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Abstract 

The first cases of African swine fever (ASF) were detected in the Lithuanian wild boar population in 2014. Since then, 
the disease spread slowly through the whole country, affecting both, wild boar and domestic pigs. In the other 
Baltic states, which both are also affected by ASF since 2014, the recent course of ASF prevalence suggests that the 
countries might be well under way of disease elimination. In contrast, in Lithuania the epidemic seems to be still in 
full progress. In the present study, we aimed to extend a previous prevalence study in Lithuania. Looking at ASF virus 
(ASFV) and seroprevalence estimates of wild boar in all months of 2018 and in all affected municipalities in Lithuania, 
the course of ASF was evaluated on a temporal and spatial scale. A non-spatial beta-binomial model was used to 
correct for under- or overestimation of the average prevalence estimates. Within 2018 no big differences between the 
prevalence estimates were seen over time. Despite of the lower sample size, highest ASFV prevalence estimates were 
found in dead wild boar, suggesting higher detection rates through passive surveillance than through active surveil‑
lance. Accordingly, with the maximum prevalence of 87.5% in May 2018, the ASFV prevalence estimates were very 
high in wild boar found dead. The number of samples originating from hunted animals (active surveillance) predomi‑
nated clearly. However, the ASFV prevalence in those animals was lower with a maximum value of 2.1%, emphasizing 
the high value of passive surveillance. A slight increase of the seroprevalence in hunted wild boar could be seen over 
time. In the center of Lithuania, a cluster of municipalities with high ASFV and seroprevalence estimates was found. 
The results of the study indicate that ASFV is still circulating within the Lithuanian wild boar population, constituting 
a permanent risk of disease transmission into domestic pig holdings. However, additional, more recent data analyses 
are necessary to re-evaluate the course of ASF in Lithuania and thus, to be able to make a statement about the stage 
of the ASF epidemic in the country. This is of huge importance for Lithuania for evaluating control measures and their 
efficacy, but also for neighbouring countries to assess the risk of disease spread from Lithuania.
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Introduction
African swine fever (ASF) emerged in Lithuania in 2014 
[1, 2]. First ASF cases occurred in wild boar close to the 
border to Belarus in January 2014. Six months later, the 
first ASF outbreaks in domestic pigs were also reported 
from eastern Lithuania, suggesting disease introduc-
tion from Belarus [2]. Since then, the disease has spread 
through the wild boar population towards the West, 
affecting almost the whole country by the year 2020 [1, 
3]. It is known that an infected wild boar population 
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poses a risk for disease introduction into domestic pig 
farms [4–7], thus threatening the economy of the affected 
country [8]. Disease surveillance in wild boar is there-
fore of utmost importance to evaluate the course of the 
epidemic and thus to assess and, if necessary, to increase 
the effectiveness of the control measures implemented. 
Recent studies showed that ASF laboratory test results 
from wild boar samples and their different prevalence 
estimates (ASF virus (ASFV) and seroprevalence esti-
mates) follow a similar epidemiological pattern over time 
depending on the particular stage of the epidemic [1, 
9–11]. In case of a longer-lasting epidemic like in Esto-
nia and Latvia, a decrease of ASFV prevalence estimates 
were observed, whereas the prevalence of wild boar being 
seropositive increased within both countries [9, 11, 12]. 
It is hypothesized that this course indicates the decline 
of circulating ASFV and a country obtaining such results 
might be on its way of disease elimination [9, 11, 12]. In 
a previous study, Lithuanian surveillance data from 2014 
to 2017 yielded a clear increase in the ASFV prevalence 
estimates in wild boar found dead (from 20.1% in 2014 to 
79.68% in 2017) whereas the average seroprevalence dur-
ing 2014–2017 was low (0.45%) suggesting that the ASF 
epidemic in Lithuania was still in full progress by 2017 
[1].

