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“Call to Me, and I will answer you, and show you great and
mighty things, which you do not know”

“Piesauc Mani, tad Es tevi uzklausisu un tev atklasu lielas un
briniskas lietas, kas tev nebija zinamas”

Jer 33:3
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ABSTRACT

African swine fever (ASF) is one of the most important diseases affecting pigs due to its
severe socioeconomic consequences, unpredictable cross-border spread, and the absence of
effective therapeutic or vaccine-based prophylactic measures. The evolving epidemiological
situation of ASF poses a continuous risk to pig farming within the European Union (EU) and
in third countries. Since ASF first emerged in the EU in 2014, its spread has represented a major
challenge for governmental institutions, industry experts, and various stakeholders.

ASF reached Latvia in 2014 through the eastern border via infected wild boar populations,
thereby threatening domestic pig farms. Since then, ASF outbreaks have been detected in
domestic pig holdings across Latvia. Although the first outbreaks occurred mainly in backyard
farms, the first outbreak in a large commercial pig farm was recorded in January 2017,
prompting immediate in-depth epidemiological investigations. Subsequent outbreaks in several
commercial pig farms enabled more comprehensive epidemiological investigations under field
conditions. This thesis summarizes three epidemiological studies conducted in four large
commercial pig farms in Latvia, as well as a fourth study focusing on the opinions of farm
workers, farmers, and other lay persons from different ASF-affected countries regarding
possible routes of virus introduction.

Our studies were conducted to identify possible sources of virus introduction into the
farms, determine the probable time of virus entry, and investigate the internal transmission
pathways of the disease. Collectively, these investigations facilitated the development of a
structured epidemiological approach for ASF outbreak investigations at the farm level. The
biosecurity systems of the affected pig farms were assessed, leading to the development of a
hypothesis-based approach for investigating potential pathways of virus introduction. Disease
detection systems were analyzed in all study farms to evaluate whether ASF had been detected
in a timely manner and to develop recommendations for improving surveillance aimed at earlier
detection. By collecting and analyzing information on farming practices, as well as morbidity
and mortality data from the study farms, the high-risk period (HRP) of ASF - defined as the
time between virus introduction and disease detection - was established. Reconstruction of the
HRP served as an important analytical tool linking virus introduction, disease detection, and
outbreak control decisions. To assess the extent of infection within affected pig farms, a reliable
sampling strategy was developed and applied in one of the studies. Several parameters,
including mortality data and the movement of animals, personnel, and vehicles, were analyzed
to better understand the mechanisms of virus spread within farms. A separate study investigated
the opinions of lay persons regarding possible disease introduction routes into their farms, with
particular emphasis on the epidemiological relevance and interpretation of such information.

Our findings demonstrated that ASF virus spread in large commercial pig farms initially
occurs slowly. Enhanced passive surveillance was identified as a key tool for early disease
detection and proved effective when systematically implemented. Recommendations were
developed for the application of enhanced passive surveillance in pig farms to reduce the
duration of the HRP. The hypothesis-based approach proved valuable for conducting structured
epidemiological investigations of possible virus introduction pathways. The proposed sampling
strategy, combining laboratory testing with pen-side diagnostic tests, enabled reliable
assessment of ASF spread within different epidemiological units of affected farms.
Furthermore, the opinions of lay persons regarding possible disease introduction routes
highlighted the subjective nature of such information and emphasized the importance of
experienced investigators in its appropriate interpretation during outbreak investigations.
Overall, this thesis contributes to the development of a structured framework for ASF outbreak
investigation and early disease detection, thereby supporting improved ASF control in domestic
pig farms.
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1. INTRODUCTION

1.1. African swine fever: disease overview and epidemiology

African swine fever (ASF) is one of the most important animal infectious diseases of pigs
due to its severe socioeconomic consequences, unpredictable international spread, and lack of
effective treatment or vaccination options. ASF is a notifiable disease.

ASF was first described in Kenya in 1921 (Montgomery, 1921). The first introduction of
ASF into Europe was to Portugal in 1957, where it was initially eradicated. However, it was
introduced a second time to Portugal in 1960, from where it spread to Spain, becoming endemic
in the Iberian Peninsula in the 1970s and 1980s and causing high economic losses. During this
period, outbreaks also occurred sporadically in other European and American countries (e.g.,
the Netherlands, Belgium, France, northern Italy, Cuba, Brazil, the Dominican Republic, and
Haiti) but were eradicated. In 1978, ASF was introduced to Sardinia. Since then, the animal
disease has been endemic on the island (Mur et al., 2014) until recently, and the Sardinian
authorities have succeeded in eradicating the disease (Cappai et al., 2022).

The source of infection in the primary outbreaks was mostly contaminated food waste
originating from aircraft and ships involved in international traffic (Mur et al., 2012). Therefore,
from an epidemiological perspective, it was concluded that humans are primarily responsible
for both the intercontinental and regional spread of ASF through failure in biosecurity measures.

In 2007, ASF entered Georgia via the Black Sea port of Poti, presumably also through
contaminated food waste, and spread rapidly in Georgia and in neighbouring Armenia and the
Russian Federation. By the end of 2012, several regions in the European part of the Russian
Federation were affected (Gogin et al., 2013; Organesyan et al., 2013). In the following years,
outbreaks were reported from Ukraine and Belarus. In January 2014, ASF reached the eastern
border of the EU, with Lithuania reporting the first ASF-positive wild boar. A month later, the
first cases were reported from Poland, in June from Latvia, and in September 2014 from Estonia
(EFSA, 2014; Pejsak and Stadejek, 2015). Due to the proximity of the first outbreaks in these
countries to the Belarusian border, it can be assumed that ASF was introduced from Belarus to
the Baltic States and Poland. However, officially no cases of ASF were reported from Belarus
during this period.

Long before the current events in Europe and Asia, at the time when the virus was present
in the Iberian Peninsula in addition to Africa, four countries in the Americas were also affected.
Besides Cuba, which had the disease twice, in 1971 and 1980, these were the Dominican
Republic (1978-1981), Haiti (1978-1983) and Brazil (1978 -1981). Very recently, in the
summer of 2021, ASF has been detected for the second time after 40 years in the Dominican
Republic.

It is undisputed that the virus was introduced in the Americas by boat or by plane. In other
words, it was humans who introduced the virus, and that too in times when the world was not
as interconnected as it is today. This transcontinental spread of the pathogen, presumably via
ship and aircrafts, is not an exception with ASF, but the rule (EFSA, 2021; Sanchez-Vizcaino
et al., 2013). Sequence analyses of the most recent isolates from the Dominican Republic
proved that it is the same virus strain that circulates in Europe and Asia.

It may be a long time since the outbreaks of the 1970s and 1980s in Europe and the
Americas, and much has been learned about ASF since then, but it is good to remember that the
virus has managed to cross oceans and enter Europe, Asia or the Americas several times with
the help of humans. The recent 2021 entry into the Dominican Republic is yet another proof of
this.

Historically, three epidemiological cycles were described: (i) the sylvatic cycle in Africa,
where the virus is transmitted by soft ticks (Ornithodoros spp.) between African wild pigs
(mainly warthogs) without causing disease in the vertebrate or arachnid host, (ii) the tick-pig
cycle, in which the virus is transmitted between domestic pigs, with Ornithodoros spp. ticks



serving as vectors, and (ii1) the domestic pig cycle, in which the virus is transmitted directly
from pig to pig or via contact to contaminated materials, without the involvement of competent
arthropod vectors. The vast majority of ASF outbreaks worldwide are attributed to the domestic
pig cycle. However, when the disease arrived in the Baltic States and Poland in 2014 the
epidemiological role of wild boar became evident, and a fourth infection cycle could be
established: the wild boar-habitat cycle (Figure 1.1) (Chenais et al., 2018). These
epidemiological characteristics determine the complexity of outbreak investigations.

Figure 1.1 The epidemiological cycles of ASF. 1 — sylvatic cycle, 2 — tick — pig cycle, 3 —
domestic pig cycle, 4 — wild boar habitat cycle (Chenais et al., 2018)

It should be noted that the epidemiological situation observed in Europe after 2014 differs
substantially from that experienced during the genotype I era in the Iberian Peninsula. The
currently circulating genotype II viruses are characterized by very high lethality; consequently,
control approaches and surveillance concepts that were developed during the earlier European
outbreaks were not always directly applicable to the epidemiological conditions observed in the
Baltic States and Poland in 2014. In particular, reliance on serological surveillance as an early
detection tool proved to be of limited value under conditions where infected animals frequently
died before developing detectable antibody responses.

From the point of view of animal disease control and epidemiology, the high tenacity of
ASF virus to environmental influences is particularly noteworthy. Putrefaction and sunlight
inactivate the ASF virus insufficiently and it remains infectious for several weeks, even under
the conditions of the decomposition process. In carcasses and blood, the virus is capable of
surviving for months, and in frozen meat, for years (Farez and Morley, 1997; EFSA, 2010).
Thus, carcasses of infected animals and contaminated meat and meat products can be important
sources of infection. Heat inactivation of ASF virus in meat and meat products occurs at 56 °C
for 70 min or 60 °C for 20 min. During processing of meat and meat products, it is inactivated
only when a core temperature of 69 °C is reached. The virus is stable in the wide pH range 3.0
to 13.4. Many basic disinfectants do not inactivate the virus, but acid-based ones do. Formic
acid and also citric acid are very effective, the latter even on wood (Krug et al., 2012). Other
effective disinfectants include sodium hydroxide (0.8% NaOH, 30 min), hypochlorite (2.3%,
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30 min), formalin (0.3%, 30 min), orthophenylphenol (3%, 30 min), and iodine-containing
disinfectants.

Considering hosts and vectors, both domestic pigs and wild boar are susceptible for the
infection; other domestic species as well as humans are not susceptible. The African warthog
is considered the natural reservoir of ASF virus. It does not usually show clinical signs of
disease.

In some areas of Africa, as well as in the Iberian Peninsula, soft ticks of the genus
Ornithodorus are competent vectors of the ASFV and play a major role in the spread of the
disease (Oleaga-Perez et al., 1990). In O. moubata (occurring in sub-Saharan Africa), both
transovarial and transstadial virus transmission occurs, it is fully competent vector. In
O.erraticus (occurring in the Iberian Peninsula and northern and western Africa), transovarial
transmission does not occur, but the virus persists in the tick for up to five years and is
transmitted transstadially.

However, the presence of soft ticks is not essential for transmission or maintenance of the
infection cycle. In Sardinia as well as in Central and Eastern Europe, there is no evidence so far
that ticks are involved in the spread of ASF (EFSA, 2024). In Germany, wild boar sera were
tested for the presence of antibodies against soft tick antigens and no evidence of contacts was
found (Pietschmann et al., 2016), so it is not expected that soft ticks would be involved in an
ASF cycle. Laboratory-based studies on the vector competence of other native ticks (e.g.,
Ixodes Ricinus) revealed no evidence of virus replication (de Carvalho Ferreira et al., 2014).

In the course of outbreak investigations in domestic pig herds, bloodsucking insects are
often mentioned as potential mechanical vectors in the absence of clear evidence for the route
of introduction. However, there are very few experimental and field studies to support that
bloodsucking insects may play an epidemiologically relevant role in the spread of ASF.
Mechanical transmission and prolonged detectability of replication-capable virus have been
demonstrated for Stomoxys calcitrans (Mellor et al., 1987). A recent field study investigating
the role of stable flies and biting midges as potential mechanical vectors of ASF virus concluded
that potential role of incidental mechanical vector such as Culicoides spp. or S. calcitrans
transmissions can be possible and further studies are important (Dhollander et al., 2025).
Available scientific evidence suggests that stable flies and horse flies are exposed to ASF virus
in affected areas in the EU with the capacity to transmit the virus to pigs (EFSA, 2024).
Therefore, the relevance of bloodsucking insects to ASF epidemiology under field conditions
remains unclear. Evidence is also lacking to observe relationship between ASF outbreak
seasonality and the role of blood feeding insects.

In domestic pigs and wild boar, ASF typically manifests as an acute, highly lethal
haemorrhagic disease characterised by rapid clinical progression and high case fatality rates.
The course of the disease is the same in domestic and wild pigs. Both sexes and all age groups
are equally affected. Susceptible animals become infected when they have direct contact with
infected material or with diseased animals, usually by the oral route through consumption of
contaminated feed, meat, etc. In areas where Ornithodorus ticks may be vectors, infection may
occur via tick bites. Blood from viraemic animals is a critical factor from an epidemiological
point of view, as one drop of blood can be sufficient for infection since the virus is an "arthropod
borne" virus and therefore optimized for transmission by small amounts of blood.

After a relatively short incubation period of a few days, the animals develop a high fever
(up to 42 °C), are fatigued and refuse to eat. Pregnant sows may abort due to the high fever.
Haemorrhages in the skin and internal organs are often seen in an advanced stage of the disease
(OIE, 2019). Death usually occurs within two weeks. Sometimes animals die peracutely without
having shown pronounced signs of disease. Based on the clinical picture, ASF cannot be
distinguished from severe courses of classical swine fever (CSF) and other severe general
diseases in pigs; only laboratory diagnostic tests allow a reliable diagnosis. These non-specific
early clinical signs contribute to delayed detection of ASF outbreaks under field conditions.
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A special feature of ASF is the fact that infected animals, if they do not already die from
the infection in the first two weeks, produce antibodies against the ASF virus, but these have
no neutralizing effect and do not provide effective protection. The lack of protective antibodies
is also a major reason why there are still no effective ASF vaccines, as the antibodies induced
after vaccination are also not sufficiently protective. However, the detection of antibodies in an
animal can be used very well epidemiologically. An antibody-positive finding indicates that the
infection is at least two weeks old. If no antibodies are found, but only virus antigen or virus
genome is detected using PCR, the infection is relatively recently introduced (< 12 days).

Often, ASF is described as a highly contagious diseases, similar as CSF or foot and mouth
disease (FMD), in which the viruses are excreted in large quantities via various secretions and
excretions. This does not apply to ASF in this way. It is a highly contagious disease only when
blood contact is the primary route of transmission.

To summarise, epidemiological analysis of outbreak data indicates high lethality (case
fatality) and low mortality in the initial phase of an outbreak and low contagiousness of the
ASF virus. Lethality is the proportion of animals that died relative to the number of animals
shown to be infected in period X; this is very high in the case of infection with genotype II of
ASF virus. Over 90% of infected animals die within two weeks (Gabriel et al., 2011; Blome et
al., 2012; Blome et al., 2013). Practically, this means that almost every animal that becomes
infected also dies as a result of the infection. Experimental studies have also demonstrated the
high lethality (Pietschmann et al., 2015; Gallardo et al., 2015). However, during the initial phase
of African swine fever at the farm level - approximately two to three weeks after virus
introduction - overall mortality may appear low despite high lethality, since only a limited
number of animals within the epidemiological unit are affected. Mortality is defined as the
proportion of animals that died in relation to the entire population in the period X.

The described epidemiological parameters underline the importance of field studies
aimed at better understanding disease transmission dynamics within affected herds and the
temporal development of infection at farm level. These epidemiological characteristics
determine not only the clinical outcome of infection but also influence the design and
implementation of outbreak control and surveillance strategies in affected regions.

These epidemiological patterns are closely linked to the biological characteristics of
the ASF virus. ASF is caused by an enveloped double-stranded DNA virus of the Asfarviridae
family. The virus possesses a complex multilayered structure and a genome encoding more than
150 genes, a substantial proportion of which remain functionally uncharacterized. The virus
replicates predominantly in the cytoplasm of infected cells, particularly within perinuclear viral
factories, and encodes many of the proteins required for its own transcription and replication.
ASF virus shows a marked tropism for cells of the monocyte-macrophage lineage, which plays
a central role in its pathogenesis. Infection is associated with dysregulation of the host immune
response, including excessive production of proinflammatory cytokines and chemokines,
contributing to severe clinical manifestations and high mortality rates. While some immune
responses, such as early interferon production and T cell activation, are associated with
protection, the mechanisms of protective immunity remain incompletely understood. The virus
is characterized by exceptional environmental stability, allowing it to persist for extended
periods in contaminated materials such as meat, blood, carcasses, and fomites. This resilience,
together with multiple transmission pathways including direct contact, contaminated feed or
equipment, and, in some regions, vector-borne transmission, complicates control efforts and
contributes to the continued global spread of the disease (Mehinagic and Summerfield, 2026).

To date, 22 genotypes of the ASF virus have been described (Bastos et al., 2003). It should
be noted that genotypes do not provide compelling information about virulence. The Sardinian,
Iberian, and South American strains of ASF virus all belong to genotype L. In contrast, the virus
strains currently circulating in Eastern Europe (Baltic States, Poland, Caucasus, Russian
Federation, Ukraine) are classified as genotype II and consequently are not directly related to
the Sardinian or Iberian isolates (Gallardo et al., 2009; Gallardo et al., 2014). The current
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genotype Il strains are identical in the routinely sequenced genomic regions and have minimal
alterations when the whole genome is considered. However, in the search for discrimination
possibilities, recently genome region that shows a pattern of sequence repeats that may make
molecular epidemiological assessment possible were described (Gallardo et al., 2014; Goller et
al., 2015; Forth et al., 2022).

The epidemiological situation observed in Latvia since 2014 provides a practical example
of the described transmission dynamics and infection pressure in affected regions. Since its
introduction in 2014, ASF has remained widely distributed in Latvia, with sustained circulation
in wild boar populations and recurrent outbreaks in domestic pig herds (Figure 1.2). Currently,
ASF cases have been detected in wild boar in almost the whole of Latvia. A total 11.211 wild
boar cases and 102 outbreaks in domestic pig herds were recorded between 2014 and 2025,
requiring the destruction of 81.590 domestic pigs (FVS website). These figures illustrate the
persistent infection pressure from the wildlife reservoir and the ongoing risk of virus
introduction into domestic pig holdings.

® ASF outbreaks in domestic pig farms
@  ASF cases in wild boar
[:] Counties and the Republic cities

Figure 1.2 Distribution of ASF cases in wild boar and outbreaks in domestic pig
farms in Latvia 2014-2025 (FVS, ASF surveillance data; visualisation using ESRI, ArcGIS
Pro 3.1.0 version)

Within the framework of the ASF surveillance and control programme managed by
FVS, both - wild boar found dead and hunted wild boar were tested for ASF. An
epidemiological temporal and spatial analysis of the results of PCR tests and the results of the
studies carried out have shown that the virus prevalence rates of ASF vary from year to year
and also from region to region (OlSevskis et al., 2020.; BIOR, 2022). Although the spread of
ASF resulted in a rapid reduction of the wild boar population, from about 74.000 individuals in
2013 to about 15.000 individuals in 2015, wild boar remain an ASF reservoir in Latvia and thus
posing continuous and permanent threat for domestic pig sector — both for commercial farms
and for backyard pigs (Figure 1.3).
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Figure 1.3 ASF cases in wild boar and estimated wild boar population per year (2013-
2025) (Source: Food and Veterinary Service and State Forest Service)

Under such epidemiological conditions, characterised by continuous virus circulation in
wild boar and recurrent spill-over into domestic pig herds, effective surveillance systems and
clearly defined outbreak investigation and control measures become essential for limiting
further spread of the disease.

1.2. ASF control, outbreak investigation and biosecurity

There are common basic category A disease control principles and requirements in the
EU. ASF is a category A disease. Regulation (EU) 2020/687 lays down the basic rules on the
disease control measures to apply in the affected pig farms in the event of an outbreak of ASF.
EU legislation requires the competent authority to draw up and update contingency plans and
provide detailed instruction manuals on implementing measures to be taken in case of ASF
outbreak (EC, 2016). Contingency plans must ensure adequate allocation of resources and
specify command structures at national, regional and local level. They must cover general
support functions such as communication, logistics, human and material resources, as well as
preparedness and control measures. The aim of the measures is to enable a rapid and effective
response to outbreaks of category A diseases and to prevent the spread of the disease from
affected animals and farms to unaffected animals. To provide effective disease control, it is
essential to draw up, and keep up to date, detailed instruction manuals. Instruction manuals
refer to and describe the operational instructions and procedures to be implemented in the event
of an outbreak, to control and eradicate the disease. Instruction manuals contain documents that
provide detailed technical guidance and procedures for specific animal diseases. They cover
aspects such as disease procedure for notification, diagnostic criteria and capacities,
epidemiological enquiries, establishment of the restricted zones and control measures to be
applied in the restricted zones, vaccination plans, culling and disposal, cleaning and
disinfection, and repopulation. From a scientific perspective, such preparedness planning is
essential because ASF virus is environmentally resistant and capable of spreading through both
direct and indirect transmission pathways, requiring coordinated and immediate response
measures (EFSA, 2021; WOAH, 2023).

Disease control and biosecurity measures should be applied immediately in the affected
farms, particularly as regards movements of animals and products of animal origin. In order to
prevent the spread of the infection from the affected pigs and holdings the following measures
have to be implemented: isolation of all animals suspected of being infected, ceasing all
movements of pigs from or to the establishment; keeping the manure, including litter and used
bedding, and any product, material or substance likely to be contaminated until they are
disposed of or processed or cleaned and disinfected. Additional biosecurity measures to avoid
any risk of spreading the disease must be implemented. Furthermore, a restricted zone
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(protection and surveillance) around the affected establishment needs to be established to
prevent any further spread of the disease. Certain prohibitions of movements of animals and
products within, from or through the protection and surveillance zones and the prohibitions of
other activities that can pose a risk of spreading the disease are always established by the
competent authorities. Control measures applicable within the surveillance zone include
specific rules for animals, products obtained from those animals, and other substances and
materials that may be contaminated. These measures are scientifically justified by the fact that
ASF virus can persist for long periods in organic material such as manure, bedding and
contaminated products, and can be transmitted indirectly via fomites, making strict movement
control and biosecurity essential to interrupt transmission pathways (EFSA, 2021; WOAH,
2022).

According to the EU legislation each country must have, implement and maintain a
system that provides early detection of animal infectious diseases. EU Member States shall
ensure that animal owners or keepers and other natural or legal persons immediately notify the
competent authority where they suspect the presence of ASF or where the presence of a disease
is detected. Veterinary services shall immediately conduct an investigation to confirm or rule
out the presence of the suspected ASF (EC, 2019). Legislation requires the competent authority
to carry out investigations on the occurrence of a disease at different stages: when the disease
is suspected; when the disease is confirmed; and when it is necessary to rule out its spreading
to epidemiologically linked establishments and locations. Those investigations include clinical
examination and sampling for laboratory testing. Early detection and rapid notification are
critical from an epidemiological perspective, as ASF outbreaks are often detected late due to
non-specific early clinical signs, and delays in detection significantly increase the risk of further
spread (EFSA, 2018).

For ASF outbreaks in pig farms, EU legislation requires also thorough outbreak
investigation with the aim of identifying the likely origin of the virus and the high-risk period
(HRP), that is, the estimated time that ASF has been on the farm before detection as well as to
obtain information on the likely spread of the disease to other farms (EC, 2002; EC, 2016; EC
2019). EU legislation required (until 21 April 2021) the collection of random blood samples
from pigs on the affected holding during the culling process for serological and virological
testing. The minimum number of samples required should allow the detection of a
seroprevalence of 10% in pigs in each sub-unit of the holding with a 95% confidence level (EC,
2003). Considering that the dominant ASF virus genotype II strains currently circulating are
causing a case-fatality rate of >90%, seropositive healthy pigs are rarely found as majority of
pigs do not survive the acute phase (Blome et al., 2020). Therefore, considering the circulation
of virulent viruses, surveillance based on random serological sampling was no longer
recommended as a method to estimate the spread of the virus within an affected farm (EFSA,
2021). The targeted surveillance approach was based on the assumption that infected animals
would get sick and die (Busch et al., 2021; Blome et al., 2020). Nevertheless, antibody tests are
important by providing additional information about the duration of virus presence on a farm
and therefore are always employed.

A mandatory control measure is the killing of pigs that are infected or may be infected or
may contribute to the spread of the disease. All animals of susceptible species kept in the
affected establishment shall be killed as soon as possible on the spot, within the establishment,
in such a way as to avoid any risk of spreading the disease agent during and after killing. Due
to that reason all pigs from the outbreak farms independently of their size are killed and their
carcasses safely disposed in the rendering plant. Although EU regulation allows to the
competent authority to grant derogation from killing all the pigs in the epidemiological units in
which the disease has not been confirmed if farm consists of more than one epidemiological
unit. Such derogation can be granted only after carrying out a risk assessment, and after
obtaining favorable results in laboratory examinations, and provided that the epidemiological
enquiry has not revealed any epidemiological link between the epidemiological units in which

15



the disease has been confirmed (EC, 2019). Stamping-out is scientifically justified because ASF
has no effective treatment or vaccine available, and infected animals represent a major source
of virus shedding; therefore, rapid elimination of infected and potentially exposed animals is
essential to remove infection sources and prevent further transmission (WOAH, 2023).
Additionally, safe disposal of carcasses is critical, as ASF virus can remain infectious in
carcasses for extended periods and contribute to environmental contamination and further
spread (EFSA, 2018).

In Latvia all ASF suspected cases are notified to veterinary practitioner or to the
veterinary service (FVS). Clinical, post-mortem inspection and sampling are carried out by
veterinary practitioners or official veterinarians. Samples for laboratory investigation must be
taken and sent to the NRL (MK, 2004). If ASF virus genome or antibodies are detected, the pig
is considered infected and competent authority is in charge to confirm the outbreak. The
laboratory costs for ASF investigations are covered by the State budget.

For the purpose of timely detection of outbreaks and due to high lethality (case fatality)
and low mortality in the initial phase of an outbreaks and low contagiousness of the ASF virus
it was decided to introduce an enhanced passive surveillance system in pig farms located in
ASF risk areas. This was a consequence following the investigation of outbreaks in large farms,
in particular the outbreak in a commercial farm in Latvia in January 2017. Afterwards the EU
legislation was adapted accordingly, introducing the legal requirement to implement and
maintain enhanced passive surveillance system. According to the current EU legislation the
owner or keeper of the animals shall be obliged to ensure testing each week at least the first two
dead pigs over the age of 60 days or, in the absence of such animals, on any dead pig after
weaning, in each epidemiological unit (EC, 2023).

The FVS regularly informs the European Commission using ADIS (Animal Disease
Information System) and the World Organization for Animal Health (WOAH) using WAHIS
system (World Animal health Information System) about ASF cases in wild boar and outbreaks
in domestic pig herds (EC, 2020; WOAH WAHIS). This is a way how information about a
detected disease and the adopted measures is shared between the countries, allowing the
competent authorities to react properly and to provide the necessary awareness of the disease
risks and implement preventive measures.

To provide continuous evaluation and awareness of control measures the FVS organizes
meetings for veterinary practitioners and official veterinarians, hunters’ associations and pig
farmers providing updated information about ASF epidemiological situation in wild boar
population, and about the ASF outbreaks, the disease control measures and necessity to enforce
biosecurity. Frequently media (press, radio and TV) are involved in awareness activities (PVD,
2021). Campaigns are supported by specially prepared videos and booklets containing different
information depending on the message to be delivered and the target audience (FVS website 2).

Awareness of the disease is another important precondition to avoid or timely detect the
infection. There are different target audiences for awareness campaigns, starting from the public
in general, animal keepers, farmers, practicing veterinarians, official veterinarians, hunters etc.

Since there is no vaccine or treatment for ASF, the only way to prevent ASF virus
introduction in the herd is the implementation of preventive measures. Biosecurity is the most
effective preventive measure. It is a special system that needs to be developed, adopted,
implemented and maintained respecting each individual establishment where pigs are kept. All
holdings in which pigs are kept must ensure the implementation and compliance with the
measures specified in Regulation of Cabinet of Ministers regarding a set of biosecurity
measures for kept animals (MK, 2015). In addition, the operators of establishments of kept
porcine animals located in ASF restricted zones shall ensure that reinforced biosecurity
measures are implemented in pig farms, to receive the authorization for the movements of pigs
within and outside those restricted zones (EC, 2023).

The main biosecurity requirements are as follows: there must be no direct or indirect
contact between pigs and wild boar, appropriate hygienic measures such as a change of clothes
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and footwear on entering and leaving the premises where pigs are kept, washing and
disinfection of hands and disinfection of footwear at the entrance to the premises where porcine
animals are kept, the absence of any contact with pigs for a period of at least 48 hours after any
hunting of wild boar, a prohibition on unauthorized persons or means of transport entering the
farms territory, including the premises, where pigs are kept, record-keeping of persons and
means of transport accessing the pigs. Buildings where pigs are kept must be built in such a
way that no other animals can enter the premises and buildings or have contact with pigs or
their feed and bedding material, allow for the washing and disinfection of hands, have
appropriate changing facilities for footwear and clothes at the entrance of the stables and stock-
proof fencing of at least the premises where the pigs are kept and buildings where feed and
bedding are kept.

The commercial farms have to elaborate biosecurity plan approved by the competent
authority that include the establishment of the ‘clean’ and ‘dirty’ areas for personnel appropriate
to the farm typology, such as changing rooms, shower, dining room; the setting up of the
logistical arrangements for the entry of new animals into the farm; the procedures for the
cleaning and disinfection of the facilities, transport, equipment and personnel hygiene, internal
audit or self-evaluation for enforcing the biosecurity measures (EC, 2023; MK, 2015).

Despite the existence of established regulatory frameworks, surveillance systems,
outbreak investigation requirements and biosecurity measures, ASF outbreaks in commercial
pig farms continue to demonstrate challenges related to early detection, reconstruction of
infection events and assessment of disease spread within affected holdings. These challenges
underline the importance of strengthening epidemiological investigation approaches capable of
providing reliable evidence to support outbreak management and control decisions at farm
level. Therefore, there is a need to strengthen early detection approaches and to structure
epidemiological investigations in affected pig farms to support evidence-based outbreak
management.
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2. HYPOTHESIS, OBJECTIVE AND TASKS

Hypotheses of the study:

1)

2)

3)

4)

A hypothesis-based epidemiological investigation approach, including structured
information obtained from laypersons, can reliably identify the most probable pathways of
African swine fever (ASF) virus introduction into pig herds.

Targeted sampling strategies based on the definition and categorization of epidemiological
subunits, supported by the selection of clinically affected or dead animals and key
epidemiological indicators, improve the effectiveness and timeliness of ASF outbreak
investigations by enabling the spatial identification and classification of affected and
unaffected units within pig farms, while rapid pen-side tests, such as lateral flow devices
(LFDs), may serve as supportive tools alongside standard laboratory diagnostic methods
(PCR, IPT, and ELISA).

Key epidemiological parameters can be systematically identified and applied to accurately
reconstruct the high-risk period (HRP) of ASF outbreaks in affected pig farms.

ASF outbreaks in commercial pig farms may remain undetected for prolonged periods due
to slow and heterogeneous within-farm spread and low initial farm-level mortality,
highlighting the need for targeted surveillance for earlier detection.

The aim of this study was to investigate African swine fever (ASF) control strategies by

improving and strengthening approaches for early outbreak detection and epidemiological
investigations in affected pig farms through the evaluation of existing surveillance systems and
outbreak investigation methodologies.

Tasks of the study:

1)

2)

3)

4)

S)

To investigate probable pathways of ASF virus introduction into pig herds using a
hypothesis-based epidemiological approach and evaluation of information obtained from
laypersons (I, IV).

To evaluate and develop sampling strategies for assessing ASF virus spread within affected
pig farms (II, III).

To assess the applicability of pen-side lateral flow device (LFD) tests as supportive
diagnostic tools for ASF outbreak investigations and to compare their performance with
standard laboratory diagnostic methods, including PCR, IPT, and ELISA (III).

To identify and analyze key epidemiological parameters required for the reconstruction of
the high-risk period (HRP) of ASF outbreaks in affected pig farms (I, II).

To assess surveillance approaches applied in Latvia with regard to their effectiveness for
the early detection of ASF outbreaks (I, II).
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3. MATERIALS AND METHODS

3.1. Study design and study sites

Four interconnected epidemiological studies were carried out in commercial pig farms
affected by African swine fever (ASF) in Latvia between 2017 and 2020. The studies focused
on ASF virus introduction pathways, early outbreak detection, reconstruction of the high-risk
period (HRP), virus spread within the farm, sampling strategies, rapid diagnostic methods, and
interpretation of epidemiologically relevant field information.

Study I focused on ASF virus introduction pathways and early outbreak detection in a
commercial, farrow-to-finish pig farm with approximately 5000 pigs located in the central part
of Latvia.

Study II investigated estimation of the HRP and ASF virus spread within two large
commercial farrow-to-finish farms. One farm, located in the south-eastern part of Latvia,
housed approximately 6000 pigs, while the second farm, located in the south-western part of
Latvia, housed approximately 16,000 pigs.

Study III focused on sampling strategies and their efficiency in ASF-affected farms. The
study included three commercial farrow-to-finish farms with approximately 31, 1800, and 9000
pigs, respectively, located in the south-western part of Latvia.

Study IV investigated the significance of disease-related anecdotal information provided
by laypersons during ASF outbreak investigations in several European countries, including
Latvia.

At the time of outbreak confirmation, all study farms were located in areas under ASF-
related restrictions due to virus circulation in wild boar populations (EC, 2014; OlSevskis et al.,
2020; EFSA, 2021).

3.2. ASF outbreak confirmation and initiation of investigations

All field investigations were initiated immediately after ASF outbreaks had been
officially confirmed by the Food and Veterinary Service of Latvia (FVS). According to national
legislation, owners or keepers of pigs are obliged to report suspicion of ASF infection to a
veterinary practitioner or to the FVS (MK, 2004).

Following notification, official veterinarians visited the suspected farms and collected
blood (EDTA and serum samples in tubes) and tissue (spleen and lymph nodes) samples for
laboratory testing in order to confirm or exclude ASF infection. If ASF virus genome or ASF-
specific antibodies were detected, the pigs were considered infected, and the outbreak was
officially confirmed by the FVS.

Further investigations were performed according to applicable European Union and
national legislation regulating ASF outbreak investigations and disease control measures (EC,
2002; EC, 2016).

3.3. Epidemiological outbreak investigations and data collection

As soon as an ASF outbreak was confirmed, epidemiological investigations were
initiated. The investigations were based on one or several on-site visits depending on the
epidemiological situation in the affected farm.

To collect and cross-check epidemiologically relevant information, interviews were
conducted with farm owners, veterinarians, zootechnicians, drivers, and other personnel
involved in pig management and farm activities. In addition, farm biosecurity systems and
management procedures were assessed.
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Records related to animal movements, mortality, treatments, rendering of pigs, in-farm
movements of pigs and laboratory test results were reviewed and analyzed.

Additional samples were collected from dead pigs or from live pigs prior to culling for
epidemiological investigations and laboratory testing.

3.3.1. Hypothesis-based investigation of ASF virus introduction pathways

To facilitate and structure investigations of possible ASF virus introduction routes, a
hypothesis-based epidemiological approach was developed and applied during Study I. Based
on known ASF transmission pathways, three working hypotheses for possible virus
introduction were formulated - the wild boar hypothesis; the meat/fomite hypothesis; the trade
hypothesis.

Each hypothesis was investigated separately by evaluating epidemiological, laboratory,
management, and biosecurity information to exclude unlikely transmission routes or identify
the most plausible pathway of virus introduction. Assessment included evaluation of farm
infrastructure, fences, vehicles, equipment hygiene procedures, internal workflow, movements
of personnel, feed and food handling practices and movements of pigs and materials.

3.3.2. Reconstruction of the high-risk period (HRP)

Reconstruction of the high-risk period (HRP) was performed to estimate the probable
period during which ASF virus had been circulating within the farm before outbreak detection.
To estimate the HRP, timelines of epidemiologically important events were developed using
morbidity and mortality data, post-mortem findings, laboratory test results, clinical
observations, animal movement records, information on manure removal, records of in-farm
pig movements and biosecurity-related observations.

Clinical findings together with genome and antibody detection results (ELISA and IPT)
obtained from live and dead pigs originating from different pens and stables were collected,
analyzed, and interpreted to reconstruct the probable spread of the virus within the farms.
Particular attention was paid to possible epidemiologically relevant events involving staff
hygiene, on-farm food consumption, transport activities, and internal farm management
procedures.

3.3.3. Assessment of within-farm virus spread

Assessment of ASF virus spread within affected farms focused on identification of
infected epidemiological units and evaluation of transmission patterns within the farm. The
following clinical and pathological signs indicating possible ASF infection were evaluated and
included: increased body temperature and fever, loss of appetite, abortions, diarrhea, vomiting
with blood, hemorrhages in the skin and internal organs, enlarged or hemorrhagic lymph nodes,
splenic and renal lesions.

