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Abstract: African swine fever (ASF) is one of the most threatening diseases for the pig farming sector 
worldwide. As an effective vaccine is lacking, strict application of control measures is the only way 
to fight the disease in both industrial farms and backyard holdings. With generally low biosecurity 
standards, the latter are at particular risk for disease introduction and offer challenging conditions 
for disease control. In the following case report, we describe the overall course of an ASF outbreak 
in a Bulgarian backyard farm and the implemented control measures. Farm facilities and available 
data have been investigated to estimate the possible source, spread and time point of virus 
introduction. Contact with contaminated fomites entering the stable via human activities was 
regarded to be the most likely introduction route. The slow disease spread within the farm 
contributes to the hypothesis of a moderate contagiosity. As no further ASF outbreaks have been 
detected in domestic pig farms in the region, it could be demonstrated that successful disease control 
in small-scale farms can be reached. Thus, the report contributes to a better understanding of ASF 
in the backyard sector. 
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1. Introduction 

African swine fever (ASF), a fatal disease in domestic pigs and wild boar, has become a serious 
economic threat to the pig farming sector with global ramifications, more than ever underlined by 
the recent spread to China, Mongolia and Southeast Asia [1]. It is causing tremendous losses in the 
industrial pig sector but also affecting livelihood of small-scale pig holders in rural areas. In 1921, the 
disease was first described in Africa, where the disease is endemic. Nowadays it occurs in most 
countries with notable pig sectors [2,3]. The current Eurasian epidemic started in Georgia in 2007 [4] 
from where it spread through the Caucasus, Russian Federation, Ukraine and Belarus. In 2014, ASF 
arrived in the Baltic States and Poland where it became endemic in the wild boar population. In the 
following years, the disease spread to the Czech Republic, Hungary, Romania and Belgium. In 
Romania, hundreds of backyard outbreaks occurred in the south towards the Bulgarian border in 
2018 (Figure 1). Against this background, Bulgaria was and still is under high risk of disease 
introduction.  

Backyard farms with their often-low biosecurity standards are considered particularly prone to 
disease introduction and thus are of particular interest in disease prevention and control. However, 
small-scale farming is common in rural areas in many countries of the world and still represents a 
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significant part of agricultural practices [5]. It serves as an important or even the only source of meat 
supply for the population and often generates valuable cash income. In Bulgaria 96% of all pig 
holdings are classified as backyard farms (not more than 10 pigs) [6] containing 34% of the total pig 
population [7]. In August 2018, ASF was confirmed in a Bulgarian backyard farm with seven pigs in 
the region of Varna. It was the first occurrence of the disease in the country.  

In this case report we describe the overall course of the disease in that backyard and 
implemented control measures. We investigated available data to estimate the possible time point of 
disease introduction and to assess the high-risk period, as well as potential infection sources. From 
the African continent publications are available addressing ASF outbreaks in medium-sized farms 
[8] and the backyard sector [9]. Within the European context, there are only few case reports 
published [10], concerning mainly industrial pig farms [11] while for the backyard setting, reports 
are still lacking [12]. Hence, this case report contributes to a better understanding of outbreak pattern 
of ASF in small-scale holdings. In regard to the high number of outbreaks in Romanian backyard 
farms and the spread of the disease in China where 60% of pigs are kept in small-scale pig holdings 
[1] this knowledge could support effective disease control beyond the Bulgarian context.  

 
Figure 1. Map of reported ASF outbreaks in Bulgaria and bordering areas (1 January 2018–1 March 
2019). The red dot marks the location of the described Bulgarian backyard farm. Blue dots indicate 
Bulgarian wild boar cases. ASF cases in bordering countries are colored in grey. Protection and 
surveillance zones are mapped according the COMMISSION IMPLEMENTING DECISION (EU) 
2018/1280. P. Wysocki, Friedrich-Loeffler-Institut, Source: ADNS. 