The present study aimed to extend this previous study 
and to gain further insight into the ASF epidemic in the 
Lithuanian wild boar population. Therefore, ASF sur-
veillance data of 2018 were analysed to highlight recent 
changes in the epidemiology of ASF and to facilitate fur-
ther, more comprehensive prevalence studies. In addi-
tion, the epidemiological course of ASF in Lithuania 
should be compared with the courses in the two other 
Baltic States. Differences in surveillance and control 
strategies should be identified and potentially adapted.

Materials and methods
ASF surveillance data
ASF wild boar surveillance data originated from the 
national surveillance program and were provided by 
the National Food and Veterinary Risk Assessment 
Institute. The data was obtained from active (hunted 
wild boar) and passive (wild boar found dead) sur-
veillance and from all areas in Lithuania, which were 
affected by ASF in wild boar. In these areas, all hunted 
wild boar and each wild boar found dead were sampled, 
thus providing the greatest possible sample size. Sam-
ple processing is described in detail elsewhere [1]. In 
brief, blood samples from hunted animals were inves-
tigated for ASFV-specific antibodies by using a com-
mercial blocking (Ingezim Compac 1.1. PPA K3, Spain) 
ELISA. Tissue samples originating from passive and 
active surveillance were examined for ASFV by PCR. 

Surveillance data was available for each month of 2018. 
The 10 counties of Lithuania are divided into 60 munic-
ipalities [3]. Analyses were done on municipality level. 
Aggregated surveillance data of 2018 was available for 
each of the 37 affected municipalities of Lithuania. The 
data set included information about the number of wild 
boars sampled (per month and per municipality), origin 
of sample (active/passive surveillance) and the type of 
laboratory investigation.

Prevalence estimations
Similar to previous studies [9, 11, 12], for analyses, sam-
ples were grouped depending on their laboratory results.

Prevalence estimates were calculated for samples from 
hunted animals (active surveillance), which showed the 
following test results:

1	 seropositive and PCR-negative (group 1)
2	 seropositive and PCR-positive (group 2)
3	 seronegative and PCR-positive (group 3).

In addition, prevalence estimates for wild boar, whose 
samples came from passive surveillance and were PCR-
positive without any investigations for ASF antibodies 
(group 4) were determined. Thus, samples that were posi-
tive for either ASF antibodies or genome or both were 
considered as positive cases for their respective groups 
mentioned above.

Prevalence estimates within the different groups were 
calculated for each month and each municipality. Raw 
prevalence estimates for each group were calculated by 
dividing the number of samples showing the appropri-
ate test result (e.g. seropositive and PCR-negative etc.) 
through the total number of samples that were investi-
gated by ELISA and PCR (in case of passive surveillance, 
samples were solely examined by PCR) (Additional file 1: 
Table S1–S8) [9, 11].

Estimated raw prevalence and 95% confidence intervals 
for each group per municipality and per month were cal-
culated by using the software package R (https​://www.r-
proje​ct.org).

Model analysis
To avoid over- and underestimation of the true preva-
lence per spatial and time unit due to the heterogene-
ous sampling effort and population density, a non-spatial 
beta-binomial model was used. The methodology and 
software used to calculate the posterior point estimate 
of the true disease prevalence (corrected prevalence) and 
95% confidence intervals for all groups per municipality 
and for each month of 2018 are described elsewhere [13].

https://www.r-project.org
https://www.r-project.org
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Results
Overall, 11,366 serum samples and 14,441 serum or 
tissue samples were tested for ASFV-specific antibod-
ies and ASFV DNA, respectively. From the investigated 
samples, 11,366 samples originated from active and 
3,352 samples from passive surveillance. Until the end 
of 2018, 37 Lithuanian municipalities out of 60 were 
affected by ASF cases in wild boar. For analyses within 
groups 1–3, the same number of samples was available 
since all samples, which were investigated for ASFV 
and ASFV-specific antibodies were included. Thus, in 
these groups, the highest number of samples was inves-
tigated in January 2018 (n = 1,614), whereas the low-
est number of samples was investigated in April 2018 
(n = 325) (Additional file 1: Tables S1, S2 and S3). The 
highest number of samples in 2018 came from the west-
ern municipality Telsiu r. sav. (n = 799) and the lowest 
number from the eastern municipality Svencioniu r. 
sav. (n = 1) (Additional file 1: Tables S5, S6 and S7).