Internal spread of infection between stables, pens, and production units was evaluated
using clinical observations, mortality patterns, laboratory findings, and data on internal pig
movements. The investigations also evaluated whether virus spread occurred uniformly
throughout the farm or remained limited to specific epidemiological units.
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3.3.4. Collection and interpretation of layperson information

Study IV evaluated epidemiologically relevant information provided by laypersons
during ASF outbreak investigations. Personal views and statements from affected farmers, farm
workers, veterinarians, and other individuals involved in farm activities were collected
regarding possible ASF virus introduction routes and the probable timing of virus introduction
into pig herds. The statements represented subjective opinions of the respondents and were
categorized according to their epidemiological plausibility - plausible and requiring further
investigation, implausible and rather implausible but not fully excludable.

The statements were interpreted together with epidemiological, laboratory, clinical, and
biosecurity investigation findings.

3.4. Sampling strategy

3.4.1. Targeted sampling approach

Sampling for laboratory investigations was performed in each ASF outbreak farm
included in the studies. Blood (EDTA and serum samples in tubes) and tissue samples (spleen
and lymph nodes) were collected from pigs located in different stables and epidemiological
units to assess ASF virus spread within the farm and reconstruct possible transmission
pathways. Targeted purposive sampling was applied. Samples were primarily collected from
clinically affected pigs, dead pigs and pigs with direct epidemiological contact with infected or
suspected animals. Targeted sampling focused on selection of suspicious, sick, and dead pigs
for laboratory testing.

Figure 3.1 Examples of clinically affected pigs identified during targeted outbreak
investigations in ASF-affected farms: clinically sick sows showing haemorrhages in ears
and loss of appetite (photo: K. Lamberga)
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Figure 3.2 Examples of clinically affected pigs identified during targeted outbreak
investigations in ASF-affected farms: clinically sick sows and abortion and enlarged
spleen of ASF infected pig (photo: K. Lamberga)

3.4.2. Categorization of epidemiological units

A structured three-step sampling strategy was developed and applied during Study III,
including identification of epidemiological subunits, categorization of subunits according to
likelihood of infection and targeted selection of animals for testing.

For each epidemiological subunit, a category was assigned depending on the probability
of ASF virus circulation based on clinical findings, mortality patterns, epidemiological links
and previous laboratory findings.

Clinical inspection of pigs in all epidemiological subunits was performed before targeted
selection of animals for sampling. All pigs showing clinical signs and pigs having direct contact
with clinically affected animals were sampled.

3.4.3. Clinical scoring system

A clinical scoring system was developed and applied during Study III for evaluation of
clinical findings and interpretation of rapid pen-side test results. Sampled pigs were classified
according to severity of clinical signs into the following categories: clinically inconspicuous,
mild clinical signs, severe clinical signs and dead pigs.

Laboratory and rapid diagnostic test results were analyzed and compared with the clinical
scores.

3.5. Sample preparation and PCR analysis

All EDTA blood and tissue samples were stored, prepared, and processed according to
the standard operating procedures of the NRL in a laminar flow cabinet.

Organ samples intended for nucleic acid detection were mechanically homogenized
following dilution in phosphate-buffered saline (PBS) at a ratio of 1:10.

Viral DNA extraction was performed using the NucliSENS® easyMAG® automated
nucleic acid isolation system (bioMérieux, France) according to the manufacturer’s
instructions. A heterologous internal control DNA (intype IC-DNA; QIAGEN, Germany) was
used to assess extraction quality as previously described by Hoffmann et al. (2006).

Polymerase chain reaction (PCR) for ASFV genome detection was performed according
to the protocol of the European Union Reference Laboratory for ASF (Fernandez-Pinero et al.,
2013).
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Results were recorded as quantification cycle (Ct) values and interpreted as positive or
negative according to the obtained Ct values.

3.6. Serological investigations (ELISA and IPT)

Serological investigations were performed to detect ASF virus specific antibodies. The
commercially available Ingezim PPA Compac blocking ELISA kit (11.PPA.K.3, Ingenasa,
Madrid, Spain) was used for testing serum samples according to the manufacturer’s
instructions. In addition, immunoperoxidase testing (IPT) was performed on serum samples or
organ fluid samples according to the protocol of the European Union Reference Laboratory for
ASF (European Union Reference Laboratory for ASF, 2018). IPT was used to detect low
antibody titres that could not be identified by ELISA.

Combined interpretation of virological and serological test results was applied during
epidemiological investigations. Detection of ASF virus genome by qPCR together with positive
IPT and negative ELISA results in dead pigs was interpreted as indicating recent infection,
likely within approximately 10 days prior to sampling.

3.7. Rapid pen-side lateral flow device (LFD) testing

Rapid pen-side lateral flow device (LFD) tests were evaluated under field outbreak
conditions during Study III. Two types of LFD tests, including an antigen LFD for detection of
ASFV antigen in whole blood samples and an antibody LFD for detection of ASFV-specific
antibodies were used.

For antigen detection, the INgezim PPA CROM Ag LFD (11.ASF.K.42, Ingenasa,
Madrid, Spain) was used. For antibody detection, the corresponding INgezim PPA CROM Ab
LFD (11.PPA.K.41, Ingenasa, Madrid, Spain) was used. Both tests were performed according
to the manufacturer’s instructions. Results obtained under field conditions were compared with
standard laboratory methods including qPCR, ELISA, and IPT.

Figure 3.3 Performing LFD testing in the field during ASF outbreak investigation (photo:
M. Serzants)
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3.8. Statistical analysis

Diagnostic sensitivity and specificity of antigen LFD tests were calculated separately for
each farm included in Study III using qPCR results as the reference standard.

Sensitivity was calculated as true positive / (true positive + false negative) and specificity
was calculated as true negative / (true negative + false positive).

Confidence intervals for sensitivity and specificity estimates were calculated using
Epitools Epidemiological Calculators (Sergeant, 2018).

Spearman correlation analysis was performed using XLSTAT statistical software for
Microsoft Excel (Addinsoft, 2019) to assess correlations between clinical scores and laboratory
test results.

Combined interpretation of clinical, epidemiological, virological, and serological
findings was applied throughout the investigations to reconstruct outbreak dynamics and
support epidemiological decision-making.
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4. RESULTS

4.1. Investigation of ASF virus introduction pathways and reconstruction of the high-
risk period (HRP)

ASF was confirmed in the study farm in mid-January 2017. The animals were kept in
seven separate stable buildings. The stable where the first clinically affected pigs were
identified housed group-kept pregnant sows. Retrospective evaluation of post-mortem records
revealed that the first dead sow could be traced back to 28 December 2016. Another four pigs
became clinically ill on 4 January and died two days later. Additional dead sows were identified
on 6,9, 11, 12, and 13 January. In the meantime, several sows had been moved on 9 January to
another stable for farrowing, and two of these animals were subsequently found dead on 12 and
13 January, suggesting possible virus introduction into the farrowing unit through movement
of infected animals. The first dead boar in a separate breeding unit was identified on 7 January,
followed by another on 14 January. The first laboratory testing for ASF virus was performed
on pigs that died on 13 January. At the time of outbreak confirmation, 17 sows had already
died. A worker responsible for insemination duties was identified as having daily contact with
all three affected stables.

To support outbreak reconstruction and estimation of the HRP, a timeline integrating
morbidity, mortality, post-mortem findings, pig movement records, and laboratory testing
results was developed. Of the 75 sampled animals, ASF virus genome was detected in 23 pigs,
while none of the tested animals were positive for ASF antibodies. The absence of antibodies
indicated an acute course of infection. Based on the collected epidemiological and laboratory
information, the estimated time of virus introduction into the farm was approximately six weeks
before outbreak confirmation.

The observed virus spread within the farm was slow during the early phase of infection.
Following outbreak confirmation, an additional 50 samples were collected from pigs in the
affected sow unit, and only four animals tested positive for ASF virus genome detection.

Assessment of farm biosecurity showed that the farm infrastructure was generally well
developed. The holding was fenced, vehicles entering the territory passed through sanitary
control points, and dedicated farm clothing and footwear were available for staff. However, no
sanitary filters were present at the entrances to pig stables. Epidemiological investigations and
interviews revealed several weaknesses in implementation of biosecurity procedures. The
layout of changing and resting rooms did not ensure effective separation between clean and
dirty areas. Farm workers were allowed to bring food onto the premises and consume it within
the production area. In addition, documentation regarding truck disinfection procedures during
the winter period was incomplete.

A hypothesis-based epidemiological investigation approach was applied to evaluate
possible ASF virus introduction pathways. Three possible introduction hypotheses were
assessed: the wild boar hypothesis, the meat/fomite hypothesis, and the trade hypothesis.

The wild boar hypothesis was considered unlikely because the pigs were housed indoors,
the farm was fenced, and no direct or indirect contact with wild boar could be identified. No
bedding material or feed with possible wild boar contact had been used, and none of the farm
personnel participated in hunting activities.

The meat/fomite hypothesis was considered the most likely route of virus introduction.
Epidemiological investigations identified insufficient staff hygiene barriers and the possibility
that contaminated meat products may have been brought onto the farm and subsequently
introduced into pig areas. Furthermore, substantial staff turnover during the previous months
raised concerns regarding awareness of ASF transmission risks and biosecurity compliance.

The trade hypothesis was excluded because no pigs had been introduced into the farm
during the previous 12 months. However, piglets had been moved from the affected breeding
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farm to a fattening farm belonging to the same owner during the estimated HRP. Subsequently,
ASF was confirmed in the receiving farm and classified as a secondary outbreak.

During epidemiological investigations conducted in Latvia and several other ASF-
affected European countries, information and opinions provided by farmers, farm workers,
veterinarians, and other persons involved in farm activities were collected and evaluated in the
context of possible ASF virus introduction routes. In total, 31 statements regarding possible
virus introduction pathways were analyzed for their epidemiological relevance. Many
statements were considered epidemiologically important and required further investigation,
whereas others could be excluded immediately as implausible. A substantial proportion of the
statements (n=13) were classified as rather implausible but not fully excludable. The
investigations demonstrated that interpretation of such subjective information requires
epidemiological expertise, outbreak investigation experience, and structured communication
approaches.

To further investigate outbreak dynamics, additional epidemiological investigations were
performed in two other ASF-affected commercial pig farms (Farms A and B), focusing on
reconstruction of the high-risk period (HRP) and assessment of virus spread within affected
holdings.

In Farm A, ASF was confirmed on 14 July 2017. The farm consisted of seven indoor
stables. Severe clinical signs, including fever, abortions, and vomiting, were observed only in
one stable housing group-kept pregnant sows. According to anamnesis data, the first dead sow
had already been identified on 2 July following abortion. Between 2 July and outbreak
confirmation, 43 sows died. An additional 25 sows were sent to slaughter due to health
problems. The disease also spread to the farrowing stable after infected sows had been moved
from the affected unit. Dead sows were subsequently identified in the farrowing unit on 7, 8,
and 9 July. The reconstructed timeline of epidemiologically important events in Farm A and
the estimated HRP are presented in Figure 4.1.
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* Periodic slaughter of sows was performed within the farm in June, while sudden increase in numbers of slaughtered sows was
observed from the 4t of July, but it neither can be proven or excluded that ASF was the cause for slaughtering.
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Figure 4.1 Timeline of the disease event in Farm A, stable 2 and the estimated high-risk
period

In Farm A, the sow that died on 2 July was considered the index case. Assuming an
average survival period of approximately 10 days after infection, the estimated virus
introduction date was around 22 June, resulting in an estimated HRP of approximately 23 days.
More than two infection cycles were assumed to have occurred before outbreak detection. The
probable spread of ASF virus between the stables in Farm A is illustrated in Figure 4.2.
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Figure 4.2 Potential spread of ASF virus between the stables in a Farm A

In Farm B, ASF was confirmed on 31 July 2018. The farm consisted of two
geographically separate production locations. Enhanced passive surveillance was already
implemented at the time of outbreak occurrence. Three dead weaners identified on 29 July were
tested for ASF virus and found PCR positive. These pigs had previously been moved together
with 277 other weaners from location B1 to location B2 on 23 July. After movement, mortality
increased in the recipient group in location B2, whereas no increased mortality was observed
in the remaining pigs in the source unit. A slight increase in mortality was observed in another
stable of location B1 from mid-July onwards. Mortality data from stable 4 of location B1, which
were used as part of the HRP reconstruction process, are presented in Figure 4.3.
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Figure 4.3 Mortality data in stable 4 of Location B1

The reconstructed timeline of epidemiologically important events in location B2 is
presented in Figure 4.4.
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Figure 4.4 Timeline of the disease event in the stable where the first ASF positive pigs
were detected (location B2)

In Farm B, the pigs found dead on 29 July were considered index cases. Based on
combined virological and serological results, the estimated HRP was approximately two weeks.
Because the pigs were PCR positive and antibody positive, infection was estimated to have
occurred 7-10 days before death. Therefore, the estimated HRP was between 18 and 31 July.
The probable spread of ASF virus between stables and locations in Farm B is illustrated in
Figure 4.5.
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Figure 4.5 Potential spreading of ASF virus between the stables in a Farm B

Movement records and laboratory findings suggested that infection initially developed in
stable 4 of location B1 and subsequently spread to location B2 through movement of infected
weaners. Further spread between stables was considered most likely to have occurred through
contaminated fomites.

4.2. Assessment of ASF virus spread within pig farms and sampling strategies

Assessment of ASF virus spread within affected pig farms demonstrated heterogeneous
distribution of infection between epidemiological units. Although epidemiological links
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between production units existed, several units remained free from detectable infection even
during prolonged high-risk periods.

Following outbreak confirmation in Farms A and B, additional epidemiological
investigations and targeted sampling were performed to evaluate the extent of ASF virus spread
within the affected holdings. Samples were collected from pigs in different stables and
epidemiological units before culling. The obtained laboratory results enabled identification of
affected and non-affected units within the farms.

In Farm A, samples were collected from pigs in all seven stables before depopulation.
Three out of seven stables were identified as epidemiologically affected. ASFV genome was
detected mainly in stables housing sows, whereas most fattening units remained negative. The
distribution of virological and serological results between the different stables of Farm A is
presented in Table 4.1.

Table 4.1
RT PCR and serology results of pigs from Farm A sampled in different stables before
culling
Number Number of Laboratory testing results
Stabletd | °fPigs | Category | samples RT PCR | Serology (ELISA,
in the of pigs taken in a . .
stable stable positive IPT) positive
1 213 Boars, sows 3 0 0
2 301 Sows * 4 4 2
3 696 Sows ** 28 10 0
4 1761 Weaners 28 1 0
5 1157 Fatteners 29 0 0
6 1136 Fatteners 28 0 0
7 554 Fatteners 20 0 0
Total 5818 N/A 140 15 2

* Sows kept in group pens. ** Sows kept with piglets.

The investigations further demonstrated that spread of ASF virus within the farms was
not uniform. In Farm A, epidemiological investigations suggested that infection initially
developed in stable 2 and subsequently spread to the farrowing unit following movement of
infected sows. Similarly, in Farm B, movement records and laboratory findings suggested that
infection initially developed in stable 4 of location B1 and subsequently spread to location B2
through movement of infected weaners. Further spread between stables was considered most
likely to have occurred through contaminated fomites. Despite existing epidemiological links
between production units, several stables remained free from infection. The probable spread of
ASF virus between production units in Farms A and B is illustrated in Figures 4.2 and 4.5,
respectively.

To further evaluate within-farm transmission patterns and improve assessment of
infection distribution, a targeted sampling strategy based on subdivision of farms into
epidemiological subunits was applied in Study III. All study farms were divided into
epidemiological subunits, which were subsequently categorized according to the probability of
ASF infection. Clinical inspection of pigs in all subunits was performed prior to sampling. The
categorization of epidemiological subunits and corresponding laboratory results are
summarized in Table 4.2.
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Table 4.2

Overview of testing results by the categories of farm sub-units

Number
Category of Ag- PCR+ PCR+ Ab-
farm subunit | 7€ | kb | Cecis | Cots | Lrpe | EUISAT | IPT
animals
FARM A
1 21 3 2 3 2 2 3
1 6 0 0 0 0 0 0
FARM B, unit Bl
1 4 3 3 0 0 0 0
2 11 1 1 4 0 0 1
3 5 1 1 0 0 0 1
FARM B, unit B2
3] 15 | 1 | 2 | 4 | o | o | 4
FARM C
1 11 7 7 4 0 0 6
2 4 0 0 0 0 nd nd
3 1 0 0 0 0 nd nd
4 18 1 1 1 0 0 0

Application of the targeted sampling strategy enabled successful identification of infected
epidemiological units within the affected farms. In Farm A, infected pigs were identified in one
epidemiological unit, while another epidemiologically linked unit remained ASF negative. In
Farm B, both farm units were affected. In Farm C, ASF-infected pigs were identified in three
out of nine epidemiological subunits.

The investigations further demonstrated that purposive sampling of clinically affected and
dead pigs enabled effective identification of epidemiologically affected units. Even in farms
with prolonged HRP, several pens remained free from detectable ASF infection.

To evaluate rapid diagnostic testing under field outbreak conditions, 87 animals were
additionally tested using antigen lateral flow devices (Ag-LFD) and compared with laboratory
gPCR results. Of these animals, 17 were positive in Ag-LFD testing, whereas 34 were positive
by qPCR. All qPCR-negative samples were also negative in Ag-LFD testing, resulting in a
relative Ag-LFD specificity of 100%. Relative sensitivity compared with qPCR was 50% (CI
34.66%). Due to the low number of antibody-positive samples, diagnostic sensitivity and
specificity of antibody LFD tests could not be calculated.

Comparison of qPCR Ct values and Ag-LFD-positive samples is presented in Figure 4.6.
Ct values of Ag-LFD-positive samples ranged from Ct 14 to Ct 18, with a median Ct value of
17.
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Figure 4.6 Comparison of Ct-values for all tested blood samples, samples that were
qPCR and Ag-LFD positive and samples that were qPCR positive but Ag-LFD negative

Evaluation of clinical findings demonstrated that neither Ag-LFD nor qPCR produced
positive results in clinically inconspicuous pigs. Positive laboratory and Ag-LFD results were
detected only in pigs showing clinical signs. Distribution of ASF-positive pigs according to
clinical score categories is presented in Figure 4.7.
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Figure 4.7 Pigs tested positive for ASF (QPCR, Ag-LFD) depending on clinical score
Correlation analysis demonstrated statistically significant associations between Ag-LFD

results and clinical score, qPCR results and clinical score, as well as between antibody LFD
and ELISA results. Results of the Spearman correlation analysis are presented in Table 4.3.
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Table 4.3

Spearman correlation matrix for different ASF test results and ASF clinical score

Variables 5513 Ab-LFD | qPCR | ELISA | IPT Csll’(')‘rceal
Ag-LFD 1 0.008 0246 | 0.008 | 0271 | 0.531
Ab-LFD X 1 0.065 | 1.000 | 0296 | 0.227

qPCR X X 1 0.065 | 0218 | 0.469

ELISA X X X 1 0.296 | 0.227

IPT X X X X 1 0.201
Clinical score X X X X X 1

Values in bold are different from 0 with a significance level p<0.05

4.3. Early detection of ASF outbreaks in pig farms

The investigations demonstrated substantial differences in outbreak detection dynamics
between the investigated farms and showed that ASF virus circulation in large commercial pig
farms may remain undetected for prolonged periods during the early phase of infection. This
was demonstrated in three different outbreak investigations included in the studies.

The January 2017 outbreak investigation demonstrated that ASF virus circulation within
the affected farm remained undetected for several weeks before official confirmation.
Epidemiological reconstruction indicated that the virus had been circulating for approximately
six weeks prior to outbreak detection.

A similar retrospective analysis was performed in Farm A, where ASF was officially
confirmed on 14 July 2017. Retrospective epidemiological investigations demonstrated that
clinical signs and increased mortality had already been present before outbreak confirmation.
According to anamnesis and mortality records, the first dead sow was identified on 2 July
following abortion. During the following days, additional dead animals and abortions were
recorded, and infected sows had already been moved between production units. The estimated
HRP in Farm A was approximately 23 days.

The investigations demonstrated that mortality initially increased slowly and remained
limited to a relatively small number of animals during the early phase of infection. This
complicated timely outbreak recognition and allowed prolonged virus circulation within the
farm before official confirmation.

In Farm B, ASF was confirmed on 31 July 2018. Three dead weaners identified on 29
July were tested for ASF virus and found PCR positive. These pigs had previously been moved
together with 277 other weaners from location B1 to location B2 on 23 July. At the time of
outbreak detection, widespread clinical signs and a marked increase in mortality had not yet
been observed. ASF was identified through the implemented enhanced passive surveillance
system, whereby dead pigs were tested weekly in the laboratory.

The reconstructed timeline of epidemiologically important events in location B2 is
presented in Figure 4.3, while mortality data recorded in stable 4 of location B1 are presented
in Figure 4.4.

The investigations demonstrated that the early stages of ASF outbreaks in large
commercial pig farms may be characterized by slow virus spread and low mortality, resulting
in delayed outbreak recognition.

Comparison of the investigated outbreaks demonstrated that systematic laboratory
testing of dead pigs (enhanced passive surveillance) enabled earlier detection of ASF outbreaks
before widespread clinical signs or substantial increases in mortality became evident.
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4.4. Integrated epidemiological approach to ASF outbreak investigations

The investigations included assessment of possible ASF virus introduction pathways,
reconstruction of the high-risk period (HRP), evaluation of within-farm virus spread, targeted
sampling, laboratory investigations, and collection of epidemiologically relevant field
information.

Hypothesis-based epidemiological investigations were applied to assess possible ASF
virus introduction routes and evaluate their plausibility. Information and opinions provided by
laypersons during outbreak investigations were collected and analyzed in the context of their
epidemiological relevance.

Reconstruction of the HRP was performed using mortality records, clinical observations,
laboratory results, animal movement data, and biosecurity information.

Assessment of within-farm virus spread, and application of targeted sampling strategies
enabled identification of affected and non-affected epidemiological units within outbreak
farms. Rapid pen-side diagnostic tests (LFDs) were evaluated under field outbreak conditions
and compared with standard laboratory diagnostic methods.

Comparison of the investigated outbreaks showed differences in outbreak detection
timing between farms and demonstrated prolonged undetected ASF virus circulation during the
early phase of infection in some outbreaks.
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S. DISCUSSION

5.1. Investigation of ASF virus introduction pathways and reconstruction of the high-
risk period (HRP)

Our investigations demonstrated that human-mediated pathways and biosecurity failures
were the most probable mechanisms of ASF virus introduction into affected pig farms.
Furthermore, reconstruction of the high-risk period (HRP) proved essential for understanding
outbreak dynamics and identifying secondary transmission risks.

The hypothesis of virus introduction via fomites and contaminated meat appeared to be
the most likely route of infection, as infectious material could have entered the farm through
staff or visitors. These findings emphasize the importance of maintaining awareness of disease
transmission risks and implementation of biosecurity measures among different target groups
involved in pig production. Human-related activities therefore require continuous attention
within ASF prevention strategies. Our investigations confirmed that inadequate biosecurity
remains one of the major risk factors for ASF introduction into pig farms and demonstrated that
a structured, hypothesis-based epidemiological approach provides a useful methodological
framework for outbreak investigations.

Good on-farm biosecurity is considered the most effective means of preventing ASF virus
introduction into domestic pig holdings (Bellini et al., 2016). Following the first ASF cases
detected in wild boar and domestic pigs in Latvia in 2014, national biosecurity requirements
for pig holdings were gradually strengthened. However, field experience demonstrated that
implementation of biosecurity measures was particularly challenging for many pig farmers,
especially in smaller farms and backyard holdings, where biosecurity previously had not been
systematically applied. In addition to financial investments in infrastructure, equipment, and
farm fencing (“hardware”), effective biosecurity also requires implementation of appropriate
management procedures (‘“software”), including hygiene measures, internal workflow
organization, staff awareness, and compliance with daily routines. Our observations indicated
that the “software” component represented the greatest long-term challenge, as maintaining
awareness and changing habitual behavior requires continuous education, monitoring, and
commitment.

When ASF outbreaks occur, epidemiological investigations must identify the most
probable route of virus introduction into the holding. Such investigations require assessment of
the entire farm system, including buildings, vehicles, equipment, fencing, animal movements,
personnel movements, and management procedures linked to biosecurity implementation. In
addition to biosecurity assessment, epidemiological investigations frequently rely on indirect
epidemiological information, including observations and opinions provided by persons
involved in farm activities.

Various pieces of information provided by laypersons during outbreak investigations
were examined in greater detail. Farmers, farm workers, zootechnicians, and veterinary
practitioners are commonly interviewed to obtain their opinions regarding possible virus
introduction routes and the probable timing of introduction. Although these individuals may
not possess detailed epidemiological knowledge of ASF, their observations and suspicions may
provide useful contextual information. Numerous statements collected during outbreak
investigations were therefore evaluated according to their potential epidemiological relevance
and the need for further investigation.

However, interpretation of such subjective information is often difficult and requires
careful evaluation in the context of clinical findings, biosecurity assessments, laboratory test
results, and other epidemiological data. Some statements may appear highly speculative or
initially seem to have little value, while others may represent important epidemiological clues.
In some situations, anecdotal or misleading information may also be encountered (Trotta et al.,
2022). Furthermore, farm representatives may be reluctant to discuss possible failures in
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biosecurity implementation due to concerns regarding legal responsibility for the outbreak.
These findings highlight the importance of trained investigators with expertise in ASF
epidemiology, communication skills, and knowledge of legal requirements. Structured
questionnaires and systematic interview approaches may improve the quality and consistency
of information obtained during epidemiological investigations. Most statements collected
during investigations were related to human activities, particularly in smaller farms, further
emphasizing the central role of human-mediated pathways in ASF spread (Zani et al., 2019;
Ardelean et al., 2021).

While identification of virus introduction pathways represents a critical component of
outbreak investigations, understanding how long the virus has been circulating within the farm
is equally important for evaluating the extent of exposure and the potential for secondary
transmission. Therefore, reconstruction of the HRP becomes an essential analytical component
of epidemiological investigations.

Our investigations demonstrated that ASF outbreaks in large commercial pig farms may
remain undetected for prolonged periods, often involving more than one infection cycle before
disease suspicion and laboratory confirmation. These findings highlighted the importance of
distinguishing the incubation period from the HRP, as these concepts are frequently confused
even among veterinary professionals. In the case of ASF, particularly in large commercial
farms, several transmission cycles may occur before clinical suspicion arises.

The investigations showed that only a few animals died during the initial phase of the
outbreaks and that mortality increased gradually over the following weeks. This observation
suggests that ASF transmission within large pig farms initially occurs relatively slowly. At the
beginning of infection, only a limited number of animals become infected, and time is required
before sufficient environmental virus contamination develops to support wider transmission
within the holding. Efficient transmission occurs when infected pigs begin to bleed, abort, or
die, thereby exposing susceptible pigs to blood and other infectious excretions (Pietschmann et
al., 2015). Experimental studies with genotype II ASF virus have demonstrated that one
infection cycle, from infection to death, lasts approximately 10 days (Guinat et al., 2016;
Pietschmann et al., 2015; Gabriel et al., 2011; Blome et al., 2013).

Field observations in Latvia and experimental studies further demonstrated that ASF
contagiousness is lower than commonly assumed (Pietschmann et al., 2015). In 2014, 32 ASF
outbreaks in Latvia were investigated. In 12 farms, all pigs were still alive when official
veterinarians arrived, whereas in 20 farms one or more pigs had already died. Nevertheless,
laboratory testing demonstrated that clinically healthy pigs housed in the same pen or barn had
frequently not yet become infected with ASF virus (OlSevskis et al., 2016). These findings
demonstrate that substantial delays may occur between infections of individual animals and that
transmission to other pigs often occurs only after infected animals have died.

The methodology developed for HRP reconstruction, and the associated analytical
approach are presented in Studies I and II. Timelines were established to reconstruct the
probable course of infection within the farms. Various epidemiologically relevant data were
collected and analyzed, including anamnestic information, morbidity and mortality records,
post-mortem findings, laboratory results, internal pig movements, manure removal activities,
and biosecurity-related observations. Particular attention was paid to staff-related risk factors,
including hygiene practices, food consumption on farms, awareness of disease transmission
risks, and transport vehicle movements. Relevant vulnerabilities identified during
investigations were integrated into the analytical timelines.

The approach proved useful for systematic HRP estimation and provided important
operational value for outbreak management. Reconstruction of the HRP enabled the competent
authority to trace potential secondary outbreaks, monitor the health status of pigs moved to
other farms or slaughterhouses during the HRP, and identify potentially contaminated meat
products requiring recall. However, reconstruction of the HRP alone does not fully explain
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outbreak dynamics. To support operational decision-making, the spatial and structural
distribution of infection within affected farms must also be assessed.

5.2. Assessment of ASF virus spread within pig farms and sampling strategies

Our investigations demonstrated that ASF spread within large commercial pig farms was
frequently heterogeneous, with some epidemiological units remaining unaffected even during
prolonged high-risk periods. This finding highlighted the need for targeted sampling strategies
to accurately assess within-farm virus distribution.

Assessment of virus spread within affected farms is essential not only for understanding
outbreak dynamics but also for supporting implementation of appropriate disease control
measures. Although epidemiological links between different farm units usually exist due to pig
production practices and shared management procedures, not all epidemiological units
necessarily become infected. Our investigations demonstrated that even during prolonged
HRPs, some pens or farm sections remained unaffected. These findings indicate that ASF
spread within large commercial farms is not uniform and follows identifiable transmission
patterns.

A detailed understanding of within-farm infection distribution enables prioritization and
coordination of disease control measures, including targeted culling strategies focused initially
on the most affected units. Furthermore, detailed epidemiological assessment of infection
distribution may support adaptation of disease control measures to specific outbreak situations,
particularly in scenarios where regulatory frameworks allow derogations from total
depopulation (EC, 2019).

The housing system and animal management practices may also influence within-farm
transmission dynamics. When pigs are housed in larger groups, virus spread is generally faster
than in systems where animals are housed individually or in smaller groups. Therefore,
assessment of epidemiological links, internal animal movements, housing structures, and
management practices becomes important for understanding transmission pathways within
affected farms.

Once epidemiological units and potential transmission pathways have been identified,
these analytical findings must be verified through an appropriate diagnostic sampling strategy.
Such a strategy should be aligned both with reconstructed transmission patterns and with the
epidemiological characteristics of ASF infection.

Prior to development of the targeted approach described in Study III, legislation required
collection of random blood samples during culling for serological and virological testing. The
minimum sample size was intended to detect a seroprevalence of 10% within each
epidemiological subunit with a confidence level of 95% (EC, 2003). However, considering that
highly virulent ASF virus strains were circulating in Europe, such random surveillance
approaches became less appropriate for assessing active virus circulation (EFSA, 2021). Since
virulent ASF infections result in death in the majority of infected pigs, surveillance strategies
should primarily focus on virus detection in clinically sick and dead animals (Blome et al.,
2020; Busch et al.,, 2021). Nevertheless, serological testing may still provide valuable
epidemiological information regarding the duration of virus circulation within the farm.

Study III had two objectives: firstly, to develop a targeted and efficient sampling strategy
for ASF-affected farms, and secondly, to evaluate the suitability of lateral flow devices (LFDs)
under field conditions in comparison with standard laboratory methods, including PCR, ELISA,
and IPT. Until then, LFDs had mainly been evaluated under experimental rather than field
conditions in ASF-affected farms.

The underlying hypothesis was that ASF-infected animals would most likely be detected
among clinically sick animals and that LFDs could support rapid identification of such animals
under field conditions. Our results demonstrated that due to lower sensitivity compared with
standard laboratory methods, LFDs cannot replace laboratory confirmation and are not suitable
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for demonstrating disease freedom. However, they proved useful as complementary field tools
during outbreak investigations in already confirmed ASF outbreaks, particularly when
examining clinically suspect and dead pigs.

The principal objective of Study III, however, was to establish a reliable sampling strategy
capable of providing an overview of virus distribution within affected farms. We developed a
practical approach for subdividing farms into epidemiological units and categorizing them
according to the likelihood of ASF virus circulation. Targeted sampling focused on clinically
sick and dead animals, as well as pigs in close contact with infected animals. Our findings
demonstrated that purposive sampling of clinically affected and dead pigs is highly effective
for identifying infected epidemiological units and assessing active virus circulation within
affected farms.

The proposed approach therefore provides a structured epidemiological tool for
assessment of ASF spread within commercial pig farms and supports more evidence-based
outbreak management. However, although targeted sampling improves outbreak investigations
after disease confirmation, prevention of prolonged undetected virus circulation requires
equally effective early detection systems. Therefore, surveillance strategies aimed at shortening
the HRP remain a critical component of ASF control.

5.3. Early detection of ASF outbreaks in pig farms

The studies demonstrated that enhanced passive surveillance substantially improved early
detection of ASF outbreaks and shortened the high-risk period (HRP) in affected pig farms.
Study II, which analyzed two outbreak farms, one in 2017 and one in 2018, clearly illustrated
the importance of enhanced surveillance approaches. On one farm, enhanced passive
surveillance was not yet applied because the outbreak occurred before implementation of the
system. As a result, ASF was detected with a delay. In contrast, on the second farm, the disease
was detected considerably earlier due to the implementation of enhanced passive surveillance.
Although mortality levels did not initially raise suspicion of ASF, the disease was detected
because dead pigs were systematically tested for ASF.

Early detection is essential for minimizing the HRP and reducing opportunities for further
virus transmission within and between farms. However, when Study I was conducted in 2017,
there were no specific legal requirements for early ASF detection in pig farms. In addition,
practical epidemiological knowledge regarding the behavior of ASF virus following its
introduction into commercial pig farms was still limited. At that time, surveillance procedures
for early ASF detection were mainly based on active surveillance and the ASF Diagnostic
Manual in use during that period.

The findings from Study I contributed to a better understanding of ASF outbreak
dynamics in large commercial pig farms, particularly by demonstrating that ASF virus
circulation may remain undetected for a prolonged period due to low initial mortality. These
observations highlighted the limitations of surveillance approaches primarily based on active
clinical inspections and general mortality indicators. Following communication of these
findings to the European Commission, enhanced passive surveillance approaches, particularly
systematic testing of dead and clinically affected pigs, received greater emphasis in ASF
surveillance strategies. Subsequently, surveillance approaches evolved both in Latvia and at the
European Union level, with enhanced passive surveillance becoming an essential component
of early ASF detection strategies (EC, 2014; EC, 2018). The present studies support the
epidemiological value of this approach and demonstrate that systematic testing of dead pigs is
a practical and epidemiologically justified method for improving early ASF detection and
shortening the HRP.
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5.4. Integrated epidemiological framework of ASF outbreak investigation and control

The findings of Studies I-IV demonstrate that effective ASF control at farm level requires
an integrated epidemiological framework combining prevention, early detection, structured
outbreak investigation, and evidence-based decision-making.

ASF remains a priority infectious disease in Latvia, where continuous circulation of the
virus in wild boar populations maintains constant infection pressure on domestic pig farms.
Temporal and spatial analyses have demonstrated variability in ASF prevalence among wild
boar populations between years and regions (Olsevskis et al., 2020; BIOR, 2022). Wild boar
therefore function as a long-term reservoir, creating a persistent epidemiological interface
between wildlife and domestic pig production systems.

Within this epidemiological context, the present studies demonstrate that ASF control at
farm level cannot rely on a single intervention but requires integration of multiple
complementary epidemiological components.

First, the investigations of virus introduction pathways demonstrated that the most critical
determinant of virus introduction is not structural farm design alone but the interaction between
infrastructure (“hardware”) and human behavior (“software”). While physical barriers reduce
direct contact with wild boar, human-mediated pathways, particularly those associated with
food handling, staff movements, and procedural non-compliance, remain central to ASF
introduction risk. This confirms that ASF epidemiology in domestic pigs is strongly influenced
by anthropogenic factors, consistent with findings from other European studies (Zani et al.,
2019; Ardelean et al., 2021). Furthermore, the structured hypothesis-based investigative
approach applied in Study I provides a methodological framework that reduces subjectivity and
increases transparency during outbreak investigations.

Second, reconstruction of the high-risk period (HRP) demonstrated the importance of
reconstructive epidemiology in outbreak management. ASF outbreaks in large commercial pig
farms may involve multiple infection cycles before disease detection, as supported by both field
observations and experimental studies with genotype II ASF virus (Guinat et al., 2016;
Pietschmann et al., 2015; Gabriel et al., 2011; Blome et al., 2013). The timeline-based analytical
approach developed in the present studies integrates clinical, laboratory, management, and
biosecurity data into a coherent epidemiological framework. This transforms HRP estimation
from a descriptive exercise into a practical analytical tool with direct relevance for tracing
secondary outbreaks and assessing onward transmission risks.