2. Methodology 

Outbreak investigations have been performed by local veterinary authorities as required by EU 
legislation [13]. For detailed investigation of the outbreak, farm facilities have been inspected and 
information from the farmer and other stakeholders have been collected by semi-structured 
interviews. Main topics were farm settings, disease timeline on the farm, clinical and post-mortem 
findings, biosecurity conditions, animal movements, persons with recent access to the farm and feed 
purchase. Furthermore, laboratory results of diagnostic samples have been taken into consideration. 
In consequence, different hypothetical introduction pathways have been evaluated according to their 
probability. The hypotheses-based approach has been already described in a case report by 
Lamberga, Seržants and Oļševskis [11]. For the estimation of the high-risk period mortality data, 
laboratory results and clinical findings were analyzed as published by Nurmoja, et al. [14]. Thus, an 
incubation period of ~5 days was assumed [15,16]. The average survival time after the infection with 
an ASFV Genotype II was assumed to be 10 days [17]. 
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Blood donor pigs kept for laboratory investigation at Friedrich-Loeffler-Institut, Germany were 
approved by the competent authority (Landesamt für Landwirtschaft, Lebensmittelsicherheit und 
Fischerei (LALLF) Mecklenburg-Vorpommern) under reference number LALLF 7221.3-2-041/17. No 
further animal experiments have been conducted within the present study. 

3. Case Description  

3.1. Settings 

The affected holding was located in a small village (120 households) in the rural area of the Varna 
region. Approximately half of the households in the village kept pigs under backyard conditions. The 
landscape is dominated by agricultural fields on the plains and patches of forest in the hilly areas. 
Backyard holdings of pigs and other livestock are very common as they are part of the traditional 
self-sustaining agriculture. In the affected farm, seven pigs (2 sows, 4 fattening pigs, 1 boar) were 
kept along with sheep, turkey, rabbits and chicken (see Figure 2). The pigs were housed in pens of 
~six square meters. Half of the pen was an enclosed outdoor area where the pigs had direct contact 
with each other through fence bars while the other half was a closed housing. Water was supplied by 
hoses in each pen coming from the local fresh water pipeline. Pigs were fed with self-mixed 
compound feed produced from locally produced crops (mainly sunflower seeds and wheat) provided 
by the local agricultural cooperative. According to the farmer, no swill was fed to the pigs. He and 
his family were mainly taking care of the animals. In case of absences, colleagues or neighbors helped. 
Stable facilities were located on the enclosed premises surrounded by a stone wall. There was no 
demarcation for people visiting the farmer’s household between the recreational garden and the 
animal facilities. All pigs were purchased in 2017, when the farmer decided to restart pig breeding. 
The boar was occasionally brought to neighboring farms for breeding purposes. According to the 
farmer, the last movement was in May 2018.  

 
Figure 2. Potential spreading scenario. 

The potential spreading scenario has been reconstructed according to the chronological 
sequence of disease events and the interpretation of laboratory results. Animals are numbered 
consecutively according to their time point of death. 

3.2. Timeline of the Disease Event 
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On 16 August, one pregnant sow (#1) was found dead after it had been medically treated by the 
veterinary technician due to unspecific clinical signs (fever, lethargy and reduced feed intake) shown 
the days before. As the farmer and his family were absent, a colleague buried the carcass. On 27 
August, the first fattening pig (#2) died, after being treated medically (antibiotics, antiphlogistics) 
because of showing similar unspecific clinical signs like reported from sow #1. The next day (28 
August), the second sow (#3) died under comparable circumstances and was buried by the farmer 
together with the carcass of the fattening pig. On 29 August, the boar (#4) died and the farmer 
informed the mayor of the village (see Figure 3) who notified the competent veterinary authorities. 
Necropsy was performed, revealing findings indicative for ASF such as hemorrhagic lymph nodes, 
splenomegaly and petechial bleeding in the renal cortex. Samples were tested at the Bulgarian 
National Reference Laboratory in Sofia and have been retested by the European Union Reference 
Laboratory for African swine fever in Madrid (quantitative polymerase chain reaction (qPCR), 
immunoperoxidase test, virus isolation). Spleen, kidney and lymph node tissues of the boar (#4) were 
tested positive for ASFV specific antibodies by immunoperoxidase test and African swine fever virus 
(ASFV) genome by qPCR. Furthermore, ASFV could be isolated from spleen and lymph nodes. After 
the official confirmation on 31 August, the remaining three pigs (#5-7) were culled and tested. At that 
time, two fatteners kept in the same pen showed unspecific clinical signs like lethargy, anorexia and 
fever up to 41°C and were tested positive for ASFV (virus isolation and viral genome). One of them 
(#5) was also positive for ASFV specific antibodies (low titer; 1:20) while the other pig (#6) was tested 
antibody negative. The third fattener (#7), kept in a separate pen across the service aisle, did not show 
any signs of disease and was tested negative for both ASFV specific antibodies and ASFV genome. 
The two carcasses that were buried before the confirmation of the ASF outbreak, have been excavated 
and sampled. Both carcasses were tested positive for ASFV genome (see Table 1). 