The number of samples originating from passive sur-
veillance was also highest in January (n = 647), whereas 
it showed the lowest value in December 2018 (n = 95) 
(Additional file  1: Table  S4). In the central municipal-
ity Panevezio r. sav., the highest number of wild boar 
found dead was sampled within 2018 (n = 359). In the 
western municipality Kelmes r. sav., only one sample 
was collected in 2018 (Additional file 1: Table S8).

Temporal analyses
Group 1
In the months January–July 2018, the corrected sero-
prevalence was slightly higher than the raw seropreva-
lence. Particularly in April, the biggest difference was 
found (raw prevalence: 0.0%; CI 0.0–1.1% vs. corrected 
prevalence: 0.9%; CI 0.4–1.4%). In the remaining months 
of 2018, the corrected prevalence was lower than the raw 
prevalence estimates. A slight increase of the seropreva-
lence was seen from July 2018–October 2018. (Fig.  1; 
Additional file 1: Table S1).

Group 2
The prevalence of wild boar showing samples being 
seropositive and positive for ASFV were lower than 
the prevalence of the previous group with no corrected 
prevalence being higher than 0.4%. In most of the month, 
the raw and the corrected prevalence were similar or the 
corrected prevalence higher, respectively. However, In 
January, February, September and October, the corrected 
prevalence was lower than the raw prevalence. No clear 
differences were found between the months of 2018 for 
both, the calculated raw and corrected prevalence esti-
mates (Additional file 1: Table S2 and Fig. S1).

Group 3
In group 3, prevalence estimates were calculated from 
wild boar yielding a seronegative and PCR-positive 

Fig. 1  Estimated raw and corrected prevalence (calculated using a non-spatial beta-binomial model) of hunted wild boar showing a seropositive 
and a PCR-negative ASF sample for each month of 2018. The whiskers indicate 95% confidence intervals
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test result. In contrast to the two previous groups, in 
group 3 the highest corrected prevalence was calcu-
lated for January (2.1%; CI 1.7–2.7%), even though it 
was lower than the raw prevalence (2.4%; CI 1.7–3.3%). 
The prevalence decreased slightly until April, showed 
higher values in June and July but decreased again until 
November. In December the prevalence was similar 
to January (raw prevalence: 2.3%; CI 1.5–3.4% vs. cor-
rected prevalence: 2.0%; CI 1.5–2.6%). In the 3 months 
with higher prevalence estimates (January, December 
and July), the corrected prevalence was lower than the 
raw prevalence whereas in the remaining month, it was 
slightly higher (Additional file 1: Table S3 and Fig. S2).

Group 4
In group 4, only samples from passive surveillance 
were included. Thus, prevalence estimates for wild boar 
yielding a PCR-positive test result and for which no test 
for ASFV-specific antibodies was done, were calculated. 
The highest corrected prevalence estimates were found 
in January (86.2%; CI 83.9–88.4%), in April (86.2%; CI 
83.8–88.5%) and in May (87.5%; CI 84.2–90.5%). The 
corrected prevalence estimates in July, August, Sep-
tember and October were clearly lower with the lowest 
prevalence in October (29.9%; CI 25.2–34.7%) (Fig.  2, 
Additional file 1: Table S4).

