed dis-
ease (category A, D and E) in the Animal Health Law, (EU)
2016/429.

The parasite usually infects connective tissue and mus-
cles. Infected animals often die but subclinical infections
occur. The disease has never been found in Sweden or
neighbouring countries.

SURVEILLANCE
The aim of the Official Health Control Programme is to doc-
ument freedom from disease and to contribute to the main-
tenance of this status.

Within the Official Health Control Programme, there
is active surveillance for the viruses causing EHN, IHN,
VHS, IPN and SVC, and for renibacteriosis/BKD. Sam-
pling frequency is based on classification of each farm into
one of three categories (high, medium or low risk) after a
risk analysis, based on the risk for the farm becoming in-
fected and the risk that the farm will further spread an intro-
duced pathogen. The risk categorisation is performed by the
Swedish Board of Agriculture. Sampling is performed an-
nually to every third year based on risk class and pathogen.
There is also active surveillance in imported quarantined
fish (eel - IPN and koi/carp - KHV). Active surveillance is
also done when invasive alien species - like the marble cray-
fish - are discovered.

Passive disease surveillance has been done through di-
agnostics related to disease outbreaks in farms and wild fish.

Since 2020 there is also an active health surveillance of
wild fish, crustaceans and molluscs. Within this surveil-
lance samples for different infectious diseases are taken.

Crayfish plague, WSS and porcelain disease (the latter
not notifiable) are monitored by passive surveillance and
testing is done based on suspicion of disease outbreaks. In-
fectious diseases in shellfish are monitored through sam-
pling of 150 blue mussels and 150 European oysters per
year.
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Table 35: Samples taken in the Swedish surveillance programmes for notifiable diseases in fish, crustaceans and molluscs during 2022.
One case = one outbreak.

Disease No. of sampled
production sitesA

No. of infected
production sitesA

No. of tested
individualsA

No. of tested
poolsA

No. of infected
individuals/pools

Fish
VHS 70/20 0 0/9 434/49 -/0
IHN 70/20 0 0/9 434/49 -/0
IPN 70/20 1/0 0/9 434/49 -/1
ISA 4/1 0 114/4 - 0/-
SVC 2 0 7B 3 0/0
KHV 1C 1 7 - 1/0
BKD 62/7D 6/2D 2961/214 - not relevant/3

Crustaceans
Aphanomyces astaciE 15F 4F 107 - not relevant
WSSvE 12 0 81 - 0/-

Molluscs
Bonamia sp.E 5 0 150 0 0/-
Marteilia (para)refringensE 10 0 300 0 0/-
Perkinsus sp.E 5 0 150 0 0/-
Mikrocytos mackiniE 5 0 150 0 0/-

A Farms/wild fish sampling points.
B One koi import company tests individual quarantined fish.
C One koi import company that tests quarantined fish.
D Two lakes with connected rivers.
E This sampling was performed as part of the wild fish, crustaceans and shellfish health monitoring by mission from the Agency for
Marine and Water Management.
F A total of 8 locations were sampled, representing 7 separate waterways with wild crayfish. Three waterways were positive.

Abbreviations:

EHN Epizootic haematopoietic necrosis
VHS Viral haemorrhagic septicemia
IHN Infectious haematopoietic necrosis
IPN Infectious pancreatic necrosis
ISA Infectious salmon anaemia
SVC Spring viraemia of carp
KHV Koi herpesvirus
BKD Bacterial kidney disease

Within the wild fish programmes, samples are taken
based upon suspicion of infectious disease or through short-
term prevalence estimating projects.

For details about the different programmes included in
the wild fish, crustaceans and molluscs surveillance, please
see chapter “Wild fish surveillance programme” (page 144).

DIAGNOSTIC PROCEDURES
All diagnostic virus analyses are performed at the Swedish
reference laboratory for fish diseases at the National Vet-
erinary Institute in accordance with e manuals published by
the EU reference laboratories or theWOAH aquatic manual.
Pooled organ material (for EHN, VHS, IHN and IPN spleen,
kidney, heart/brain, for SVC spleen, kidney, brain and gill)
are tested by inoculation on cell cultures. A pool consists
of organs from up to ten fish (up to five fish for SVC). A
cell culture is defined as virus-positive if a cytopathogenic
effect is detected within two weeks, after which the virus is
identified by ELISA and confirmed by real-time PCR, or in
some cases by serum neutralisation (SN) test. Thirty fish
are sampled in regular fish farms, and in restocking farms
all females are sampled after stripping of roe. In eel quar-
antine, 120 glass eels are sampled at arrival, and after two
months 120 cohabitated rainbow trout are sampled for de-
tection of virus. In the case of carp/koi, only a few fish may
be sampled. KHV is tested on individual fish (pooled gill

and kidney) by real-time PCR.
BKD is tested on kidney tissue from individual fish and

demonstrated by an ELISA method. Verification is done by
real-time PCR. Thirty fish are sampled in regular farms, and
in restocking farms all females are sampled after stripping
of roe.

A. astaci, WSSv and Thelohania contejeani are detected
with real-time PCR. The number of sampled animals varies
from case to case.

Bonamia sp. is detected by real-time PCR.Marteilia re-
fringens, Perkinsus sp. andMikrocytos mackini are prelimi-
nary detected by histology and confirmed by real-time PCR.

RESULTS
Official health control programme for fish farms and
broodstock sampling
The number of samples analysed during 2022 and results
are shown in Table 35. In summary, the active surveillance
detected two cases of BKD (one case = one outbreak). In ad-
dition, subsequent sampling of contact farms to farms that
were found to be BKD infected in the autumn 2021 iden-
tified another four cases of BKD. All cases were detected
in previously uninfected farms. In one of the subsequently
sampled farms it is hard to interpret if the disease wasmoved
to the lake from the contact farm, since other farming sites
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within the same lake as the receiving farm have BKD. Reni-
bacterium salmoninarum does not have variable DNA, and
thus molecular epidemiology to trace the source of infection
is not possible.

One pool from salmon brood stock females from river
Lagan on the west coast tested positive for infectious pan-
creatic necrosis virus (IPNV) genogroup 5. The pool con-
tained organs from five females, but it is unlikely that more
than one of the females were infected.