Table 1. Overview of pigs in the affected farm including test results. 

Animal ID Date of Death qPCR Antibody 
Detection 

Virus 
Isolation 

Tested 
Specimen 

Pregnant sow #1 Aug 16 positive n/a n/a 
tissue sample 
(decomposed) 

Fattening pig #2 Aug 27 positive n/a n/a 
tissue sample 
(decomposed) 

Pregnant sow #3 Aug 28 positive n/a n/a 
tissue sample 
(decomposed) 

Boar #4 Aug 29 positive positive positive 
spleen, kidney, 

lymph node 

Fattening pig #5 Aug 31 (culled) positive 
weakly 
positive 

positive blood 

Fattening pig #6 Aug 31 (culled) positive negative positive blood 
Fattening pig #7 Aug 31 (culled) negative negative n/a blood 

 

 
Figure 3. Timeline of the outbreak and estimated high-risk period. 

3.3. Control Measures  

Control measures were performed according EU legislation. All domestic pigs of the village, 90 
adult pigs plus the offspring of one sow, exclusively placed in backyard holdings, were culled until 
3 September. Since none of the pig farms in the village was officially registered, Bulgarian 
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compensation policy did not apply. The culled animals were buried in a pit in vicinity to the village 
as recommended by the Bulgarian Ministry of Environment. Stables and potentially contaminated 
roads were cleaned and disinfected by competent authorities. The same applied for all vehicles and 
instruments included in the culling procedure. The three carcasses improperly disposed of by the 
farmer before disease confirmation have been sampled and buried at 2 m depth, together with 
calcium hydroxide (lime). The ground surface and all involved vehicles were sprayed with Virkon® 
S (Lanxess) afterwards. In order to ensure that the disease did not spread to other villages, samples 
have been taken from pigs in the 10-km restriction zone around the outbreak farm. Between 3 
September and 18 September, 90% of the domestic pigs (70 in total) kept in the restriction zone were 
sampled and clinically assessed. All samples were tested negative for ASFV by qPCR and ELISA. 
Farmers, keeping pigs in traditional free-ranging herds, e.g., East Balkan Swine [18], were obliged to 
keep them temporarily in enclosed areas. All pig owners were reminded that it is mandatory to 
register holdings and apply basic biosecurity measures. Farmers in restriction zones were obliged to 
immediately report dead pigs to the authorities for ASF testing. Hunters were obliged to sample shot 
wild boar within the restriction zone and to report and sample found dead wild boar. It is not allowed 
to move or sell meat until the hunted wild boar has been tested negative for ASF. 

3.4. Genetic Analysis 

Whole genome sequencing was performed from spleen tissue of pig #4 that succumbed to ASF 
during the outbreak. The applied protocol has been described elsewhere [19]. The resulting whole 
genome sequence of ASFV-Bulgaria 2018/1 (available from the European Nucleotide Archive under 
study accession number PRJEB35228) showed a mean coverage of 224 and a length of 190.587 bp. 
When compared to other ASFV-sequences, we identified an overall sequence identity of more than 
99.9% to sequences from Eastern Europe (ASFV Moldova 2017/1, LR722599.1; ASFV Czech Republic 
2017/1, LR722600.1), Western Europe (ASFV Belgium 2018/1, LR536725.1) and Asia (ASFV 
China/2018/AnhuiXCGQ, MK128995). Therefore, the available whole-genome sequence information 
does not lead to any further conclusions on the origin of ASFV Bulgaria 2018/1. 