Spatial analyses
Group 1
For wild boar yielding seropositive and ASFV-negative 
samples, in most municipalities, the raw estimated and 
the corrected seroprevalences were similar. Four munici-
palities in the northern center of Lithuania showed the 
highest corrected prevalences (Ukmerges r. sav. (13.8%; 
CI 7.1–27.7%), Panevezio r. sav. (13.2%; CI 6.3–30.5%), 
Sirvintu r. sav. (21.6%; CI 14.4–32.1%), Anyksciu r. sav. 
(20.6%; CI 13.0–33.9%). However, in all these munici-
palities, the sample size was relatively low, which yielded 
a wide range of the 95% confidence interval. Several 
municipalities in the western part of the country showed 
low prevalences but at the same time high sample sizes 
and therefore narrow ranges of the 95% confidence inter-
vals (Fig. 3, Additional file 1: Table S5).

Group 2
The prevalence of animals being positive for both ASFV 
and ASF-specific antibodies was also clearly lower than 
in the remaining groups. The highest value was found in 
Panevezio r. sav., however, due to the very small sample 
size, the confidence interval was very wide (raw preva-
lence: 8.3%; CI 1.8–22.5% vs. corrected prevalence: 
3.5%; CI 1.1–6.9%). In 14 municipalities, the raw preva-
lence was 0%; however, the corrected prevalence yielded 
slightly higher values. In contrast, in the six munici-
palities with the highest raw prevalences (Kupiskio r. 

Fig. 2  Estimated raw and corrected prevalence (calculated using a non-spatial beta-binomial model) of wild boar found dead and showing a 
PCR-positive ASF sample for each month of 2018. The whiskers indicate 95% confidence intervals
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Fig. 3  Estimated raw and corrected prevalence with 95% confidence intervals (calculated using a non-spatial beta-binomial model) of hunted wild 
boar showing a seropositive ASF sample, but a PCR-negative test result for each ASF-affected municipality of Lithuania
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sav., Anyksciu r. sav., Druskininku sav., Pakruojo r. sav., 
Ukmerges r. sav., Panevezio r. sav.), the corrected preva-
lences were slightly lower (Additional file 1: Table S6 and 
Fig. S3).

Group 3
The highest corrected prevalence for hunted wild boar 
showing a seronegative but PCR-positive test result was 
found in the municipality Pakruojo r. sav. in the center 
(5.3%; CI 3.1–8.0%). In contrast to the prevalences of the 
other groups, the corrected prevalence was also higher 
in Zarasu r. sav. in the east of the country (3.1%; CI 1.5–
5.3%) and in Kedainiu r. sav. in the center (3.4%; CI 2.2–
4.7%). The raw and the corrected prevalences were very 
similar and in cases of a high raw prevalence, the cor-
rected prevalence was slightly lower, whereas in cases of a 
low raw prevalence, the corrected prevalence was slightly 
higher (Additional file 1: Table S7 and Fig. S4).

Group 4
Similar to the temporal analysis of this group, also on 
spatial level, the raw and the corrected prevalences were 
very high with small confidence intervals. The high-
est corrected prevalence was found in Panevezio r. sav. 
(99.1%; CI 98.1–99.7%). The lowest corrected prevalence 
was found in Svencioniu r. sav. in the east but still with 
a value of 21.9% (CI 17–27.2%). In the southern munici-
pality Druskininku sav., the raw prevalence was 100% (CI 
63.1–100%), however, due to the small sample size, the 
corrected prevalence was 89% (CI 72.7–98.6%) (Addi-
tional file 1: Table S8 and Fig. S5).

Discussion
Lithuania is affected by ASF since 2014 [2]. Several stud-
ies suggest that the course of disease within wild boar 
populations follows similar patterns in different countries 
[9, 11]. It was found that after a period of approximately 
100 days, in which infected animals can be tested positive 
for ASFV and ASFV-specific antibodies at the same time, 
surviving animals are seropositive for an unknown period 
of time [14, 15]. Due to a long half-life of ASFV-specific 
antibodies, it might well be that this period lasts for sev-
eral years [16, 17]. In countries in which an increase of 
seropositive and simultaneously a decrease in ASFV-
positive wild boar was found, a decline of ASF incidence 
and a subsiding stage of the epidemic was hypothesized 
[9, 11]. Following these observations and as a logical 
extension of a previous Lithuanian study [1], we aimed to 
analyse ASF surveillance data in wild boar and thereby to 
evaluate the course of the disease in 2018.