Voluntary health control programme for fish farms
KHV was detected in one imported koi carp. Sequenc-
ing showed a genotype that is considered to have low
pathogenicity. No symptoms were seen in the batch al-
though an attempt to trigger disease was done. Further sam-
pling revealed no more infected fish in the batch. There
were three recorded outbreaks of “other” notifiable diseases
in fish during 2022. One concerned furunculosis (ASS)
and two yersiniosis. Seven cases of flavobacteriosis due to
Flavobacterium psychrophilumwere detected. This is simi-
lar to the previous three years with 5–11 cases respectively,
but fewer than the regular 20–30 cases per year during the
past decades until 2018. Flavobacterium columnarewas de-
tected in five disease cases during summer and autumn. In-
fection with Aeromonas bacteria other than A. salmonicida
subsp. salmonicida was identified in a few cases.

OUTBREAKS IN WILD FISH, CRUSTACEANS AND
MOLLUSCS
During 2022, mass mortality of crayfish, caused by crayfish
plague, in river Skellefteälven lead to a massive sampling,
trying to detect the source of the outbreak. The river Ånger-
manälven was also struck by a mass mortality in crayfish,
but once this was realised, there were no crayfish carcasses
left to sample. The mass mortality was most likely caused
by crayfish plague.

Crayfish plague was detected in four cases. Most cases
were also investigated for presence of WSSV and Theloha-
nia contejeani (causing porcelain disease). Thelohania con-
tejeani was detected in two individuals with crayfish plague
and in one individual without other identified pathogens

Esocid herpesvirus-1 was detected in a blue-spotted pike
that was caught for surveillance of pike lymphosarcoma.
This is the first time this benign virus is identified in Swe-
den.

DISCUSSION
The number of farms that were sampled during 2022 are
listed in Table 35. Swedish aquaculture has a good health
status, where all severe diseases of EU/WOAH importance
are absent. This is confirmed by the surveillance results
from 2022.

The most problematic disease to control is renibacterio-
sis/BKD, due to its vertical transmission and variable clin-
ical presentation. In 2022 two preliminary cases and four
secondary cases were detected. More farms are currently
known to be infected and thus not sampled. Prolonged time
from diagnosis to slaughter can lead to secondary health is-
sues and increased antibiotic use, as well as decreased wel-
fare. As an example: in the last seven years, ASS has been
causing problems in one BKD infected farm and there is an
apparent lack of treatment effect. The reason is probably
the underlying BKD infection, facilitating the ASS infection
and itself being accelerated by the concurrent ASS infection.
The farm has alsomanaged to spread both BKD andASS be-
tween production sites. Control of BKD could potentially be
improved by adding a modified sampling method to allow
in vivo sampling of brood stock in commercial farms. Also,
rapid slaughter in infected net pen farms to avoid manifesta-
tion of the bacterium in wild fish is imperative to avoid rein-
fection at re-stocking and secondary bacterial diseases that
require antibiotic treatment. To get a more reliable assess-
ment for health surveillance additional resources invested in
risk-based analysis of individual aquaculture farms would
be needed.
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Wild fish surveillance programme

Figure 69: Noble crayfish (Astacus astacus) from the crayfish
plague outbreak in river Skellefteälven 2022. From left
to right: large adults (male and female with embry-
onated eggs) and a smaller male. Photo: Anna Aspán.

BACKGROUND
In 2020, a general surveillance programme for wild fish,
crustacean and mollusc health was launched, organised by
the National Veterinary Institute (SVA) by commission
from the Swedish Agency for Marine and Water Manage-
ment (SwAM). Previously, wild fish had only been investi-
gated through short term projects or in cases of acute disease,
except for eel, that had been monitored since 2018. Cray-
fish plague has been monitored for several years, and wild
molluscs have been included in bonamiosis and marteiliosis
projects for farmed molluscs. The surveillance programme
aims to cover several ecological niches and important dis-
eases for each of these three animal groups. To manage
this, several programmes are currently under development,
including both active and passive surveillance. The pro-
grammes and currently available results from 2022 are de-
scribed below.

SPECIES-INDEPENDENT TOOLS
In addition to the specific fish, crustacean and mollusc pro-
grammes, other surveillance components are available that
are used as complements to cover acute disease events and
species not covered by the active surveillance programmes.

Reporting site
A reporting site (rapporterafisk.sva.se) was set up in 2016 to
enable passive surveillance, mainly of returning salmonids.
It has since been expanded but salmon is still the main
species reported.

Emergency funding
The emergency funding is a pot of money within the surveil-
lance programme, dedicated to urgent cases/non-planned
samplings, and that allows the investigation of cases iden-
tified through passive surveillance (e.g., the reporting site,
phone calls or email correspondence).

Invasive alien species
Upon specific request from SwAM, risk assessments are
made regarding introduction of pathogens with invasive
alien species that are identified in Sweden or are considered
at high risk of being introduced. Invasive alien species like
the American lobster (Homarus americanus), are also inves-
tigated for the presence of pathogens at SVA using emer-
gency funding.

FISH
Anadromous fish
Salmonids and lampreys are anadromous (breed in freshwa-
ter and mature in salt/brackish water). The programme fo-
cuses on salmonid health because of ongoing health issues
in the Baltic salmon (S. salar) population. The disease prob-
lems started in 2014, with fresh run salmon showing ventral
skin haemorrhages followed by fungal infections. The cause
of this is still unknown. In 2019, a similar disease started ap-
pearing in rivers emptying to the Atlantic Ocean (Sweden,
Norway, British Islands). The syndrome has been named
red skin disease. In addition, many rivers have problems
with fungal infections in both salmon and trout (S. trutta) in
the period around spawning (October-December). Summer
samplings are performed in specific rivers to investigate the
disease cause. Active surveillance is also done for autumn
problems by monitoring spawning grounds and recording
health problems in broodstock (restocking farm).

In 2022, a total of 104 salmons collected by traps, gill
nets or in fish ladders were sampled in the summer. Both
healthy looking and diseased individuals were sampled.
Analysis of viral, histopathological samples, blood smears,
thiamine and metabolomics have been performed. A sum-
mary of results from 2020–2022 will be done once all results
are present. Spawning grounds were successfully monitored
in some rivers but could not be performed due to high water
flow in other rivers. In all, it is considered a valuable moni-
toring tool given that the environmental conditions are good.
After three years of data collection, we can now start to fol-
low the health trends for broodstock in restocking farms.

Catadromous fish
The European eel (Anguilla anguilla) is an endangered
species and Sweden is working to restore the population.
Glass eels are imported annually and quarantined before be-
ing released at different locations. Assisted migration for ju-
veniles that have migrated naturally to Sweden is conducted
at hydroelectric power dams in Southern Sweden. Health
monitoring started in 2018 at some of these dams and in
larger eels collected during the coastal fishing performed by
the Swedish University of Agricultural Sciences (SLU). Ten
to 30 eels per site are investigated for the presence of Infec-
tious pancreatic necrosis virus (IPNV), Eel virus European
X (EVEX) and eel herpes virus (AngHV-1). In addition, fish
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>18 cm are checked for the eel swim bladder worm Anguil-
licoloides crassus. If skin haemorrhage, wounds or internal
signs of infectious disease are present, bacterial culture is
also performed.