4. Discussion 

4.1. High-Risk Period 

The high-risk period (HRP) is regarded as the length of time that ASFV may have existed on a 
farm before the disease is suspected [14]. Estimation of this period is legally required for effective 
tracing back of possible disease spread [13]. For this purpose, laboratory findings and mortality data 
were taken into consideration as mentioned above. The first pig succumbed to ASF infection on 16 
August. With an assumed survival time of around 10 days post infection, the most likely time of 
disease introduction was the beginning of August 2018. Thus, the time between virus introduction 
and ASF suspicion would be around 25 days (see Figure 3). This is longer compared to the median 
HRP (11 days) observed in domestic pig outbreaks in Estonia [14]. The longer the HRP the more 
opportunities for virus spread may occur. One reason for this comparatively extended HRP could be 
the delayed reporting of the disease event to the veterinary authorities. Immediate sampling and 
testing of the first pig showing clinical signs might have revealed disease introduction earlier. 
Awareness of ASF and facilitated notification might encourage farmers to report suspicious disease 
events immediately. In the case of ASF, awareness is also of particular importance due to the 
unspecific clinical signs and the relatively slow spreading. In addition, veterinarians and veterinary 
technicians should be alerted to the disease to avoid attempts to treat ASFV infected animals. On the 
presented farm, eleven days passed between the first and the second dead pig. Thus, infected pigs 
might go unnoticed, as farmers are not connecting disease events to each other.  

4.2. Potential Spreading Scenario 

The sow (#1) was the first pig that died of ASF on the farm. The other affected pigs died 11–15 
days later. This temporal pattern in combination with diagnostic results, allows conclusions 
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regarding the possible spreading of the disease (Figure 2). Only sow (#1) got infected when the virus 
was introduced into the farm. The pigs (#2–6) that died later most likely did not get infected at that 
time but later by direct or indirect contact with the infected sow (#1). Animal #7 did not get infected 
until the culling of all pigs. It was separated from the other pigs only by the service aisle of 
approximately one-meter width. Direct contact with the animals on the other side of the aisle was 
impossible but all pigs shared the same food and cleaning equipment. The farmer did not describe a 
certain cleaning or feeding routine that could explain why pig #7 did not get infected. Direct contact 
to blood or bloody excretions is described as being the most effective route of disease transmission 
[20], which could explain the spreading between the pigs on the affected side of the aisle. Lacking of 
direct contact could explain why the separated animal did not get infected and contributes to the 
hypothesis of a moderate contagiosity of the disease [21]. 

4.3. Biosecurity and Potential Introduction Pathways 

In affected countries, most ASF outbreaks in the domestic pig sector appear in backyard holdings 
[22]. Due to the mostly low biosecurity level of the farms, the risk of disease introduction is high. At 
the same time, animals that die are mostly not compensated leading to considerable losses for 
farmers. This increases the occurrence of emergency selling or slaughter in case of disease suspicion. 
It contributes to the spread of the disease if potentially contaminated meat, commonly sold for a 
lower price, is swill-fed in further pig holdings [23]. Despite the fact that swill-feeding is forbidden 
in the European Union, it is still common practice in small-scale holdings. Moreover, access to small-
scale holdings is often hardly limited to the public and animals are moved around for breeding 
purposes. The definite determination of the introduction route remains often unclear in outbreak 
investigations, as many hypothetical events are conceivable. However, it is important to find out the 
most probable introduction routes or to exclude as much as possible and weigh the different risk 
factors accordingly. In the case of the presented outbreak, anthropogenic factors are seen as the 
highest risk for disease introduction. Access to animal facilities was not restricted to anyone who had 
access to the farmer’s house or yard. Thus, direct or indirect contact to contaminated fomites or food, 
which entered the stable via human activities, is regarded as the most likely source of infection. This 
anthropogenic factor has been shown to be the most relevant one in the spread of ASF in Eastern 
Europe [24]. The involvement of wild boar in disease introduction remains unclear. At the time of the 
outbreak and the following five months there was no evidence for ASF in the local wild boar 
population despite increased alertness among hunters and the veterinary service. Nonetheless, on 13 
February 2019, ASF was detected in a wild boar found dead around 15 km (see Figure 1) away from 
the farm. It could be speculated that the disease has already been present in the wild boar population 
since summer 2018 but not detected due to a lack of sampling of fallen wild boar. On the other hand, 
the disease could have been introduced into the local wild boar population during or after the 
described backyard outbreak, therefore not qualifying as a source of infection for the domestic pigs 
affected. Most other sources can be regarded as unlikely (see Table 2). 