Third, assessment of within-farm spread demonstrated that infection dynamics are shaped
by internal contact structures, pig movement patterns, and housing systems. Although
epidemiological links between farm units frequently exist, infection is not necessarily
distributed uniformly throughout the farm. This finding has important implications for risk-
based disease control strategies and prioritization of control measures. It further demonstrates
that ASF spread within intensive pig production systems follows identifiable transmission
patterns that can be reconstructed and epidemiologically analyzed.

Fourth, development of targeted sampling strategies aligned diagnostic approaches with
the biological and epidemiological characteristics of highly virulent ASF strains. Given the high
case fatality rate (>90%) associated with genotype Il ASFV (Guinat et al., 2016; Gabriel et al.,
2011; Blome et al., 2013), purposive sampling of clinically sick and dead pigs is
epidemiologically more appropriate than random serological and virological sampling for
assessment of active virus circulation. The subdivision of farms into epidemiological units and
categorization according to infection risk provides a structured decision-support tool for
outbreak investigations. Although lateral flow devices (LFDs) cannot replace laboratory
confirmation, their strategic application under field conditions may improve operational
efficiency.

Finally, the transition from active surveillance towards enhanced passive surveillance
represents an important paradigm shift in ASF control (EC, 2014; EC, 2018). The findings
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generated in Studies I and II demonstrated that reliance solely on general mortality indicators
is insufficient for early outbreak detection. Instead, systematic testing of dead pigs provides an
epidemiologically justified and operationally feasible approach for improving early ASF
detection and shortening the HRP.

Taken together, the studies presented in this thesis form an integrated epidemiological
model for ASF outbreak investigation and control at farm level. The model consists of five
interdependent components: structured assessment of virus introduction pathways, analytical
reconstruction of the HRP, mapping of within-farm transmission patterns, risk-based targeted
sampling strategies, and strengthened early detection through enhanced passive surveillance.

These components are closely interconnected. Accurate HRP reconstruction improves
tracing activities, targeted sampling clarifies transmission patterns, and structured investigation
of human-mediated introduction pathways strengthens preventive biosecurity measures. At the
centre of this integrated framework lies the human factor - awareness, compliance,
communication, and decision-making.

Therefore, effective ASF control requires not only regulatory enforcement and laboratory
capacity but also sustained investment in behavioural biosecurity, structured epidemiological
training, and systematic investigation methodologies. The methodological approaches
developed in this thesis contribute to strengthening such capacity and provide a framework
applicable beyond the Latvian context.

Overall, this work demonstrates that ASF outbreak management is not solely a matter of
pathogen detection but a multidisciplinary epidemiological process integrating disease
epidemiology, farm management systems, human behaviour, and regulatory structures into a
coherent disease control strategy.
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7)

CONCLUSIONS

ASF in commercial pig farms may initially develop with slow and heterogeneous virus
spread, allowing infection to remain undetected for extended periods. These findings
demonstrate that early detection of outbreaks cannot rely solely on increased mortality or
clinical suspicion and requires systematic surveillance approaches.

Reconstruction of the HRP represents a central element of epidemiological outbreak
investigation, enabling identification of probable virus introduction events, assessment of
transmission pathways, and improvement of tracing and outbreak management decisions.

Structured, hypothesis-based epidemiological investigations enable systematic assessment
of possible ASF virus introduction pathways and support exclusion of unlikely transmission
routes.

Assessment of within-farm transmission patterns demonstrated that ASF spread does not
occur uniformly across production units. Identification of epidemiological units and
application of targeted sampling strategies are essential for reliable assessment of infection
distribution within affected farms. Evaluation of rapid pen-side diagnostic tests under field
conditions further demonstrated their practical value as complementary tools alongside
standard laboratory methods.

Enhanced passive surveillance based on systematic testing of dead pigs significantly
improves early detection of ASF outbreaks and contributes to shortening the HRP, thereby
reducing the probability of further disease spread.

Epidemiological investigations integrating structured data collection, professional
interpretation of field information, and targeted diagnostic verification provide evidence for
adapting disease control and management measures to the specific outbreak situation,
including assessment of the possibility of applying derogations from total depopulation
measures.

The findings of this study resulted in the development of a structured framework for ASF
outbreak investigations that integrates early detection, high-risk period reconstruction,
hypothesis-based epidemiological investigation, and targeted diagnostic approaches.
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RECOMMENDATIONS

1) Enhanced passive surveillance based on systematic testing of dead pigs should be
consistently applied and maintained in commercial pig farms, as it improves early detection
of ASF outbreaks and contributes to reducing the duration of undetected infection.

2) A structured approach to reconstruction of the high-risk period (HRP), integrating
epidemiological, clinical, laboratory, mortality, and movement data, should be applied
during ASF outbreak investigations to support identification of virus introduction events,
assessment of transmission pathways, and outbreak management decisions.

3) ASF outbreak investigations should follow an integrated, hypothesis-based epidemiological
framework incorporating structured data collection, HRP reconstruction, identification of
epidemiological units, targeted sampling strategies, and appropriate diagnostic methods to
support evidence-based outbreak management and disease control.
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ANOTACIJA

Afrikas ciiku méris (ACM) ir viena no nozimigakajam ciiku infekcijas slimibam, kas
rada smagas socialekonomiskas sekas, raksturojas ar neprognoz€jamu parrobezu izplatibu un
kuras profilaksei joprojam nav pieejami efektivi arstniecibas lidzekli vai vakcinas. Mainiga
ACM epidemiologiska situacija rada pastavigu risku ciikkopibas nozarei gan Eiropas Savieniba
(ES), gan tresajas valstls. Kop§ ACM pirmo reizi tika konstatéts ES 2014. gada, ta izplatiba ir
radijusi biitiskus izaicinajumus valsts institiicijam, nozares ekspertiem un citam iesaistitajam
pusem.

ACM Latvija tika konstatéts 2014. gada, slimibai izplatoties mezaciiku populacija,
tadgjadi radot apdraudéjumu majas ciiku novietném. Kop$ ta laika ACM uzliesmojumi ir
registréti dazada tipa ctku novietnés visa Latvija. Lai gan pirmie uzliesmojumi galvenokart tika
konstatéti piemajas saimniecibas, pirmais uzliesmojums liela komerciala ciku novietné tika
apstiprinats 2017. gada janvari, kas kalpoja par pamatu padzilinatu epidemiologisko
izmekl&Sanu uzsakSanai. Turpmakie uzliesmojumi vairakas komercialas cuku novietnés radija
iespgju veikt plasakas epidemiologiskas izmeklé$anas realos lauka apstaklos. Saja promocijas
darba apkopoti tris epidemiologisko p&tijumu rezultati, kas veikti Cetras liclas komercialas ciiku
novietnés Latvija, ka arT ceturta p&tijuma rezultati, kura analiz&ti fermu darbinieku, ciiku
audzetaju un citu nespecialistu viedokli par iespgjamiem virusa iekliiSanas celiem saimniecibas
dazadas ACM skartajas valstis Eiropa.

Petijumu merkis bija identificét iespgjamos virusa iekltiSanas avotus saimniecibas,
noteikt ticamako virusa iekltisanas laiku un izpétit slimibas izplatibas celus novietnu ietvaros.
Kopuma §o pétijumu rezultati lava izstradat strukturétu epidemiologisko pieeju ACM
uzliesmojumu izmekl&Sanai saimniecibu Itmeni. Skartajas ciiku novietn€s tika izvertetas
biodro$ibas sist€mas, izstradajot hipoteézes balstitu pieeju iesp&jamo virusa iekltiSanas celu
izmekl&Sanai. Visas pétijuma ieklautajas novietnés tika analiz€tas slimibas atklasanas sistemas,
lai novertétu, vai ACM tika konstatéts savlaicigi, un izstradatu ieteikumus uzraudzibas
pilnveidoSanai agrinakai slimibas atklaSanai. Apkopojot un analiz€jot informaciju par
saimniekoSanas praksi, ka ar saslimstibas un mirstibas datus, tika noteikts ACM augsta riska
periods (HRP) — laika posms no virusa iekliSanas novietné lidz slimibas atklasanai. HRP
rekonstrukcija kalpoja ka nozimigs analitisks instruments, kas lava sasaistit virusa iekltSanu,
slimibas atklasanu un 1@émumus par uzliesmojuma kontroli. Lai noveértétu infekcijas izplatibu
skartajas ctiku novietn@s, viena no pétjjumiem tika izstradata un praktiski pielietota mérktieciga
paraugu nemsanas strat€gija. Lai labak izprastu virusa izplatibas mehanismus novietnu ietvaros,
tika analizéti vairaki epidemiologiskie raditaji, tostarp mirstibas dati, ka ari dzivnieku,
personala un transportlidzeklu parvietoSanas. Atseviska pétijuma tika analizeti nespecialistu
viedokli par iespgjamiem slimibas iekltiSanas celiem saimniecibas, IpaSu uzmanibu pievérsot
sadas informacijas epidemiologiskajai nozimei un interpretacijai.

P&tTjumu rezultati paradija, ka ACM virusa izplatiba lielas komercialas ciiku novietnés
sakotngji norit leéni. Pastiprinata pasiva uzraudziba tika identific€ta ka bitisks instruments
agrinai slimibas atklaSanai, un tas efektivitate tika apstiprinata, sistematiski to ievieSot prakse.
Tika izstradati ieteikumi pastiprinatas pasivas uzraudzibas istenoSanai cuku novietnés, lai
samazinatu HRP ilgumu. Hipot€z&s balstita pieeja apliecinaja savu lietderibu strukturétu
epidemiologisko izmeklé$anu veikSana, nosakot iesp&jamos virusa iekliisanas celus. Piedavata
paraugu nemsanas strat€gija, apvienojot laboratoriskos izmeklgjumus ar atrajiem novietné
izmantojamiem diagnostiskajiem testiem, nodrosinaja uzticamu ACM izplatibas novérteSanu
skarto novietnu dazadas epidemiologiskajas vienibas. Savukart nespecialistu viedoklu analize
par iesp&jamiem slimibas iekltiSanas celiem apliecindja Sadas informacijas subjektivo raksturu
un uzsvéra pieredz&jusu epidemiologisko izmeklétaju nozimi tas korekta interpretacija.
Kopuma promocijas darbs sniedz ieguldijumu strukturéta ACM uzliesmojumu izmekl&$anas un
agrinas slimibas atklasanas ietvara izstradg, tadgjadi veicinot efektivaku ACM kontroli majas
ciiku novietnes.
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SAISINAJUMI

b-LFD Antivielu lateralas plismas tests

ADIS Dzivnieku slimibu informacijas sistéma

Ag-LFD Antigénu lateralas pliismas tests

ACM Afrikas cliku méris

ACMYV Afrikas ciiku méra viruss

KCM Klasiskais ciku méris

Ct Kvantifikacijas cikls

DNS Dezoksiribonukleinskabe

EFSA Eiropas Partikas nekaitiguma iestade

ELISA Enzimsaistitas imtinsorbcijas metode

ES Eiropas Savieniba

EURL Eiropas Savienibas references laboratorija

MNS (FMD) Mutes un nagu sérga

PVD Partikas un veterinarais dienests

HRP Augsta riska periods

IPT Netiesa imtinperoksidazes metode

LFD Lateralas pliismas tests

NRL Nacionala references laboratorija

PKR Polimerazes ké&des reakcija

Kvantitativa PKR (qPCR) Kvantitativa polimerazes kédes reakcija
Reallaika PKR (rtPCR) Reallaika polimerazes kédes reakcija
WAHIS Pasaules dzivnieku veselibas informacijas sistéma

WOAH Pasaules Dzivnieku veselibas organizacija
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1. IEVADS

1.1. Afrikas ciiku méris: slimibas raksturojums un epidemiologija

Afrikas ciiku méris (ACM) ir viena no nozimigakajam ciiku infekcijas slimibam, kas rada
smagas socialekonomiskas sekas, raksturojas ar neprognozgjamu parrobezu izplatibu un kuras
kontrolei joprojam nav pieejami efektivi arstéSanas vai vakcinacijas Iidzekli. ACM ir obligati
zinojama dzivnieku infekcijas slimiba.

ACM pirmo reizi aprakstija Kenija 1921. gada (Montgomery, 1921). Pirmoreiz Eiropa
slimiba tika konstatéta Portugalé 1957. gada, kur sakotngji to izdevas izskaust. Tomer 1960.
gada ACM Portugalé tika ieviests atkartoti, un no turienes izplatijas uz Spaniju, kldstot
end@misks Ibérijas pussala 20. gadsimta 70. un 80. gados un radot ievérojamus ekonomiskos
zaudgjumus. Saja perioda uzliesmojumi sporadiski tika konstatéti arT citas Eiropas un Amerikas
valstis, tostarp Niderlandé, Belgija, Francija, Ziemelitalija, Kuba, Brazilija, Dominikanas
Republikd un Haiti, tomér $ajas valstis slimibu izdevas izskaust. 1978. gada ACM tika
konstatets Sardinija, kur tas saglabajas endémisks vairak neka cCetras desmitgades (Mur et al.,
2014), lidz Sardinijas kompetentas iestades nesen sekmigi panaca slimibas izskauSanu (Cappai
et al., 2022).

Primaro uzliesmojumu infekcijas avots visbiezak bija piesarnoti partikas atkritumi no
starptautiskaja satiksmé iesaistitiem gaisa kugiem un kugiem (Mur et al., 2012). Tadél
epidemiologiskaja skatTjuma secinats, ka cilvéka darbiba un biodrosibas prasibu neievérosana
ir galvenie faktori, kas veicina gan starpkontinentalu, gan regionalu ACM izplatibu.

2007.gada gada ACM nonaca Gruzija caur Poti ostu Melnas jiiras piekrasté, visticamak, art
ar piesarpotu partikas atkritumu starpniecibu, un strauji izplatfjas Gruzija, Arménija un
Krievijas Federacija. Lidz 2012. gada beigam slimiba bija izplatijusies vairakos Krievijas
Federacijas Eiropas dalas regionos (Gogin et al., 2013; Organesyan et al., 2013). Turpmakajos
gados par uzliesmojumiem tika zinots Ukraina un Baltkrievija. 2014. gada janvari ACM
sasniedza Eiropas Savienibas austrumu robeZu, kad Lietuva tika konstatéta pirma ar ACM
inficéta mezactika. Ménesi vélak pirmie gadijumi tika registréti Polija, junija Latvija, bet 2014.
gada septembr1 — Igaunija (EFSA, 2014; Pejsak and Stadejek, 2015). Nemot veéra pirmo
uzliesmojumu geografisko tuvumu Baltkrievijas robezai, tick pienemts, ka ACM Baltijas
valstis un Polija nonaca no Baltkrievijas, lai gan §aja perioda par ACM gadijumiem Baltkrievija
oficiali netika zinots.

Jau pirms pasreiz&jas ACM izplatibas Eiropa un Azija, laika, kad slimiba bija sastopama
Afrika un Ibérijas pussala, uzliesmojumi tika registréti arT etras Amerikas valstis. Papildus
Kubai, kur slimiba tika konstatéta divas reizes — 1971. un 1980. gada, ACM tika registréts
Dominikanas Republika (1978 - 1981), Haiti (1978 - 1983) un Brazilija (1978 - 1981). Péc
vairak neka 40 gadu partraukuma 2021. gada vasara ACM atkartoti tika konstatéts Dominikanas
Republika.

Nav Saubu, ka ACM viruss Amerikas kontinentd nonaca ar kugu vai gaisa transporta
starpniecibu. Citiem vardiem sakot, tieSi cilvéka darbiba nodroSinaja virusa parneSanu starp
kontinentiem. Sada patogéna parnese ar kugiem un lidma$inam nav iznémums, bet gan
raksturiga ACM epidemiologijas iezime (EFSA, 2021; Séanchez-Vizcaino et al., 2013).
Dominikanas Republika 2021. gada konstatéto virusa izolatu sekven&Sanas rezultati apliecinaja,
ka tas pieder tam pasam virusa genotipam, kas cirkulé Eiropa un Azija.

Lai gan kops 20. gadsimta 70. un 80. gadu uzliesmojumiem Eiropa un Amerika ir pagajis
ilgs laiks un zinaSanas par ACM ir biitiski papla§inajusas, ir svarigi atceréties, ka viruss
vairakkart sp&jis parvarét okeanus un nonakt Eiropa, Azija un Amerika cilvéka darbibas
rezultata. Ar1 atkartota slimibas konstatéSana Dominikanas Republika 2021. gada kalpo ka vél
viens apliecinajums $im faktam.

Vesturiski ir aprakstiti tris galvenie ACM epidemiologiskie cikli: (i) silvatiskais cikls
Afrika, kura viruss cirkul@ starp mikstajam ércém (Ornithodoros spp.) un Afrikas savvalas cliku
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sugam, galvenokart karpctikam, neizraisot saslim$anu ne mugurkaulnieku, ne posmkaju
saimniekorganismos; (ii) ércu - ciiku cikls, kura Ornithodoros spp. €rces darbojas ka vektori un
nodroSina virusa parnesi starp majas ctikam; un (iii) majas cuku cikls, kura viruss izplatas tiesa
kontakta starp ciikam vai netieSi ar kontamin&tu materialu starpniecibu bez kompetentu
posmkaju vektoru iesaistes. Lielaka dala ACM uzliesmojumu pasaulg ir saistiti tieSi ar majas
ciku ciklu.

Tomeér péc slimibas ievazasanas Baltijas valstis un Polija 2014. gada kluva acimredzama
mezacltiku nozime slimibas epidemiologija, laujot izdalit ceturto epidemiologisko ciklu —
meZaciiku un apkartgjas vides ciklu (1.1. attéls) (Chenais et al., 2018). Sis epidemiologiskas
patnibas nosaka ACM uzliesmojumu izmekle$anas sarezgitibu un nepiecieS8amibu péc
daudzpusigas epidemiologiskas pieejas.

1.1 attels. ACM epidemiologiskie cikli. 1 - silvatiskais cikls, 2 — éréu - ciku cikls, 3 -
majas ciiku cikls, 4 — meZaciiku - vides cikls (Chenais et al., 2018)

Jaatzimg, ka epidemiologiska situacija Eiropa péc 2014. gada butiski atSkiras no
situacijas, kas tika nove€rota genotipa I dominances laika Ibérijas pussala. Paslaik
cirkulgjoSajiem II genotipa virusiem raksturiga loti augsta letalitate, tadel slimibas kontroles
pieejas un uzraudzibas koncepcijas, kas tika izstradatas agrako Eiropas uzliesmojumu laika, ne
vienmer bija tie$i piemérojamas epidemiologiskajiem apstakliem, kas 2014. gada tika novéroti
Baltijas valstis un Polija. Ipa$i jauzsver, ka serologiska uzraudziba ka agrinas slimibas
atklasanas instruments izradijas ierobeZoti efektiva apstaklos, kad inficétie dzivnieki biezi gaja
boja vel pirms nosakamu antivielu veidoSanas.

No dzivnieku infekcijas slimibu kontroles un epidemiologijas viedokla ipasi nozimiga
ir ACM virusa augsta noturiba apkartgja vide. TriidéSanas procesi un saules gaisma virusu
inaktivé nepietiekami, un tas saglaba inficét sp&ju vairakas ned€las pat sadaliSanas procesa
esoSos audos. Likos un asinis viruss sp€j saglabaties vairakus ménesus, bet sasaldéta gala - pat
vairakus gadus (Farez and Morley, 1997; EFSA, 2010). Tadel inficétu dzivnieku Iiki, ka ari
kontaming&ta gala un galas produkti var kalpot par nozimigiem infekcijas avotiem.

ACM virusa termiska inaktivacija gala un galas produktos tiek panakta, tos karsgjot 56
°C temperatiira 70 miniites vai 60 °C temperatiira 20 minttes. Galas produktu parstrades laika
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viruss tiek inaktivets tikai tad, ja produkta iek$€ja temperatiira sasniedz vismaz 69 °C. Viruss
ir stabils plasa pH diapazona no 3,0 1idz 13,4. Daudzi tradicionali lietotie dezinfekcijas lidzekli
nav efektivi pret ACM virusu, savukart skabju saturosi [idzekli nodrosina efektivu inaktivaciju.
Ipasi efektiva ir skudrskabe un citronskabe, turklat citronskabe ir efektiva arT uz koka virsmam
(Krug et al., 2012). Efektivi dezinfekcijas lidzekli ir arT natrija hidroksids (0,8 % NaOH, 30
min), hipohlorits (2,3 %, 30 min), formalins (0,3 %, 30 min), ortofenilfenols (3 %, 30 min) un
jodu saturosi dezinfekcijas lidzekli.

Runa3jot par saimniekorganismiem un vektoriem, uznémigas pret ACM infekciju ir gan
majas ctikas, gan meZzaciikas, savukart citas majdzivnieku sugas un cilvéki pret So infekciju nav
uznémigi. Afrikas karpciika tiek uzskatita par dabisko ACM virusa rezervuaru, un tai parasti
neattistas slimibas kliniskas pazimes.

Dazos Afrikas regionos, ka ar1 Ibérijas pussald, Ornithodoros gints mikstas erces ir
kompetenti ACM virusa vektori un tam ir biitiska nozime slimibas izplatiba (Oleaga-Perez et
al., 1990). Sugai Ornithodoros moubata, kas sastopama Subsaharas Afrika, raksturiga gan
transovariala, gan transstadiala virusa parneSana, un ta tiek uzskatita par pilniba kompetentu
vektoru. Savukart sugai Ornithodoros erraticus, kas sastopama Ib&rijas pussala un
Ziemelafrika, transovariala parneSana nenotiek, tomér viruss €rcé var saglabaties Iidz pat
pieciem gadiem un tiek parnests transstadiali.

Tomér miksto €rcu klatbutne nav obligats priek$noteikums infekcijas parnesei vai
epidemiologiska cikla uzturéSanai. Sardinija, ka arT Centralaja un Austrumeiropa lidz §im nav
iegiti pieradijumi par &r¢u iesaisti ACM izplatiba (EFSA, 2024). Vacija mezaciiku asins
serumos tika noteiktas antivielas pret miksto &rcu antigéniem, tacu netika konstatétas pazimes,
kas liecinatu par kontaktu ar §Tm &rcé€m (Pietschmann et al., 2016). Tad€] nav pamata uzskatit,
ka mikstas &rces biitu iesaistitas ACM epidemiologiskaja cikla Eiropa. Ari laboratoriskie
pétijumi par citu viet€jo ercu sugu, pieméram, Ixodes ricinus, vektorkompetenci neuzradija
virusa replikaciju (de Carvalho Ferreira et al., 2014).

Izmeklgjot ACM uzliesmojumus majas ciiku novietnés, asinssiicgji kukaini biezi tiek
minéti ka iespgjami mehaniskie vektori gadijumos, kad nav iesp€jams skaidri noteikt infekcijas
iekliiSanas celu. Tomér eksperimentalo un lauka pétijumu skaits, kas apstiprinatu $adu kukainu
epidemiologiski nozimigu lomu ACM izplatiba, ir loti ierobezots. Mehaniska virusa parnesana
un ilgstosa replikacijsp&jiga virusa saglabasanas ir pieradita sugai Stomoxys calcitrans (Mellor
et al., 1987). Nesena lauka pétijuma, kura tika vértéta musu un knislu iespg&jama loma ACM
virusa mehaniska parnesé, secinats, ka tadu nejauSu mehanisko vektoru ka Culicoides spp. un
S. calcitrans 1esaiste virusa parnesé ir iespgjama, tomér nepiecieSami turpmaki petijumi
(Dhollander et al., 2025). Piecjamie zinatniskie dati liecina, ka muSas un dunduri ACM
skartajas teritorijas Eiropas Savieniba var nonakt kontakta ar virusu un potenciali parnest to
ciikam (EFSA, 2024). Tadg] asinssiicgju kukainu nozime ACM epidemiologija lauka apstaklos
joprojam nav pilniba noskaidrota. Tapat nav pietickamu pieradijumu, kas lautu saistit ACM
uzliesmojumu sezonalo raksturu ar asinssticéju kukainu aktivitati.

Majas clikam un mezaciikam ACM parasti izpauzas ka akiita, loti letdla hemoragiska
slimiba, kurai raksturiga strauja klinisko pazimju attistiba un augsta letalitate. Slimibas norise
majas cikam un mezactikam ir [idziga. Infekcijai vienlidz uznémigi ir abu dzimumu un visu
vecuma grupu dzivnieki. Uznémigie dzivnieki infic€jas, nonakot tiesa kontakta ar infekciozu
materialu vai slimiem dzivniekiem, visbieZak perorala cela, uznemot kontaminétu baribu, galu
vai citus produktus. Teritorijas, kur Ornithodoros gints &rces darbojas ka vektori, infekcija var
tikt parnesta arT ar &rcu kodumiem.

No epidemiologiska viedokla Tpasi nozimigas ir viremiska dzivnieka asinis, jo infekcijas
ierosina$anai var pietikt pat ar vienu asins pilienu. Tas saistits ar faktu, ka ACM viruss
evolicijas gaita ir pielagojies parnesei ar posmkaju vektoru starpniecibu, tadé] efektivi izplatas
ar1 ar |oti nelielu asinu daudzumu.

P&c salidzinosi 1sa inkubacijas perioda, kas ilgst dazas dienas, dzivniekiem attistas
augsta kermena temperatira (Iidz 42 °C), novérojama nomaktiba un &stgribas zudums.
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Griisnam sivénmateém augsta drudza de€] var notikt aborts. Slimibas vélinakajas stadijas biezi
novero asinsizpliidumus ada un ieksgjos organos (OIE, 2019). Nave parasti iestajas divu ned€lu
laika. Atseviskos gadijumos dzivnieki iet boja, neizradot izteiktas kliniskas pazimes.
Pamatojoties vienigi uz klinisko ainu, ACM nav iesp&jams atSkirt no smagam klasiska ciiku
meéra (KCM) formam vai citam smagam sist€miskam ciiku slimibam. Drosu diagnozi iesp&jams
noteikt tikai ar laboratoriskajiem izmeklgjumiem. Sis nespecifiskas agrinas kliniskas pazimes
ir viens no iemesliem novélotai ACM uzliesmojumu atklaSanai lauka apstak]os.

Viena no ACM Ipatnibam ir ta, ka infic&tie dzivnieki, ja tie pirmajas divas nedglas neiet
boja infekcijas dél, izstrada antivielas pret ACM virusu. Tomér $Tm antivielam nav
neitraliz€josas iedarbibas, un tas nenodrosina efektivu aizsardzibu pret infekciju. Aizsargajosu
antivielu trikums ir viens no galvenajiem iemesliem, kade] joprojam nav pieejamas efektivas
vakcinas pret ACM, jo arl vakcinacijas rezultata inducétas antivielas nenodrosina pietiekamu
aizsardzibu. Vienlaikus antivielu noteikSanai ir butiska epidemiologiska nozime. Antivielu
klatbutne norada, ka infekcija dzivnieka bijusi vismaz divas ned€las. Savukart, ja antivielas
netiek konstat€tas, bet tiek noteikts tikai virusa antigéns vai virusa genoms ar polimerazes k&des
reakcijas (PKR) metodi, tas liecina par salidzinosi nesenu infekcijas iekltiSanu (mazak neka 12
dienas).

ACM nereti tiek raksturots ka loti lipiga slimiba, 1idzigi ka klasiskais cliku méris vai
mutes un nagu sérga (MNS), kuru ierosinataji liela daudzuma izdalas ar dazadiem organisma
sekrétiem un ekskrétiem. Tomér §ads raksturojums pilniba neatbilst ACM epidemiologijai.
ACM var uzskatit par loti lipigu slimibu tikai tajos gadijumos, kad galvenais transmisijas cel$
ir kontakts ar asinTm.

Kopuma uzliesmojumu epidemiologiska analize liecina, ka ACM raksturiga augsta
letalitate, zema mirstiba uzliesmojuma sakumposma un salidzinos$i zems lipigums. Letalitate ir
to dzivnieku Ipatsvars, kuri noteikta laika perioda gajusi boja no kopgja inficéto dzivnieku
skaita. ACM virusa II genotipa gadijuma letalitate ir loti augsta — vairak neka 90 % infic&to
dzivnieku iet boja divu nedélu laika (Gabriel et al., 2011; Blome et al., 2012; Blome et al.,
2013). Praktiski tas nozimée, ka gandriz katrs inficétais dzivnieks iet boja infekcijas rezultata.
Augstu letalitati apstiprina ar1 eksperimentalie pétijumi (Pietschmann et al., 2015; Gallardo et
al., 2015).

Tomér ACM uzliesmojuma sakumposma novietnes Iimeni — aptuveni divas 1idz tris
nedélas péc virusa iekltiSanas — kop€ja mirstiba var biit zema, neskatoties uz augsto letalitati, jo
skarts ir tikai ierobezots dzivnieku skaits attiecigaja epidemiologiskaja vieniba. Mirstiba ir to
dzivnieku Tpatsvars, kuri noteikta laika perioda gajusi boja attieciba pret visu populaciju.

Mingtie epidemiologiskie raditaji uzsver lauka pétijumu nozimi, lai labak izprastu
slimibas izplatibas dinamiku skartajos ganampulkos un infekcijas attistibu laika gaita novietnes
limeni. Sis epidemiologiskas Tpatnibas nosaka ne tikai infekcijas klinisko iznakumu, bet arT
ietekmé uzliesmojumu kontroles un uzraudzibas stratégiju izstradi un istenoSanu skartajos
regionos.

Sie epidemiologiskie raksturlielumi ir cie$i saistiti ar ACM virusa biologiskajam
ipasibam. ACM izraisa apvalkots divpavedienu DNS viruss, kas pieder Asfarviridae dzimtai.
Virusam ir sarezgita daudzslanaina struktiira un genoms, kas kod¢€ vairak neka 150 génus, no
kuriem iev@érojamas dalas funkcijas joprojam nav pilniba noskaidrotas. Viruss galvenokart
replicgjas infic€to Siinu citoplazma, 1pasi perinuklearajas virusu replikacijas struktiiras, un kodé
daudzus proteinus, kas nepiecieSami ta transkripcijai un replikacijai.

ACM virusam raksturigs izteikts tropisms pret monocitu - makrofagu linijas $tinam,
kuram ir centrala nozime slimibas patogenéz&. Infekcija izraisa butiskus imiinas atbildes
trauc€jumus, kas veicina smagu klinisko pazimju attistibu un augstu mirstibu. Lai gan noteiktas
imiinas reakcijas, pieméram, agrina interferonu producéSana un T limfocitu aktivacija, tiek
saistitas ar aizsardzibu pret infekciju, aizsargajosas imunitates mehanismi joprojam nav pilniba
1zprasti.
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Virusam raksturiga liela noturiba apkarteja vide, kas lauj tam ilgstoSi saglabaties
kontaminéta gala, asinis, likos un citos infekciju parnesoSos objektos. ST noturiba kopa ar
daudzveidigajiem transmisijas celiem - tieSu kontaktu, kontamin&tu baribu vai aprikojumu, ka
arT atseviskos regionos - vektoru izraisitu parnesi, butiski apgriitina slimibas kontroli un veicina
tas turpmaku izplatibu pasaulé (Mehinagic and Summerfield, 2026).

Lidz $im ir aprakstiti 22 ACM virusa genotipi (Bastos et al., 2003). Jauzsver, ka genotips
pats par sevi nesniedz pietiekamu informaciju par virusa virulenci. Sardinija, Ibérijas pussala
un Dienvidamerika cirkul&jusie ACM virusa celmi pieder I genotipam. Savukart virusa celmi,
kas paSlaik cirkulé Austrumeiropa (Baltijas valstis, Polija, Kaukaza regiona, Krievijas
Federacija un Ukraina), pieder II genotipam un tad€l nav tiesi saistiti ar Sardinija vai Ibérijas
pussala sastopamajiem izolatiem (Gallardo et al., 2009; Gallardo et al., 2014).

Paslaik cirkulgjosie II genotipa virusi rutinas sekven&Sana izmantotajos genoma
regionos ir genétiski identiski, un ar pilna genoma limeni starp tiem Konstatéjamas tikai
minimalas atSkiribas. Tomer, meklgjot iesp&jas detalizétakai celmu diferenciacijai, p&dgjos
tikt izmantoti molekulari epidemiologiskos p&tijumos (Gallardo et al., 2014; Goller et al., 2015;
Forth et al., 2022).

Latvija kop$ 2014. gada novérota epidemiologiska situacija ir praktisks piemérs ieprieks
aprakstitajai infekcijas izplatibas dinamikai un pastavigajam infekcijas apdraud@umam
skartajos regionos. Kops ACM ievazaSanas Latvija 2014. gada slimiba ir saglabajusies plasi
izplatita, turpinot cirkulét meZacuku populacija un periodiski izraisot uzliesmojumus majas
ctuku novietngs (1.2. attls).

Paslaik ACM gadijumi meZacikam ir Konstateti gandriz visa Latvijas teritorija.
Laikposma no 2014. lidz 2025. gadam registréti 11211 ACM gadijumi mezaciikam un 102
uzliesmojumi majas ciku novietnés, kuru apkaroSanas pasakumu ietvaros tika iznicinatas
81590 majas cikas (PVD dati). Sie raditaji raksturo infekcijas apdraud&jumu, ko rada
meZaciikas, un pastavigo risku virusa iekltiSanai majas ciiku novietnés.

“od ' e %\CM uzliesmojumi majas cakam
ACM gadijumi mezacukam
[ 1 Novadiun Republikas pilsétas

1.2 attels. Afrikas ciku méra gadijumu izplatiba meZaciiku populacija un
uzliesmojumi majas ciiku novietnés Latvija 2014. - 2025. gada (PVD ACM uzraudzibas
dati; vizualizacija sagatavota, izmantojot ESRI ArcGIS Pro 3.1.0 programmatiiru)

Partikas un veterinara dienesta istenotas ACM uzraudzibas un apkaro$anas programmas
ietvaros ACM izmeklgjumi tika veikti gan atrastam beigtam, gan nomeditam meZactkam.
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Veikta PKR izmekl&jumu rezultatu analize, ka arf citu petfjumu rezultati liecina, ka ACM virusa
izplatiba mezaciiku populacija butiski atSkiras gan starp gadiem, gan dazadiem Latvijas
regioniem (OlSevskis et al., 2020; BIOR, 2022).

Lai gan ACM izplatibas rezultata mezaciiku populacija strauji samazinajas no aptuveni
74000 dzivnieku 2013. gada Iidz aptuveni 15000 dzivnieku 2015. gada, mezacukas joprojam
saglabajas ka nozimigs ACM virusa rezervuars Latvija, tadéjadi radot pastavigu un ilgstodu
apdraudéjumu majas ciiku sektoram - gan komercialajam ciiku novietném, gan piemajas
saimniecibam (1.3. att€ls).
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1.3 attels. ACM gadijumi meZaciikam un novértétais mezaciiku populacijas lielums pa
gadiem (2013 - 2025) (Avots: Partikas un veterinarais dienests un Valsts meza dienests)

Sados epidemiologiskajos apstaklos, kam raksturiga nepartraukta virusa cirkulacija
meZaciiku populacija un periodiska virusa iekliiSana majas ciiku novietn&s, 1pasi biitiska nozime
ir efektivam uzraudzibas sistemam, ka ar1 skaidri definétiem uzliesmojumu izmekl€Sanas un
kontroles pasakumiem, lai ierobeZotu turpmaku slimibas izplatibu.

1.2. Afrikas ciiku méra kontrole, uzliesmojumu izmekléSana un biodrosiba

Eiropas Savieniba ir noteikti vienoti A kategorijas dzivnieku slimibu kontroles principi
un prasibas. Afrikas ciku meéris ir A kategorijas slimiba. Regula (ES) 2020/687 nosaka
pamatnoteikumus slimibas apkaroSanas pasakumiem, kas piemé&rojami skartajas ciku
novietneés ACM uzliesmojuma gadijuma. Eiropas Savienibas tiesibu akti paredz, ka
kompetentajai iestadei ir jaizstrada un regulari jaatjaunina arkartas ricibas plani, ka ari
janodrosina detaliz&tas instrukcijas par pasakumiem, kas Tstenojami ACM uzliesmojuma
gadfjuma (EC, 2016).

Arkartas ricibas planiem janodroSina atbilsto$s resursu sadalijums un skaidri janosaka
vadibas struktiira valsts, regionalaja un vietéja limeni. Tajos jaietver vispar&jas atbalsta
funkcijas, pieméram, komunikacija, logistika, cilvékresursu un materialo resursu parvaldiba, ka
arl gatavibas un slimibas kontroles pasakumi. So pasakumu mérkis ir nodrosinat atru un
efektivu reagésanu uz A kategorijas slimibu uzliesmojumiem un novérst slimibas izplatiSanos
no skartajiem dzivniekiem un novietném uz neskartiem dzivniekiem un novietném.