In 2022, a total of 292 eels were sampled. Generally,
they were in good condition. Of 166 eels examined for the
presence of swim bladder worm, 57 were infected. In ad-
dition, one eel <18 cm was found to be infected with swim
bladder worms during viral sampling. Eel herpes was the
only virus detected and it was found in 46 of1015 organ
pools, with each pool containing 2–3 eels.

Saltwater fish
Active surveillance is performed through sampling of cod
(Gadus morhua), flounder (Platichthys flesus) and dab (Li-
manda limanda) in the Southern Baltic and Kattegat. Sam-
pling is done during international trawl surveys performed
by SLU. In the Baltic, 100 cods and 100 flounders and
dabs were collected in the first quarter of the year, and in
Kattegat 100 cods and a total of 100 flounders and dabs
were collected in the third quarter of the year. External
signs of disease were noted according to an internationally
used schedule. Internal signs of disease were also noted.
Histopathology was performed on liver and gonads. Sam-
pling for virus or bacterial culture was done if deemed nec-
essary. In cod, livers from 50 fish >35 cm per sampling were
digested and the number of cod worms (Contracaecum sp.)
were counted. The results are currently being evaluated.

Freshwater fish
For freshwater fish, no specific programme has been estab-
lished. Instead, annual projects that focus on ‘hot topics’ are
selected. In 2021–2022, a project on pike sarcoma has been
running. A total of 50 pikes were to be sampled for pathol-
ogy, histopathology and microbiology to identify the sus-
pected associated retrovirus. After two years, a total of 42
pikes have been sampled. Of these 4 were healthy and used
as references and 38 had lymphosarcoma or wounds/scars
that were potentially healing sarcoma ulcers. Histopathol-
ogy identified tumours with varying grades of invasiveness,
with moderate differences in mitosis frequency, cell mor-
phology and concurrent inflammation. Tumours were also
analysed by PCR to identify the responsible retro virus and
to look at activity level (mitosis frequency). A specific virus
has not been identified due to lack of matching sequences,
but PCR to look at activity level was successful and con-
firms a variability between the tumours. In addition, one
pike with blue spots (suspected herpes virus infection) was
caught during sampling. The pike was sampled and the pres-
ence of Esocid herpesvirus 1 was shown. This is the first
identification of this benign virus in Sweden.

In addition to pike investigations, a project to investi-
gate the presence of BKD in wild salmonids in lakes Vättern
and Siljan was performed. Vättern has previously had cage

farms whereas Siljan currently has one cage farm. A total
of 199 fishes (Arctic char, brown trout, grayling, whitefish
and vendace were sampled. Two Arctic chars from Vättern
and one grayling from Siljan were positive for BKD. This
indicates a low prevalence within the wild salmonid popu-
lations in both lakes. In Siljan, a recent outbreak of BKD
in the cage farm with delayed slaughter might mean that the
prevalence in wild fish is actually higher than detected, be-
cause the disease has a slow onset, and it can take years to
see the effects in the wild fish population.

CRUSTACEANS
Saltwater crustaceans
Saltwater crustaceans aremonitored by passive surveillance.
For example, SLU fishes for Norwegian lobster (Nephrops
norvegicus) and if any disease signs are detected, animals
are sent for analysis. The university also reports if the in-
vasive alien species American lobster is caught on the west
coast.

Freshwater crustaceans
Freshwater crayfish has been monitored for crayfish plague
for many years. This surveillance is passive, with inves-
tigations upon suspicion of disease. White spot syndrome
virus and porcelain disease, caused by the parasite Thelo-
hania contijeani, two other lethal diseases, are investigated
at the same time as crayfish plague by a combined PCR.
Results for 2022 are included in the chapter ”Infectious dis-
eases in fish, crustaceans and molluscs” (page 139).

In recent years, the use of eDNA for detection of crayfish
plague and the presence of noble crayfish (Astacus astacus)
and the invasive alien species signal crayfish (Pacifastacus
leniusculus) under Swedish conditions has been evaluated.
Work to enhance the eDNA extraction step is being done,
otherwise the methodology works well.

MOLLUSCS
Saltwater molluscs
Saltwater molluscs are included in the surveillance from
2021. A total of 150 blue mussels and 150 European/flat
oysters (Ostrea edulis), from five sites each are investigated
for the presence of bonamiosis, marteiliosis, perkinsosis and
mikrocytosis. Results are presented in the chapter “Infec-
tious diseases in fish, crustaceans and molluscs” (page 139).

Freshwater molluscs
The river pearl mussel (Margaritifera margaritifera) is an
endangered species, and in some Swedish rivers there have
been sharp population declines in the last years. Research
to identify the cause is ongoing. Because of the endangered
state of the species, annual samplings of a number of in-
dividuals per population is not an alternative. A monitor-
ing programme will be developed as soon as there is more
knowledge about the cause.
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Examinations of abortions in
food producing animals

Figure 70: Examination of aborted foetuses is an important part of the national surveillance for infectious and emerging diseases. Photo:
Ulrika Rockström.

BACKGROUND
Post mortem examinations are considered important for
early detection and national surveillance for infectious
and emerging diseases. As mentioned in the chapter
“Post mortem examinations in food producing animals”
(page 148), the Swedish Board of Agriculture has financed a
programme to encourage such examinations for the past 20
years. However, some infections do not produce lesions that
can be detected at postmortem or cause only non-specific
macroscopic changes. Brucellosis, porcine reproductive
and respiratory syndrome (PRRS) and classical swine fever
(CSF) are examples of infections that may be present with-
out specific macroscopic findings at postmortem. More-
over, the clinical picture in herds affected by these diseases
can be non-specific, whichmay cause a delay before the sus-
picion of these infections occurs in clinical surveillance.