Taking the assumed role of the individual test results 
within the course of ASF into account, we divided the 
samples in different groups depending on the results. To 

see the difference in the prevalence estimates between 
hunted animals and those who were found dead, sam-
ples were additionally divided depending on their origin 
(active or passive surveillance). The model was used to 
take the different conditions in the individual months and 
municipalities into account. Usually, the main hunting 
activities take place in the winter months. Thus, for the 
groups, analysing samples from active surveillance, the 
corrected prevalence was higher than the raw prevalence 
in months, in which the hunting effort is usually low (e.g. 
in April). Therefore, although the calculated prevalence 
estimates were very low in these months, the prevalence 
estimates obtained through the model helped to cor-
rect for such external conditions and falsified conclu-
sions could be avoided. The same applied for the spatial 
analyses, where the model took the prevalence estimates 
of the individual municipalities in the area into account 
by shrinking the estimates to the global mean, therefore 
corrected for under- or overestimations due to different 
sampling behaviour or different population densities.

Between 2016 and 2017, the seroprevalence in Lithua-
nian wild boar increased clearly [1]. This increase seemed 
to continue in 2018. However, although a slight increase 
of the seroprevalence was seen by the end of 2018, these 
changes were not significant. In contrast, the differ-
ence in the mean prevalence of ASFV-positive wild boar 
between 2017 and 2018 was negligible [1]. Also within 
2018, despite of the seasonal fluctuations, no significant 
change was seen in the ASFV prevalence, particularly not 
in wild boar samples from hunted wild boar. The higher 
ASFV prevalence estimates in the summer months cor-
responds to the seasonal patterns of ASFV, which were 
found in other countries [12, 18]. Due to a relatively high 
sample size and a generally low difference within the 
individual months, the raw and the corrected prevalence 
estimates were very similar in wild boar samples origi-
nating from passive surveillance. These results support 
results from a previous study with Lithuanian wild boar 
data [3]. However, in October and November, the preva-
lence estimates were lower than in the other months. 
A similar course was seen in Estonia [9]. These results 
might be due to a lower number of young wild boar being 
present in these months, which results from the natural 
reproductive cycle of wild boar. It is assumed that in the 
field, the case-fatality ratio is higher in wild boar younger 
than 1  year [10, 19]. However, due to the lack of infor-
mation on age of the sampled animals in the present data 
set, no statements were possible regarding the age distri-
bution within the different results.

Both, the raw and the corrected prevalence estimates 
of wild boar found dead and being PCR-positive for 
ASFV were much higher than the prevalence estimates of 
ASFV positive hunted wild boar. Due to the relative high 
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sample size (mean = 279) and the high number of posi-
tive samples, the confidence intervals were smaller and 
so were the differences between the raw and corrected 
prevalence within the single months (Additional file  1: 
Table  S4). These findings show the higher ASF detec-
tion rate in animals found dead and correlate with results 
from Estonia and Latvia [7, 10, 11, 19, 20]. In addition, 
they emphasise once more the need to focus on passive 
surveillance [3, 9, 10, 19, 21, 22]. The high ASFV preva-
lence estimates in wild boar found dead and the consist-
ent ASFV prevalence estimates over the year suggest that 
ASFV is still circulating within the Lithuanian wild boar 
population. By the end of 2018, the prevalence estimates 
from wild boar showing ASFV- and seropositive test 
results at the same time hardly differ from the prevalence 
estimates at the beginning of 2018. These result support 
the hypothesis that circulating ASFV is still considerably 
present, as animals showing such a result are very likely 
to have become infected within the last 3 months [9, 14, 
15]. The spatial analyses showed similar patterns. In the 
central municipalities, ASFV and seroprevalence where 
high. However, the 95% confidence interval in these areas 
was very wide, indicating a small sample size and thus a 
considerable uncertainty regarding the true prevalence. 
However, all of these municipalities have borders with 
previously, highly affected areas [1]. Therefore, also the 
corrected prevalence estimates were clearly higher in the 
central municipalities than in the neighbouring munici-
palities. In a previous study, similar results were obtained 
and high prevalence estimates were mainly found in 
Anykščiai et  al. [3]. A higher wild boar density in these 
areas is described as a potential cause for the geographi-
cal distribution of prevalence estimates [3]. However, in 
our study, population density was not included in the 
analyses as well as other risk-factors like different sam-
pling strategies, human activities and other potential fac-
tors supporting the spread of ASF. To pinpoint the true 
reasons for this ASF cluster in the center of Lithuania, 
further, more comprehensive studies are necessary.