Efektivai slimibas kontrolei biitiska nozime ir detaliz€tu instrukciju izstradei un
regularai aktualizéSanai. Instrukcijas tiek noteiktas un aprakstitas darbibas procediras, kas
istenojamas uzliesmojuma gadijuma, lai kontrol&tu un izskaustu slimibu. Tas ietver detaliz€tus
tehniskos noradijumus par konkrétu dzivnieku infekcijas slimibu apkaro$anu, tostarp slimibas
pazinoSanas kartibu, diagnostikas kritérijiem un iesp&jam, epidemiologisko izmekl&Sanu,
ierobezojumu zonu noteikSanu un tajas piemé&rojamajiem kontroles pasakumiem, vakcinacijas
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planiem, dzivnieku nogalinasanu un liku iznicinasanu, tiriSanu un dezinfekciju, ka ar1 novietnu
atjaunoSanu péc uzliesmojuma. No zinatniska viedokla $ada sagatavotibas planoSana ir Tpasi
svariga, jo ACM viruss ir noturigs apkart&ja vidé un spgj izplatities gan tiesa, gan netiesa cela,
tade] slimibas ierobezoSanai nepiecieSama koordin€ta un nekavgjosa riciba (EFSA, 2021;
WOAH, 2023).

Slimibas kontroles un biodrosibas pasakumi skartajas novietnés jaievie$ nekavégjoties,
ipasu uzmanibu pieveérsot dzivnieku un dzivnieku izcelsmes produktu parvietoSanas
ierobezoSanai. Lai novérstu infekcijas izplatiSanos no skartajiem dzivniekiem un novietném,
nepiecieSams izol€t visus dzivniekus, par kuriem ir aizdomas par infic€Sanos, partraukt jebkadu
cuku parvietoSanu uz novietni vai no tas, ka ar1 nodro$inat, ka kutsmésli, pakais$i un citi
materiali vai vielas, kas varétu biit kontaminéti, tiek uzglabati 11dz to iznicinaSanai, apstradei
vai tiriSanai un dezinfekcijai. Papildus jaisteno biodrosibas pasakumi, lai noverstu jebkadu
turpmaku slimibas izplatiSanas risku.

Ap skarto novietni janosaka ierobezojumu zona, kas ietver aizsardzibas un uzraudzibas
zonu, lai noverstu turpmaku slimibas izplatiSanos. Kompetenta iestade nosaka ierobezojumus
dzivnieku un produktu parvietosanai aizsardzibas un uzraudzibas zonas, no tam vai caur tam,
ka arT aizliedz citas darbibas, kas var€tu radit slimibas izplatiSanas risku. Uzraudzibas zona
piem@rojamie kontroles pasakumi ietver Tpasas prasibas attieciba uz dzivniekiem, no tiem
iegiitajiem produktiem, ka ari citam vielam un materialiem, kas var biit kontaminéti.

So pasakumu zinatniskais pamatojums balstas uz ACM virusa sp&ju ilgstosi saglabaties
organiskajos materialos, pieméram, kiitsméslos, pakaiSos un kontaminétos produktos, ka ari
izplatities netiesa cela ar kontamin&tu priekSmetu un aprikojuma starpniecibu. Tadg] stingra
parvietoSanas kontrole un biodroSibas prasibu ievérosSana ir biitiski priekSnosacijumi infekcijas
transmisijas k€zu parrausanai un slimibas talakas izplatibas noveérSanai (EFSA, 2021; WOAH,
2022).

Saskana ar Eiropas Savienibas tiesibu aktiem katrai dalibvalstij ir jaizveido, jaievie$ un
jauztur sisteéma, kas nodroSina dzivnieku infekcijas slimibu agrinu atklaSanu. Eiropas
Savienibas dalibvalstim janodroSina, ka dzivnieku ipasnieki, turétaji un citas fiziskas vai
juridiskas personas nekavéjoties informé kompetento iestadi par aizdomam par ACM vai
slimibas konstateSanu. Savukart veterinarajam dienestam nekavéjoties jauzsak izmekleSana, lai
apstiprinatu vai izslégtu aizdomas par ACM klatbatni (EC, 2019).

Tiesibu akti paredz, ka kompetentajai iestadei javeic izmekl€Sana vairakos slimibas
uzraudzibas posmos: ja ir radusas aizdomas par slimibu, péc slimibas apstiprinasanas, ka art
gadijumos, kad nepiecieSams izslégt slimibas izplatiS8anos uz epidemiologiski saistitam
novietném vai citam vietam. Sadas izmekléSanas ietver klinisko izmekléSanu un paraugu
nemsanu laboratoriskajiem izmeklgjumiem. No epidemiologiska viedokla agrinai slimibas
atklasanai un savlaicigai zinoSanai ir iz§kiroa nozime, jo ACM uzliesmojumi bieZi tiek atklati
novéloti nespecifisko sakotngjo klinisko pazimju del, bet jebkura kavésanas biitiski palielina
slimibas talakas izplatibas risku (EFSA, 2018).

ACM uzliesmojumu gadijuma majas ciiku novietnés Eiropas Savienibas tiesibu akti
paredz ari padzilinatas epidemiologiskas izmekl&Sanas veik$anu, lai noteiktu iesp&jamo virusa
izcelsmi, rekonstruétu augsta riska periodu (HRP), tas ir, noveértétu laika posmu, kura viruss
atradies novietné pirms ta atklasanas, ka ar1 iegiitu informaciju par iesp&amo slimibas
izplatiSanos uz citam novietném (EC, 2002; EC, 2016; EC, 2019).

Lidz 2021. gada 21. aprilim Eiropas Savienibas tiesibu akti paredzgja nejausi atlasitu
asins paraugu nemsanu no ciikdm skartaja novietné dzivnieku likvidéSanas laika, lai veiktu
serologiskos un virusologiskos izmeklgjumus. Minimalajam paraugu skaitam bija janodrosina
iespéja konstatét 10 % seroprevalenci katra novietnes apakSvieniba ar 95 % ticamibas Itmeni
(EC, 2003).

Nemot véra, ka paslaik cirkulgjosie ACM virusa II genotipa celmi izraisa vairak neka
90 % letalitati, seropozitivas un kliniski veselas ctkas tiek konstatétas reti, jo lielaka dala
inficéto dzivnieku neizdzivo slimibas akiito fazi (Blome et al., 2020). Tadél virulentu ACM
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virusa celmu cirkulacijas apstaklos uz nejausu serologisko paraugu nemsanu balstita uzraudziba
vairs netika rekomendé&ta ka metode virusa izplatibas noverteésanai skartaja novietné (EFSA,
2021). Merktiecigas uzraudzibas pieejas pamata bija pien€mums, ka infic€tie dzivnieki saslims
un ies boja (Busch et al., 2021; Blome et al., 2020). Vienlaikus antivielu noteikSanai joprojam
ir butiska nozime, jo ta sniedz papildu informaciju par virusa klatbiitnes ilgumu novietng, tadel
serologiskie izmeklgjumi joprojam tiek izmantoti epidemiologiskas izmekl&$anas ietvaros.

Viens no obligatajiem ACM apkaro$anas pasakumiem ir tadu ciiku nogalinasana, kuras
ir inficetas, iesp&jami infic€tas vai var veicinat slimibas izplatiSanos. Visas uznémigo sugu
dzivnieku grupas skartaja novietné péc iesp€jas atrak janogalina uz vietas tada veida, lai
nogalinaSanas procesa laika un p&c ta tiktu noversts jebkads slimibas ierosinataja izplatiSanas
risks. Tade] ACM uzliesmojuma gadijuma tiek likvidétas visas ciikas skartaja novietné
neatkarigi no tas lieluma, un dzivnieku Iiki tiek dro$i iznicinati dzivnieku izcelsmes
blakusproduktu parstrades uzn€mumos.

Tomér Eiropas Savienibas tiesibu akti paredz iesp&ju kompetentajai iestadei noteiktos
gadijumos atkapties no prasibas likvidét visas ciikas novietn€, ja ta sastav no vairakam
epidemiologiskajam vienibam. Sada atkape var tikt piemérota tikai péc riska noveértjuma
veikSanas, labveéligu laboratorisko izmeklgjumu rezultatu sanemSanas un ar nosacijumu, ka
epidemiologiskaja izmekléSana nav konstatéta saikne starp epidemiologiskajam vienibam,
kuras slimiba apstiprinata, un vienibam, kuras ta nav konstateta (EC, 2019).

Pilniga dzivnieku likvidé$ana ir zinatniski pamatota pieeja, jo pret ACM nav pieejama
efektiva arst€Sana vai vakcina, bet inficétie dzivnieki ir nozimigs virusa izdaliSanas avots. Tadél
atra infic€to un potenciali inficéto dzivnieku likvidesana ir bitiska, lai novérstu infekcijas
avotus un partrauktu slimibas talaku izplatiSanos (WOAH, 2023). Tapat biitiska nozime ir
drosai dzivnieku Iiku iznicinas$anai, jo ACM viruss tajos sp&j saglabat infekciozitati ilgstosi un
var veicinat apkartgjas vides kontaminaciju un slimibas talaku izplatibu (EFSA, 2018).

Latvija par visiem aizdomigajiem ACM gadijumiem tiek zinots praktiz&joSam
veterinararstam vai Partikas un veterinarajam dienestam (PVD). Klinisko izmekl&Sanu,
peécnaves apskati un paraugu nonemsSanu veic praktiz€joSi veterinararsti vai oficialie
veterinararsti. Paraugi laboratoriskajiem izmekl&umiem janosiita uz Nacionalo references
laboratoriju (NRL) (MK, 2004). Ja laboratoriskajos izmeklgjumos tiek konstatéts ACM virusa
genoms vai antivielas pret ACM virusu, dzivnieks tiek uzskatits par inficétu, un kompetenta
iestade pienem lémumu par uzliesmojuma apstiprinasanu. Ar ACM izmekleSanu saistitas
laboratorisko analiZzu izmaksas sedz valsts budZzets.

Lai nodro$inatu savlaicigu ACM uzliesmojumu atklaSanu, nemot véra virusa augsto
letalitati, zemo mirstibu uzliesmojuma sakumposma un salidzinoSi zemo lipigumu, tika
pienemts lémums ieviest pastiprinatas pasivas uzraudzibas sistému ciiku novietnés, kas atrodas
ACM riska teritorijas. Sadas pieejas ieviesanu bitiski ietekméja lielo komercialo ciiku novietnu
uzliesmojumu izmekl€Sanas rezultati, 1pasi 2017. gada janvari konstat€tais uzliesmojums
komerciala ciiku novietné Latvija. Velak attiecigi tika pilnveidoti arT Eiropas Savienibas tiesibu
akti, nosakot juridisku pienakumu ieviest un uzturét pastiprinatas pasivas uzraudzibas sist€mu.
Saskana ar paslaik speka eso$ajam Eiropas Savienibas prasibam dzivnieku 1pasniekam vai
turétajam katra epidemiologiskaja vieniba katru nedélu janodrosina laboratoriska izmeklésana
vismaz pirmajam divam nobeigusSajam cukam, kas vecakas par 60 dienam, vai, ja $adu
dzivnieku nav, jebkurai ciikai, kas nobeigusies péc atSkirSanas (EC, 2023).

PVD regulari sniedz informaciju Eiropas Komisijai, izmantojot Dzivnieku slimibu
informacijas sisttmu (ADIS), un Pasaules Dzivnieku veselibas organizacijai (WOAH),
izmantojot Pasaules dzivnieku veselibas informacijas sistemu (WAHIS), par ACM gadijumiem
meZaciikam un uzliesmojumiem majas ciiku novietngs (EC, 2020; WOAH WAHIS). Sada
informacijas apmaina nodroSina savlaicigu informacijas apriti starp valstim par konstatetajiem
slimibas gadijumiem un Istenotajiem kontroles pasakumiem, laujot kompetentajam iestadém
atbilstosi reagét, novertét riskus un istenot nepieciesamos preventivos pasakumus.
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Lai nodroSinatu pastavigu slimibas kontroles pasakumu izveért€Sanu un veicinatu
informétibu par ACM, PVD regulari organizé sanaksmes praktiz€joSiem veterinararstiem,
oficialajiem veterinararstiem, mednieku organizacijam un ctiku audzg&tajiem, sniedzot aktualo
informaciju par epidemiologisko situaciju meZzactiku populacija, ACM uzliesmojumiem,
slimibas apkaroSanas pasakumiem un biodrosibas prasibu ievéroSanas nozimi. Sabiedribas
inform&Sanas pasakumos biezi tiek iesaistiti ari masu sazinas Iidzekli — prese, radio un televizija
(PVD, 2021). Informativas kampanas tiek papildinatas ar speciali sagatavotiem
videomaterialiem un informativiem bukletiem, kuru saturs tiek pielagots attiecigajai
mérkauditorijai un komunikacijas mérkiem (PVD timeklvietne).

Informétiba par slimibu ir viens no bitiskakajiem priekSnosacijumiem infekcijas
noverSanai vai savlaicigai atklasanai. Informativajas kampanas tiek uzrunatas dazadas
mérkgrupas, tostarp sabiedriba kopuma, dzivnieku tur€taji, lauksaimnieki, praktizgjosie
veterinararsti, oficialie veterinararsti, mednieki un citas iesaistitas personas.

Ta ka pret ACM nav pieejama ne efektiva vakcina, ne arstéSanas iespéjas, vienigais
veids, ka noverst virusa iekliiSanu novietng, ir preventivo pasakumu ievieSana. BiodroSiba ir
efektivakais profilakses lidzeklis pret ACM. Ta ir pasakumu sistéma, kas jaizstrada, jaievie§ un
pastavigi jauztur, nemot véra katras konkrétas novietnes ipatnibas. Visam novietném, kuras tiek
turétas ciikas, janodroSina Ministru kabineta noteikumos noteikto biodrosibas prasibu
ievérosana (MK, 2015).

Papildus tam ciiku novietnu operatoriem, kuru novietnes atrodas ACM ierobezojumu
zonas, janodro$ina pastiprinatu biodroSibas pasakumu ievieSana, lai sanemtu atlauju cuku
parvietoSanai ierobezojumu zonu ietvaros vai arpus tam (EC, 2023).

Galvenas biodrosibas prasibas paredz, ka janovers jebkada tiesa vai netieSa saskare starp
majas cikam un mezactikam. Novietngs jaievéro atbilstosi higiénas pasakumi, tostarp apgérba
un apavu maina, ieejot telpas, kur tiek turétas ctkas, un izejot no tam, roku mazgasana un
dezinfekcija, ka ar1 apavu dezinfekcija pie ieejas ciiku turé€Sanas telpas. Personam, kuras
piedalijusas mezaciiku medibas, vismaz 48 stundas péc medibam aizliegts nonakt kontakta ar
cikam. Tapat janodroSina, ka novietnes teritorija, tostarp ciiku tur€Sanas telpas, neieklist
nepiederosas personas vai transportlidzekli, ka arT javeic personu un transportlidzeklu uzskaite,
kas ieklust teritorija, kur tiek turétas ciikas.

Ekam, kuras tiek turétas ciikas, jabiit izbGivetam ta, lai tajas nevarétu ieklut citi dzivnieki
un nonakt saskaré ar ciikam, to baribu vai pakaiSiem. Tam janodroSina iespgja veikt roku
mazgasanu un dezinfekciju, jabut piemérotam vietam apavu un apgerba mainai pie ieejas
dzivnieku turé€Sanas telpas, ka art jabiit ierikotam droSam nozogojumam vismaz ap teritoriju,
kur tiek turétas ciikas, un vietam, kur tiek uzglabata bariba un pakaisi.

Komercialajam ciiku novietn€m ir jaizstrada kompetentas iestades apstiprinats
biodrosibas plans. Taja japaredz ,,tiro” un ,,netiro” zonu nodaliSana personalam atbilstosi
novietnes tipam, piemé&ram, gérbtuves, duSas un &dinasanas telpas, ka ari janosaka kartiba jaunu
dzivnieku ievietoSanai novietné. Biodros$ibas plana jaieklauj procediras telpu, transportlidzeklu
un aprikojuma tiriSanai un dezinfekcijai, personigas higieénas prasibas, ka ar1 ieks€ja audita vai
pasnovertéjuma sistéma biodrosibas prasibu ievérosanas kontrolei (EC, 2023; MK, 2015).

Neraugoties uz izstradatajiem normativajiem reguléjumiem, uzraudzibas sist€mam,
uzliesmojumu izmekleSanas prasibam un biodrosibas pasakumiem, ACM uzliesmojumi
komercialajas cuku novietn€s joprojam rada butiskus izaicinajumus saistiba ar slimibas agrinu
atklasanu, infekcijas notikumu rekonstrukciju un slimibas izplatibas novértéSanu skartajas
novietngs. Sie izaicinajumi uzsver nepieciesamibu pilnveidot epidemiologiskas izmeklg$anas
pieejas, kas spétu nodroSinat ticamus pieradijumus uzliesmojumu parvaldibas un kontroles
lémumu pienemsSanai novietnes limeni. Tadeél pastav nepiecieSamiba pilnveidot agrinas
slimibas atklasanas pieejas un strukturét epidemiologisko izmekléSanu skartajas ciku
novietnés, lai veicinatu uz pieradijumiem balstitu uzliesmojumu kontroli.
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2. HIPOTEZE, MERKIS UN UZDEVUMI
Pétijuma hipoteézes

1) Hipotézeés balstita epidemiologiska izmekléSanas pieeja, kas ietver strukturétu no
nespecialistiem iegiitas informacijas izvertésanu, lauj ticami identificet ticamakos Afrikas ciiku
méra (ACM) virusa iekltiSanas celus cuku ganampulkos.

2) Meérktiecigas paraugu nemsanas stratégijas, kuru pamata ir epidemiologisko apaksvienibu
defingSana un kategorizé$ana, kliniski slimu vai nobeiguSos dzivnieku atlase un bitiskako
epidemiologisko raditaju izvertesana, uzlabo ACM uzliesmojumu izmekleSanas efektivitati un
savlaicigumu, nodroSinot skarto un neskarto vienibu telpisku identific€Sanu un klasific€Sanu
cuku novietnés, savukart atrie novietné izmantojamie testi, pieméram, lateralas pliismas testi
(LFD), var kalpot ka papildu riks lidztekus standarta laboratoriskajam diagnostikas metodém
(PKR, IPT un ELISA).

3) Galvenos epidemiologiskos parametrus iesp&jams sistematiski identificét un izmantot
precizai ACM uzliesmojumu augsta riska perioda (HRP) rekonstrukcijai skartajas ciiku
novietnes.

4) ACM uzliesmojumi komercialajas ciiku novietnés var ilgstosi palikt neatklati 1énas un
nevienmerigas infekcijas izplatibas novietnes ietvaros, ka ar1 zemas mirstibas d€] uzliesmojuma
sakumposma, kas uzsver nepiecieSamibu p&c mérktiecigas uzraudzibas agrinakai slimibas
atklasanai.

Pétijuma merkis

Pétijuma meérkis bija pilnveidot Afrikas ciiku méra (ACM) kontroles stratégijas,
uzlabojot un stiprinot agrinas uzliesmojumu atklasanas un epidemiologiskas izmekl&Sanas
pieejas skartajas ciiku novietnés, izveért€jot esoSas uzraudzibas sisttmas un uzliesmojumu
izmekl&Sanas metodologijas.

Pétijjuma uzdevumi

1) Izmeklét iespgjamos ACM virusa ieklisanas celus ciiku ganampulkos, izmantojot hipotézes
balstitu epidemiologisko pieeju un izvértgjot no nespecialistiem iegtto informaciju (I, IV).

2) Izvertét un pilnveidot paraugu nemsanas stratégijas ACM virusa izplatibas novértésanai
skartajas ctiku novietnés (II, III).

3) Novertet novietné izmantojamo lateralas plismas testu (LFD) pielietojamibu ka papildu
diagnostikas riku ACM uzliesmojumu izmekl&Sana un salidzinat to veiktsp&ju ar standarta

laboratoriskajam diagnostikas metodém, tostarp PKR, IPT un ELISA (III).

4) Identificét un analizét galvenos epidemiologiskos parametrus, kas nepiecieSami ACM
uzliesmojumu augsta riska perioda (HRP) rekonstrukcijai skartajas ciiku novietnés (I, II).

5) Izvertét Latvija izmantotas uzraudzibas pieejas attieciba uz to efektivitaiti ACM
uzliesmojumu agrina atklasana (I, II).
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3. MATERIALI UN METODES
3.1. Petijuma dizains un pétijuma vietas

Laikposma no 2017. lidz 2020. gadam Latvija tika veikti Cetri savstarp€ji saistiti
epidemiologiskie petijumi komercialas cliku novietnés, kuras bija konstatéts Afrikas ciku méris
(ACM). Pétijumi bija versti uz ACM virusa iekltiSanas celu noteikSanu, agrinu uzliesmojumu
atklasanu, augsta riska perioda (HRP) rekonstrukciju, virusa izplatibu novietnes ietvaros,
paraugu nemsanas strat€gijam, atrajam diagnostikas metodém un epidemiologiski nozimigas
lauka apstaklos iegiitas informacijas interpretaciju.

I pétijuma tika analizéti ACM virusa iekliSanas celi un agrina slimibas atklaSana
komerciala pilna cikla ctiku novietné Latvijas centralaja dala, kura tika turétas aptuveni 5000
cukas.

I1 petijuma tika vertéta augsta riska perioda (HRP) noteik§ana un ACM virusa izplatiba
divas lielas komercialas pilna cikla ciiku novietn€s. Viena no novietném, kas atradas Latvijas
dienvidaustrumu dala, tika tur€tas aptuveni 6000 ctkas, savukart otra novietné Latvijas
dienvidrietumu dala — aptuveni 16 000 ciikas.

I1I petijums bija veltits paraugu nemsanas stratégijam un to efektivitatei ACM skartas
ciku novietn€s. P&tijuma tika ieklautas tris komercialas pilna cikla ciiku novietnes Latvijas
dienvidrietumu dala ar attiecigi aptuveni 31, 1800 un 9000 cukam.

IV petijuma tika analiz&ta nespecialistu sniegtas ar slimibu saistitas informacijas nozime
ACM uzliesmojumu izmekl&sana vairakas Eiropas valstis, tostarp Latvija.

Uzliesmojumu apstiprinaSanas laika visas pétfjuma ieklautas novietnes atradas
teritorijas, kuras bija noteikti ar ACM saistiti ierobeZojumi saistiba ar virusa cirkulaciju
mezactku populacija (EC, 2014; OlSevskis et al., 2020; EFSA, 2021).

3.2. ACM uzliesmojuma apstiprinasana un izmekléSanas uzsakSana

Visas lauka izmeklé3anas tika uzsaktas nekavéjoties péc tam, kad ACM uzliesmojumu
bija oficiali apstiprinajis Partikas un veterinarais dienests (PVD). Saskana ar Latvijas
normativajiem aktiem ctiku IpasSniekiem vai turétajiem ir pienakums zinot par aizdomam par
ACM infekciju praktizéjo$am veterinararstam vai PVD (MK, 2004).

Peéc pazinojuma sanemsSanas oficialie veterinararsti apmeklgja attiecigo novietni un
laboratoriskajiem izmekl&jumiem nonéma asins paraugus (EDTA asinis un asins serumu) un
audu paraugus (liesu un limfimezglus), lai apstiprinatu vai izslegtu ACM infekciju.

Ja laboratoriskajos izmeklgjumos tika konstatéts ACM virusa genoms vai ACM
specifiskas antivielas, dzivnieks tika uzskatits par inficétu un PVD oficiali apstiprinaja
uzliesmojumu.

Turpmakas izmekleSanas tika veiktas saskana ar spéka esoSajiem Eiropas Savienibas un
Latvijas normativajiem aktiem, kas reglamenteé ACM uzliesmojumu izmekl&$anu un slimibas
apkaroSanas pasakumus (EC, 2002; EC, 2016).

3.3. Epidemiologiska uzliesmojumu izmekléSana un datu vaksana

Péc ACM uzliesmojuma apstiprinaSanas nekavéjoties tika uzsakta epidemiologiska
izmeklésana. Atkariba no epidemiologiskas situacijas skartaja novietné izmeklésana ietvéra
vienu vai vairakus apmeklgéjumus uz vietas.

Lai iegiitu un parbauditu epidemiologiski nozimigu informaciju, tika veiktas intervijas
ar novietnu pasniekiem, veterinararstiem, zootehnikiem, transportlidzeklu vaditajiem un citiem
darbiniekiem, kuri bija iesaistiti ciiku apriip€ vai novietnes darbibas nodrosinasana. Papildus
tika izvertetas novietnu biodroSibas sist€mas un saimniekoSanas procediiras.
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Tika parskatiti un analiz€ti dati par dzivnieku parvietoSanu, mirstibu, arst€Sanu, krituSo
dzivnieku izveSanu, ciiku parvietoSanu novietnes ietvaros, ka ari laboratorisko izmekl&jumu
rezultati.

Epidemiologiskas izmekléSanas un laboratorisko izmekl&jumu vajadzibam papildus
tika nonemti paraugi no nobeigusam ctkam vai no dzivam ctkam pirms to likvidésanas.

3.3.1. Hipotézes balstita ACM virusa iekliiSanas celu izmekleSana

Lai atvieglotu un strukturétu iespgjamo ACM virusa iekliiSanas celu izmeklgSanu, I
pétijuma ietvaros tika izstradata un praktiski pielietota hipotézes balstita epidemiologiskas
izmekl&3anas pieeja. Balstoties uz zinamajiem ACM transmisijas celiem, tika formulétas trTs
darba hipotézes par iesp§amiem virusa iekluSanas celiem: mezacuku hipoteze,
galas/kontaminé&tu priekSmetu hipoteze un tirdzniecibas hipoteze.

Katra hipotéze tika izvertta atseviski, analizjot epidemiologisko, laboratorisko,
saimniekoSanas un biodroSibas informaciju, lai izslégtu maz ticamos transmisijas celus vai
identificétu ticamako virusa iekl@iSanas celu. IzvertéSana ietvéra novietnes infrastruktiiras,
nozogojumu, transportlidzeklu, aprikojuma higiénas procediiru, ieks$€jo darba plismu,
personala parvietoSanas, baribas un partikas aprites prakses, ka arT dzivnieku un dazadu
materialu parvietoSanas analizi.

3.3.2. Augsta riska perioda (HRP) rekonstrukcija

Augsta riska perioda (HRP) rekonstrukcija tika veikta, lai noteiktu iesp&jamo laika
posmu, kura ACM viruss bija cirkulgjis novietné pirms uzliesmojuma atklasanas. HRP
noteikSanai tika izstradatas epidemiologiski nozimigu notikumu laika linijas, izmantojot
saslimstibas un mirstibas datus, pé€cnaves izmekleSanas rezultatus, laboratorisko izmeklgjumu
rezultatus, kliniskos novérojumus, dzivnieku parvietoSanas uzskaites datus, informaciju par
kiitsméslu izveSanu, datus par ciku parvietoSanu novietnes ietvaros un ar biodrosibu saistitos
noveérojumus.

Lai rekonstruétu iesp&jamo virusa izplatibu novietnés, tika apkopoti, analiz€ti un
interpretéti kliiskie noverojumi, ka ari virusa genoma un antivielu noteikSanas rezultati
(ELISA un IPT), kas iegiiti no dzivam un nobeigu$am ciikam dazados aizgaldos un kiitis. Ipasa
uzmaniba tika pievérsta epidemiologiski nozimigiem notikumiem, kas saistiti ar personala
higiénu, partikas lietoSanu novietné, transporta aktivitatém un novietnes iekS€jam parvaldibas
procediiram.

3.3.3. Virusa izplatibas noveértésana novietnes ietvaros

ACM virusa izplatibas novértéSana skartajas novietnés bija vérsta uz inficgto
epidemiologisko vienibu identificéSanu un infekcijas izplatibas rakstura izvértésanu novietnes
ietvaros. Tika izvertétas un analiz€ ieklautas $adas kliniskas un patologiski anatomiskas
pazimes, kas var liecinat par iespgjamu ACM infekciju: paaugstinata kermena temperatiira un
drudzis, estgribas zudums, aborti, caureja, vemsSana ar asinim, asinsizplidumi ada un ieksgjos
organos, palielinati vai hemoragiski limfmezgli, ka arT liesas un nieru bojajumi.

Infekcijas izplatiba starp kutim, aizgaldiem un raZoSanas vienibam tika vértéta,
izmantojot klinisko nov€rojumu datus, mirstibas raditajus, laboratorisko izmekl&jumu
rezultatus un informaciju par ciiku parvietoSanu novietnes ietvaros. IzmekleSanas gaita tika
izvertets arl tas, vai virusa izplatiba notikusi vienmerigi visa novietn€ vai ar1 infekcija bijusi
ierobezota atseviskas epidemiologiskajas vienibas.
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3.3.4. Nespecialistu sniegtas informacijas iegiSana un interpretacija

IV pétijuma tika analizéta nespecialistu sniegtas epidemiologiski nozimigas
informacijas loma ACM uzliesmojumu izmeklé$ana. No skarto novietnu TpaSniekiem,
darbiniekiem, veterinararstiem un citam novietnes darbiba iesaistitam personam tika iegtta
informacija par iesp&jamiem ACM virusa ieklGiSanas celiem un iespg&jamo virusa ieklu3anas
laiku ciiku ganampulka.

Respondentu izteiktie viedokli un pienémumi tika uzskatiti par subjektivu informaciju
un klasificéti atbilstosi to epidemiologiskajai ticamibai: ticami un talak izmekl€jami, maz
ticami, ka arT maz ticami, bet pilniba neizsledzami.

legita informacija tika interpretéta kopa ar epidemiologiskas, laboratoriskas, kliniskas
un biodros$ibas izmekleSanas rezultatiem.

3.4. Paraugu nemsanas stratégija
3.4.1. Merktieciga paraugu nemsanas pieeja

Paraugu nemsSana laboratoriskajiem izmekl&jumiem tika veikta visds pétijumos
ieklautajas ACM skartajas cilku novietngs. Lai novértétu ACM virusa izplatibu novietnes
ietvaros un rekonstruétu iesp&jamos transmisijas celus, no ciikam dazadas kitis un
epidemiologiskajas vienibas tika nonemti asins paraugi (EDTA asinis un asins serums) un audu
paraugi (liesa un limfmezgli). P&tijumos tika izmantota mérktieciga izlases veida paraugu
nemsana. Paraugi galvenokart tika nonemti no kliniski slimiem dzivniekiem, nobeigu$am
ctiikam, ka arT no dzivniekiem, kuriem bija tieSs epidemiologiskais kontakts ar inficétiem vai
iesp&jami infic€tiem dzivniekiem. Merktieciga paraugu nemsana bija versta uz aizdomigu,
slimu un nobeiguSos dzivnieku atlasi laboratoriskajiem izmeklgjumiem.

3.1 attels. Kliniski slimu ciiku piemeéri, kas identificeéti meérktiecigas uzliesmojuma
izmekleSanas laika ACM skartas novietnés: kliniski slimas sivéenmates ar
asinsizplidumiem ausis un estgribas zudumu (foto: K. Lamberga)
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3.2 attels. Klmiski slimu ciiku piemeri, kas identificéti meérktiecigas uzliesmojuma
izmeklesanas laika ACM skartas novietnés: kliniski slimas sivénmates, aborteti augli un
ACM inficetas ciikas palielinata liesa (foto: K. Lamberga)

3.4.2. Epidemiologisko vienibu kategorizacija

III pétijuma ietvaros tika izstradata un pielietota strukturéta tris posmu paraugu
nemsanas stratégija, kas ietvéra epidemiologisko apaksvienibu identific€Sanu, apaksSvienibu
kategorizéSanu atbilsto$i infekcijas iesp€amibai un mérktiecigu dzivnieku atlasi
laboratoriskajiem izmekl&jumiem.

Katrai epidemiologiskajai apaksvienibai tika pieskirta kategorija atbilsto$i iesp&jamibai,
ka taja cirkule ACM viruss. Kategorizacija tika veikta, nemot véra kliniskos novérojumus,
mirstibas raditajus, epidemiologiskas saiknes un ieprieks ieglitos laboratorisko izmeklgjumu
rezultatus.

Pirms mérktiecigas dzivnieku atlases paraugu nonemsanai visas epidemiologiskajas
apaksvienibas tika veikta ctku kliska apskate. Paraugi tika nonemti no visam ctkam ar
kliniskam slimibas pazimém, ka arT no dzivniekiem, kuriem bija tieSs kontakts ar kliniski
slimam ctukam.

3.4.3. Kliniskas verteSanas sistema

III petijuma ietvaros tika izstradata un izmantota kliniskas vert€Sanas sist€éma kltnisko
pazimju izvertéSanai un atro novietné izmantojamo diagnostisko testu rezultatu interpretacijai.
Paraugu nemsanai atlasitas ciikas tika klasificetas atbilstosi klinisko pazimju smaguma pakapei
Sadas kategorijas: bez kliniskam pazimém, vieglas kliniskas pazimes, smagas kliniskas pazimes
un nobeigusas ciikas.

Laboratorisko izmeklgjumu un atro diagnostisko testu rezultati tika analizéti un
salidzinati ar pieskirtajiem kliniskajiem vertejumiem.

3.5. Paraugu sagatavosana un PKR analize

Visi EDTA asinu un audu paraugi tika uzglabati, sagatavoti un apstradati saskana ar
Nacionalas references laboratorijas standarta operaciju procediiram, izmantojot laminaras
plusmas drosibas kabinetu.

Organu paraugi, kas paredzeti nukleinskabju noteikSanai, tika mehaniski homogenizéti
péc atskaidiSanas fosfatu buferskiduma (PBS) attieciba 1:10.

60



Virusa DNS ekstrakcija tika veikta, izmantojot automatizéto nukleinskabju izoléSanas
sisttmu NucliSENS® easyMAG® (bioM¢érieux, Francija) saskana ar razotaja noradijumiem.
Ekstrakcijas kvalitates kontrolei tika izmantota heterologa ieksgjas kontroles DNS (intype IC-
DNA; QIAGEN, Vacija), ka aprakstits Hoffmann et al. (2006).

Polimerazes kédes reakcija (PKR) ACM virusa genoma noteikSanai tika veikta saskana
ar Eiropas Savienibas references laboratorijas ACM diagnostikas protokolu (Fernandez-Pinero
etal., 2013).

Rezultati tika registréti ka kvantifikacijas cikla (Ct) vértibas un interpretéti ka pozitivi
vai negativi atbilstosi iegiitajam Ct vertibam.

3.6. Serologiskie izmekléjumi (ELISA un IPT)

Serologiskie izmeklgjumi tika veikti, lai noteiktu ACM virusam specifiskas antivielas.
Asins seruma paraugu izmekl&Sanai saskana ar razotaja noradijumiem tika izmantots
komerciali pieejamais blok&josas ELISA tests Ingezim PPA Compac (11.PPA.K.3, Ingenasa,
Madride, Spanija).

Papildus seruma vai organu Skidruma paraugiem tika veikta netie§a imtinperoksidazes
metode (IPT) saskana ar Eiropas Savienibas references laboratorijas ACM diagnostikas
protokolu (European Union Reference Laboratory for ASF, 2018). IPT tika izmantota zemu
antivielu titru noteikSanai, kurus ar ELISA metodi nebija iesp&jams identificéet.

Epidemiologiskas izmekléSanas laika tika veikta virusologisko un serologisko
izmeklgjumu rezultaitu kombinéta interpretacija. ACM virusa genoma noteikSana ar
kvantitativo polimerazes k&des reakciju (QPKR) kopa ar pozitivu IPT un negativu ELISA
rezultatu nobeigusam ciikam tika interpretéta ka nesenas infekcijas pazime, kas, visticamak,
bija notikusi aptuveni 10 dienas pirms paraugu nonemsanas.

3.7. Atrie lateralas pliismas testi (LFD)

IIT petijuma ietvaros tika novértéta atro lateralas plismas testu (LFD) pielietojamiba
uzliesmojumu apstaklos lauka pétijumos. Tika izmantoti divu veidu LFD testi: antigéna LFD
ACM virusa antigéna noteikSanai asins paraugos un antivielu LFD ACM virusam specifisku
antivielu noteikSanai.

Antigéna noteikSanai tika izmantots INgezim PPA CROM Ag LFD tests (11.ASF.K .42,
Ingenasa, Madride, Spanija), savukart antivielu noteikSanai tika izmantots atbilstoSais INgezim
PPA CROM Ab LFD tests (11.PPA.K.41, Ingenasa, Madride, Spanija). Abi testi tika veikti
saskana ar razotaja noradijjumiem.