SURVEILLANCE
This surveillance component was introduced in 2008. It in-
cludes examinations for brucellosis in all ruminant foetuses
and for brucellosis, PRRS and CSF in all pig foetuses sub-
mitted for postmortem through the post mortem examina-
tion programme. These infections often cause abortion, so,
by sampling aborted foetuses, the sampling occurs within a
risk group. This increases the chance of detecting the infec-
tious agents, if present. The Swedish Board of Agriculture
finances the sampling and testing of foetuses for Brucella,
PRRS and CSF. The National Veterinary Institute (SVA)
is responsible for the organisation of the aborted foetus ex-
amination programme. Samples from aborted foetuses are
either submitted to SVA by veterinarians performing post-
mortems at regional laboratories or are taken from foetuses
submitted directly to SVA for post mortem examination. All
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diagnostic testing is performed at SVA. Testing for the pres-
ence of CSF and PRRS viruses is done by PCR, and for Bru-
cella by bacterial culture.

RESULTS
In 2022, a total of 59 foetuses from 44 herds were examined
(Table 36). This number is well below the 140 foetuses that
were expected to be examined during the year. All analysed
samples were negative for Brucella, PRRS and CSF.

DISCUSSION
The post mortem examination and sampling of aborted foe-
tuses serves to complement the national surveillance for in-
fectious and emerging diseases. This was demonstrated in
2012–2013, when the then newly identified Schmallenberg
virus (SBV) was detected in Sweden through the surveil-
lance of aborted foetuses.

The number of foetuses of different species submitted
for examination has varied from year to year, but for the last
nine years, the number of submissions has been less than
anticipated across all species (Table 36). The trend is con-
cerning and the reasons for the decrease are not yet well-
understood. One possible contributing factor may be the
overall decrease in the number of farms in Sweden. A simi-
lar drop in the number of food-producing animals submitted
for postmortem has also been observed over the years (see

chapter “Post mortem examinations in food producing an-
imals”, page 148). It has also been speculated that stricter
packaging requirements for shipping samples via mail that
have come about in recent years may have contributed to the
drop in submissions of aborted foetuses for post mortem ex-
amination. Producers and field veterinarians often do not
have the necessary shipping supplies on hand and it can
take several days for them to receive shipping items once
they have been ordered. This waiting time, during which
the aborted foetuses must be stored, may discourage peo-
ple from sending foetuses for postmortem. To combat this
problem, a programme to supply field veterinarians with
shipping material and information about proper packaging
of samples has been ongoing since 2020. In 2019 and 2020,
the number of sheep foetuses submitted for examination was
particularly low. It was suspected that this was a result of the
severe drought in 2018 which forced many sheep producers
to cull their herds. In 2021 and 2022, the number of sheep
foetuses sent in for post mortem returned to levels similar
to those seen prior to the drought, which may be an indica-
tion that the sheep industry has recovered. SVA is currently
developing an abortion panel that will allow aborted rumi-
nant foetuses to be examined for a number of abortigenic
pathogens from a single set of samples. It is hoped that this
will simplify the investigation of abortion cases and encour-
age more veterinarians and animal owners to submit rumi-
nant foetuses for examination.

Table 36: The number of foetuses and herds (in parentheses) investigated by species 2012–2022 through the aborted foetus examination
programme. The number of investigated herds was not available prior to 2014.

Species 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

Cattle 63 114 32 (27) 29 (23) 34 (23) 20 (18) 34 (28) 21 (20) 22 (20) 22 (18) 20 (17)

Goat 5 4 2 (2) 0 2 (2) 2 (1) 5 (3) 3 (2) 2 (2) 0 3 (3)
Sheep 79 89 28 (14) 31 (21) 16 (13) 22 (15) 23 (16) 12 (8) 7 (5) 26 (17) 20 (14)
Alpaca 0 0 0 2 (1) 1 (1) 0 0 0 0 0 0

Bison 1 0 0 0 1 (1) 0 0 0 0 0 0
Wisent 1 0 0 0 0 0 0 0 0 0 0
Gnu 0 1 0 0 0 0 0 0 0 0 0

Pig 54 46 31 (12) 17 (10) 43 (22) 6 (4) 16 (9) 31 (14) 21 (11) 14 (11) 16 (10)
Water buffalo 0 0 0 0 0 1 (1) 0 0 0 0 0

Total 203 259 93 (55) 79 (55) 97 (62) 51 (39) 78 (56) 67 (44) 52 (38) 62 (46) 59 (44)
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Post mortem examinations
in food producing animals

BACKGROUND
Post mortem examination is an important tool to help veteri-
narians solve animal health problems at the farm level. In-
ternational and national experiences show that post mortem
examinations also play an important role in infectious dis-
ease surveillance and detection of emerging diseases. Early
detection of infectious diseases is of utmost importance to
prevent negative consequences. For diseases that produce
clearly evident clinical signs and/or macroscopic lesions, the
first line of defence is the detection of disease by animal
owners, field veterinarians and pathologists.

SURVEILLANCE
A specific programme for post mortem examination of food
producing animals started in the early 1990s. The Swedish
Board of Agriculture finances the programme, comple-
mented by fees from animal owners. Farm&Animal Health
is responsible for the organisation of the post mortem exami-
nation programme. The programme subsidises post mortem

examinations in all food producing animals, poultry and ex-
otic ungulates. Poultry were included in the programme in
2007, domesticated exotic ungulates in 2008, and reindeer
in 2017. Each year, approximately 2000 animals are exam-
ined within the programme. Transportation of carcasses to
the post mortem facilities is arranged and financed by the
animal owner. Transportation can be a problem for large
animals, particularly during the summer months when high
temperatures lead to rapid carcass putrefaction, especially
when the distance between the farm and the facility is large.

Post mortem examinations are performed at six dif-
ferent facilities, all located in the southern half of Swe-
den: Skara (Farm & Animal Health), Kävlinge (Farm &
Animal Health), Uppsala (the National Veterinary Insti-
tute (SVA) and the Swedish University of Agricultural Sci-
ences (SLU)), Visby (Farm & Animal Health) and Karl-
skoga (Farm & Animal Health). In 2019–2021, in the area
around Skara, post mortem examinations of animals weigh-
ing more than 15kg were performed on-farm by experienced

Figure 71: The total number of post mortem examinations in 2022 was lower than in recent years, particularly for cattle and pigs. This
may be partially explained by the decrease in the number of farms with food producing animals. Photo: Ulrika Rockström.
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ambulatory veterinarians as a pilot study in on-farm post
mortems. On-farm post mortems have now become a per-
manent procedure in this part of the country.