Conclusion
To evaluate the course of ASF and the effectiveness of dis-
ease control in Lithuania, a prevalence study regarding 
ASF in the Lithuanian wild boar population in 2018 was 
performed. The results of the present study based on 2018 
data show that in contrast to similar studies from other 
countries in the region, ASF was still active in Lithuania in 
2018. Therefore, it is of utmost importance to maintain or 
even to adapt intensive surveillance and control measures 
and to regularly evaluate the course of ASF on the basis of 
laboratory data. Further prevalence studies are necessary 
to assess the current situation of ASF in Lithuania, not 

only for Lithuania authorities for evaluating the success of 
control measures but also for neighbouring countries to 
estimate the risk of disease introduction from Lithuania.
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Additional file1. Table S1: Number of wild boar samples, which were 
investigated by ELISA to detected ASF specific antibodies and by PCR to 
detect ASF virus genome. Number of samples from active surveillance, 
which resulted in a seropositive test results for ASF and a negative PCR 
test result and the estimated raw and corrected prevalence (calculated 
using a non-spatial beta-binomial model) including the 95% confidence 
intervals for each month of 2018. Table S2: Number of wild boar samples, 
which were investigated by ELISA to detected ASF specific antibodies 
and by PCR to detect ASF virus genome. Number of samples from active 
surveillance, which resulted in a seropositive test results for ASF and a 
positive PCR test result and the estimated raw and corrected prevalence 
(calculated using a non-spatial beta-binomial model) including the 95% 
confidence intervals for each month of 2018. Table S3: Number of wild 
boar samples, which were investigated by ELISA to detected ASF specific 
antibodies and by PCR to detect ASF virus genome. Number of samples 
from active surveillance, which resulted in a positive PCR but a nega‑
tive ELISA test result and the estimated raw and corrected prevalence 
(calculated using a non-spatial beta-binomial model) including the 95% 
confidence intervals for each month of 2018. Table S4: Number of wild 
boar samples, which were investigated only by PCR to detect ASF virus 
genome. Number of samples from passive surveillance, which resulted in 
a positive PCR test result and the estimated raw and corrected prevalence 
(calculated using a non-spatial beta-binomial model) including the 95% 
confidence intervals for each month of 2018. Table S5: Number of wild 
boar samples, which were investigated by ELISA to detected ASF specific 
antibodies and by PCR to detect ASF virus genome. Number of samples 
from active surveillance, which resulted in a seropositive test results for 
ASF and a negative PCR test result and the estimated raw and cor‑
rected prevalence (calculated using a non-spatial beta-binomial model) 
including the 95% confidence intervals for each ASF-affected municipal‑
ity of Lithuania. Table S6: Number of wild boar samples, which were 
investigated by ELISA to detected ASF specific antibodies and by PCR to 
detect ASF virus genome. Number of samples from active surveillance, 
which resulted in a seropositive test results for ASF and a positive PCR test 
result and the estimated raw and corrected prevalence (calculated using a 
non-spatial beta-binomial model) including the 95% confidence intervals 
for each ASF-affected municipality of Lithuania. Table S7: Number of wild 
boar samples, which were investigated by ELISA to detected ASF specific 
antibodies and by PCR to detect ASF virus genome. Number of samples 
from active surveillance, which resulted in a positive PCR but a negative 
ELISA test result and the estimated raw and corrected prevalence (calcu‑
lated using a non-spatial beta-binomial model) including the 95% confi‑
dence intervals for each ASF-affected municipality of Lithuania. Table S8: 
Number of wild boar samples, which were investigated only by PCR to 
detect ASF virus genome. Number of samples from passive surveillance, 
which resulted in a positive PCR test result and the estimated raw and cor‑
rected prevalence (calculated using a non-spatial beta-binomial model) 
including the 95% confidence intervals for each ASF-affected munici‑
pality of Lithuania. Figure S1: Estimated raw and corrected prevalence 
(calculated using a non-spatial beta-binomial model) of hunted wild boar 
showing an ELISA and a PCR-positive test result for each month of 2018. 
The whiskers indicate 95% confidence intervals. Figure S2: Estimated raw 
and corrected prevalence (calculated using a non-spatial beta-binomial 
model) of hunted wild boar showing an ELISA-negative but a PCR-positive 
test result for each month of 2018. The whiskers indicate 95% confidence 
intervals. Figure S3: Estimated raw and corrected prevalence with 95% 
confidence intervals (calculated using a non-spatial beta-binomial model) 
of hunted wild boar showing a sero- and PCR-positive ASF sample result 
for each ASF-affected municipality of Lithuania. Figure S4: Estimated 
raw and corrected prevalence with 95% confidence intervals (calculated 
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using a non-spatial beta-binomial model) of hunted wild boar showing a 
PCR-positive and a seronegative ASF sample result for each ASF-affected 
municipality of Lithuania. Figure S5: Estimated raw and corrected 
prevalence with 95% confidence intervals (calculated using a non-spatial 
beta-binomial model) of wild boar found dead showing a PCR-positive 
ASF sample result for each ASF-affected municipality of Lithuania.