Lauka apstaklos iegiitie rezultati tika salidzinati ar standarta laboratorisko diagnostikas
metoZu rezultatiem, tostarp kvantitativas polimerazes kédes reakcijas (QPKR), ELISA un IPT
rezultatiem.
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3.3 attels. Atra lateralas pliasmas testa (LFD) izmanto$ana lauka apstaklos ACM
uzliesmojuma izmekleSanas laika (foto: M. Serzants)

3.8. Statistiska analize

Antigéna LFD testu diagnostiska jutiba un specifiskums tika aprékinati katrai III
petijuma ieklautajai novietnei atseviski, izmantojot qPKR rezultatus ka references metodi.
Jutiba tika aprékinata péc formulas: jutiba = patiesi pozitivi / (patiesi pozitivi + viltus
negativi). Savukart specifiskums tika aprékinats péc formulas: specifiskums = patiesi negativi
/ (patiesi negativi + viltus pozitivi).

Jutibas un specifiskuma novert§jumu ticamibas intervali tika aprékinati, izmantojot
Epitools epidemiologiskos kalkulatorus (Sergeant, 2018).

Lai novertétu saistibu starp kliniskajiem vert€§jumiem un laboratorisko izmekl&jumu
rezultatiem, tika veikta Spirmena korelacijas analize, izmantojot statistiskas analizes
programmatiiru XLSTAT Microsoft Excel videi (Addinsoft, 2019).

Visa izmekl&Sanas procesa tika izmantota klinisko, epidemiologisko, virusologisko un
serologisko rezultatu kombinéta interpretacija, lai rekonstruétu uzliesmojumu attistibas gaitu
un pamatotu epidemiologisko 1émumu pienemsanu.
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4. REZULTATI

4.1. ACM virusa iekliasanas celu izmekléSana un augsta riska perioda (HRP)
rekonstrukcija

ACM péetijuma icklautaja novietné tika apstiprinats 2017. gada janvara vidii. Dzivnieki
tika turéti septinas atseviskas kiitis. Kuti, kura tika identificétas pirmas kliniski slimas cukas,
atradas grupas turftas griisnas sivénmates. Retrospektivi izvert§jot pecnaves izmekleSanas
datus, tika konstatéts, ka pirma nobeigusies sivénmate bija registréta jau 2016. gada 28.
decembri. Vel Cetras cukas saslima 4. janvari un nobeidzas divas dienas vélak. Turpmakas
nobeigusas sivénmates tika konstatétas 6., 9., 11., 12. un 13. janvari.

Tikmér vairakas sivénmates 9. janvari tika parvietotas uz citu kiiti atneSanas
vajadzibam, un divas no §tm ciikam tika atrastas nobeigusas 12. un 13. janvari, kas liecinaja par
iespgjamu virusa ievazasanu atneSanas sektorda, parvietojot infic€tus dzivniekus. Pirmais
nobeigusSais vaislinieks atseviska vaislas dzivnieku vieniba tika konstatéts 7. janvari, bet
nakamais — 14. janvari. Pirmie laboratoriskie izmeklgjumi ACM virusa noteik3anai tika veikti
ciikam, kas nobeidzas 13. janvari. Uzliesmojuma apstiprinaSanas bridi jau bija nobeigusas 17
siveénmates. Tika konstatéts, ka darbinieks, kura pienakumos ietilpa maksliga apséklosana,
ikdiena stradaja visas tris skartajas kutis.

Lai atbalstitu uzliesmojuma rekonstrukciju un augsta riska perioda (HRP) novertesanu,
tika izveidota laika Iinija, kura apvienoti dati par saslimstibu, mirstibu, pecnaves izmekl&Sanas
rezultatiem, ctuku parvietoSanas uzskaiti un laboratorisko izmekl&jumu rezultatiem. No 75
izmekletajiem dzivniekiem ACM virusa genoms tika konstatéts 23 ciikam, savukart nevienam
no izmeklétajiem dzivniekiem netika konstatétas antivielas pret ACM virusu. Antivielu
neesamiba liecindja par akiitu infekcijas norisi. Pamatojoties uz iegiito epidemiologisko un
laboratorisko informaciju, tika secinats, ka viruss novietné bija iekluvis aptuveni seSas nedélas
pirms uzliesmojuma apstiprinasanas.

Noverota virusa izplatiba novietn€ infekcijas sakumposma bija 1€na. Péc uzliesmojuma
apstiprinaSanas no ciikam skartaja sivénmasu vieniba tika nonemti vél 50 paraugi, un tikai
Cetram clikam tika konstatéts ACM virusa genoms.

Novietnes biodrosibas izvertejums liecindja, ka infrastruktiira kopuma bija labi attistita.
Novietnes teritorija bija ieZogota, visi transportlidzekli, kas iebrauca teritorija, Skérsoja
sanitaras kontroles punktus, un darbiniekiem bija pieejams specials darba apgerbs un apavi.
Tomeér pie ieejam ciiku turé$anas telpas nebija ierikotas sanitaras caurlaides. Epidemiologiska
izmekl&Sana un intervijas atklaja vairakas nepilnibas biodroSibas prasibu istenoSana. Gerbtuvju
un atpiitas telpu izvietojums nenodroSinaja efektivu tiro un netiro zonu nodaliSanu.
Darbiniekiem bija atlauts ienest partiku novietnes teritorija un lietot to raZoSanas zona. Turklat
dokumentacija par transportlidzeklu dezinfekciju ziemas perioda bija nepilniga.

Lai izvértétu iespgjamos ACM virusa iekliiSanas celus, tika izmantota hipotézes balstita
epidemiologiskas izmekléSanas pieeja. Tika izvertetas tris iesp&amas virusa ieklliSanas
hipotézes: meZacuku hipotéze, galas/kontamin&tu priekSmetu hipot€ze un tirdzniecibas
hipotéze.

Mezacuku hipotéze tika uzskatita par maz ticamu, jo ciikas tika tur€tas sl€gtas telpas,
novietnes teritorija bija iezogota un netika konstateta ne tieSa, ne netieSa saskare ar mezaciikam.
Novietné netika izmantoti pakaisi vai bariba, kas var€tu biit bijusi kontakta ar mezactikam, un
neviens no novietnes darbiniekiem nepiedalijas medibas.

Par ticamako virusa iekliiSanas celu tika atzita galas/kontaminétu priekSmetu hipotéze.
Epidemiologiskaja izmekl&sana tika konstatétas nepietickamas personala higiénas barjeras, ka
ar1 iespé€ja, ka novietné tika ienesti kontaminéti galas produkti, kas vélak nonaca ciiku turéSanas
zonas. Papildus tam iepriek§€jo meénesu laika novietn€ bija verojama ievérojama darbinieku
mainiba, kas radija baZzas par informétibu attieciba uz ACM ievazasanas riskiem un biodrosibas
prasibu ievérosanu.
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Tirdzniecibas hipotéze tika izslégta, jo iepriek$€jo 12 meénesu laika novietné netika
ievesta neviena ciika. Tomér aprékinata HRP laika sivéni no skartas vaislas novietnes tika
parvietoti uz tam pasam pasniekam piederoSu ciiku nobarosanas novietni. Vélak Saja novietné
tika apstiprinats ACM uzliesmojums, kas tika klasificéts ka sekundars uzliesmojums.

Epidemiologisko izmeklesanu laika Latvija un vairakas citas ACM skartajas Eiropas
valstis tika apkopota un izvertéta lauksaimnieku, novietnu darbinieku, veterinararstu un citu
novietnes darbiba iesaistito personu sniegta informacija un viedokli par iespgjamiem ACM
virusa iekliSanas celiem. Kopuma epidemiologiskas nozimibas zina tika analizéts 31
apgalvojums par iesp&jamajiem virusa iekliiSanas celiem.

Daudzi no Siem apgalvojumiem tika atziti par epidemiologiski nozimigiem un prasija
turpmaku izmekleéSanu, savukart citi tika nekavéjoties izslégti ka maz ticami. Bitiska dala
apgalvojumu (n = 13) tika klasificeti ka maz ticami, bet pilniba neizsledzami. P&tijuma rezultati
paradija, ka $adas subjektivas informacijas interpretacijai nepiecieSamas epidemiologiskas
zinasanas, pieredze uzliesmojumu izmekl&$ana un strukturéta komunikacijas pieeja.

Lai padzilinati izpétitu uzliesmojumu attistibas gaitu, divas citas ACM skartas
komercialas ciku novietnés (A un B novietne) tika veiktas papildu epidemiologiskas
izmekl@Sanas, koncentrgjoties uz augsta riska perioda (HRP) rekonstrukciju un virusa izplatibas
novertésanu skartajas novietnés.
tipa kiitis. Smagas kliniskas pazimes, tostarp drudzis, aborti un vemsana, tika novérotas tikai
viena ki1, kura grupas tika turétas griisnas sivénmates. Saskana ar anamnézes datiem pirma
nobeigusies sivéenmate p&c aborta tika konstatéta jau 2. jlija. Laikposma no 2. julija lidz
uzliesmojuma apstiprinaSanai nobeidzas 43 sivénmates. V&l 25 sivénmates veselibas problému
del tika nosititas uz kautuvi.

Slimiba izplatijas arT uz atneSanas kiiti péc tam, kad no skartas vienibas uz to tika
parvietotas infic€tas sivénmates. AtneSanas vieniba nobeigusas sivénmates tika konstatétas 7.,

A novietng rekonstruéta epidemiologiski nozimigo notikumu laika Iinija un novértétais
HRP ir atteloti 4.1. attela.

Pirma nobeigusies sivénmate
10
ACM pazinosanas datums

Nokautas sivénmates

6 13 6
Nobeigusas sivenmates 5
4 . 4 4
g l
2 2 2 ‘ ‘

Bl & -

2 2

1 H H 1 H 1 1 11 H 1”
1| 2| 3| 4| 5| 6| 7] 8| o10]11]12]13]14]15] 16]17]18]15] 20] 21] 22| 23| 24] 25| 26[27| 28] 29[ 30| 1| 2] 3] 4] S| & 7] 8] o|10]11]12]13]14]1516
JUNE 2017 JULY 2017

*Jiinija periodiski tika kautas sivénmates, un pastiprinata kausana novérota no 4.jalija, bet nav pieradama saikne ar ACM

4.1 attels. Epidemiologiski nozimigo notikumu laika linija saimnieciba A (kati Nr. 2) un
novertetais augsta riska periods (HRP)

Pienemot, ka vid€jais izdzivoSanas periods péc infic€Sanas ir aptuveni 10 dienas, tika
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aprekinats, ka viruss novietng, visticamak, iekluva ap 22. juniju. Tad€jadi novertetais augsta
riska periods (HRP) bija aptuveni 23 dienas.

Tika pienemts, ka [idz uzliesmojuma atklasanai bija notikusi vairak neka divi infekcijas
cikli. ACM virusa iesp&jama izplatiba starp kiittm A novietné ir att€lota 4.2. attéla.

#5 #6 #7

#1

Skartas katis

N\ Slimibas izplatiba

4.2 attels. Iespéjama ACM virusa izplatiba starp kiitim novietné A

B novietné ACM tika apstiprinats 2018. gada 31. jilija. Novietne sastavéja no divam
geografiski atdalitam razoSanas vietam (lokacijam). Uzliesmojuma konstatéSanas laika
novietng jau bija ieviesta pastiprinata pasiva uzraudziba.

PKR rezultati bija pozitivi. Sie dzivnieki ieprieks, 23. jilija, kopa ar vél 277 atskirtiem sivéniem
bija parvietoti no razoSanas vietas B1 uz razoSanas vietu B2.

P&c parvietosanas razoSanas vieta B2 tika noverota paaugstinata mirstiba, savukart
pargjam ciukam izcelsmes vieniba paaugstinata mirstiba netika konstatéta. Vienlaikus neliels
mirstibas pieaugums tika noverots cita kiitt razosSanas vieta B1 jau kops jiilija vidus.

Mirstibas dati no B1 razoSanas vietas 4. kiits, kas tika izmantoti augsta riska perioda
(HRP) rekonstrukcija, ir atteloti 4.3. attela.

14

‘ l Beigto ciku skaits

10

1) 2| 3| 4] 5| & 7] | 9l10]11/12]13]14] 15| 16] 17| 18] 10| 20| 21[ 22| 23] 24] 25| 26| 27| 28] 29] 30{31] 1| 2] 3| 4 5| 6] 7] 8] of10]11]12]13]14]15
JULY 2018 AUGUST 2018

4.3 attels. Mirstibas dinamika kiiti Nr. 4, razoSanas vieta B1

B2 razosanas vieta rekonstruéta epidemiologiski nozimigo notikumu laika linija ir
att€lota 4.4. attela.
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J,]]lv ACM pazinodanas datums
V Ciku parvietoiana no Bl uz B2

. Beigto ciiku skaits

5
a 3
3 3 ‘ ‘ 3

l

1| 2| 3| 4| 5| & 7| 8| ol10]11] 12| 13[14] 15|16 17| 18] 15| 20( 21 22| 23| 24| 25| 26 27( 28] 28] 30| 31| 1| 2| 3| 4] 5| 6| 7] 8| s[10]11]12]13]14[15

July 2018

AUGUST 2018

4.4 attels. Epidemiologiski nozimigo notikumu laika linija novietng, kura konstatetas
pirmas ACM pozitivas ciikas (raZo$anas vieta B2)

B novietné par indeksgadijumiem tika uzskatiti sivéni, kas tika atrasti nobeigusies 29.
julija. Pamatojoties uz virusologisko un serologisko izmekl&jumu rezultatu kombin&tu
interpretaciju, tika novertéts, ka augsta riska periods (HRP) bija aptuveni divas nedélas.

Ta ka cukam tika konstatéti pozitivi gan PKR, gan antivielu noteikSanas rezultati, tika
pienemts, ka infic€Sanas notikusi 7 - 10 dienas pirms dzivnieku nobeigSanas. Lidz ar to
noveértetais HRP bija laikposma no 18. Iidz 31. julijam.

ACM virusa iespgjama izplatiba starp kiitim un razoSanas vietam B novietné ir attélota

4.5. attela.

RazZo38anas vieniba B1

#1 | #2 || #3 || #4
'd

#1 #2 #3

#8

#9

#10 |[#11 || #12 | #13 ||#14

#15 || #16 | |#17 ||#18

|:| Kiits

Skarta kuts
&= Ciku parvictoiana
M Virusa izplatiba

4.5 attels. Iespéjama ACM virusa izplatiba novietné B

Dzivnieku parvietoSanas uzskaites dati un laboratorisko izmekl&jumu rezultati liecinaja,
ka infekcija sakotngji attistijas B1 raZzoSanas vietas 4. kuitt un vélak izplatijas uz B2 razoSanas
vietu, parvietojot infic€tus atskirtos sivénus. Savukart turpmaka infekcijas izplatiba starp kiitim
visdrizak notika ar kontamin&tu priekSmetu starpniecibu.

66



4.2. ACM virusa izplatibas novértésana ciiku novietnés un paraugu nemsanas stratégijas

ACM virusa izplatibas novértéiana skartajas ciiku novietnés paradija neviendabigu
infekcijas izplatibu starp epidemiologiskajam vienibam. Lai gan starp dazadam razoSanas
vienibam pastavéja epidemiologiskas saiknes, vairakas vienibas infekcija netika konstat&ta pat
ilgstosa augsta riska perioda laika.

P&c wuzliesmojumu apstiprinasanas A un B novietnés tika veiktas papildu
epidemiologiskas izmekl&Sanas un mérktieciga paraugu nemsana, lai novértétu ACM virusa
izplatibas apméru skartajas novietnes. Pirms dzivnieku likvidéSanas paraugi tika nonemti no
cikam dazadas kutis un epidemiologiskajas vienibas. Iegutie laboratorisko izmekl&jumu
rezultati lava identificet skartas un neskartas vienibas novietnu ietvaros.

A novietn€ pirms depopulacijas paraugi tika nonemti no cikam visas septinas kiitis. Par
epidemiologiski skartam tika atzitas tris no septinam kuttm. ACM virusa genoms galvenokart
tika konstatets kiitis, kuras tika turétas sivénmates, savukart lielakaja dala nobarosanas vienibu
laboratorisko izmekl&jumu rezultati bija negativi. Virusologisko un serologisko izmekl&jumu
rezultatu sadalijums starp dazadam A novietnes kiitim ir att€lots 4.1. tabula.

4.1. tabula

PKR un serologisko izmekléjumu rezultati A novietnes ciikam, no kuram paraugi
nonemti dazadas kiitis pirms dzivnieku likvideSanas

Kiiti Laboratorisko testu rezultati
Cuku Ciku nonemto Serologiski
Kits numurs | skaits .. i PKR erologis <1
- kategorija paraugu s (ELISA, IPT)
kuti . pozitivi .
skaits pozitivi
1 213 | Kuili, sivénmates 3 0 0
2 301 Sivénmates * 4 4 2
3 696 Sivénmates ** 28 10 0
4 1761 | Atskirtie sivéni 28 1 0
5 1157 Nobarojamas 29 0 0
6 1136 Nobarojamas 28 0 0
7 554 Nobarojamas 20 0 0
Kopa 5818 N/A 140 15 2

* Sivénmates grupu aizgaldos ** Sivénmates ar sivéniem

P&ttjuma rezultati apliecinaja, ka ACM virusa izplatiba novietnés nenotika vienmérigi. A
novietn€ epidemiologiska izmekl&$ana liecinaja, ka infekcija sakotngji attistijas 2. kit un vélak
izplatijas uz atneSanas vienibu péc infic€tu sivénmasu parvietoSanas. Lidzigi arm B novietné
dzivnieku parvietoSanas uzskaites dati un laboratorisko izmekl&jumu rezultati liecinaja, ka
infekcija sakotnéji attist1jas B1 raZoSanas vietas 4. kiitt un vélak izplatijas uz B2 razoSanas vietu,
parvietojot inficetus atSkirtos sivénus. Savukart turpmaka infekcijas izplatiba starp kiitim
visdrizak notika ar kontamin&tu priekSmetu starpniecibu.

Neraugoties uz epidemiologisko saiknu pastavé$anu starp razo$anas vienibam, vairakas
kiitis saglabajas brivas no infekcijas. ACM virusa iespéjama izplatiba starp raZo$anas vienibam
A un B novietn@s ir att€lota attiecigi 4.2. un 4.5. attéla.

Lai detalizétak izvertétu infekcijas izplatibas raksturu novietnes ietvaros un uzlabotu
infekcijas izplatibas novertéSanu, III pétijuma tika izmantota mérktieciga paraugu nemsanas
stratégija, kuras pamata bija novietnu sadaliSana epidemiologiskajas apakSvienibas. Visas
pétijuma ieklautas novietnes tika sadalitas epidemiologiskajas apakS§vienibas, kuras péc tam
tika klasificétas atbilstosi ACM infekcijas iesp&jamibai.
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Pirms paraugu nemsanas visas epidemiologiskajas apaksvienibas tika veikta ciku
kliniska apskate. Epidemiologisko apaksvienibu kategorizacija un tai atbilstosie laboratorisko
izmekl&jumu rezultati ir apkopoti 4.2. tabula.

4.2. tabula

Laboratorisko izmekléjumu rezultatu parskats atbilstosi novietnu epidemiologisko
apakS$vienibu kategorijam

Fermas Testeto
N O Ag- PKR+ | PKR+ Ab-
apakSvienibas | dzivnieku ’ ’ ELISA+ | IPT+
Kategorija skats LFD+ | Ct<18 | Ct>18 | LFD+

A NOVIETNE
1 21 3 2 3 2 2 3
1 6 0 0 0 0 0 0

B NOVIETNE, Bl RAZOSANAS VIENIBA
1 4 3 3 0 0 0 0
2 11 1 1 4 0 0 1
3 5 1 1 0 0 0 1

B NOVIETNE, B2 RAZOSANAS VIENIBA
3] 15 | 1 [ 2 ] 4 ] o | o | 4

C NOVIETNE
1 11 7 7 4 0 0 6
2 0 0 0 0 nd nd
3 1 0 0 0 0 nd nd
4 18 1 1 1 0 0 0

Merktiecigas paraugu nemsanas stratégijas izmantoSana lava sekmigi identificét
inficétas epidemiologiskas vienibas skartajas novietn€s. A novietné inficétas cikas tika
konstatétas viena epidemiologiskaja vieniba, savukart cita epidemiologiski saistita vieniba
saglabajas briva no ACM infekcijas. B novietné infekcija tika konstatéta abas novietnes
vienibas. C novietné ar ACM inficétas cikas tika identificEtas trijds no devinam
epidemiologiskajam apaks§vienibam.

Petfjuma rezultati ar1 paradija, ka mérktieciga kliniski slimu un nobeigusos dzivnieku
atlase paraugu nemsanai lava efektivi identificét epidemiologiski skartas vienibas. Pat
novietn&s ar ilgstoSu augsta riska periodu vairakos aizgaldos netika konstatétas ACM infekcijas
pazimes.

Lai novertetu atro diagnostisko testu pielietojamibu uzliesmojumu apstaklos lauka
pétijumos, papildus tika izmekl&ti 87 dzivnieki, izmantojot antigéna lateralas plismas testus
(Ag-LFD), un iegitie rezultati tika salidzinati ar qPKR rezultatiem. No Siem dzivniekiem 17
bija pozitivi Ag-LFD testa, savukart 34 dzivniekiem ACM virusa genoms tika konstatéts ar
gPKR. Visi gPKR negativie paraugi bija negativi ari Ag-LFD testa, ka rezultata Ag-LFD
relativais specifiskums bija 100 %. Relativa jutiba, salidzinot ar qPKR, bija 50 % (ticamibas
intervals 34,66 %).

Ta ka antivielu pozitivo paraugu skaits bija neliels, antivielu LFD testu diagnostisko
jutibu un specifiskumu nebija iesp€jams aprékinat.

qPKR Ct vértibu un Ag-LFD pozitivo rezultatu salidzinajums ir att€lots 4.6. attéla. Ag-
LFD pozitivajiem paraugiem Ct vertibas bija robezas no 14 lidz 18, un mediana Ct vértiba bija
17.
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un negativu Ag-LFD rezultatu

Klinisko pazimju izvert€§jums paradija, ka ne Ag-LFD, ne qPKR testos netika iegtti
pozitivi rezultati cikam bez kliniskam slimibas pazim&€m. Pozitivi laboratorisko izmeklgjumu
un Ag-LFD rezultati tika konstatéti tikai ciikam ar kliniskam slimibas pazimém.

ACM pozitivo ciiku sadaltjums atbilstosi kliniska vértéjuma kategorijam ir attélots 4.7.

attela.
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Korelacijas analize paradija statistiski nozimigu saistibu starp Ag-LFD rezultatiem un
klinisko veértejumu, starp qPKR rezultatiem un klinisko vért€jumu, ka ar1 starp antivielu LFD
un ELISA rezultatiem.

Spirmena korelacijas analizes rezultati ir apkopoti 4.3. tabula.

4.3. tabula

Spirmena Korelacijas matrica dazadu ACM diagnostisko testu rezultatiem un ACM
kliniskajam vértéjumam

Mainigie lielumi | Ag-LFD | Ab-LFD | qPKR | ELISA | 1pT | [Klniskais
’ vertéjums
Ag-LFD 1 0.008 0.246 0.008 0.271 0.531
Ab-LFD X 1 0.065 1.000 0.296 0.227
qPKR X X 1 0.065 | 0218 0.469
ELISA X X X 1 0.296 0.227
IPT X X X X 1 0.201
Kliiskais vertgjums X X X X X 1

Treknraksta att€lotas vertibas ir statistiski nozimigi atskirigas no 0 pie nozimibas limena p < 0,05

4.3. ACM uzliesmojumu agrina atklagana ciiku novietnes

P&tijuma rezultati paradija biitiskas atskiribas uzliesmojumu atklasanas dinamika starp
izmeklgtajam novietném un apliecindja, ka ACM virusa cirkulacija lielas komercialas ciku
novietnés infekcijas sakumposma var ilgstosi palikt neatklata. To apstiprinaja tris petijumos
ieklauto uzliesmojumu izmekl&Sanas rezultati.

2017. gada janvara uzliesmojuma izmeklé$ana paradija, ka ACM viruss skartaja
novietn€ bija cirkulgjis vairakas ned€las pirms ta oficialas apstiprinasanas. Epidemiologiska
rekonstrukcija liecindja, ka viruss novietn€ bija cirkul€jis aptuveni seSas ned€las pirms
uzliesmojuma atklasanas.

Lidziga retrospektiva analize tika veikta A novietng, kur ACM tika oficiali apstiprinats
pazimes un paaugstinata mirstiba bija novérojama jau pirms uzliesmojuma apstiprinasanas.
Saskana ar anamn€zes un mirstibas datiem pirma nobeigusies sivénmate péc aborta tika
un inficétas sivénmates jau bija parvietotas starp razosanas vienibam. Novertétais augsta riska
periods (HRP) A novietné bija aptuveni 23 dienas.

IzmekléSana paradija, ka infekcijas sakumposma mirstiba pieauga léni un skara
salidzino$i nelielu dzivnieku skaitu. Tas apgriitinaja savlaicigu uzliesmojuma atklasanu un lava
virusam ilgstosi cirkul€t novietn€ pirms ta oficialas apstiprinaSanas.

vietas uz B2 razoSanas vietu. Uzliesmojuma atklaSanas bridi novietn€ vl netika noveérotas plasi
izplatitas kliniskas pazimes vai izteikts mirstibas pieaugums. ACM tika identificéts, pateicoties
ieviestajai pastiprinatas pasivas uzraudzibas sisteémai, kuras ietvaros katru nedélu laboratoriski
tika izmekl&tas nobeigusas cukas.

B2 razosanas vieta rekonstruéta epidemiologiski nozimigo notikumu laika linija ir
att€lota 4.3. att€la, savukart B1 razoSanas vietas 4. kiitt registrétie mirstibas dati ir atteloti 4.4.
attela.
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P&ttjuma rezultati paradija, ka ACM uzliesmojumu agrinajas stadijas lielas komercialas
cuku novietn€s raksturiga 1€na virusa izplatiba un zema mirstiba, kas var izraisit novélotu
uzliesmojuma atklasanu.

Izmekl&to uzliesmojumu salidzinajums paradija, ka sistematiska nobeigusos cuku
laboratoriska izmekléSana pastiprinatds pasivas uzraudzibas ietvaros lauj atklat ACM
uzliesmojumus agrinak, v€l pirms paradas plasi izplatitas kliniskds pazimes vai butiski
palielinas mirstiba.

4.4. Integréta epidemiologiska pieeja ACM uzliesmojumu izmeklesana

IzmeklgSanas ietvera iespgjamo ACM virusa iekliiSanas celu izverteSanu, augsta riska
perioda (HRP) rekonstrukceiju, virusa izplatibas noveértéSanu novietnes ietvaros, mérktiecigu
paraugu nems$anu, laboratoriskos izmeklgjumus, ka arT epidemiologiski nozimigas lauka
informacijas apkoposanu.

Lai izvertetu iespejamos ACM virusa iekltSanas celus un noteiktu to ticamibu, tika
izmantota hipotézEs balstita epidemiologiskas izmekléSanas pieeja. Uzliesmojumu
izmekl&Sanas laika tika apkopota un analizéta ar lauksaimnieku, novietnu darbinieku un citu
personu sniegta informacija un viedokli, izvért&jot to epidemiologisko nozimibu.

Augsta riska perioda (HRP) rekonstrukcija tika veikta, izmantojot mirstibas datus,
kltniskos nov€rojumus, laboratorisko izmekl&jumu rezultatus, dzivnieku parvietoSanas
informaciju un datus par biodroSibas pasakumu ieveéroSanu.

Virusa izplatibas novert€Sana novietnes ietvaros un mérktiecigu paraugu nemsanas
stratégiju izmantoSana lava identificét skartas un neskartas epidemiologiskas vienibas
uzliesmojuma skartajas novietnés. Atrie diagnostiskie testi uz vietas novietné (LFD) tika
izverteti uzliesmojumu apstaklos un salidzinati ar standarta laboratoriskajam diagnostikas
metodém.

Izmekl&to uzliesmojumu salidzinajums paradija atSkiribas uzliesmojumu atklasanas
laika starp novietném un apliecindja, ka atseviskos uzliesmojumos ACM viruss infekcijas
sakumposma cirkul&ja neatklats.
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S. DISKUSIJA

5.1. ACM virusa ieklisanas celu izmekléSana un augsta riska perioda (HRP)
rekonstrukcija

Masu pétijumi paradija, ka ar cilvéka darbibu saistiti faktori un biodroSibas prasibu
neievéroSana bija visdrizakie ACM virusa ieklu$anas mehanismi skartajas cliku novietnés.
Turklat augsta riska perioda (HRP) rekonstrukcija izradijas biitiska uzliesmojuma attistibas
izpratnei un sekundaras infekcijas izplatiSanas risku identificéSanai.

Hipotéze par virusa iekltiSanu ar kontamin€tu priekSmetu vai kontaminétu galas
produktu starpniecibu tika atzita par ticamako infekcijas ievazaSanas celu, jo infekciozs
materials novietné varéja nonakt ar darbinieku vai apmeklétaju starpniecibu. Sie rezultati
uzsver nepiecieSamibu uzturét augstu informétibas Iimeni par slimibas izplatiSanas riskiem un
biodrosibas pasakumu nozimi dazadas ctukkopiba iesaistitajas merkgrupas. Tade] ar cilveka
darbibu saistitajiem riska faktoriem japievers pastaviga uzmaniba ACM profilakses stratégijas.
Miisu péttjumi apstiprinaja, ka nepietickama biodrosiba joprojam ir viens no galvenajiem ACM
ievazasanas riska faktoriem ctku novietnés, ka art paradija, ka strukturéta, hipotéze€s balstita
epidemiologiska pieeja nodroSina lietderigu metodologisko ietvaru uzliesmojumu
izmeklgsanai.

Par visefektivako lidzekli ACM virusa iekliiSanas novérSanai ciiku novietnés tiek
uzskatita laba biodrosibas prakse (Bellini et al., 2016). Péc pirmo ACM gadijumu konstaté$anas
meZzaciiku populacija un majas cikam Latvija 2014. gada biodroS$ibas prasibas ciiku novietnés
pakapeniski tika pastiprinatas. Tomer praktiska pieredze liecinaja, ka biodrosibas pasakumu
ievieSana daudziem ciiku audzetajiem bija biitisks izaicinajums, 1pasi mazajas saimniecibas un
piemajas novietnés, kur biodrosibas pasakumi iepriekS netika sistematiski stenoti. Papildus
finanSu ieguldijumiem infrastruktura, aprikojuma un novietnu norobezoSana (‘“hardware”),
efektiva biodroSiba prasa art atbilstoSu parvaldibas procediiru (“software”) ievieSanu, tostarp
higiénas pasakumu ieveéroSanu, iek§€jo darba procesu organizésanu, personala informétibu un
ikdienas procediiru ievéroSanu. Miisu noverojumi liecinaja, ka tieSi “software” komponente
rada lielakos ilgtermina izaicinajumus, jo informétibas uzturéSana un ierastu paradumu maina
prasa nepartrauktu izglitoSanu, uzraudzibu un iesaisti.

ACM uzliesmojuma gadijuma epidemiologiskas izmekleSanas galvenais uzdevums ir
noteikt visticamako virusa iekliianas celu novietng. Sadas izmeklé$anas prasa visaptverosu
novietnes sistémas izvertéSanu, tostarp &ku, transportlidzeklu, aprikojuma, noZogojuma,
dzivnieku parvietoSanas, personala kustibas un biodroSibas procediiru analizi. Papildus
biodrosibas izvért§jumam epidemiologiskajas izmekl€Sanas biezi tiek izmantota ari netieSa
epidemiologiska informacija, tostarp novietnes darbiba iesaistito personu novérojumi un
viedokli.

Atseviski tika detalizetak analizeta uzliesmojumu izmekleSanas laika no nespecialistiem
iegiita informacija. Lauksaimnieki, novietnu darbinieki, zootehniki un veterinararsti biezi tiek
interveti, lai noskaidrotu vinu viedokli par iesp€jamiem virusa iekltiSanas celiem un iesp&jamo
infekcijas ievazasanas laiku. Lai gan §Im personam ne vienmér ir padzilinatas zinaSanas
epidemiologija vai par ACM, vinu novérojumi un pienémumi var sniegt vértigu kontekstualu
informaciju. Tadeél uzliesmojumu izmekléSanas laika iegutie apgalvojumi tika izverteti
atbilsto$i to iesp€jamajai epidemiologiskajai nozimibai un nepiecieSamibai veikt turpmaku
izmekleSanu.

Tomér $adas subjektivas informacijas interpretacija biezi ir sarezgita un prasa rapigu
izvertéSanu konteksta ar kliniskajiem noveérojumiem, biodrosibas novértéjumu, laboratorisko
izmekl&jumu rezultatiem un citiem epidemiologiskajiem datiem. DaZzi apgalvojumi var $kist
izteikti spekulativi vai sakotn€ji mazvertigi, savukart citi var sniegt nozimigas
epidemiologiskas norades. Atseviskos gadijumos var tikt iegiita arT anekdotiska vai maldinosa
informacija (Trotta et al., 2022). Turklat novietnu parstavji var nevéleties apspriest iespgjamas
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nepilnibas biodrosibas prasibu ieveérosana, baidoties no juridiskas atbildibas par uzliesmojuma
izcelsmi. Sie novérojumi uzsver apmacitu izmekl&taju nozimi, kuriem ir zinaganas par ACM
epidemiologiju, komunikacijas prasmes un izpratne par normativo aktu prasibam. Strukturétu
aptaujas anketu un sistematisku intervéSanas pieeju izmantoSana var uzlabot
epidemiologiskajas izmeklé$anas iegiitas informacijas kvalitati un salidzinamibu. Lielaka dala
izmeklesanas laika ieglito apgalvojumu bija saistiti ar cilvéku darbibam, 1pasi mazajas
saimniecibas, vélreiz apliecinot cilveka faktora centralo lomu ACM izplatiba (Zani et al., 2019;
Ardelean et al., 2021).

Lai gan virusa iekliiSanas cela noteikSana ir bitiska uzliesmojuma izmekl€Sanas
sastavdala, ne mazak svarigi ir noskaidrot, cik ilgi viruss ir cirkulgjis novietng. ST informacija
ir nepiecieSama, lai novertétu iesp€jamas izplatibas apméru un sekundaras infekcijas
izplatiSanas risku. Tade] augsta riska perioda (HRP) rekonstrukcija ir biitiska epidemiologiskas
izmekl&Sanas analitiska sastavdala.

Miisu pétijumi paradija, ka ACM uzliesmojumi lielas komercialas ciiku novietnés var
ilgstoSi palikt neatklati un ka lidz slimibas aizdomu rasanas bridim un laboratoriskai
apstiprinasanai biezi ir noticis vairak neka viens infekcijas cikls. Sie rezultati uzsver
nepiecieSamibu skaidri noskirt inkubacijas periodu no augsta riska perioda (HRP), jo prakse Sie
jédzieni nereti tiek sajaukti pat veterinarmedicinas specialistu vidi. ACM gadijuma, pasi lielas
komercialas novietnés, pirms klinisku aizdomu raSanas var noritét vairaki secigi infekcijas cikli.
P&tfjumi paradija, ka uzliesmojumu sakumposma nobeidzas tikai dazi dzivnieki, bet mirstiba
pakapeniski pieauga turpmako nedélu laika. Sis novérojums liecina, ka ACM transmisija lielas
ciiku novietn&s sakotngji notiek salidzinosi leni. Infekcijas sakumposma inficgjas tikai neliels
dzivnieku skaits, un ir nepiecieSams laiks, 11dz vide uzkrajas pietieckams virusa daudzums, lai
nodro$inatu plasaku infekcijas izplatiSanos novietné. Efektiva transmisija notiek bridi, kad
inficétas ciikas sak asinot, abortet vai nobeidzas, tadejadi paklaujot uznémigas ciikas saskarei
ar asintim un citiem infekcioziem izdalijjumiem (Pietschmann et al., 2015). Eksperimentalie
pétijumi ar II genotipa ACM virusu ir paradijusi, ka viens infekcijas cikls - no inficg$anas lidz
dzivnieka nobeigSanas bridim - ilgst aptuveni 10 dienas (Guinat et al., 2016; Pietschmann et
al., 2015; Gabriel et al., 2011; Blome et al., 2013).