In 2017, another pilot study was launched to facilitate
timely post mortems of large animals in remote areas of
Sweden using a Remote Digital Autopsy (RDA) method.
The method allowed field veterinarians or animal owners
to perform a simple gross post mortem examination on the
farm and send digital photographs of key organs and dis-
ease history information to a pathologist who made a pre-
sumptive diagnosis. Since then, the method has been fur-
ther developed into a live digital technique where the per-
son in the field is guided through the post mortem and sam-
ple taking process by experienced personnel using virtual
meeting platforms. These digital post mortem examinations
are not designed to replace traditional post mortem exam-
inations carried out at laboratories, but rather to facilitate
post mortem examination in cases where a post mortem ex-
amination would not otherwise be conducted due to the re-
mote location of the farm or to avoid the cadaverous changes
that would otherwise occur when transportation distances
are long. The technique has primarily been used for the post
mortem of reindeer, but the aim is to increase its use for all
large animals when immediate transport to a laboratory is
not possible.

Cadavers sent for post mortem examination serve as an
important source of sample material for several surveillance
programmes. In conjunction with post mortem examina-
tions, samples are collected from defined categories of ani-
mals for surveillance of antimicrobial resistance, salmonel-
losis, transmissible spongiform encephalopathies (TSE) and
paratuberculosis. Aborted ruminant and pig foetuses sub-
mitted for post mortem examination are sampled for bru-
cellosis, porcine reproductive and respiratory syndrome
(PRRS) and classical swine fever (CSF) (see chapter “Ex-
aminations of abortions in food producing animals” on
page 146).

The programme also includes webinar training for large
animal practitioners and reindeer and goat owners. In the
spring, webinars are held for veterinarians in the field to fa-
cilitate their skill development and help ensure the freshness
of materials that are sent in for analysis during the warm
summer months.

RESULTS
A total of 1779 post mortem examinations were performed
within the programme during 2022. The distribution of
species examined over the last 18 years is shown in Ta-
ble 37. In 2022, 60 cases of a notifiable disease were di-
agnosed through post mortem examination (Table 38). Ad-
ditionally, 4 investigations into suspicions of diseases in-
cluded in Swedish Act of Epizootic diseases (SFS 1999:657
with amendments) were launched based on post mortem
findings, including 2 suspicions of anthrax,1 suspicion of
African swine fever/classical swine fever and 1 suspicion

of brucellosis. All samples taken and analysed during those
investigations were negative.

DISCUSSION
Post mortem examinations are a vital part of the national
surveillance for infectious and emerging diseases, as illus-
trated by the detection of 60 index cases of notifiable dis-
ease in 2022. The number of post mortem examinations
performed each year varies, but has typically remained at
around 2000 per year. In 2021 however, the total number
of examinations dropped to below 2000 for the first time in
over 15 years. This trend continued in 2022 with the total
number of post mortem submissions dropping even further.
The decrease was caused primarily by a drop in the num-
ber of pig and cattle carcasses submitted for post mortem.
The reasons for these decreases are not well understood but
theymay be partially explained by the overall decrease in the
number of farms with food producing animals. Higher costs
for destruction of carcasses after post mortem at certain fa-
cilities may also play a role. Beginning in 2019, the number
of sheep undergoing post mortem examination declined sub-
stantially, with 2021 seeing the lowest number of submis-
sions since 2005. The drought of 2018, which forced many
sheep producers to reduce the size of or cull their flocks, was
believed to have been the cause of this decline. 2022 saw a
slight increase in the number of post mortems in sheepwhich
could be an indication that the sheep industry is beginning
to recover.

A regional imbalance can be seen in that more exam-
inations are done in regions closer to post mortem exami-
nation facilities. The highest numbers of examinations are
performed in regions with high animal density and access
to a regional laboratory performing post mortem examina-
tions. With the exception of reindeer, the relatively new live
digital method has yet to increase the number of large an-
imal post mortem examinations performed. The new on-
farm post mortem examination programme which started as
a pilot project in 2019 in the area around Skara, a region with
high animal density but without a large animal post mortem
examination facility has allowed for fresher material to be
examined and collected for further diagnostics, which im-
proves the chances of reaching a diagnosis. The pilot project
was appreciated by both producers and veterinarians and has
therefore become a permanent programme in the Skara area.

REFERENCES
Wahlström, H. 2003. Sjukdomsövervakning hos ani-
malieproducerande djur - en översyn på uppdrag av Jord-
bruksverket och Köttböndernas Forskningsprogram.

Redovisning av uppdrag om veterinär obduktionsverk-
samhet. veterinär obduktionsverksamhet (SJV Dnr 33-
10225/10)

Personal communication, Ulrika Rockström Swedish Farm
& Animal Health.
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Table 37: Number of food producing species submitted for post mortem examination, 2005–2022.

Year Pigs Cattle Sheep Goat Farmed deer Poultry Exotic ungulates Reindeer Other Total

2005 2190 839 550 13 26 49 1 0 - 3668
2006 2543 733 630 7 38 39 - 0 - 3990
2007 1434 660 545 17 39 80 7 0 - 2782

2008 1173 646 613 15 43 480 10 0 1 2981
2009 1112 655 510 11 10 656 18 0 5 2977
2010 932 773 637 24 13 391 25 0 2 2797

2011 737 707 611 23 11 460 28 0 1 2578
2012 862 826 749 35 11 630 37 0 1 3151
2013 667 983 840 34 18 749 43 0 2 3338

2014 502 747 548 14 11 1006 40 0 0 2868
2015 529 707 557 21 3 778 42 0 3 2640
2016 651 845 617 34 17 642 31 0 0 2837

2017 498 777 458 17 15 1478 36 4 0 3283
2018 481 785 414 35 19 609 12 5 0 2360
2019 448 725 306 19 1 700 10 4 1 2214

2020 464 597 272 29 4 601 9 71 3 2050
2021 373 655 253 20 9 523 15 54 2 1904
2022 321 502 263 17 4 628 6 38 0 1779

Table 38: Number of index cases of notifiable diseases according to SJVFS 2021:10 (K12) diagnosed from samples taken at post mortem
examination, 2014–2022. Statistics from Farm & Animal Health.