Table 2. Hypothetical introduction routes and their estimated probability. 

Hypothetical 
Introduction 
Route 

Risk Factors Description 
Probability of 
Introduction 
Pathway 

1. Contact to 
contaminated 
fomites/food 

Feeding regime 

According to the farmer, no swill was fed to 
the pigs. No ASF has been detected in other 
pig farms of the village having the same food 
supply. 

Moderate 

Anthropogenic 
factor 

Access to stable not restricted for anyone 
who had access to the farmers yard. In case 
of the farmer’s absence, colleagues were 
taking care of the animals.  

High 
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2. Link to infected 
wild boar  

Setup of the farm 

The animal facilities are located inside the 
garden surrounding the farmer’s house. The 
area is enclosed by a stonewalled fence. No 
evidence for direct contact with wild boar 
within the farm. 

Negligible 

Indirect contact 
with wild boar 
environment 

The first ASF case in wild boar within the 
region has been detected 5 months after the 
described outbreak. Still it cannot be 
excluded that the disease has been present in 
the population before then. 

Moderate 

Anthropogenic 
factor 

The owner has a hunting license but did not 
go hunting in the last 15 years. 

Low 

3. Animal 
movement  

Introduction of 
infected animals 

All pigs have been purchased in 2017. Negligible 

Animal movement 
The last movement of the boar for breeding 
purposes was three months before the 
outbreak. 

Negligible 

4.4. Applied Control Measures 

Disease control under backyard conditions is challenging as many factors have to be taken in 
consideration and control measures must be adapted to local conditions. Legislation for ASF control 
and eradication [13] is mainly targeting commercial farms and often ignoring the peculiarities of the 
backyard sector. In the case of the outbreak in the Bulgarian backyard farm, around half of the 
households in the affected village owned pigs at a small scale, keeping only one to two animals. 
Despite the fact that pigs were all kept enclosed, biosecurity of these farms was considered low and 
the whole village therefore regarded as one epidemiological unit. Consistent with this background, 
culling of all pigs in the village was implemented as a preventive measure. However, the presented 
case report shows that an ASF outbreak in the backyard sector can be effectively managed if control 
measures are adapted reasonably to local conditions and strictly applied. As backyard holdings are 
often not registered, farmers are on the one hand not easy to identify, on the other hand they may not 
receive compensations for losses due to control measures. Thus, culling leads to serious financial 
losses for farmers that should not be underestimated to avoid underreporting of sick animals and 
disease incidence. If farmers wish to restock their stables, they should be encouraged to register their 
pig holding. This registration should include the mandatory application of basic biosecurity 
measures. The uncertain situation of ASF in the local wild boar population emphasizes the 
importance of passive surveillance. Sampling of fallen wild boar is crucial for early disease detection 
and effective disease control [25]. Backyard farms feed mainly unprocessed crops from surrounding 
fields to their pigs that can easily be contaminated by infected wild boar. If they are aware of the 
disease status in the local wild boar population, further decontamination steps, like heating, could be 
implemented to prevent this introduction route. 

5. Conclusions  

The presented case can be regarded as an example for ASF in the backyard sector reflecting the 
diseases dynamics and challenges of disease control. The slow spread of the disease from pig-to-pig 
contributes to the hypothesis of a moderate contagiosity of ASF, but could hamper early disease 
detection as it leads to initially low mortalities. The human factor has already been described [21] to 
be the highest risk factor for disease introduction and spread showing again that awareness of all 
contributors in the pig value chain is of utmost importance. However, the example demonstrates 
that—despite the challenging conditions—successful ASF control in the backyard sector is feasible. 
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