Lauka novérojumi Latvija un eksperimentalie pétijumi papildus paradija, ka ACM
lipigums ir zemaks, neka bieZi tiek pienemts (Pietschmann et al., 2015). Latvija 2014. gada tika
izmekl&ti 32 ACM uzliesmojumi. Divpadsmit novietn&s visas ciikas vél bija dzivas bridi, kad
ieradas oficialie veterinararsti, savukart 20 novietnés viena vai vairakas ctukas jau bija
nobeigusas. Tomeér laboratoriskie izmeklgjumi paradija, ka kliniski veselas ciikas, kas atradas
taja pasa aizgalda vai kiti, biezi vél nebija inficgjusas ar ACM virusu (OlSevskis et al., 2016).
Sie rezultati liecina, ka starp atsevisku dzivnieku inficg$anos var pastavét ievérojamas laika
nobides un ka infekcijas parneSana citam ciikam biezi notiek tikai péc infic€to dzivnieku
nobeigSanas.

HRP rekonstrukcijai izstradata metodologija un ar to saistita analitiska pieeja ir
aprakstita [ un II p&tijuma. Lai rekonstruétu iesp&jamo infekcijas attistibas gaitu novietnés, tika
izveidotas epidemiologisko notikumu laika linijas. Tika apkopoti un analiz&ti dazadi
epidemiologiski nozimigi dati, tostarp anamnézes informacija, saslimstibas un mirstibas dati,
pécnaves izmekléSanas rezultati, laboratorisko izmekl&jumu dati, ciiku parvietoSanas uzskaite
novietnes ietvaros, kiitsméslu izveSanas dati un ar biodroSibu saistiti novérojumi. Ipasa
uzmaniba tika pieversta ar personalu saistitajiem riska faktoriem, tostarp higi€énas paradumiem,
partikas lietoSanai novietng, informeétibai par slimibas izplatiSanas riskiem un transportlidzeklu
kustibai. IzmekleSanas identificétie riska faktori tika integréti analitiskajas laika Itnijas.

Izstradata pieeja izradijas noderiga sistematiskai HRP noverteéSanai un sniedza biitisku
praktisku ieguldijumu uzliesmojumu parvaldiba. HRP rekonstrukcija lava kompetentajai
iestadei izsekot iesp&jamos sekundaros uzliesmojumus, uzraudzit to ciiku veselibas stavokli,
kuras HRP laika tika parvietotas uz citam novietném vai kautuvém, ka art identificét potenciali
kontamingtus galas produktus, kurus bija nepiecieSams atsaukt no aprites. Tomér HRP

73



rekonstrukcija viena pati nesniedz pilnigu izpratni par uzliesmojuma attistibas dinamiku. Lai
atbalstitu operativu Ilémumu pienemsanu, nepiecieSams novertet ar1 infekcijas izplatibu skartaja
novietne.

5.2. ACM virusa izplatibas noveértéSana ciiku novietnés un paraugu nemsanas stratégijas

Miisu pétijumi paradija, ka ACM izplatiba liclas komercialas ciiku novietngs biezi ir
neviendabiga un ka atseviskas epidemiologiskas vienibas var saglabaties neskartas pat ilgstosa
augsta riska perioda (HRP) laika. Sis novérojums uzsvéra nepiecieSamibu izmantot
meérktiecigas paraugu nemsanas strat€gijas, lai precizi novertétu virusa izplatibu novietnes
ietvaros.

Virusa izplatibas noveértéSana skartajas novietn€s ir biitiska ne tikai uzliesmojuma
attistibas izpratnei, bet ar1 atbilstoSu slimibas kontroles pasakumu planosanai un istenoSanai.
Lai gan starp dazadam novietnes vienibam parasti pastav epidemiologiskas saiknes, ko nosaka
ciiku audzeSanas tehnologija un kopigas parvaldibas procediiras, ne visas epidemiologiskas
vienibas obligati klust infic€tas. Miisu pétijumi paradija, ka pat ilgstoSa HRP laika atseviski
aizgaldi vai novietnes sektori var saglabaties neskarti. Sie rezultati liecina, ka ACM izplatiba
lielas komercialas novietn€s nenotiek vienmerigi un seko noteiktiem transmisijas modeliem.

Detalizéta izpratne par infekcijas izplatibu novietnes ietvaros lauj prioritiz€t un
koordingt slimibas kontroles pasakumus, tostarp mérktiecigi planot dzivnieku likvidéSanu,
sakot ar visvairak skartajam vienibam. Turklat detalizéts infekcijas izplatibas
epidemiologiskais novért&jums var palidz&t pielagot slimibas kontroles pasakumus konkrétajai
uzliesmojuma situacijai, 1pasi gadijumos, kad normativais reguléjums pielauj atkapes no
pilnigas novietnes depopulacijas (EC, 2019).

Arf turéSanas sist€ma un dzivnieku parvaldibas prakse var ietekmét infekcijas izplatibas
dinamiku novietng. Ja ctikas tiek tur€tas lielakas grupas, virusa izplatiba parasti notiek straujak
neka sistémas, kur dzivnieki tiek turéti individuali vai nelielas grupas. Tade] epidemiologisko
saiknu, dzivnieku parvietoSanas, novietnes strukttiras un parvaldibas procediiru izvertéSana ir
biitiska, lai izprastu transmisijas celus skartajas novietnés.

Péc epidemiologisko vienibu un iesp&jamo transmisijas celu identific€Sanas Sie
secinajumi jaapstiprina ar atbilstosu diagnostisko paraugu nemsanas stratégiju. Sadai stratégijai
jabut saskanotai gan ar rekonstru€tajiem transmisijas modeliem, gan ar ACM infekcijas
epidemiologiskajam Tpatnibam.

Pirms III pétijuma aprakstitas merktiecigas pieejas izstrades normativie akti paredz€ja
nejausi izveélétu asins paraugu nems$anu dzivnieku likvidéSanas laika virusologiskajiem un
serologiskajiem izmekl€jumiem. Minimalais paraugu skaits bija noteikts ta, lai katra
epidemiologiskaja apaks$vieniba ar 95 % ticamibas limeni butu iesp&ams konstatét 10 %
seroprevalenci (EC, 2003). Tomér, nemot vera, ka Eiropa cirkulgja augsti virulenti ACM virusa
celmi, $ada nejausa uzraudzibas pieeja kluva mazak piemerota aktivas virusa cirkulacijas
novértésanai (EFSA, 2021). Ta ka virulenta ACM infekcija vairumam inficéto cliku izraisa
nobeigSanos, uzraudzibas stratégijam galvenokart jabiit vérstam uz virusa noteikSanu kliniski
slimam un nobeigusam ciikam (Blome et al., 2020; Busch et al., 2021). Vienlaikus serologiskie
izmeklgjumi joprojam var sniegt vértigu epidemiologisko informaciju par virusa cirkulacijas
ilgumu novietne.

I pétijumam bija divi mérki. Pirmais bija izstradat mérktiecigu un efektivu paraugu
nem3anas stratégiju ACM skartajam novietném, bet otrais — novértét lateralas pliismas testu
(LFD) piemerotibu lauka apstaklos, salidzinot tos ar standarta laboratoriskajam metodém,
tostarp PKR, ELISA un IPT. Lidz tam LFD testi galvenokart bija novertéti eksperimentalos
apstaklos, nevis realu ACM uzliesmojumu laika novietnés.

Pétljuma pamata bija pienémums, ka ar ACM inficéti dzivnieki visdrizak tiks
identificeéti starp kliniski slimajiem dzivniekiem un ka LFD testi varétu palidz&t tos atri
identificet lauka apstaklos. Misu rezultati paradija, ka zemakas jutibas del salidzinajuma ar

74



standarta laboratoriskajam metodém LFD testi nevar aizstat laboratorisko apstiprinaSanu un nav
piemeroti slimibas neesamibas pieradisanai. Tomer tie izradijas noderigi ka papildinoss lauka
diagnostikas instruments jau apstiprinatu ACM uzliesmojumu izmekle$ana, 1pasi kliniski
aizdomigu un nobeigusos cuku izmekleSana.

Tomeér III pétijjuma galvenais meérkis bija izstradat uzticamu paraugu nemsSanas
stratégiju, kas lautu novertét virusa izplatibu skartajas novietnés. M@s izstradajam praktisku
pieeju novietnu sadaliSanai epidemiologiskajas vienibas un to klasificg3anai atbilstosi ACM
virusa cirkulacijas iesp&jamibai. Mérktieciga paraugu nemsana tika veérsta uz kliniski slimajiem
un nobeigusajiem dzivniekiem, ka ar1 cukam, kas atradas ciesa kontakta ar infic€tiem
dzivniekiem. Misu rezultati paradija, ka mérktieciga kliniski slimu un nobeigusos ctuku
izmekl€Sana ir Joti efektiva, lai identific€tu inficétas epidemiologiskas vienibas un noveértétu
aktivu virusa cirkulaciju skartajas novietnés.

Tadgjadi piedavata pieeja nodrosina strukturétu epidemiologisko instrumentu ACM
izplatibas novértéSanai komercialas ciiku novietnés un veicina uz pieradijumiem balstitu
uzliesmojumu parvaldibu. Tomer, lai gan mérktieciga paraugu nemsana uzlabo uzliesmojumu
izmekl&Sanu péc slimibas apstiprinasanas, ilgstosas neatklatas virusa cirkulacijas novérSanai
nepiecieSamas tikpat efektivas agrinas atklasanas sistémas. Tad€| uzraudzibas stratégijas, kuru
mérkis ir saisinat HRP, joprojam ir biitiska ACM kontroles sastavdala.

5.3. ACM uzliesmojumu agrina atklagana ciiku novietnes

P&ttjumi paradija, ka pastiprinata pasiva uzraudziba biitiski uzlabo ACM uzliesmojumu
agrinu atklasanu un saisina augsta riska periodu (HRP) skartajas ctiku novietnés. Il petijums,
kura tika analizgtas divas uzliesmojuma skartas novietnes - viena 2017. gada un otra 2018. gada,
skaidri paradija pastiprinatas uzraudzibas pieejas nozimi. Viena no novietném pastiprinata
pasiva uzraudziba vél netika piemérota, jo uzliesmojums notika pirms §1s sistémas ievieSanas.
Rezultata ACM tika atklats ar novéloSanos. Savukart otraja novietné slimiba tika konstatéta
ieveérojami agrak, pateicoties ieviestajai pastiprinatajai pasivajai uzraudzibai. Lai gan mirstibas
[imenis sakotn&ji neradija aizdomas par ACM, slimiba tika atklata, jo nobeigusas cikas tika
sistematiski izmeklétas uz ACM.

Agrina slimibas atklaSana ir butiska, lai samazinatu HRP un ierobeZotu turpmakas
virusa izplatiSanas iesp€jas gan novietnes ietvaros, gan starp dazadam novietném. Tomer laika,
kad 2017. gada tika veikts I pétijums, nepastavéeja specifiskas normativo aktu prasibas attieciba
uz ACM agrinu atklaSanu ciiku novietn@s. Turklat praktiskas epidemiologiskas zinasanas par
ACM virusa uzvedibu péc ta ieklasanas komercialas ciiku novietnés vél bija ierobezotas. Taja
laika agrinas ACM atklasanas uzraudzibas procediiras galvenokart balstljas uz aktivo
uzraudzibu un attiecigaja perioda speka esoso ACM diagnostikas rokasgramatu.

I pétljuma rezultati veicinaja labaku izpratni par ACM uzliesmojumu attistibas
dinamiku lielas komercialas ciiku novietnés, 1pasi paradot, ka zemas sakotn&jas mirstibas dél
ACM virusa cirkulacija var ilgstosi palikt neatklata. Sie novérojumi atklaja ierobeZojumus
uzraudzibas pieejam, kas galvenokart balstas uz kliniskas apskates rezultatiem un vispargjiem
mirstibas raditajiem. P&c o secindjumu pazino$anas Eiropas Komisijai lielaka uzmaniba ACM
uzraudzibas strat€gijas tika pieversta pastiprinatajai pasivajai uzraudzibai, Tpasi sistematiskai
nobeigusSos un kliniski slimu ciiku izmekl&Sanai. Turpmak gan Latvija, gan Eiropas Savienibas
Iimen1 uzraudzibas pieejas tika pilnveidotas, un pastiprinata pasiva uzraudziba kluva par
bitisku ACM agrinas atklasanas stratégiju sastavdalu (EC, 2014; EC, 2018).

Saja promocijas darba iegiitie rezultati apstiprina §is pieejas epidemiologisko nozimi un
parada, ka sistematiska nobeiguSos ciiku laboratoriska izmekl&Sana ir praktiska un
epidemiologiski pamatota metode ACM agrinas atklaSanas uzlaboSanai un HRP saisinasanai.
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5.4. Integréts epidemiologiskais ietvars ACM uzliesmojumu izmekle$anai un kontrolei

Pctljuma rezultati paradija, ka efektivai ACM kontrolei novietnes Iimeni ir
nepiecieSsams integréts epidemiologiskais ietvars, kas apvieno profilaksi, agrinu slimibas
atklasanu, strukturétu uzliesmojumu izmekleSanu un uz pieradijjumiem balstitu [@mumu
pienemsanu.

ACM joprojam ir viena no prioritarajam infekcijas slimibam Latvija, kur nepartraukta
virusa cirkulacija mezactku populacija uztur pastavigu infekcijas risku majas ciiku novietném.
Laika un telpas analizes ir paradijusas biitiskas atSkirtbas ACM izplatiba meZzaciiku populacija
pa gadiem un regionos (OlSevskis et al., 2020; BIOR, 2022). Tadgjadi mezactikas darbojas ka
ilgtermina infekcijas rezervuars, veidojot pastavigu epidemiologisko saikni starp savvalas
dzivnieku populaciju un majas ciiku audz&Sanas sistemam.

Sados epidemiologiskajos apstaklos $aja darba iegitie rezultati parada, ka ACM
kontrole novietnes Iimeni nevar balstities uz vienu atsevisku pasakumu, bet tai nepiecieSama
vairaku savstarp&ji papildino$u epidemiologisko komponentu integracija.

Pirmkart, virusa iekltSanas celu izmekleSana paradija, ka izSkiroSais faktors virusa
ievazaSana nav tikai novietnes infrastruktiira, bet gan mijiedarbiba starp tehniskajiem
biodro$ibas risindjumiem un cilvéku ricibu. Lai gan fiziskas barjeras samazina tieSa kontakta
iesp&jamibu ar mezacitikam, ar cilvéka darbibu saistitie transmisijas celi, Tpasi tie, kas saistiti ar
partikas apriti, personala parvietoSanos un biodroSibas procediiru neievéroSanu, joprojam ir
galvenie ACM ievazaSanas riska faktori. Tas apstiprina, ka ACM epidemiologiju majas ciiku
populacija bitiski ietekm& antropogénie faktori, kas atbilst arT citu Eiropas pétijumu
secinajumiem (Zani et al., 2019; Ardelean et al., 2021). Turklat I p@tijuma izmantota
strukturéta, hipotézEs balstita izmekléSanas pieeja nodroSina metodologisku ietvaru, kas
samazina subjektivitati un palielina uzliesmojumu izmekl&Sanas caurskatamibu.

Otrkart, augsta riska perioda (HRP) rekonstrukcija paradija rekonstruktivas
epidemiologijas nozimi uzliesmojumu kontrole. ACM uzliesmojumi lielas komercialas ciiku
novietn&s var ietvert vairakus infekcijas ciklus pirms slimibas atklasanas, ko apstiprina gan
lauka novérojumi, gan eksperimentalie pétijumi ar II genotipa ACM virusu (Guinat et al., 2016;
Pietschmann et al., 2015; Gabriel et al., 2011; Blome et al., 2013). Sajé darba izstradata uz laika
linjjam balstita analitiska pieeja integré klmiskos, laboratoriskos, parvaldibas un biodrosibas
datus vienota epidemiologiska sistéma. Tadgjadi HRP novértésana klust ne tikai par aprakstosu
darbibu, bet arT par praktisku analitisku instrumentu sekundaro uzliesmojumu izsekoSanai un
turpmakas infekcijas izplatiSanas risku izverteésanai.

TreSkart, virusa izplatibas noveért€Sana novietnes ietvaros paradija, ka infekcijas
dinamiku bitiski ietekmé iek$&jie kontakti, dzivnieku parvietoSanas pliismas un turéSanas
sisttmas. Lai gan starp dazadam novietnes vienibam biezi pastav epidemiologiska saikne,
infekcija neizplatas vienmérigi visa novietné. Sim novérojumam ir biitiska nozime uz risku
balstitu slimibas kontroles stratégiju planoSana un kontroles pasakumu prioritizé$ana. Tas arl
apliecina, ka ACM izplatiba intensivas ciikkopibas sistémas seko identific&jamiem transmisijas
modeliem, kurus iesp&jams rekonstruét un epidemiologiski analiz&t.

Ceturtkart, mérktieciga paraugu nemsanas stratégijas izstrade lava pielagot diagnostikas
pieeju augsti virulentu ACM virusa celmu epidemiologiskajam Tpatnibam. Nemot véra II
genotipa ACM virusa izraisito augsto letalitati (>90 %) (Guinat et al., 2016; Gabriel et al., 2011;
Blome et al., 2013), kliniski slimu un nobeiguSos ciku mérktieciga izmekleéSana ir
epidemiologiski piemérotaka neka nejausa serologiska vai virusologiska paraugu nemsSana
aktivas virusa cirkulacijas novértésanai. Novietnu sadaliSana epidemiologiskajas vienibas un to
klasific€Sana atbilstosi infekcijas riskam nodroSina strukturétu 1émumu pienemsanas atbalsta
instrumentu uzliesmojumu kontrole. Lai gan lateralas pliismas testi (LFD) nevar aizstat
laboratorisko apstiprinasanu, to stratégiska izmantoSana lauka apstaklos var uzlabot
izmekl€Sanas operativo efektivitati.
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Visbeidzot, pareja no aktivas uzraudzibas uz pastiprinato pasivo uzraudzibu ir nozimiga
paradigmas maina ACM kontroles joma (EC, 2014; EC, 2018). I un II pétijuma rezultati
paradija, ka palausanas tikai uz vispargjiem mirstibas raditdjiem nav pietickama agrinai
uzliesmojumu atklaSanai. Savukart sistematiska nobeiguSos ciku izmekl€Sana ir
epidemiologiski pamatota un praktiski istenojama pieeja, kas uzlabo ACM agrinu atklasanu un
saisina HRP.

Kopuma $aja promocijas darba ietvertie pétijumi veido integrétu epidemiologisko
modeli ACM uzliesmojumu izmeklgSanai un kontrolei novietnes Iimeni. Modelis sastav no
pieciem savstarpgji saistitiem komponentiem: struktur€tas virusa iekliSanas celu izverteésanas,
analitiskas HRP rekonstrukcijas, infekcijas izplatibas noteikSanas novietnes ietvaros, uz risku
balstitas meérktiecigas paraugu nemsanas stratégijas un agrinas atklasanas stiprinasanas,
izmantojot pastiprinato pasivo uzraudzibu.

Sie komponenti ir cie$i savstarpgji saistiti. Preciza HRP rekonstrukcija uzlabo
izsekoSanas pasakumu efektivitati, mérktieciga paraugu nemsana palidz precizet infekcijas
izplatibu, savukart strukturéta ar cilvéka darbibu saistito virusa iekliiSanas celu izmekléSana
stiprina preventivos biodrosibas pasakumus. ST integréta ietvara centra atrodas cilvéka faktors
- informétiba, prasibu ievéroSana, komunikacija un [émumu pienemsana.

Tade] efektiva ACM kontrole prasa ne tikai normativo prasibu ievéroSanu un
laboratorisko kapacitati, bet ari ilgtermina ieguldijumus uzvedibas biodroSiba, strukturéta
epidemiologiskaja apmaciba un sistematiskas izmeklg§anas metodés. Saja promocijas darba
izstradatas metodologiskas pieejas veicina $adas kapacitates stiprinaSanu un nodros$ina ietvaru,
kas ir piem&rojams arT arpus Latvijas.

Kopuma $is darbs parada, ka ACM uzliesmojumu parvaldiba nav tikai patogéna
noteikSana, bet gan daudzdisciplinars epidemiologisks process, kas vienota slimibas kontroles
stratégija apvieno slimibas epidemiologiju, novietnu parvaldibas sisteémas, cilveku uzvedibu un
normativo regul&jumu.
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SECINAJUMI

1) ACM komercialas ciiku novietngs sakotngji var izplatities 1eni un neviendabigi, laujot
infekcijai ilgstosi palikt neatklatai. Sie rezultati parada, ka uzliesmojumu agrina atklagana nevar
balstities tikai uz mirstibas pieauguma raditajiem vai kliniskam aizdomam, un prasa
sistematisku uzraudzibas pieeju.

2) Augsta riska perioda (HRP) rekonstrukcija ir biitiska epidemiologiskas izmekléSanas
sastavdala, kas lauj identificét iesp&jamos virusa ieklisanas notikumus, izvertét izplatiSanas
celus un pilnveidot izsekoSanas un uzliesmojumu kontroles pasakumus.

3) Strukturéta, hipotézes balstita epidemiologiska izmekléSana nodro$ina sistematisku pieeju
iespgjamo ACM virusa iekliiSanas celu izvert€Sanai un lauj izslegt maz ticamus virusa
iekltisanas celus.

4) Virusa izplatibas novérté§ana novietnes ietvaros paradija, ka ACM neizplatas vienméerigi
starp razoSanas vienibam. Epidemiologisko vienibu identificéSana un mérktiecigu paraugu
nemsanas stratégijas izmantoSana ir butiska, lai ticami novértétu infekcijas izplatibu skartajas
novietng&s. Atro diagnostisko testu izmantoSanas izvertéjums lauka apstaklos apliecindja to
praktisko nozimi ka papildinoSu instrumentu epidemiologiskaja izmeklésana lidztekus
standarta laboratoriskajam metodém.

5) Pastiprinata pasiva uzraudziba, kas balstita uz sistematisku nobeigusos ciiku laboratorisko
izmekl@Sanu, bitiski uzlabo ACM uzliesmojumu agrinu atklasanu un veicina HRP saisinasanu,
tadgjadi samazinot turpmakas slimibas izplatiSanas risku.

6) Epidemiologiska izmekl&Sana, kas apvieno strukturétu datu apkoposanu, profesionalu lauka
informacijas interpretaciju un mérktiecigu diagnostisko apstiprinasanu, nodrosina pieradijumus
slimibas kontroles un parvaldibas pasakumu pielagosanai konkrétajai uzliesmojuma situacijai,
tostarp izvertgjot iesp&ju piemerot atkapes no pilnigas depopulacijas.

7) Péttjuma rezultati lava izstradat strukturétu ACM uzliesmojumu izmekl&Sanas ietvaru, kas

apvieno agrinu slimibas atklasanu, HRP rekonstrukciju, hipotézes balstitu epidemiologisko
izmekl&Sanu un mérktiecigu diagnostiku.
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REKOMENDACIJAS

1) Pastiprinata pasiva uzraudziba, kas balstita uz sistematisku nobeigusos ciiku laboratorisko
izmekl€Sanu, biitu konsekventi japieméro un jauztur komercialajas ciiku novietnés, jo ta uzlabo
ACM uzliesmojumu agrinu atklasanu un veicina neatklatas infekcijas perioda saisinasanu.

2) ACM uzliesmojumu izmeklé3ana biitu jaizmanto strukturéta augsta riska perioda (HRP)
rekonstrukcijas pieeja, integréjot epidemiologiskos, kliniskos, laboratoriskos, mirstibas un
dzivnieku parvietoSanas datus, lai atbalstitu virusa iekliisanas notikumu identific€Sanu,
transmisijas celu izvertéSanu un lémumu pienemsanu uzliesmojumu parvaldiba.

3) ACM uzliesmojumu epidemiologiskajai izmekle3anai biitu jabalstas uz integrétu, hipotezes
balstitu epidemiologiskas izmekl&$anas ietvaru, kas ietver strukturétu datu apkoposanu, HRP
rekonstrukciju, epidemiologisko vienibu identificé$anu, meérktiecigas paraugu nemsSanas
stratégijas un atbilstosas diagnostikas metodes, lai nodro§inatu uz pieradijumiem balstitu
uzliesmojumu parvaldibu un slimibas kontroles pasakumu 1stenoSanu.
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PATEICIBA

Vardi nespgj pilniba izteikt manu patieso pateicibu visiem tiem cilvékiem, kuri mani
iedvesmoja, atbalstija, macija un vadija Saja promocijas darba tapSanas cela.

Ipasa sadarbiba ar kolégiem no Fridriha Leflera institiita (Friedrich-Loeffler-Institut,
FLI), Vacijas Federala dzivnieku veselibas p€tniecibas institiita, Igaunijas Dzivibas zinatnu
universitates un Partikas droSibas, dzivnieku veselibas un vides zinatniska institita “BIOR”
izvertas ne tikai vertiga zinatniska sadarbiba, bet arT ilgstosas personigas attiecibas un kopiga
aizrautiba mekl&t atbildes uz neskaitamiem epidemiologiskajiem jautajumiem, kas saistiti ar
Afrikas ciiku méri. ST sadarbiba man deva iesp&ju stradat kopa ar izcilu darba vaditaju un
zinatnisko konsultantu komandu.

Mani darba vaditaji prof. Dr. Aivars Beérzin§ un prof. Dr. Arvo Viltrops, ka ari
zinatniskais konsultants Dr. Klaus Depners visa doktorantiiras laika ir bijusi nepartraukts
atbalsta, padomu, iedro§inajuma un zinasanu avots.

Studiju procesa, pasi izstradajot lauka petijumus un brizos, kad piedzivota nedrosiba
vai apjukums, Klaus, Tavs atbalsts, iedroSindjums un vadiba bija nenovért§jami. Tava
zinatniska kompetence, entuziasms un sp&ja saskatit risinajumus tur, kur citi redz€ja skerslus,
man vienmgr ir bijis iedvesmas avots. Es vienmér baisu dzili pateiciga par Tavu atbalstu.

Sirsnigi pateicos fondam “Vitolu fonds” par mana promocijas darba ieceres novertéSanu
un studiju atbalstiSanu, pieskirot LAB-AN stipendiju.

Velos izteikt ar1 patiesu pateicibu Latvijas Zinatnu akadémijai par miisu petijuma par
Afrikas cliku méri atzinibu, ieklaujot to starp nozimigakajiem sasniegumiem lietiSkaja zinatngé
2025. gada. Sads novértéjums apliecina lietisko pétfjumu nozimigumu un kalpo ka vértigs
iedros§inajums turpmakajam zinatniskajam darbam.

Mana visdzilaka pateiciba pieder visiem promocijas darba ieklauto publikaciju
lidzautoriem. Jiis parstavat dazadas valstis un esat devusi unikalu pieredzi Afrikas ciiku méra
joma, padarot muisu kopigo darbu daudzpusigaku, veértigaku un iedvesmojosaku. Ideju apmaina,
zinatniskas diskusijas un kopigie centieni risinat Afrikas ciiku méra kontroles izaicinajumus ir
bijusi viens no nozimigakajiem ieguvumiem $aja cela.

Sis promocijas darbs nebitu tapis bez dienam, ménesiem un gadiem, kas pavaditi,
stradajot kopa ar koleégiem Partikas un veterinaraja dienesta. IpaSa pateiciba Edvinam
OlSevskim - Tu man liki noticét, ka doktoranttras studijas ir iesp€jams apvienot ar ikdienas
darbu Partikas un veterinaraja dienesta. Esmu ar1 dzili pateiciga par iesaistiSanu daudzas
nacionala un starptautiska Iimena pétniecibas aktivitates, kas mani motivéja turpinat zinatnisko
izaugsmi.

Velos pateikties arT Martinam Serzantam par neskaitamajam diskusijam, jautajumiem
un stundam, kas pavaditas, stradajot plecu pie pleca Afrikas cliku méra uzliesmojumu
izmekl€Sana, datu vakSana un interpretacija. Tavas idejas, praktiskie risinajumi, kritiska
domasana un humora izjiita vienmer ir bijusi atbalsta un iedvesmas avots.

Visi Veterinaras uzraudzibas departamenta kolégi ir pelnijusi manu sirsnigu pateicibu
par atbalstu, sadarbibu un iedroSinajumu So gadu garuma.

Esmu patiesi pateiciga visiem veterinarajiem inspektoriem un laboratorijas
specialistiem, kuri gadu gaita bija iesaistiti Afrikas cliku méra uzliesmojumu izmeklé$ana un
lauka darba. Paraugu nemSana, laboratoriska diagnostika, datu apkopoSana un neskaitamas
stundas, kas pavaditas skartajas novietn€s, veidoja pamatu Sim p@tjjumam. Bez jiisu
profesionalitates, atbildibas sajttas un ieguldijuma Sie petijumi nebiitu bijusi iesp&jami.

Velos izteikt sirsnigu pateicibu Ingai Bedritei par palidzibu promocijas darba tehniskaja
noforméSana un par vienmeér atbalstoSo attieksmi visa procesa laika.

Pateiciba pieder ari maniem vecakiem, kuri vienmér ir atbalstijusi manu l€émumu
turpinat studijas un sniegusi nenovert€jamu praktisku palidzibu, riip&joties par manu maju un
darzu laika, kad biju aiznemta ar pétniecisko darbu vai komand&umiem.
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Mans virs Ivo un misu deli Péteris un Kristaps - es nesp&ju iedomaties atbalstoSaku,
milo$aku un briniskigaku gimeni. JGsu pacietiba, sapratne, iedro$inajums un beznosacijumu
milestiba ir padarijusi So celu iesp&jamu.

Visbeidzot, pateicos Dievam par Vina neizmérojamo milestibu, gudribu, vadibu un
svetibam, kas mani pavadijusas visas dzives un §1 akadémiska cela laika.
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Case report/Fallbericht
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African swine fever outbreak investiga-
tions in a large commercial pig farm in
Latvia: a case report

Untersuchungen eines Ausbruchs der Afrikanischen
Schweinepest in einem grolSen kommerziellen Schweine-
bestand in Lettland: ein Fallbericht

Kristine Lamberga’, Martins Serzants', Edvins Olsevskis'?

In Mid-January 2017 a large commercial pig breeding farm in Latvia with almost
5000 animals was affected by African swine fever (ASF). Epidemiological investiga-
tions using a hypothesis based approach were conducted to trace the source of
virus and to reconstruct the course of the disease until notification.

Although the farm was located in an area where the disease is circulating in the
wild boar population, it was found highly unlikely that wild boar might have
played a direct role in this outbreak. Management inconsistencies related to
human behavior proved to be the main vulnerabilities for virus introduction. Farm
management did not fulfill biosecurity requirements in all aspects to prevent
virus introduction. Therefore, the human factor could not be ruled out and has
been considered to be the most serious risk factor. Most probably the ASF virus
entered the farm beginning of December 2016, about six weeks before disease
confirmation.

It was concluded that early detection of ASF by passive surveillance is most cru-
cial and has to be improved. In risk areas dead pigs should be compulsory tested
for ASF even if farm mortality is below the normal threshold.

Keywords: Outbreak investigation, Biosecurity, African swine fever

Mitte Januar 2017 kam es zu einem Ausbruch der Afrikanischen Schweinepest
(ASP) in einer grol3en kommerziellen Schweinezuchtanlage in Lettland. Es waren
fast 5000 Tiere betroffen. Um die Quelle des Virus nachzuverfolgen und den Ver-
lauf der Krankheit vor der Anzeige zu rekonstruieren, wurden epidemiologische
Nachforschungen durchgefuhrt.

Obwohl sich der Betrieb in einem Gebiet, in dem die ASP innerhalb der Wild-
schweinepopulation zirkuliert, befand, wurde es als sehr unwahrscheinlich
angesehen, dass das Wildschwein eine direkte Rolle in diesem Ausbruchsgesche-
hen gespielt hat. Es konnte nachgewiesen werden, dass UnregelmalRigkeiten im
Management, die mit menschlichem Verhalten zusammenhingen, die grof3ten
Schwachstellen hinsichtlich des Viruseintrags darstellten. Das Betriebsmanage-
ment erflllte nicht in allen Bereichen die Biosicherheitsanforderungen, um einen
Viruseintrag zu verhindern. Dementsprechend konnte der Faktor Mensch nicht
ausgeschlossen werden und wurde als wichtigster Risikofaktor angesehen. Sehr
wahrscheinlich kam es zu Beginn Dezember 2016, sechs Wochen vor Krankheits-
bestatigung, zum ASP-Viruseintrag.

Schlussfolgernd ist die Friherkennung von ASP durch passive Uberwachung
wesentlich und muss verbessert werden. In Risikogebieten sollten tote Schweine
verpflichtend auf ASP getestet werden, selbst wenn die Mortalitét des Betriebes
unterhalb des normalen Grenzwertes liegt.

Schliisselworter: Ausbruchsuntersuchung, Biosicherheit, Afrikanische Schweine-
pest
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Background

The epidemic currently affecting parts of Eastern Europe
started in Georgia in 2007 and has reached the eastern
borders of the European Union at the beginning of 2014
(European Food And Safety Authority 2015, European
Food Safety Authority et al. 2017, Sanchez-Vizcaino et
al. 2013,). First cases of infected wild boar were reported
by Lithuania in January 2014, followed by Poland, Lat-
via and Estonia. The African swine fever virus (ASFV)
entered Latvia from the South East of the country and
continued to spread westwards and northwards. By May
2018 Latvia notified over 3000 cases in wild boar and 53
outbreaks in domestic pigs (Table 1, Figure 1). The course
of ASF in wild boar proved to be very complex and dif-
ficult to control (European Food Safety Authority et al.
2017) and about 87% of Latvia had to be placed under
trade and sanitary restrictions (European Commission
2014)). Apart from the Baltic States and Poland where
the disease became endemic in wild boar populations
further cases and outbreaks were reported from Roma-
nia, Moldova, Czech Republic and Hungary during 2017
and 2018. In contrast the outbreaks in domestic pigs
could be controlled timely and without major problems.
Apart from three outbreaks which affected large com-
mercial farms, all other outbreaks occurred in small
farms or back yard holdings.

In case of an outbreak a timely epidemiological inves-
tigation has to be conducted to identify the possible
origin of the ASFV and to estimate the high risk period,
which is the length of time during which ASFV was on
the farm before notification (Anonymus 2002). All direct

TABLE 1: Latvian notifications of positive African
swine fever cases in domestic pigs and in wild boar from
2014 to May 2018

Year Domestic pigs | Wild boar Total
2014 32 148 180
2015 10 752 762
2016 3 865 868
2017 8 947 955
2018 0 323 323
Total 53 3035 3088

or indirect contacts with the outbreak holding during
the high risk period have to be regarded as suspect and
followed up accordingly.

Case presentation and chronology
of events

The case report presented is an observational study in a
large pig breading farm with almost 5000 animals (sows,
piglets and boars) in Krimuldas County where ASE
was confirmed mid-January 2017. After weaning, piglets
were delivered to a fattening farm, which was located 50
km away and belonged to the same company. The last
delivery of piglets took place one day before outbreak
confirmation. Three weeks later ASF was confirmed also
in the fattening farm.

The animals were kept in seven separate stable buildings
with a common yard. At the entrances of each stable there
were no sanitary filters. Based on the information received

ASF epidemiological situation in Latvia (2014-2017)

% outbreak farm in Krimuldas County
A ASF outbreak in pig farm
O ASF case in wild boar

0 30 60
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FIGURE 1: African swine fever (ASF) epidemiological situation in Latvia (2014-2017). Data extracted from

the Animal Disease Notification System — ADNS.
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from the farm manager apparently the first health prob-
lems started in stable No. 5 where pregnant sows were kept
in groups. According to the farm records (necropsy docu-
ments) the first sow with lesions died on 28th of December,
2016. Four pigs showed loss of appetite and vomiting on
the 2" of January and were found dead on 4™ of January.
Another dead sow was found on 6% of January, followed by
one on 9™, one on 11* 4 on 12" and 6 sows on 13" of Janu-
ary. On 9™ of January several sows were moved from stable
No. 5 to stable No. 6A for farrowing. Two of those pigs were
found dead on 12% and 13" of January. The movement of
sows from stable No. 5 to stable 6A was considered as
ASFV introduction to stable No. 6A. Breeding boars were
kept in a separate stable (No. 2). In this stable, the first boar
was found dead on the 7" January and a second one on
the 14" January. However, no sampling was carried out for
laboratory investigations. On the 14" January another boar
was found dead and tested positive for ASFE.

Only pigs which died on 13" and 14" of January were
sampled and tested for ASF.

All affected stables (5, 6A and 2) were closely linked
by the farm staff (inseminator) and the movement of
pregnant pigs between different stables.