Disease 2014 2015 2016 2017 2018 2019 2020 2021 2022

Anthrax 0 0 1 0 0 0 0 0 0
Blackleg 4 19 26 25 24 25 9 26 9
Bovine Malignant Catarrhal fever 1 1 6 6 2 2 3 2 4

Duck Viral EnteritisA 1 0 0 0 0 0 0 0 0
Dichelobacter nodosus - - - - - - 2 0 0
Fowl typhoid (S. Gallinarum) 0 0 0 3 0 0 0 0 0

Gumboro (Very virulent IBDV) - - - 5 4 0 1 0 3
Infectious Bronchitis 0 0 0 0 0 0 1 0 3
Infectious laryngotracheitis 35 26 26 17 20 21 16 16 15

Swine influenza, pigs 1 0 0 1 0 0 0 0 0
Influenza A typ (H1N1) 2009, pigs 0 0 0 1 0 0 0 3 0
Listeriosis 31 22 20 22 22 9 14 28 10

Mycoplasma gallisepticum 4 4 0 1 7 32 15 15 11
Mycoplasma, poultry (not gallisepticum) 0 0 2 0 0 0 0 0 0
Necrotic haemorrhagic enteritis (Clostridium perfringens
type C), pigs

0 0 0 0 0 0 0 0 1

Salmonellosis 3 3 1 2 2 5 6 5 4

Total 80 75 87 88 83 94 67 95 60

AThis disease was not diagnosed in Sweden prior to 2014.
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Post mortem examinations in wildlife

Figure 72: Northern gannet found dead on the Swedish west coast during an outbreak of avian influenza in the summer of 2022. Photo:
Anonymous.

BACKGROUND
The national general wildlife disease surveillance pro-
gramme is based on pathology and ancillary testing at the
National Veterinary Institute (SVA). The surveillance pro-
gramme is financed partly by annual state hunting permit
fees, and partly by governmental funding. The aim is to
monitor and follow the wildlife disease situation in Swe-
den and to diagnose and acquire knowledge on present and
emerging diseases in Swedish wildlife. The wildlife disease
surveillance not only provides key information for wildlife
management, but also constitutes an important part of the
Swedish One Health surveillance, including surveillance for
new and potentially emerging diseases. The WOAH na-
tional focal point for wildlife for Sweden is based at SVA
and is responsible for reporting of diagnosed cases of listed
diseases in wildlife, as well as specified non-listed wildlife
diseases to the Board of Agriculture.

SURVEILLANCE
The general public, local authorities and especially hunters
report and, when relevant and possible, also help to sub-
mit wildlife that is found dead, or found sick and then eu-
thanised, to SVA for diagnostic examination. Use of the
SVA online form (rapporteravilt.sva.se) to report sick or
dead wildlife helps SVA to map the disease situation in
wildlife, and to access suitable samples with the help of the
public.

Standard samples are collected for bio-banking from
suitable submitted carcasses. All large carnivores: brown
bear (Ursus arctos), lynx (Lynx lynx), wolf (Canis lupus),
and wolverine (Gulo gulo) found dead, euthanised, or when
harvested by hunters must be submitted to SVA for exami-
nation, as skinned carcasses or as sets of predetermined tis-
sue samples.

RESULTS
In 2022, whole carcasses or parts of 3528 free-ranging
wildlife were submitted to the Department of Pathology and
Wildlife Diseases at SVA. Any examined farmed or captive
wildlife species are not included here. The most important
wildlife disease events in 2022 are mentioned below.

The circulation of avian influenza with outbreaks in
wild birds was ongoing almost continuously throughout the
year. There were occasional cases of spillover to scavenging
mammals, such as red foxes. Surveillance of CWD contin-
ued in 2022, but with a focus on possible clinical cases, tar-
geting cervids with signs of neurologic disease or wasting.
No further cases of CWD were found this year.
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Table 39: Reportable infectious diseases in wildlife and number of outbreaks/cases diagnosed at SVA in 2022. Here, individual cases
are listed, and may differ from other official numbers of disease outbreaks or number of index cases. Where a disease was
diagnosed in several species, the number of cases per species is listed in parentheses.

Disease Total Species and no. per species

Avian influenza 96 Northern goshawk (3), Eider (1), Greylag goose (2), Grey-backed gull (4), Northern gannet
(12), Greater black-backed gull (2), White-tailed eagle (2), Canada goose (4), Sandwich tern

(15), Mute swan (6), Buzzard (12), Peregrine falcon (2), Common murre (4), Lesser
black-backed gull (1), Magpie (1), Black-headed gull (5), Rock pigeon (1), White stork (1),

Northern fulmar (1), Great cormorant (2), Mediterranean gull (2), Whooper swan (1),
Razorbill (4), Barnacle goose (7), Harbour porpoise (1)

Avian malaria 3 Blackbird
Avian paramyxovirus 2 Rock pigeon

Avian pox 5 Magpie (2), Great tit (3)
Circovirus 6 Wild boar
Echinococcus multilocularis 1 Red foxA

Lagovirus 10 Wild rabbitB

Listeriosis 1 European brown hare
Mycoplasma infection 3 Pheasant

Myxomatosis 3 Wild rabbit
Pox virus 2 Harbour porpoise
Pseudotuberculosis 4 European brown hare

Psittacosis 1 Great tit
Sarcoptic mange 7 Lynx (3), Red fox (3), Wild boar (1)
Salmonellosis 79 Bullfinch (7), Green woodpecker (1), Siskin (14), Hedgehog (1), Roe deer (1), Black-headed

gull (1), Goldfinch (1), Great tit (1), Wild boar (51)

Toxoplasmosis 1 Mountain hare
Trichinosis 15 Bear (2), Lynx (5), Wolf (2), Wild boar (6)C

Trichomoniasis 24 Chaffinch (1), Greenfinch (2), Siskin (1), Yellowhammer (2), Wood pigeon (12), Stock dove
(1), Rock pigeon (4), Collar-necked dove (1)

A Cases in new areas. Sample submitted in 2022, analysis finalised in 2023.
B Rabbit viral haemorrhagic disease.
C Bear and wild boar are hunter submissions.

The enhanced passive surveillance of African swine
fever virus in found dead wild boar continued, but so far,
the disease has not been found in Sweden. The finding of
Salmonella Choleraesuis in several areas in Sweden in 2020
has been followed by both general and targeted surveillance
also in 2022, with continued findings in both found dead and
in hunter harvested wild boar. For details, see the chapter
about infectious diseases in wild boars (page 129).

The programme for health and disease surveillance of
marine mammals initiated in 2020, continued with necrop-
sies of cetaceans and seals, a work done in collabora-
tion with the Museum of Natural History, financed by
the Swedish Agency for Marine and Water Management.
A coastal network reporting and handling stranded ma-
rine mammals is maintained to find suitable carcasses for
necropsy. One notable case was the first finding of high
pathogenic avian influenza in a clinically ill harbour por-
poise (Phocoena phocoena) that died in 2022.

DISCUSSION
The general disease surveillance in wildlife is based on cit-
izen science, with the interested general public and hunters
especially, reporting and helping to submit samples. A high
public interest in wildlife health and conservation continues
to make this work possible, together with state financing.
Among scientists and relevant authorities, it is well recog-
nised that wildlife disease surveillance is an integral part of
the One Health concept. The surveillance results regarding
reportable infectious diseases (Table 39) show that there are
only few serious infectious disease threats to wildlife, but
some that may infect domestic animals or humans.

REFERENCES
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SVALA data on wildlife diagnoses 2022.

SVA report: Wildlife disease surveillance in Sweden 2022.
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Antibiotic resistance in bacteria
from animals and food

BACKGROUND
The National Veterinary Institute (SVA) has the mission to
monitor and analyse the development of antimicrobial re-
sistance in bacteria from animals and food of animal ori-
gin. This also includes implementation of the mandatory
harmonised monitoring of antibiotic resistance in bacteria
from food-producing animals and food thereof, dictated by
EU legislation. The monitoring activities are carried out
through the Swedish Veterinary Antibiotic Resistance Mon-
itoring Programme (Svarm), which has been running since
2000.

The objectives of Svarm are to detect changes in trends
in resistance and to provide a basis for recommendations on
the use of antibiotics in animals. Three types of bacteria
are monitored: zoonotic bacteria, specific animal pathogens
and indicator bacteria from healthy animals and meat. In
addition, both intestinal content from healthy farm animals
and fresh meat are screened for E. coli producing extended
spectrum beta-lactamases (ESBL), AmpC-enzymes and car-
bapenemases. The rationale for monitoring indicator bacte-
ria, i.e., commensal Escherichia coli and Enterococcus spp.
from the normal intestinal flora of healthy animals, is that
resistance among these bacteria reflects the selection pres-
sure caused by the of use of antibiotics in an animal popu-
lation. These commensal bacteria can also be a reservoir of
mobile resistance genes that can reach humans through the
food chain. Thus, the prevalence of resistance in bacteria
that contaminate meat reflects the magnitude of the poten-
tial human exposure to such reservoirs in food-producing
animals.

The Svarm programme conforms to directive
(2003/99/EG) and subsequent decisions (2013/652/EU,
from 2021 replaced by 2020/1729/EU). According to the
directive, resistance in Salmonella, Campylobacter jejuni
and C. coli, as well as indicator bacteria shall be regularly
monitored in broilers, turkeys, laying hens, pigs and cattle
using harmonised methodologies. Briefly, for Sweden, this
implies that each year, isolates of Salmonella from all no-
tified outbreaks in food-producing animals, as well as 170
isolates of Campylobacter from either broilers or pigs, are
tested for antibiotic susceptibility. Also, 170 isolates of E.
coli from intestinal content of healthy broilers or pigs are
tested each year. In addition, each year 300 samples of in-
testinal content and 300 samples of fresh retail meat from
either broilers and turkeys (only 150 samples) or from pigs
and cattle are analysed for presence of ESBL/AmpC- and
carbapenemase producing E. coli. Due to small produc-
tion volumes, it is not mandatory for Sweden to investigate
Campylobacter or indicator bacteria from healthy turkeys
or cattle. It is not mandatory to screen for ESBL/AmpC- or
carbapenemase producing E. coli in these animal categories

either. However, sometimes such investigations are still
performed, on a voluntary basis. Furthermore, meat from
countries outside EU is sampled at border control posts and
analysed for indicator E. coli and presence of ESBL/AmpC-
and carbapenemase producing E. coli as well as Salmonella
for poultry meat.

In addition to the mandatory monitoring described
above, Svarm is complemented with data on resistance in
clinical isolates of bacteria from the routine testing of clini-
cal submissions at SVA. Svarm is also complemented with
data from research projects and specifically from the Svarm-
Pat project focusing on resistance in animal pathogens from
farm animals. SvarmPat is run in cooperation with Farm
& Animal Health and is financed by the Swedish Board of
Agriculture.

Sales of antibiotics for use in animals is also monitored.
The primary data source is sales from pharmacies to ani-
mal owners (prescriptions dispensed) and to veterinarians
(requisition for use in own practice). In Sweden, all vet-
erinary medicinal products are sold by pharmacies and they
are obliged to report all sales of medicinal and veterinary
medicinal products to the eHealth Agency. Data on sales of
antibiotics are calculated to kg active substance. For pre-
scriptions, animal species is also recorded and can be in-
cluded in the analyses.

Data on antibiotic resistance in bacteria from animals
and food as well as data on sales of antibiotics for use in
animals are presented in a yearly report together with cor-
responding data for human medicine compiled by the Pub-
lic Health Agency of Sweden in an integrated report —
Swedres-Svarm—available at www.sva.se/swedres-svarm.
The different data sources compiled in this report are illus-
trated in Figure 73.

LEGISLATION
As mentioned above, parts of the antibiotic resistance mon-
itoring performed in Sweden are regulated by EU legisla-
tions (2003/99/EG and 2020/1729/EU, which from 2021 re-
placed 2013/652/EU). Furthermore, there is also national
legislation indirectly affecting the antibiotic resistance mon-
itoring. More precisely, findings of carbapenemase produc-
ing Enterobacterales (ESBLCARBA) and methicillin-resistant
coagulase-positive staphylococci (e.g MRSA andMRSP) in
animals are notifiable in Sweden (SJVFS 2021:10 and pre-
viously SJVFS 2012:24 with amendments).
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Figure 73: A schematic illustration of data included in the Swedres-Svarm report.

SUMMARYOF MONITORING IN 2022
For a long time, Sweden has had a favourable situation com-
pared to many other countries when it comes to antibiotic
resistance in bacteria from humans. This situation remains.
One of the reasons is that we have effective strategies to pro-
mote the responsible use of antibiotics and limit the spread
of antibiotic resistance. In the last decades, the sales of an-
tibiotics in Sweden have decreased for both humans and for
animals. In addition, the distribution between broad- and
narrow-spectrum antibiotics has changed and the proportion
of narrow-spectrum antibiotics has increased. Among bac-
teria from animals, the occurrence of resistance has gener-
ally been stable at low or moderate levels. For some sub-
stances and in some bacteria occurrence of resistance is even
declining. One example of this is the occurrence of ESBL
producing E. coli among broilers that has declined signifi-
cantly. There are however exceptions, and for example re-
sistance to ampicillin, sulphonamides, and trimethoprim has
increased in indicator E. coli from both broilers and pigs.