Methodology

We aimed to investigate how the virus might have
entered the breeding farm and how the disease evolved
within the farm. The study included several farm visits
comprising interviews with the farm manager, veteri-
narian and farm workers. The interviews were informal,
with simultaneous note-taking. Additional information
was obtained from the local veterinary service and the
rendering company servicing the farm. Information on
biosecurity was extracted from the interview data and
from observations made during the farm visits. Basically
two different aspects were addressed: the biosecurity of
the farm setup (buildings, fences, equipment, vehicles,
etc.) and the biosecurity linked to management proce-
dures (hygiene protocols, internal work flow, movements
of people and vehicles, etc.).

To structure the investigations concerning the origin
of the ASFV a hypothesis based approach was chosen.
Each hypothesis was than addressed separately to prove
or reject it. Three working hypotheses were formulated
(Table 1):

e wild boar hypothesis — direct or indirect contacts with
infected wild boar

e meat hypothesis — contact with contaminated meat,
meat products or any other fomites

e trade hypothesis — introduction of infected pigs

The hypotheses were based on possible virus trans-
mission routes, e.g. ingestion of infected meat or meat
products, contact between sick and healthy animals and
fomites (European Food and Safety Authority 2015). The
option concerning soft tick involvement was not consid-
ered since Ornithodoros ticks were not reported to play
a role in Latvia (Salmane 2012).

Discussion and Conclusion

Possible length of time during which ASF may

have existed on the farm

A time-line of the potential course of the disease was
created based on laboratory results, anamnestic data,

and records on morbidity, mortality and post mor-
tem findings. In December (19" and 28" December)
pathological changes which where indicative for ASFV
(enlarged spleen and hemorrhages) were noted in two
dead sows of one stable. However, no samples were
taken for laboratory confirmation. During the first two
weeks of January an increased morbidity and mortality
of sows was noticed, particularly in one stable where
17 sows died. ASF was suspected and first samples were
taken from five sows which died on 13% January. All five
samples were positive for ASF viral DNA. In addition, 50
live pigs from the same stable were sampled and only
four of them were positive for ASF viral DNA. In total,
75 animals were sampled and tested for the presence of
ASF viral DNA and antibodies. No ASF antibodies were
detected, while ASF viral DNA was found in 23 ani-
mals. The absence of seropositive animals supports the
assumption that no chronic or sub clinical forms of ASF
occurred. All infected animals must have died, before
detectable antibodies were present in the blood.

Taking into consideration the incubation period of
ASF of few days up to one week (Blome et al. 2013),
most probably the ASFV entered the farm at the begin-
ning of December 2016 about six weeks before disease
confirmation. However, regardless of the time point of
virus introduction (early December or later) the virus
spread within the farm was very slow; only relative few
animals were affected until beginning of January. This
slow spread can be explained by the low contagiousness
of the virus and the housing of sows within the stables.

It indicates that virus transmission from one animal to
the next is rather a slow process. Infected blood plays a
major role in virus transmission. Efficient transmission
takes place when diseased animals start bleeding or
when they die and susceptible animals start licking and
nibbling on their carcasses (Pietschmann et al. 2015).

Our findings do not support a massive virus introduc-
tion. If a high amount of virus would have been intro-
duced (e.g. via contaminated feed or several infected
animals), a rapid and fulminating disease development
would have been expected. More probable is the intro-
duction of small amount of virus infecting initially only
one or few animals. The mortality during the beginning
phase of the disease did not exceed the normal mortal-
ity threshold of the farm, which might have been the
main reason for not suspecting ASF much earlier. If the
dead sows from December, which showed pathological
changes, had been tested for ASE, it is most likely the
disease would have been diagnosed much earlier and
infection of the fattening farm, which took piglets from
the breeding unit, could have been avoided.

Biosecurity and risk pathways

The initial impression of the farm setup was that it
seemed to be suitable for pig farming in an area, where
ASF infected wild boar is in the neighborhood. However,
interviews and in-depth assessment revealed that the
daily management of the farm did not fulfill biosecurity
requirements in all aspects to prevent virus introduction
(Table 1). The weakest points were the sanitary filters
(locker rooms) for the staff and the entry points of the
farm. The locker and resting rooms were not aligned to
provide clean separation between staff reception areas
and the animal accommodation. The farm employees
could bring and consume their own food inside the farm.
Taking into consideration that it was the cold period of
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the year (winter time) when ASF was circulating on
the farm, failure in disinfection efficiency cannot be
excluded and also documental evidence of proper
disinfection of vehicles was missing.

It was considered that a significant contribu-
tion to poor biosecurity may have been the large
turnover of staff (almost 50%) in the 10 weeks
prior to confirmation of disease, which had poor
biosecurity training and awareness of the risks of
ASF.

In a previous ASF study in Latvia in 2014 it
was reported that biosecurity shortcomings were
the common finding and the most serious factor
responsible for virus introduction in pig holdings,
either via the link to infected wild boar or via
swill feeding (Olsevskis et al. 2016). Our findings
confirmed that inadequate farm biosecurity is still
a major issue. Good farm biosecurity is consid-
ered to be the most important tool for preventing
ASFV introduction on a holding (Bellini et al.
2016).

The possible origin of ASFV on the holding

(Table 2)

Wild boar hypothesis

Although the study farm was located in a
restricted area due to ASF in wild boar, no direct
or indirect contacts with wild boar were identi-
fied. The farm is fenced in by a newly build fence
which effectively prevents the access of wild
boar. No wild boar or traces of wild boar have
been seen in the nearby vicinity. The closest ASF
positive wild boar was found about 4.4 km away
from the study farm 4 months before outbreak
confirmation. Furthermore, no indirect contacts
to the wild boar environment were identified.
No feed or bedding originating from areas where
infected wild boar might have had access entered
the farm. No farm employees or other persons
visiting the farm participated in hunting or were
otherwise involved in activities linked to wild
boar. Based on these findings it is highly unlikely
that wild boar might have played a direct or indi-
rect role in this outbreak.

Fomites and meat hypothesis

The role of fomites or of contaminated meat or
meat products as a potential source of ASFV could
be addressed only indirectly by interpreting the
biosecurity findings (Table 1). Due to the insuf-
ficient biosecurity, infectious material could have
entered the farm anytime and ASFV introduction
by people could not be ruled out.

Trade hypothesis

The study farm did not receive any live pigs during
previous 12 months. Therefore, virus introduction via
infected pigs could be excluded (trade hypothesis).

TABLE 2: Hypotheses of introduction routes of African swine fever
virus into the pig farm: summary of the epidemiological investigations

Working
hypothesis
of ASF virus
introduction

Risk factors and
biosecurity

Description

Probability
of intro-
duction
pathway

1. Link to
infected wild
boar

Setup of the farm

Farm has a newly built fence
which effectively prevents the
access of wild boar. No evidence
of wild boar in the vicinity of
the farm.

Excluded

Indirect contact
to wild boar
environment

No feed or bedding originating
from areas/ establishments,
where infected wild boar might
have had access, entered the
farm. Wood used for heating of
separate buildings of the farm
was kept for 2 years in fenced
area.

The farm provided pest control,
although infestation of mice was
observed within few stables.

Excluded

Role of personnel
(anthropogenic
factor)

No connection of personnel to
hunting activities or other activi-
ties linked to wild boar.

Low

Role of vehicles
entering the farm
(feed trucks, pig
trucks, farms tractor
when moving

pig carcasses to
containers located
outside the fenced
territory)

The farm has two separate gates,
equipped with disinfection
installations. One gate used for
trucks and other for tractors.
Taking into consideration cold
weather conditions during
December and January, failure
in disinfection efficiency cannot
be excluded. Evidence of proper
disinfection of vehicles was
missing.

Moderate

2. Link to
contaminated
meat or meat
products or
fomites

Setup of the farm

No proper sanitary filter for

farm workers and visitors, no
strict clean separation between
reception and animal areas.

This allows bringing potentially
contaminated pig meat products
for self-consumptions within the
farm and if some leftovers are
given to pigs, the infection could
be introduced.

High

Role of personnel
(anthropogenic
factor)

May bring in food from home,
no strict internal rules to eat

in designated place. No clear
evidence that each person was
properly instructed about the
biosecurity and risks related to
ASF introduction.

Huge turnover of employees
(almost 50%) during the last two
months, no proper risk aware-
ness of newly employed stuff.
Lack of awareness of employers
may result in failure of the biose-
curity measures.

High

3.Trade

Introduction of
infected animals

No live pigs have been introdu-
ced during previous year prior to
ASF notification

Excluded

However, the opposite was the case. Weaning piglets

were regularly delivered to a fattening unit belonging
to the same company where ASF was later confirmed.
The fattening unit was located around 50 km from the
breeding unit. Apart from movements to the fattening
farm, one gilt was sold to a small holding and one boar
to another small holding in October 2016. However,
none of these holdings became infected. Considering

Conclusions and lessons to be learned
The hypothesis based working approach proved to be a
suitable tool to conduct epidemiological investigation,
particularly to exclude some potential ways of virus
introduction. However, certain risk factors remained
unclear, particularly some aspects related to human
activities on the farm.

incubation period and possible time when ASFV was
on the farm, the above mentioned movements took
place before the breeding farm was infected.
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Nevertheless, the human factor proved to be the main
risk for ASFV introduction on pig farms. Therefore, farm
biosecurity has to be addressed more rigorously, particu-
larly all aspects related to human activities. Information
campaigns with all stake holders (farmers, veterinarians
and staff) are a vital issue.

Early detection of disease is essential to keep the high-
risk period as short as possible; passive surveillance must
be enhanced in ASF restricted and risk areas. In breeding
farms all dead gilts, sows and boars must be compulsory
tested for ASF, even if farm mortality is below the normal
threshold. In fattening farms at least the first two deaths
in each production unit each week, should be tested for
ASEF virus.
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Abstract: African swine fever (ASF) was first detected in Latvia in wild boar at the Eastern border
in June 2014. Since then ASF has continued to spread in wild boar populations covering almost
whole territory of the country. Sporadic outbreaks occurred at the same time in domestic pig
holdings located in wild boar infected areas. Here we present the results of the epidemiological
investigation in two large commercial farms. Several parameters were analyzed to determine the
high risk period (HRP) and to investigate the ASF virus spread within the farm. Clinical data,
mortality rates and laboratory results proved to be good indicators for estimating the HRP. The
measures for early disease detection, particularly the enhanced passive surveillance that is targeting
dead and sick pigs, were analyzed and discussed. Enhanced passive surveillance proved to be a key
element to detect ASF at an early stage. The study also showed that ASF virus might spread slowly
within a large farm depending mainly on direct contacts between pigs and the level of internal
biosecurity. Findings suggest improvements in outbreak prevention, control measures and may
contribute to a better understanding of ASF spreading patterns within large pig herds. Culling of
all pigs in large commercial farms could be reconsidered under certain conditions.

Keywords: African swine fever; commercial farms; early detection; high risk period; disease control

1. Introduction

The first set of cases of African swine fever (ASF) in Latvia were detected in the wild boar
population at the eastern border with Belarus in June 2014 [1-3]. The disease continued to spread
over most of the territory of Latvia within the following years [4-6]. Similar to other ASF affected
countries, the infection cycle is maintained by wild boar and this remains a permanent threat for the
domestic pig industry [1,7,8]. In parallel, to the epidemic in wild boar, sporadic ASF outbreaks
occurred mostly in backyard farms located in areas where wild boar were affected [1]. Due to their
low level of biosecurity, backyard farms are more vulnerable to ASF virus introduction, while large
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commercial pig farms are better protected although biosecurity may vary from farm to farm [9]. The
first outbreak in a large commercial farm occurred in January, 2017 followed by a secondary outbreak
three weeks later in another farm owned by the same company [10].

In total 37.744 domestic pigs died or had to be culled so far due to ASF. An overview of the ASF
epidemic in Latvia since 2014 is shown in Table 1.

Table 1. African swine fever (ASF) outbreaks and cases in Latvia during 2014-2020.

Year Outbreaks in Domestic Pigs Cases **in  Territory Affected by ASF
Commercial * Backyard * No of Culled Pigs Wild Boar in Wild Boar (%) ***
2014 13 19 552 247 31.83
2015 4 6 213 1048 51.03
2016 3 0 308 1146 78.08
2017 5 3 19,914 1431 87.47
2018 5 5 16,705 905 95.01
2019 1 0 52 430 96.09
2020 (1st June) 0 0 0 133 96.39
Total 31 33 37,744 5340 N/A

* pig farms are categorized according to the Strategic approach to the management of African Swine
Fever for the EU, SANTE/7113/2015—Rev 12. ** Case is defined according to the European Union
(EU) legislation [11]. *** Estimate based on the size of restriction zones by the end of a particular year.
Restrictions zones are defined according to the EU legislation [12,13].

In case of an ASF outbreak, a timely epidemiological investigation has to be conducted to
identify the possible source and to estimate the high risk period (HRP), which is the likely length of
time that ASF has been present on the farm. It is very important to detect infected farms as early as
possible after ASF virus introduction to avoid further spread and to minimize the losses to the pig
sector and reduce governmental costs associated with outbreak eradication [14]. Animal experiments
as well as field observations have shown that a low to moderate transmissibility of ASF virus between
pigs is leading to a slow spread of the disease within a farm [10,15-19]. Therefore, the inadvertent
introduction of the virus may remain unnoticed by the farmer or the veterinarian for extended time.
Under unfavorable circumstances, the HRP may be several weeks or even months during which the
virus can spread within a farm or to other farms.

The main strategic aim of ASF surveillance in domestic pigs is to keep the HRP as short as
possible by early detection of infected holdings. To facilitate the early detection of outbreaks, new
measures were introduced in Latvia in 2017 requiring regular sampling and testing of sick and dead
pigs for ASF virus. Each week, at least the first two deaths, including post weaning pigs or pigs older
than two months in each production unit, had to be sampled and tested [12,20]. This enhanced
passive surveillance approach was based on the assumption that due to the high case fatality (>90%)
of ASF almost all infected pigs will become sick and die [15,21,22]. Therefore, any sick or dead animal
would be a good candidate for ASF testing.

In this report, we present the results of epidemiological investigations conducted in two large
pig farms, affected by ASF in Latvia. One outbreak (Farm A) occurred in 2017 before the enhanced
passive surveillance was introduced, while the second outbreak (Farm B) occurred in 2018, when
enhanced surveillance was already in place. We focused on the early detection strategy, the HRP and
the virus spread within the farms. Our case report contributes to a better understanding of ASF
spread patterns within large pig herds and suggests how outbreak prevention and control measures
can be improved.

2. Case Description

2.1. Farm A

Farm A is located in south-east of Latvia, a farrow to finish farm with almost 6000 pigs, including
nearly 600 breeding sows notified ASF suspicion to the veterinary authority on 14th July 2017 and
the outbreak was confirmed by the veterinary authority at the same day. At that time, an active
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spread of the infection was ongoing in the local wild boar population [23] (Figure 1). The closest ASF
positive wild boar was found less than 3 km from the farm. Pigs were kept indoors in seven separate
stables according to their production category (sows, boars, gilts and finishers). Sows were kept in
three stables depending on their reproduction phase —sows for artificial insemination, pregnant sows
kept in groups and farrowing sows. The farm had its own slaughterhouse located within the farm'’s
territory. The meat from the slaughterhouse was delivered to meat processing and retail
establishments in Latvia.

100 km * Farm A and B
. A ASF outbreaks 2017 — 2018
ASF wild boar cases 2017 - 2018

Figure 1. ASF in Latvia in 2017-2018 and the location of the two outbreak farms described in this
study.

2.2. Farm B

Farm B, a large farrow to finish farm with around 16.000 pigs, including nearly 1600 breeding
sows, was reported ASF positive to the veterinary authority by the laboratory on 31st of July 2018.
The farm is located in south-western part of Latvia, also in a restriction area due to ASF in wild boar
(Figure 1). Pigs were kept indoors in two separate locations (B1 and B2) three km apart. In B1 breeding
pigs, including boars, pregnant and farrowing sows with piglets and weaned pigs were kept in 18
stables. Fattening pigs and gilts were kept in six stables in location B2. There were regular movements
of different pig consignments between the two locations on a daily basis. The fatteners were sold to
slaughterhouses in Latvia and Lithuania.

2.3. Epidemiological Investigations

The epidemiological investigations were conducted according to the European Union legislation
[11,24] and were performed by the veterinary authority. The investigations included onsite
inspections, interviews with relevant personnel from the farm’s administration, veterinarians and
workers directly involved in the daily care of the animals. The documentation regarding animals,
personnel, visitors and vehicles entering and leaving the farms were checked and the farm biosecurity
status was evaluated. Hypothetical virus introduction routes were identified and checked as
previously described [10].

For the estimation of HRP and the reconstruction of the spreading pathways within the farm,
the information obtained from the farm records and interviews with farm staff, clinical and post-
mortem findings and laboratory results were evaluated. If clinical data were interpreted, an infection
cycle from infection until death of ten days was assumed [17,18,22]. For laboratory findings showing
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positive RT-PCR and immunoperoxidase test (IPT) results after a period of up to 10 days, it was
assumed that might have passed from infection until death of the sampled pigs (C. Gallardo, personal
communication (European Union reference laboratory (INIA-CISA), Valdeolmos, Madrid, Spain).

In addition, samples for laboratory testing were taken before culling from pigs of different
groups and different stables to obtain a better picture of virus spread within the farms (Tables 2 and
3). The samples were tested for the presence of viral genome (RT-PCR test) and ASF antibodies (Ab-
ELISA and IPT) at the Institute of Food Safety, Animal Health and Environment “BIOR” (National
Reference Laboratory, NRL) according to the manufactures instructions of the test kit.

Table 2. RT PCR and serology results of pigs of Farm A sampled in different stables before culling.

Laboratory Testing Results

Stable Id N.umber of Pigs Category of Number. of Samples RT PCR Serology (ELISA,
in the Stable Pigs Taken in a Stable . .
Positive IPT) Positive
1 213 Boars, sows 3 0 0
2 301 Sows * 4 4 2
3 696 Sows ** 28 10 0
4 1761 Weaners 28 1 0
5 1157 Fatteners 29 0
6 1136 Fatteners 28 0 0
7 554 Fatteners 20 0 0
Total 5818 N/A 140 15 2

* Sows kept in group pens. ** Sows kept with piglets.

Table 3. RT PCR and serology results of pigs sampled before culling in different stables of Farm B at
location B2.

Laboratory Testing Results

Number of Pigs in Category of Number of Samples
Stable Id the Stableg Pgigsy Taken in a StalI:le RT PCR ser°l°$¥ (IPT)
Positive Positive
1 685 Gilts, Fatteners 13 1 0
2 877 Gilts, Fatteners 10 0 0
3 946 Gilts, Fatteners 12 0 0
4 997 Gilts, Fatteners 18 7 5
5 848 Gilts, Fatteners 4 0 0
6 1118 Fatteners 7 0 0
Total 5471 N/A 64 8 5

2.4. Chronology of Events in Farm A

Timeline of the disease event in Farm A is summarized in Figure 2. ASF suspicion was notified
by the farmer based on severe clinical signs and increased mortality in stable 2 on the 14th of July.
The observed clinical signs were abortions, vomiting, lethargy, high fever and loss of appetite. The
disease was officially confirmed in the evening of the same day. Four dead pigs sampled on the 14th
July were PCR positive and two of them were also antibody positive (ELISA and IPT). The clinical
events started most probably in stable 2 where pregnant sows were kept in groups. On 2nd of July
one sow, which previously aborted, died. However, the animal was not sampled and tested for ASF
and no suspicion was reported. According to the farm workers, the remaining sows of the same pen
were moved to other pens within the same stable. In the following days, several other sows aborted
and mortality increased, reaching the peak of 12 dead sows on the 11th of July. A total of 43 sows
died between the 2nd and 14th of July, while 25 sows were slaughtered due to severe health problems.
Five more sows died in the farrowing stable 3, all coming from stable 2. One of them died on 7th of
July and the other four on the 8th and 9th of July, respectively.
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* Periodic slaughter of sows was performed within the farm in June, while sudden increase in numbers of slaughtered sows was observed
from the 4t of July, but it neither can be proven or excluded that ASF was the cause for slaughtering.
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Figure 2. Timeline of the disease event in Farm A, stable 2 and the estimated high risk period.

Additional samples were taken from pigs in all other stables the day after outbreak confirmation
to investigate further the disease situation in each separate unit and to reconstruct the potential
spread scenario within the farm. Purposive samples were taken from pigs with any disease signs and
randomly to detect 10% prevalence with 95% confidence in each sampling unit (stable) [10,17,25-27].
The laboratory results are shown in Table 2.

2.5. Chronology of Events in Farm B

The ASF suspicion in Farm B was notified to the veterinary authority by the NRL on the 31st of
July. Three pigs older than four months died on the 29th of July and tested PCR positive for ASF
during routine testing in the frame of enhanced passive surveillance. The pigs were from location B2,
stable 4. The timeline of the disease event in that stable is presented in Figure 3. Alongside RT-PCR
positive results, the three pigs mentioned above were also positive for ASF antibodies (IPT test).
According to the information provided by the owner and the farm veterinarian, no clinical signs
indicating ASF were noticed prior to the deaths of the pigs. The ASF positive pigs belonged to a group
of 280 weaners, which were moved on the 23rd of July from location B1 stable 7 to location B2 stable
4. A few days after the movement an increased mortality was observed in stable 4 in the group of the
moved animals (Figure 3B). The increase in mortality was associated with very hot weather
conditions and previous experience with edema disease (E.coli enterotoxaemia). However, mortality
in location B1 stable 7 did not increase notably (2 to 3 weaned pigs per week). In the farm’s records a
slight increase of mortality could be seen in stable 4 of location B1 starting mid-July (Figure 3A).
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Figure 3. Timeline of the disease event in location B2 stable 4 (A) and B1 stable 4 (B) and the estimated
high risk period for farm B.

After disease notification, on the 1st of August samples were taken from pigs of both locations
to identify possible virus spread within the farm. Considering the large number of stables and
animals, the sampling was targeted to dead pigs and pigs with clinical signs.

In location B1, seven dead pigs from stable 4 were sampled and six tested RT-PCR positive. Four
of these pigs tested negative for antibodies to ASF by IPT. In addition, 40 live pigs from different
stables were sampled and all of them tested negative for antibodies (ELISA) and virus genome.

In location B2, samples were taken from 13 dead and 51 sick pigs suspected of being infected.
These pigs were selected since they were less active and reluctant to move. One dead pig in stable 1
and two dead and five suspect live pigs from stable 4 were found RT-PCR positive. Two RT-PCR
positive dead pigs from the stable 4 were positive by IPT. All the suspect live pigs were tested for
virus genome and antibodies (ELISA). The five PCR positive suspected pigs were tested for
antibodies with both —ELISA test and IPT and three tested positive in IPT. Details of sample size and
laboratory results are shown in Table 3.

2.6. Estimation of the High Risk Period in Farm A

The first pig, which aborted and died on 2nd July was presumed to be the first animal which got
infected (index case) in farm A. Thus, ASF virus could have entered the farm about 10 days earlier,
around 22nd of June, considering the maximum survival time of 10 days after the infection with an
ASF genotype II virus strain [22]. The suspicion of the outbreak was notified on 14th of July, which
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makes a total of 23 days of HRP for the farm A. In addition, two dead pigs sampled on 14th July were
seropositive (ELISA and IPT). This finding supports the estimate of HRP being longer than 10 days.
A further indicator for prolonged HRP was the increased mortality during the last three weeks before
notification supporting the hypothesis that more than two infectious cycles should have passed.

2.7. Estimation of the High Risk Period in Farm B

Due to the enhanced passive surveillance, conducted on Farm B we assumed that the RT-PCR
positive animals which died on the 29th of July were also the first infected animals (index cases) on
the farm. In addition to the RT-PCR positive results, these pigs were tested positive also by IPT
method. Therefore, we assume that they got infected 7 to 10 days earlier, around the 18th of July. The
estimated HRP would be around two weeks.

2.8. Potential Spreading Scenario within Farm A

The potential spreading Scenario within Farm A is shown in Figure 4. Most probably, ASF
infection started in stable 2 with a sow which aborted and died on the 2nd of July (index case). This
sow came from the insemination stable 1 around 10-12 days before. However, the clinical status of
the animals in the insemination stable as well as the laboratory results were not indicating an ongoing
infection there. Pigs were moved from stable 1 to stable 2 using an outdoor path. It can be
hypothesized that the index sow picked up infection from potentially contaminated environment
during the outdoor walk. The path which connected two stables was badly constructed, with no solid
floor and with partly damaged fencing, which may allow the inadvertent escape of pigs into the
farm’s territory. If the farm’s territory was contaminated with ASF virus it was possible for pigs to
get infected. After the index sow died, the sows from that pen were moved to other places within the
same stable and they were the next ones who aborted and died.

Based on the disease timeline, we assume that the five ASF positive sows in the farrowing stable
3 became infected while still being in stable 2. Most probably, these animals were moved to the
farrowing stable during the incubation period.

One weaned pig was found PCR positive in stable 4. The weaners in stable 4 were brought from
stable 3. Therefore, it can be assumed that infection in stable 4 was introduced through weaned
piglets. ASF virus spread between the stables in Farm A could occur due to movements of infected
animals. However, pigs in other stables, where no animal movements took place during the HRP,
remained unaffected.

#5 #Ho H7

#1

Affected stables

M\ Disease spreading

Figure 4. Potential spread of ASF virus between the stables in a Farm A.

2.9. Potential Spreading Scenario in Farm B

The potential spreading scenario in Farm B is shown in Figure 5. The three pigs (index cases) in
stable 4 of location B2 tested RT-PCR positive, were moved from location B1, stable 7 six days before
they died. Since the pigs were also seropositive, it can be excluded that infection happened during
the transport.

The positive RT-PCR results from pigs sampled after disease notification proved that ASF was
also present in stable 4 of location B1 and in stable 1 of location B2. Most probably infection started
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in stable 4, location B1 and then probably jumped over via stable 7 to location B2. This can be justified
by the movement records between both locations. However, it remains unclear how the infection
spread between stables in location B1. Most probably, it might have happened via movement of farm
workers or via shared stable equipment. All stables were connected through corridors where workers
and equipment, including wheel borrows, could move without additional biosecurity measures.
Furthermore, it remained unclear how the virus entered stable 1 in location B2. Based on the farm’s
records, movement of pigs between stables did not take place. Most probably shared equipment or
farm workers could have played a role in virus transmission.

Location B1

#1 #2 #3 #9 | |#10 || #11 || #12 ||#13 | |#14
#15 | |#16 | |#17 | |#18

Location B2

H1| [ #H2 | #3 [] pig stable

D Affected stable

4= Pig movement
M\ Disease spreading

Figure 5. Potential spreading of ASF virus between the stables in a Farm B.
3. Discussion

3.1. Early Detection of the Disease and HRP

Early detection would mean the detection of the very first ASF infected pigs on the farm at the
shortest period of time after the infection was established. Ideally, these should be the first pigs which
show clinical signs and die due to ASF. This might happen about one week after infection. However,
seldom reliable data and information are found indicating the start of an infection (index case) on a
farm. Due to the rather low infectivity of the circulating ASF virus, only few animals may become
infected and die during the first weeks [19]. Therefore, the general mortality rate may not exceed
normal levels and the initially low ASF induced mortality can easily be overlooked, particularly in
larger farms. It could be shown that ASF virus might circulate in a herd for nearly a month before it
causes a marked increase in mortality [15,17,18]. Under such conditions, enhanced surveillance
targeting sick and dead animals, independently from the mortality rate, would be the only practical
option for early ASF detection. In contrast, sampling of clinically healthy pigs would fail to detect
ASF on a farm during the initial stage.

In Farm A, ASF was suspected and reported due to increased morbidity and mortality of
pregnant sows at a late stage. No enhanced passive surveillance system for early detection was in
place targeting dead or suspect animals. An HRP of longer than 3 weeks was estimated. In Farm B,
the enhanced passive surveillance was implemented and ASF could be detected before mortality
noticeably raised. The HRP was around two weeks.

A reasonably accurate estimate of the HRP may allow the veterinary authorities to trace
efficiently potential secondary outbreaks or virus spreading via animal movement, contaminated
products, vehicles, people and other means. However, under field conditions estimating the HRP is
rather difficult and often unsatisfactory due to insufficient or questionable data. The history based
on clinical signs and morbidity records might not always be reliable or relevant laboratory
examinations might be missing. However, mortality records and laboratory test results proved to be
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useful indicators for estimating the HRP. Experimental studies with genotype 2 ASF virus showed
that in average an infection cycle, the time from infection until death of an animal, is around 10 days
[15,16,21,22]. Usually antibodies detectable in an ELISA test are found in animals, which do not die
within the first 10 days of infection [22]. The timeline showing the increased mortality on Farm A is
a strong indicator that more than two infectious cycles of about 10 days each might have occurred,
meaning that more than 20 days must have past, since virus introduction. However, in a worst-case
scenario the HRP could have been even longer. Seropositivity detected by ELISA test is a very clear
indicator that the virus must have been on the farm for more than ten days. If the concept of weekly
testing of dead pigs would have been in place on Farm A, the outbreak could have been detected
much earlier, most probably when the first sow was found dead. On Farm B none of the pigs tested
positive by ELISA but the first PCR positive animals were also positive in IPT. Such results indicate
a relative recent infection. Seroconversion can be seen by IPT around 7 to 10 days after infection [28],
(C. Gallardo, personal communication (European Union reference laboratory (INIA-CISA),
Valdeolmos, Madrid. Spain).

The sooner the early detection surveillance scheme for detecting potentially infected holdings is
implemented, the earlier farms are found in which only one or few virus positive animals are present.
This leads to the dilemma regarding the acceptance of the depopulation measures, which have to
follow without any delay. Due to this dilemma, alternative culling and surveillance schemes for large
farms where only few infected animals are present could be developed.

3.2. Virus Spreading within the Farms

Reconstructing the potential spreading pathway of the virus within the farm may help to
identify how and where the virus might have entered and to which degree the farm was affected.
Additional blood or organ samples for laboratory examinations taken from suspect animals, from all
production units during culling or shortly before, can prove the presence or absence of the virus in
different farm units. However, under field conditions, sampling of pigs before culling or during
culling is difficult because of time pressure and other logistical arrangements. In Farm A the ASF
infection most probably started in the stable 2 and spread to the stables 3 and 4, while four other
stables were not affected. For Farm B reconstruction of the virus pathway was more difficult
compared to Farm A, mainly due to the complex epidemiological situation ongoing in parallel in the
two separate locations. The clinical events started most probably in stable 4, location Bl and then
jumped over via stable 7 to location B2. Direct contacts with infected live pigs or carcasses posed the
highest risk of spreading the infection [9,29]. As in the case of Farm A, we could see how infection
spread from one stable to the next following the movements of infected pigs. Non-compliance with
farm biosecurity measures left space for virus introduction and spread within the farm (biosecurity
[30].

Experimental findings as well as field studies have proven a low transmissibility of ASFV, which
may delay the virus spread inside a pen and between pens [15,16,18]. The calculated period from
infection until onset of infectiousness was around 10 days within a pen and around 13 days between
pigs in different pens in a study by Guinat et al. [15]. Our findings support these experimental studies,
confirming the relatively slow spread of the infection and are based on the analysis of ASF spread
within both farms, considering the results of clinical and laboratory investigations, as well as on the
estimated length of the HRP. Although relatively long HRP was detected, particularly for Farm A,
there were still negative animals within the affected stables and there were stables not affected at all
on the date of investigation. However, the speed of virus spread is very much influenced by the local
biosecurity measures, the local farm infrastructure and the farm management. Therefore, daily
maintenance of high biosecurity measures must have highest priority [9,31]. Farms located in infected
areas due to ASF virus circulation in wild boar populations are under particular risk.
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4. Conclusions

ASF rather spreads slowly within pig herds, particularly in the initial stage of the outbreak.
Several weeks can pass with ASF infection within the farm until mortality rises above the average
level.

Enhanced passive surveillance by testing dead or sick animals is an effective method for the
early detection of ASF in large pig farms. In addition, it may lead to a considerable reduction of the
HRP.

Mortality records and laboratory results proved to be useful indicators for estimating the HRP.

With early detection and a short HRP it can be assumed that large parts of the farm are not yet
affected by ASF. Under the precondition of slow virus spread, non-affected farm units could be
excluded from culling measures. Good farm management and strict internal biosecurity measures as
well as an intelligent surveillance scheme should be in place to reach this goal.

Veterinary authorities may take into consideration slow spread of the virus within a farm when
planning and performing stamping out procedures thus gaining time for epidemiological
investigations, sampling for laboratory investigations, as well as time to prepare properly for culling
and synchronize it with carcass destruction.
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Abstract

In the case of African swine fever (ASF) outbreaks in pig farms, EU legislation requires
a thorough epidemiological investigation to determine, among other tasks, the extent
of infection in the affected farm. The main aim of this study was to implement a reli-
able sampling strategy to quickly obtain an overview of the extent of ASF virus spread
in an affected pig farm. We developed and tested a three-step approach: (i) identifi-
cation of sub-units within the affected farm, (ii) categorization of sub-units, and (iii)
targeted selection of animals for testing. We used commercially available lateral flow
devices (LFDs) to detect ASF antigen and antibodies under field conditions and com-
pared them with routinely performed laboratory tests (QPCR, ELISA, IPT). The study
was conducted in three commercial farms in Latvia that were affected by ASF in July
2020. One of the affected farms was relatively small with only 31 pigs, whereas the
other two were large with 1800 and 9800 animals, respectively. The approach proved
to be helpful and practical for efficient and reliably assess the ASF situation on the
farm and to identify sub-units within a farm where infected animals are present and
sub-units which might (still) be free of infection. This important epidemiological infor-
mation helps to better estimate the high-risk period and to track the potential spread
of infection outside the farm. It allows also to prioritize culling and, if appropriate, to
pursue a partial culling strategy taking into account the absence of clinical signs, imple-
mented biosecurity measures, quarantine and negative test results, among others. This
might be of interest for large commercial farms where the infection was identified very
early and has not yet spread widely. Due to its limited sensitivity, the antigen LFD test

is useful for testing animals showing signs of disease.
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1 | INTRODUCTION

African swine fever (ASF) is a deadly viral animal disease that signif-
icantly affects domestic and wild suids (Sus scrofa) (Plowright et al.,
1994; Chenais et al., 2019). The current epizootic is caused by ASF
virus (ASFV) of genotype Il and started in 2007 in Georgia, from where
it spread to neighbouring Caucasian countries and the Russian Feder-
ation, reaching the European Union in 2014, including Latvia (EFSA,
2020; OIE, 2021; Viltrop et al., 2021). In 2018, China, the world’s
largest pig producer, reported its first ASF outbreaks, and by the end of
2019 China had lost more than half of its pig population (Berthe, 2020).
During the summer of 2021, ASF arrived in the Dominican Republicand
Haiti thus threatening the pig sectors in North and Latin America (Gon-
zales et al., 2021). The huge losses are caused not only by the infection
itself, which kills the affected animals, but also by the trade restrictions
and the culling of all animals on an affected farm.

For ASF outbreaks in pig farms, EU legislation requires a thorough
outbreak investigation with the aim of identifying the likely origin of
the virus and the high-risk period (HRP), that is, the estimated time
that ASF has been on the farm before detection as well as to obtain
information on the likely spread of the disease to other farms (EC,
2002, 2016). To do this, it would be important to estimate the extent
of an outbreak on a farm, that is, how far the virus has already spread
within the farm, by identifying the affected pig units. For outbreak
investigations after disease confirmation, EU legislation required (until
21 April 2021) the collection of random blood samples from pigs on
the affected holding during the culling process for serological and
virological testing. The minimum number of samples required should
allow the detection of a seroprevalence of 10% in pigs in each sub-unit
of the holding with a 95% confidence level (EC, 2003). Analyses of
domestic pig outbreaks in the current epizootic as well as experimental
studies have shown that the contagiousness of ASF is rather low,
leading to a slow spread within pig herds (Chenais et al., 2019). This in
turn usually leads to low mortality on farms in the early phase, usually
within 2 to 3 weeks after virus introduction, though after this period
most of the animals in the same pen will be infected. To date, all ASF
viruses detected in domestic pigs and the majority of wild boar in
Latvia were virulent strains despite the finding of an attenuated strain
in a hunted wild boar in 2017 (Gallardo, Soler, et al., 2019; Gallardo
et al,, 2021). Taking into account that the dominant ASFV genotype Il
strains currently circulating are causing a case-fatality rate of >90%,
seropositive healthy pigs are rarely found as majority of pigs do not
survive the acute phase (Blome et al., 2020). Therefore, considering
the circulation of virulent viruses, surveillance based on random sero-
logical sampling is no longer recommended for early detection of ASF
or as a method to estimate the spread of the virus within an affected
farm (EFSA, 2021). The targeted surveillance approach is based on the
assumption that virulent viruses are still the ones infecting domestic
pigs and therefore the majority of infected animals would get sick
and die (Busch et al,, 2021; Blome et al., 2020). Therefore, targeted
sampling focuses on the selection of suspicious, sick, and dead animals
to be tested for the presence of the virus (risk-based surveillance).
Nevertheless, antibody tests are important findings that provide
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additional information about the spread of the disease in a farm
(EC,2018).