Antibiotic sales for veterinary use
When retrieving data for 2022, a substantial decrease com-
pared to 2021 was noted, and a lack of completeness was
suspected. Investigations to resolve the issue was initiated
and a number of rejected data reports from pharmacies were
identified and corrected by the pharmacies. Therefore, in
this report, data since 2017 has been updated. The differ-
ence between 2021 and 2022 was still inexplicably large (-
12%) and a thorough search for yet undiscovered errors was
undertaken but none was identified. No explanation for this
sudden decrease in sale has been identified. Hence, the re-
sults should be assessed with caution. Furthermore, if at a
later stage some yet unidentified error causing a lack of com-
pleteness is discovered, data will be updated and published
online on the SVA web page.

In 2022, reported sales of antibiotics for animals from
pharmacies in Sweden were 8865 kg, of which around 60%
were narrow-spectrum penicillins. Sales of antibiotics that
should be used with special restrictions (fluoroquinolones,
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third generation cephalosporins and polymyxins) have de-
creased considerably since 2013. During the past decade,
the proportion of products for the treatment of individual
animals has been over 90% of the total sales.

Since the withdrawal of growth-promoting antibiotics
from the Swedish market in 1986, the total sales of antibi-
otics corrected for population sizes over time have decreased
by more than two thirds. During the 1990s, sales of vet-
erinary products for medication of groups of animals de-
creased, and in the past decade there has also been a de-
crease in sales of products for use in individual animals.
(Figure 74).

Extended spectrum beta-lactamase (ESBL)
producing Enterobacterales
ESBL-producing Enterobacterales are generally rare among
animals in Sweden. Previously, the occurrence in intestinal
samples from broilers was high but it has decreased in recent
years (Figure 75).

In 2022, the occurrence of ESBL-producing E. coli in
intestinal samples from broilers, fattening turkeys and lay-
ing hens, as well as samples of broiler and turkey meat was
investigated with selective methods. Such bacteria were iso-
lated from 2% of the intestinal samples from broilers and
laying hens, respectively but not in any intestinal samples
from fattening turkeys. Furthermore, such bacteria were not
isolated from any of samples of turkey meat or broiler meat
of Swedish origin. However, 25% of broiler meat samples
of non-Swedish origin were positive for ESBL-producing E.
coli, although the number of samples are limited and hence
the results should be assessed with caution.

Bacteria that produce ESBLCARBA have not been con-
firmed in domestic animals in Sweden.
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Figure 74: Yearly sales of veterinary medicines with antibiotics ex-
pressed as milligrams per population correction unit
(mg/PCU). Data for 2022 may be subject to change.
Individual treatment data for 2010–2015 are uncertain
because of a lack of completeness mainly affecting in-
jectable products. Data for 2022 are also uncertain as
a full explanation is lacking. Uncertain individual treat-
ment data are indicated by a lighter grey colour. In the
present figure, all products (including tablets) are in-
cluded,while in data presented in the European surveil-
lance of veterinary antimicrobial consumption tablets
are excluded when calculating mg/PCU.
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Figure 75: Proportion (%) of samples from broilers positive for Escherichia coli with ESBL/pAmpC from 2010 to 2022.
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Methicillin-resistant Staphylococcus aureus (MRSA)
The occurrence of MRSA in animals in Sweden is still low,
which limits the spread from animals to humans. MRSA
was found sporadically in horses, dogs, cats and one parrot.
The increase of MRSA cases, compared to previous years,
seen in horses in 2020 (n=27) and 2021 (n=23) was partly
explained by outbreaks in equine hospitals. Consequently,
in 2022 the figures dropped to 13 cases, as there were no out-
breaks. In companion animals, the same types of MRSA as
in humans dominate, indicating a human source of MRSA
in these animals.

Methicillin-resistant Staphylococcus
pseudintermedius (MRSP)
In 2022, the number of reported cases of methicillin-
resistant Staphylococcus pseudintermedius (MRSP) in an-
imals was around the same level as in previous years. In
total 54 cases of MRSP were notified to the Swedish Board
of Agriculture, including 52 from dogs, one from a cat and
one from a orangutan. All isolates were available for further
investigations. When MRSP first occurred among animals
in Sweden, the sequence type ST71 dominated. However,
for several years the isolates of MRSP have been more di-
verse with several sequence types occurring.

Resistance in zoonotic pathogens
Salmonella is rare in animals in Sweden. Furthermore,
only a few of the notified cases involve antibiotic-resistant
strains. Resistance to fluoroquinolones is rare. Among 115
isolates from domestic animals in 2022 only 3 were resis-
tant to one antibiotic each and none was resistant against
fluoroquinolones. Isolates from human invasive infections
with Salmonella are markedly more resistant, probably due
to the large proportion of cases acquired abroad.

Campylobacter from animals in Sweden are generally
susceptible to relevant antibiotics, and resistance to ery-
thromycin, for example, is most uncommon.

Infections, either in humans or in animals, caused by
Salmonella and Campylobacter are usually not treated with
antibiotics.

Resistance in animal clinical isolates
Bacteria causing clinical disease in animals are mostly sus-
ceptible to antibiotics relevant for treatment. Respiratory
pathogens from farm animals and horses are generally sus-
ceptible to benzylpenicillin, but resistance occurs, for exam-
ple in Pasteurella multocida from calves. Penicillin resis-
tance is common in Staphylococcus pseudintermedius from
dogs, Staphylococcus hyicus from pigs, and occurs in S. au-
reus from horses and S. felis from cats. However, in S.
schleiferi from dogs penicillin resistance is uncommon. Re-
sistance to commonly used antibiotics in E. coli occurs in
all animals but is most prominent in enteric isolates from
young calves and pigs. Susceptibility testing for guidance
in antibiotic therapy is warranted, especially for staphylo-
cocci, E. coli, and Brachyspira spp.

Resistance in indicator bacteria fromhealthy animals
Antibiotic resistance in E. coli from the intestinal flora of
healthy animals serves as an indicator for the presence of
resistance in an animal population. The prevalence of ac-
quired resistance in such commensal bacteria also indirectly
indicates the magnitude of the selective pressure from the
use of antibiotics in an animal population. The prevalence
of resistance in indicator bacteria from animals in Sweden is
low, and the situation is favourable in an international per-
spective. As an example, in the latest investigations of indi-
cator E. coli from broilers and pigs, 69% and 64% respec-
tively, were susceptible to all tested substances (Table 40).

Table 40: Proportion of randomly selected indicator Escherichia coli from broilers and pigs that are susceptible to all investigated
antibiotics.

Year

Species 2014 2015 2016 2017 2018 2019 2020 2021 2022

Pigs - 68 - 71 - 71 - 64 -

Broilers 75 - 71 - 69 - 72 - 69
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