Under field conditions, rapid detection of ASF-infected animals can
be increased with the help of lateral flow devices (LFDs) for ASF virus
antigen (Ag-LFD) and antibody (Ab-LFD). Such pen-side or point-of-
care tests have been developed in recent years and are commercially
available (Cappai et al., 2017; Gallardo, Fernandez-Pinero, et al., 2019).
While the sensitivity and specificity of the Ab-LFD is over 90% com-
pared to antibody ELISA tests, the sensitivity of the Ag-LFD has been
shown to be below standard tests routinely used in diagnostic labora-
tories, for example, gPCR (Carlsonetal.,2017; Pikalo et al., 2020, 2021;
Sastre et al., 2016).

The main aim of our study was to implement a reliable sampling
strategy that would enable us to quickly obtain an overview of the
extent of virus spread on an ASF-affected pig farm. A fast and reliable
overview would allow decision-makers to quickly take further appro-
priate action in controlling the outbreak. The hypothesis we are pursu-
ing is that ASF-infected animals are most likely to be found in the group
of sick animals, and LFDs may help in identifying such animals. Our
study had two objectives: (i) to develop a targeted and efficient sam-
pling strategy for ASF-affected farms and (ii) test the suitability of LFDs
under field conditions compared to standard laboratory tests (PCR,
ELISA, and IPT). So far, LFDs have mainly been tested under experimen-
tal conditions and not as an additional tool on ASF-affected farms.

In large commercial pig farms in endemic areas, consideration is
being given to exempting animals not affected by the disease from
culling, where legislation and biosecurity allow (Costard et al., 2022).
On farms where the disease has not yet spread widely, unaffected sub-
units could be exempted from culling following an appropriate legal,
biosecurity, and surveillance concept (Costard et al., 2022). In order to
consider this partial culling approach, it is necessary to efficiently and
carefully monitor the extent of virus spread on the farm after the dis-
ease has been notified.

2 | MATERIALS AND METHODS

2.1 | Outbreak information and farm
characteristics

The study was conducted in three commercial farms in Latvia that were
affected by ASF in July 2020. It was a purely random choice of farms
that resulted from the epidemiological situation at the time. The farms
were of different sizes and there was no epidemiological link between
them. All three farms were located in regions with active ASF virus cir-
culation in the wild boar population (OlSevskis et al., 2020). The follow-
ing brief farm descriptions reflect the ASF situation on the farms when
ASF was confirmed and before we started our study. The information
was provided by the farm owners or the farm veterinarians.

Farm A was a small commercial pig farm with 31 pigs in two separate
stables (A1 and A2) only afew metres apart. Stable A1 had 25 pigs in six
pens: one gilt in a pen and 24 finishers (30-80 kg weight) in five pens.

In stable A2, two sows and four piglets were kept. ASF was suspected
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(a) Defining subunits in the
ASF affected farm
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(b) Categorization of
subunits

(c) Targeted selection of pigs
to be sampled and tested

1. Evaluation the relevant data
from the national data base of
animals and holdings (location,
number and type of pigs, pig
movement data, etc.).

2. Farm visit and collection of
the case history (interviews
with the farmer and farm
workers, obtaining information
on morbidity, mortality, layout
of the stables, internal
movement of pigs, etc.)

3. Defining the subunits
(stables or sections within the
stables) according to morbidity,
mortality data, pig categories
and stable constructions.

A

4. Classifying the subunits in
four categories:

Cat.1. Infected unit (clinical
cases, ASF confirmed by
laboratory tests).

Cat.2. Suspect unit with clinical
cases and mortality in the past
30 days; no laboratory tests
performed

Cat.3. Suspect unit with pigs
epidemiologically linked to the
infected unit, but no clinical
cases or mortality reported and
no laboratory tests performed.
Cat.4. ASF unsuspicious units
with no clinical cases and
mortality in the last 30 days.

3

5. Clinical inspection of pigs in

subunits of different categories

starting from Cat. 4

(unsuspicious units) to Cat.1,

and selecting animals for

sampling:

- dead pigs;

- pigs with any clinical signs
(fever, bleedings, lethargy,
inappetence, abortion,
movement disorders, pigs
reluctant to move, etc.);

- pigs in direct contact with
sick pigs.

6. Performing the LFD (antigen

and antibody) with samples

from the selected animals.

. WILEY-®

FIGURE 1 Sampling strategy of pigs in African swine fever (ASF)-affected farms for the purpose of outbreak investigations

and confirmed after four pigs had died in one pen of stable A1. All other
pigs were clinically unsuspicious at the time the disease was notified.

On farm B, almost 1800 pigs were kept in two farm units (B1 and B2).
Unit B1 consisted of three separate stables and unit B2 of one stable.
Thedistance between the farm units was about 3 km. Breeding animals,
piglets, and part of the fattening animals were kept in B1, the remain-
ing finishers in B2. The units were epidemiologically linked through ani-
mal movements, shared farm equipment and vehicles, and farm work-
ers who worked on both sites. ASF was confirmed after three pregnant
sows from a pen in B1 had aborted and died.

Farm C, a farrow to finish farm, had almost 9800 pigs when ASF was
confirmed. The pigs were kept in eight separate stables which were
divided into sections or rooms according to pig categories: breeding
animals, gilts, weaners, and finishers. Injured or sick pigs were isolated
in a separate section.

The outbreak was confirmed in a breeding sow found dead. Accord-
ing to the farmer, several sows aborted, and there was increased mor-
tality and morbidity in one of the stables where pregnant sows were
kept.

2.2 | Sampling strategy for assessing the virus
spread on the farms

A three-step sampling procedure was developed and applied as
described in Figure 1.

Our first step was to identify sub-units for sampling, then categorize
these units according to their likelihood of having ASF-infected pigs,

and finally select potentially infected pigs within the sampling units for

testing. All pigs appearing sick during the investigation were sampled.
Animals that had contact to sick appearing animals were also sampled
(see below).

Blood was collected from the jugular vein or orbital sinus in serum
and EDTA tubes. Tissue samples (spleen and lymph nodes) were taken
from deceased pigs and packed in plastic bags.

2.2.1 Farm A

Stables A1l and A2 of farm A were considered as two sub-units and
were assigned to category 1 (Figure 2). Apart from five severely ill
pigs found in A1, all other pigs were clinically inconspicuous. Due to
the small number of pigs (n = 27) and the likelihood that all could be
infected, all animals were sampled, starting in A1 (n = 21) and followed
by A2 (n = 6).

222 Farm B

Figure 3 shows the sub-units and the number of samples taken at farm
B. The assigned categories for the sub-units and the sampled animals
are shown in Table 1. In unit B2, 15 out of 447 pigs were sampled,
including nine inconspicuous pigs which had direct contact with sus-
pect animals and six pigs with mild clinical signs. In the different sub-
units of B1, a total of 20 pigs were sampled. Ten of these showed no
clinical signs but had direct contact with suspect animals and six had
mild signs. One sub-unit of B1 was assigned to category 1 since several

sows aborted and were severely sick. Four sick sows were sampled.
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FIGURE 3 Schematic view of farm B with sampling units (B1.1, B1.2, B1.3, and B2) and results of testing

TABLE 1 Assigned categories for sampling units and sampled
animals on farm B

No. of Assigned
Stable sub-units per category for No. of pigs
identification stable sub-unit sampled
Farmunit B1
B1.1 1 &
B1.2 1 1 4
B1.3 2 2 11
Farm unit B2 1 3 15
Total 35
223 Farm C

The sampling strategy in farm C is shown in Figure 4. The assigned cat-
egories for the sampling units and the sampled animals are shown in

Table 2. A total of 30 samples were taken from live pigs which were
either sick or in contact with infected pigs. Clinically severe cases were
found in C1, while the other samples were from inconspicuous pigs
which were in contact with suspect pigs (n = 12) or pigs with mild clini-
cal signs (n = 9). In addition, four pigs that were found dead were sam-
pled (one in C8, one in C2 and two in C1). No samples were taken from
sub-units with only clinically healthy animals and no suspicion of having
had contact with infected pigs.

Stable 5 had two separate sections as shown in Figure 1; one for

injured and sick pigs (C5a, hospital) and another for gilts and fattening
pigs.

2.3 | Scoring of clinical signs

The sampled animals were classified into three clinical categories: (i)

inconspicuous: animals with no particular signs, apart from being less
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FIGURE 4 Schematic view of farm C with sampling units (C1, C2, C3,C4, C5,C5a, C6, C7, and C8) and results of testing

TABLE 2 Assigned categories for sampling units and sampled
animals (farm C)

No. of Assigned
Stable sub-units category for No. of pigs
identification per stable the sub-unit sampled
Cc1 1 1 11
C2 1 2 S
C3 5 3 1
C4 8 4 5
C5 1 4 0
Cb5a 1 2 1
Cé 2 4 2
Cc7 3 4 3
c8 3 42 8
Total 34

20ne dead pig was found during clinical inspection, thus after categorization
of sub-units according to Figure 1.

active; (ii) mild: animals with mild clinical signs, for example, with some
visible skin lesions, but standing up when prompted; (iii) severe: mori-
bund animals with high fever, with haemorrhagic lesions, not standing
up when prompted. The dead animals are not included in any of three
clinical categories.

24 | Testing

On the farms for antigen detection in whole blood samples, the
INgezim PPA CROM Ag LFD (11.ASF.K.42, Ingenasa, Madrid, Spain)

was used. For ASF-specific antibodies, we used the correspond-
ing INgezim PPA CROM Ab LFD (11.PPAK.41, Ingenasa, Madrid,
Spain). Both tests were performed according to the manufacturer’s
instructions.

The samples were also tested at the National Reference Laboratory.
For genome detection, quantitative PCR (qPCR) was performed
with all EDTA and tissue samples after extraction of the viral DNA
using the Nuclisens® Easymag® assay (bioMérieux, France) accord-
ing to the producer’s manual. The gPCR was performed according
to the protocol of the European Union Reference Laboratory for
ASF (Fernandez-Pinero et al., 2013). A heterologous control DNA—
intype IC-DNA (QIAGEN, Germany) was used to assess the quality
of extracted DNA as described earlier (Hoffmann et al., 2006).
Results were recorded as quantification cycle (Ct) values and fur-
ther interpreted as positive or negative according to the obtained
value.

For antibody detection, the commercially available Ingezim PPA
Compac blocking ELISA kit (11.PPA.K.3, Ingenasa, Madrid, Spain) was
used. In farm A, all sampled animals were tested for ASFV-specific anti-
bodies, while in farms B and C only the qPCR-positive animals were
tested. The test and the interpretation of the results were carried out
according to the manufacturer’s instructions.

Antibody tests were also carried out on all gPCR-positive samples
using IPT. The IPT was performed according to the protocol of the Euro-
pean Union Reference Laboratory for ASF (European Union Reference
Laboratory for ASF, 2018). The reason for the additional use of the
IPT was to detect low antibody titres that were not detected with the
ELISA.

All results were plotted in simple sketches of the layout of the farms
(Figures 2-4).
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TABLE 3 Overview of testing results by categories of farm sub-units

Category of No. of tested

farm sub-unit animals Ag-LFD+ qPCR+ Ct<18

FarmA

1 21 3

1 6 0 0

Farm B, unit B1

1 4 & 3

2 11 1 1

g 5 1 1

Farm B, unit B2

3 15 1 2

FarmC

1 11 7 7

2 4 0 0

8 0 0

4 18 1 1
2.5 | Statistical analysis

Sensitivity and specificity were calculated for gPCR and antigen LFD
separately for each farm. Sensitivity was calculated as true posi-
tive/(true positive + false negative). Specificity was calculated as true
negative/(true negative + false positive). Confidence intervals for sen-
sitivity and specificity estimates were calculated using Epitools Epi-
demiological Calculators (Sergeant, 2018).

Spearman correlation analysis was performed using XLSTAT (Addin-
soft, 2019) to assess the correlation between the results of different
tests and the clinical score.

3 | RESULTS

3.1 | Test results
Table 3 gives an overview of the results by different categories, and

Figures 2-4 show the recorded results for all three farms.

3.1.1 Farm A

A total of five pigs from A1l were found qPCR positive (Figure 2,
Table 3). In A2, no gPCR positive pigs were detected despite the epi-
demiological link. Three of the gPCR positive pigs also reacted posi-
tively with the Ag-LFD.

Three pigs were seropositive with the IPT, two of them were also
positive with the Ab-LFD and ELISA. One of these pigs was qPCR posi-
tive but negative with the Ag-LFD (Table 3).

LAMBERGAET AL.
qPCR+ Ct>18 Ab-LFD+ ELISA+ IPT+
3 2 3
0 0 0 0
0 0 0 0
4 1

0 1
4 0 0 4
4 0 0 6
0 0 nd nd
0 0 nd nd
1 0 0 0
3.1.2 Farm B

In farm B, 15 pigs were found gPCR positive. Six of these pigs with Ct
values below 15 also reacted positively with Ag-LFD (Figure 3). There
were no pigs that tested positive with ELISA or Ab-LFD, while six ani-
mals tested IPT positive (Table 3).

According to the results, all stables and both farm units were
affected.

3.1.3 Farm C

A total of 13 pigs tested qPCR positive. Eight of these pigs also tested
positive with Ag-LFD (Figure 4). There were no pigs that tested positive
with ELISA or Ab-LFD, while six animals tested IPT positive (Table 3).

According to the results, ASF-infected pigs were located in C1 (cat-
egory 1), C7, and C8 (both category 4).

32 |
qPCR

Sensitivity and specificity of LFD compared to

Out of 87 animals tested with Ag-LFD, 17 reacted positive. By qPCR,
34 of 87 pigs tested positive. All animals showed mild to severe clinical
signs. The median Ct value was 17. The Ct values of the samples that
were positive for Ag-LFD ranged from Ct 14 to 18 (Figure 5).

The relative sensitivity of Ag-LFD compared to PCR was 50% (ClI
34.66%).

None of the qPCR-positive samples with a Ct value of >20 was
detected as positive by the Ag-LFD (Figure 5). Samples that gave
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FIGURE 5 Comparison of Ct-values for all tested blood samples,
samples that were qPCR and Ag-LFD positive and samples that were
gPCR positive but Ag-LFD negative. The boundaries of the boxes
indicate the 25th and 75th percentiles, and the line within the box
marks the median

negative results in the gPCR were also negative in the Ag-LFD. The rel-
ative specificity was thus 100%.

With a single exception (sampling unit C7), all sampling units that
were positive by gPCR (n = 9) were also positive by Ag-LFD (n = 8).

Two animals tested seropositive with the Ab-LFD. The results were
confirmed in the laboratory with the ELISA test. Thirteen samples
which reacted positive in the IPT were not detected with the Ab-LFD
and the ELISA. At the same time, all antibody positive animals were also
gPCR positive. Since the number of samples showing ASFV-specific
antibodies was low (n = 2), relative specificity and sensitivity could not
be calculated for the Ab-LFD.

Whisker boundaries indicate minimum and maximum values.

3.3 | Ag-LFD / Ab-LFD and laboratory test results
versus clinical signs

Comparison of the Ag-LFD results with the clinical score of the sampled
pigs showed that most animals with advanced or severe clinical signs
were tested positive. However, three pigs with mild clinical signs were
also Ag-LFD positive. Neither Ag-LFD nor gPCR gave positive results
in inconspicuous pigs (Tables S1 and S2, Figure 6). Positive antibody
results were only found in pigs with clinical signs (Table S1). The results
of correlation analysis for the different ASF tests and the ASF clinical
scores showed significant correlations with Ab-LFD and ELISA, Ag-LFD
and clinical score, and gPCR and clinical score (Table 4).

4 | DISCUSSION

The measures to be taken following confirmation of ASF in domestic
pig holdings are quite explicit according EU legislation. After confirma-

tion of the disease outbreak, investigations must be carried out, obtain-

G0
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50 - = pigs tested ASF+ {GPCR)

40

a0 4

Number of pigs

20 5

| {incanspicuaus) 11 {rmiled) Il {severs)
Scoring according to clinical signs

FIGURE 6 Number of pigs tested positive for African swine fever
(ASF) (qPCR, Ag-LFD) depending on clinical score of sampled pigs

ing information on the movement of animals, persons, products, vehi-
cles, and so on that may have spread the pathogen during the period in
question prior to notification. Some ASF farms are detected at a very
early stage of infection when only few animals are infected, while other
farms are found ASF positive after weeks of virus circulation within the
farm with many pens and sub-units affected (Lamberga et al., 2020).
To assess the virus spread within the holding and to other holdings, it
is important to have an overview of virus circulation within the farm.
Assessing the spread of the virus within a farm gives also reliable infor-
mation about the high-risk period, that is, the estimated time that ASF
has been on the farm before detection. For that purpose, sampling and
testing of animals from different sub-units of the affected farm are nec-
essary. This is a challenging task, especially under the time pressure of
mandatory control measures.

Targeted sampling of sick or dead animals instead of random sam-
pling is nowadays recommended to detect ASF-infected animals (Busch
et al. 2021; EFSA, 2021). We used a simple and straightforward
approach to divide farms into sub-units and clearly categorize them
for targeted sampling in order to identify the units where ASF virus is
likely circulating and units that are likely not to be infected. However,
on small farms, where a categorization is difficult due to closer contact
of the pigs among each other, testing all individual pig is possible, as we
did on farm A.

The clinical score helped to better understand and interpret the
LFD test results. In particular, we could correlate the test results to
the clinical categories (inconspicuous, mild and severe). None of the
inconspicuous pigs (n = 53) that were tested because they had con-
tact to suspicious pigs, reacted positively neither in Ag-LFD nor gPCR,
whereas severely diseased animals had a significantly high chance of
being detected by Ag-LFD. The progression of clinical disease corre-
lates with the viral load in the blood. Samples from mildly diseased pigs
with qPCR Ct values above 20 were negative when tested with Ag-
LFD. These field results are in line with experimental studies (Pikalo
et al,, 2021). A recent study found a high positivity rate for Ag-LFD

during the acute phase of disease between days 4 and 7 post-infection
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TABLE 4
Variables Ag-LFD Ab-LFD qPCR
Ag-LFD 1 0.008 0.246
Ab-LFD X 1 0.065
qPCR X X 1
ELISA X X X
IPT X X X
Clinical score X X X

Note: Values in bold are different from O with a significance level p < .05.

(dpi) when testing EDTA-blood as sample matrix or up to 10 days when
serum is used as the sample matrix (Deutschmann et al., 2021; Pikalo
et al., 2021). Therefore, it should be kept in mind that the sensitivity
of Ag-LFD limits its use to acutely sick animals 4-10 dpi. The same
authors also found that at 10 dpi antibodies can be detected by IPT,
ELISA, or Ab-LFD. In our study, IPT results showed a higher positivity
rate than ELISA and Ab-LFD, with the latter two showing similar sen-
sitivity and a significant high correlation. Ag-LFD can help to quickly
identify infected pigs; consequently, stables or sub-units with infected
pigs can be immediately confined. However, due to the lower sensitivity
compared to standard laboratory tests, LFDs can only be a complemen-
tary tool in outbreak investigations on farms where ASF has already
been confirmed, but not for outbreak confirmation or for demonstra-
tion of the disease freedom.

According to EU legal requirements, all pigs on the affected hold-
ing must be culled, although derogations for culling are theoretically
possible (EC, 2019). Application of derogation of killing of animals is a
very complex question, where several epidemiological and also finan-
cial aspects have to be evaluated. A veterinary risk management that
takes into account the characteristics of the disease, the husbandry
system, biosecurity, and contacts between animal groups has to be con-
sidered within other measures (Costard et al., 2022). An important pre-
conditionis to obtain a clear picture of virus circulation within the farm.
If the disease is detected early, there is a probability that large parts
of the farm are not yet affected. In this study, we have demonstrated
how it might be feasible to get an overview of the ASF virus spread in
affected farms. Farm A, due to its small size and categorization results
would not be a farm where partial culling could be envisaged. In farm
B, derogation from culling could not be applied as all stables were
affected. In farm C, several stables appeared not to be affected yet by
ASF and therefore partial culling of the affected units only and closely
monitoring the situation in the other units by constantly testing sick
animals might have been an option, if biosecurity and legal require-

ments were met to the best of knowledge.

5 | CONCLUSIONS

The targeted selection of pigs to be sampled based on a careful clinical
inspection followed by LFD testing, as well as plotting the results in the
sketch of the farm is efficient and gives an initial rapid overview of the
spread of the virus within the farm.
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Spearman correlation matrix for different African swine fever (ASF) test results and ASF clinical score

ELISA IPT Clinical score
0.008 0.271 0.531

1.000 0.296 0.227

0.065 0.218 0.469

1 0.296 0.227

X 1 0.201

X X 1

Targeted sampling of sick and dead animals is highly effective for
identifying infected animals. The sampling strategy we have presented
allows efficient and targeted identification of units where ASF virus is
actively circulating.

The LFD test proved to be suitable for use in the field as part of
outbreak investigations when samples from clinically suspect and dead
animals are examined. Due to its limited sensitivity, the LFD test nei-
ther can be used as a diagnostic tool for primary detection and confir-
mation of disease nor for demonstrating freedom from infection.

It should be further investigated and discussed how the derogation
from culling could be implemented in practice to save the animals in
non-infected units of large farms and to continue operation of the busi-
ness.
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sector. Thousands of outbreaks have been reported in small farms, mainly in Central and
Eastern Europe, but also in huge commercial farms with thousands of pigs [1-5].

An epidemiological investigation is mandatory in the case of ASF and other listed
diseases according to EU legislation [6,7]. In the event of an ASF outbreak in a domestic
pig farm, a timely and thorough epidemiological investigation has to be carried out by
the competent authority to find out the likely origin of the virus, to estimate the time that
the disease has been on the holding prior to notification and to obtain information on the
potential spread of the virus to other holdings. To clarify all these crucial aspects, it is
extremely important to reconstruct the course of the disease in the herd. This process of
working up the case and searching for the reasons how and when the pathogen entered
and/or left the farm usually starts with an anamnesis. Farm owners, farm workers, farm
veterinarians, business operators and other people familiar with the events on the farm are
asked to give their opinions and insights into the case. In most cases, these are lay persons
who have no particular epidemiological knowledge about ASE. Nevertheless, they provide
valuable information that can help to clarify the circumstances that led to the outbreak.

This short communication is based on an ASF workshop in Germany in early 2020,
summarizing the experiences of veterinarians, mainly epidemiologists and disease man-
agers, who have conducted outbreak investigations in several European countries during
the past years and thereby gathered valuable information and experience. One focus of
the workshop was on the so-called “anecdotal information” obtained from laymen during
the outbreak investigations, particularly during anamnesis. In our context, we defined
anecdotal information as observations or views that were directly linked to an ASF outbreak
by the reporters, but were not based on scientific evidence according to the investigators.
In particular, the subjective nature of such reports and their possible influence on further
investigations was discussed.

We present and briefly discuss an arbitrary selection of statements collected during
outbreak investigations in Central and Eastern Europe over the last six years.

2. Material and Methods
2.1. Statements and Opinions from Laypersons

During the ASF outbreak investigations conducted in Central and Eastern European
countries and Balkans (Estonia, Latvia, Lithuania, Romania, Bulgaria and Serbia) since
2014, a wide range of opinions have been obtained from lay persons. These are the personal
views of the affected farmers, farm workers and other lay persons regarding how and when
the pathogen entered the farm and how the disease spread and manifested. They contain
the interviewee’s personal subjective views on the case.

Most of the outbreaks occurred in countries and regions where local wild boar populations
were also affected by ASF and served as virus reservoirs for the domestic pig outbreaks [8].

2.2. Grouping of Statements

The statements and opinions were grouped into three categories according to their
plausibility regarding the course of ASF:

Statements that are plausible and need to be followed up by further investigations;

Statements that are not plausible and can therefore be ignored;

Statements that are rather implausible but should not be ignored completely.

The plausibility classification was made based on generally accepted knowledge on
ASF as described in the current textbooks, publications and documents of the interna-
tional organizations and institutions (OIE, FAO, EFSA and EU Commission) as well as
the scientific literature on ASFE. This includes knowledge about the route of transmission,
contagiousness, susceptibility, incubation period, clinical course, convalescence, diagnosis
and epidemiology.



Pathogens 2022, 11, 702

30f9

3. Results

The arbitrarily selected statements and opinions as well as the grouping according to
plausibility are shown in Table 1.

4. Discussion

Epidemiological outbreak investigations are mostly carried out by a team of experts
and usually start with the anamnesis. The collection of the case history is followed by
the physical inspection of the farm with special attention to the farm’s biosecurity and
the clinical examination of the animals in the different farm units (stables). In the course
of these investigations, findings accumulate, and initial speculations are confirmed or
discarded. A repeated critical analysis after each step of the examination with meaningful
inclusion of the anamnestic data can lead to a preliminary hypothesis about the course of
ASF on the farm. Thus, it should be noted that the reconstruction of the infection course is
initiated and supported by the anamnestic findings, which might be a mix of objective and
subjective information. Much of this information is obtained from people outside the field
who have no expertise or experience with the disease. In most cases, these are the owners
themselves or employees or other lay people. Often, statements are anecdotal information
and not based on biological, proven evidence. In the worst case, such information can
become a source of fake news [9]. Therefore, investigators should always be aware that
some of the information they receive is subjective and sometimes misleading. Nor can it
be ruled out that reports will always be truthful. Reporters could attempt to exonerate
themselves from blame if certain requirements (e.g., concerning farm biosecurity) were not
followed. This requires that the interviewer has the necessary disease-related knowledge
and expertise to interpret and classify correctly the information received. The interviewer
has to be very familiar with the clinical course and epidemiology of the disease.

The easiest to cope with are statements that can be classified without doubt as impor-
tant and very plausible and statements that are not plausible at all. Statements that have a
certain plausibility and cannot be immediately dismissed are particularly difficult to assess.

ASF is an infectious disease that does not spread via droplets or air. However, it has
been shown that over very short distances, transmission can also take place via the air [10]. A
susceptible animal becomes infected mainly parenterally (e.g., via a tick bite or infected needle)
or oronasally; other transmission routes become implausible [11,12]. Other cases need a deeper
reflection. For example, statement Nr. 5 (Table 1) which is reported in a similar way more
frequently would require that the grandfather would have stepped in wild boar droppings or
carcasses contaminated with ASF virus in the forest and this contaminated shoe would then
have to get into the pigsty where pigs chew on it. Such a scenario cannot be completely ruled
out, of course, but it is very unlikely. Yet, following such a statement, there is a danger of losing
sight of other transmission possibilities, which are much more likely, and thus being steered
onto a wrong track. On the other hand, in a Lithuanian case control study “activities in the
forest” were positively associated with ASF outbreaks in the affected pig herds [13].

Statements that could possibly be plausible must be given special attention, because
here there is the greatest danger of being misled, i.e., example 7. It was assumed that the
disease was introduced by rats in the course of rodent control measures on the neighboring
farm. Here, there is both a spatial and temporal connection to the ASF-positive farm
where the rodent control took place. However, it is neither known nor proven that rats
can transmit ASF. Nevertheless, this finding should lead to further investigation of other
potential transmission possibilities from the neighboring farm.

We do not want to exclude the possibility that the statements interpreted and classified
by us might have been assessed differently by other experts. Rather, we want to highlight
the subjective character and also point out that it is relatively easy to be misled and possibly
steer further investigations in the wrong directions. However, the more comprehensive
and up to date the interviewer’s expertise on ASF is, the more likely it is that subjective
information will be correctly understood and interpreted. The examples we have listed,
which have crystallized from extensive experience over many years, are intended to provide
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the reader with an incentive for their own interpretation and reflection. Furthermore,
we aim to show that during outbreak investigations, one is confronted with subjective
perceptions that are not in line with the purely scientific disease-related logic.

Taking the outbreak history aims at understanding the problem to be dealt with and
guiding the farm inspection and clinical examinations. Good communication skills and
a systematic but flexible approach are needed to gather as much useful information as
possible. There are procedures throughout the examination process that can be very helpful.
For example, these include questionnaires that ensure that no important aspects of the
disease and its epidemiology are omitted. The way in which interviews are conducted and
the order in which they are conducted is also helpful and important. For example, talking
to farmworkers first, whenever possible, helps to find out what they have to say without
being influenced by the farmer’s version. The manner of speaking must be adapted, taking
the interlocutor’s knowledge and language proficiency into consideration. It is necessary
to listen actively to what is being said and to give feedback in one’s own words to confirm
that what one has understood is correct. At this stage, the examiner should stick to the
raw version of the history, which means not interpreting words and substituting them
with medical terms as, e.g., “haemorrhagic lesions” instead of “bleedings in the skin.”
This allows the examiner to stay open-minded and avoid missing essential information.
Targeted questions can then be asked for more in-depth details, but the risk of obtaining
biased or suggested answers must be considered. Furthermore, it should be taken into
consideration that the owners of the farm and/or the farmworker are under stress and
want to present themselves in the best light. They will (un)intentionally try to avoid giving
the interviewer the impression that their actions—no matter whether illegal or not—are
responsible for disease introduction.

For a targeted collection of valid information, knowledge from communication and social
science, psychology and biological / veterinary knowledge about ASF must be combined.

Epidemiological investigations, especially in backyard holdings in village settings,
remain difficult. The ways of ASFV introduction and spread are not fully understood or
seen; in particular, the ways of spread from backyard to backyard are still unclear, but
human activities (farmers in contact, butchers and veterinarians) do play a major role [5,14].

Table 1. Statements and opinions about ASF collected from lay persons during the outbreak investi-
gations and grouped according to their plausibility.

Nr. Statement Comments Plausibility *

Two days ago, we bought three

piglets from a farm located in

an ASF restricted area. These  Incubation period is longer than
piglets have brought the virus one day [15].

into our holding and infected
our pigs which died yesterday:.

My neighbor is a hunter. He
hunted wild boar in Eastern
2 Europe last summer. He might Time gap too long [15]. -
have brought the virus with
him that infected my pigs.

We never feed kitchen scraps

from restaurants or unknown Swill feeding is a known

sources, only scraps from our risk factor [16].
own kitchen.
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Nr. Statement Comments Plausibility *
The window at the end of the
barn was broken for over a . .
. . No evidence of airborne
4 week until we replaced it. I transmission [17] -
assume that the virus entered ’
through the broken window.
Grandfather goes to the forest
every week to pick .m.ushrooms. Quite a contrived scenario,
5 On Sundays he visits us for very unlikely [17] -
lunch. Maybe he brought the y y
virus on his shoes.
Three weeks ago, workers
came to us to repair the water
6 supply in the stables. The same = Within high-risk period, possibly +
day, they were previously on a gap in biosecurity [16].
farm that tested positive
for ASE.
The neighboring farm which
was tested ASF positive last
7 week has done rodent control ~ Mammals and flies unlikely to be »
two weeks ago. After that we mechanical vectors [18]. )
saw many rats. Maybe the rats,
brought the virus to our farm.
Crows come from the forest
8 and sit on the roof of our Minor risk of ravens carrying »
stables. They bring the virus meat pieces to stables [19,20]. )
from the forest.
Three months ago, most of the This could be a gap in
9 farm workers were replaced by biosecurity +
new employees. (lack of knowledge) [3].
In fact, we were able to prove
that our farm was free O.f ASE Usually it takes more than 10
We tested 10% of the animals . . .
10 . days until antibodies are -
by Antibody-ELISA two days detected [15]
before the outbreak and all ’
tested animals were negative.
We have repaired all the fences . o
1 Biosecurity includes
and renovated all the buildings. :
11 . management practices as well -
The virus cannot enter . .
not only physical barriers [3,16].
our farm.
In recent weeks, pigs have been = Backyard scenario often seen in
12 dying in neighboring villages; Central and +
there is nothing I can do. Eastern Europe [5,14].
Wild boar come very close to  Direct or indirect contact of wild
13 the farm. They contaminate boar with domestic pigs cannot +
the environment. be excluded [21].
My daughter’s boyfriend is
from the farm where there was
an outbreak 5 weeks ago. They  Direct or indirect contact cannot
14 have had regular contact, be excluded in combination with ?

although I am against this
relationship. Now he has
brought us the virus.

insufficient biosecurity [16].
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Table 1. Cont.

Nr. Statement Comments Plausibility *
My farm is located on the main
road; all animal transporters Direct or indirect contact cannot
15 and rendering vehicles pass by  be excluded in combination with ?
here. The virus came from the insufficient biosecurity [22].
tires of one such truck.
The veterinarian came here last
week and vaccinated my pigs, . .
X ; Iatrogemc transmission cannot
16 few days later the first animals be excluded [22] +
became sick. He brought ’
the virus.
A few da}.ls ago, thPf pigs got Transmission through the
new bedding material. It was . .
18 . bedding material cannot be +
harvested from a field not far
excluded [23].
from here.
The week before the pigs died, Tabanids and vectors could be
it was very hot and there were . .
.. mechanical short-distance
19 a lot of blood sucking insects ?
vectors but do not act as true
around. They could have
. . vectors [22].
brought in the virus.
I found a bone in the bedding Transmission through the
20 material. This could be the contaminated bedding material +
source of the introduction. cannot be excluded [23].
Vertebrates other than pigs are
not known as active vectors, but
they pose a minor risk for
My neighbour is a hunter. His mechanical transm1s.s1on.. Some
dogs have a strong instinct to
dog often comes to our garden. . .
21 . bury their food and if they can ?
The dog has brought the virus .
freely run around, they can bring
to us. . .
a piece of a wild boar to the farm
and contaminate something from
where or with what the virus
could be carried to the pigs [20].
I visited an infected pig farm
2 and saw a hedgehog in the pen. Hedgehogs are not known as )
Maybe he brought the virus active or passive vectors [20].
into the stable.
In the infected pigsty there
were many stable flies. They
were everywhere—flying
around, sitting on the surface Tabanids and vectors could be
23 of the pens and on the pigs, mechanical short-distance »

eating the feed in the trough.
The windows were not
protected with nets. Maybe the
flies brought the virus from the
nearby forest.

vectors but do not act as true
vector [22].
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Table 1. Cont.
Nr. Statement Comments Plausibility *
Near each entrance to the barn
are disinfecting mats for shoes.
A wheelbarrow is used to clean
the pens from pig manure. .
However, it is not possible to LOW cont.aglogsness, would
. require a high viral load on the
24 clean and disinfect the wheelbarrow. but cannot be ?
wheelbarrow after each use comple tell ruled out
(between the barn and manure P y ’
storage). Probably the virus
was introduced into the barn
with the wheelbarrow.
Due to very hot weather
conditions all doors and
windows of the stable were left
open day and night for couple
of weeks. During two days last
5 week there were very strong No evidence of airborne .
winds and I think that ASF transmission by winds.
virus was brought into the
stable by these winds, because
pigs near the door and window
were the first showing
disease symptoms.
The price of pork is so cheap
oralrtgel (;f:ve; }Sliergft;};i Eloafer’ Panic sales of pigs due to illness
26 ios die. But people fromy may lead to drop in meat price +
Ebgroa d éome }t)o uI; to buy and higher purchasing activities.
cheap alcohol and cigarettes.
Only my guard dogs, which Dog could bring the meat (bones)
27 are in front of the pigsty, get to the pigs ?
meat scraps, but not my pigs. P1gs:
Elaeniin;i;r;iksl’g;oZelfa}s)ilﬁ Contamination of farmyards by
& vehicles, particularly through »
28 recently. The manure was . . L ?
disposed on the nearby fields dirty tires, cross contamination
as a fertilizer. possible [16].
Direct or indirect contact with
Pigs walk outside from one infected pigs or material
29 pen to another, following their (contaminated environment) ?
own path. Outdoor keeping requires
additional biosecurity [8].
Last month, construction work
was carried out in the stables, Gaps in biosecurity cannot be
30 but it involved employees of a p excluded [2}’1 6] ?
specialized company who had e
no contact with pigs.
Only one horse is kept in the Other animals in the barn pose a
31 stable where the ASF-infected  biosecurity risk, e.g., if the horse ?

sow lived.

goes frequently in and out.

*: (-) Implausible, makes no sense, can be neglected; (?) rather implausible—should not be ignored entirely, but
eventually further investigated; (+) Plausible, makes sense, needs to be taken seriously.
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