Abbreviations
ASF: African swine fever; ASFV: African swine fever virus.

Acknowledgements
Authors are thankful to collaborating hunters for providing the wild boar liver 
samples.

Authors’ contributions
AP, KS, AST, CS-L and DZ: study concept und design; KS, AP and CS: analyses 
and interpretation of data; KS and AP drafting of the manuscript; RS, VO, ASA: 
data collection JB, RZ, JG and ZS: laboratory studies, CS and CS-L: Critical revi‑
sion of the manuscript. All authors read and approved the final manuscript.

Funding
Open Access funding enabled and organized by Projekt DEAL. This work was 
funded by Ministry of Agriculture of the Republic of Lithuania (Project No. 
MT-17-8).

Availability of data and materials
The data used are available in the Additional file 1.

Ethics approval and consent to participate
Non-experimental research on in this study was conducted in this study in 
the National Food and Veterinary Risk Assessment Institute that according to 
Regulation (EC) No 882/2004 has been designated as a National Reference 
Laboratory for African Swine Fever. All research activities in this study comply 
with institutional and national guidelines. Additionally, permanent permission 
to conduct research with animal samples was issued by the Ethics Commis‑
sion on the Use of Laboratory Animals (Project No. 0241).

Consent to publication
Not applicable.

Competing interest
The authors declare that they have no competing interests.

Author details
1 Immunology Laboratory, Department of Anatomy and Physiology, Faculty 
of Veterinary Medicine, Lithuanian University of Health Sciences, Tilzes Str. 
18, Kaunas, Lithuania. 2 Friedrich-Loeffler-Institut, Federal Research Insti‑
tute for Animal Health, Institute of Epidemiology, Südufer 10, 17493 Greif‑
swald‑Insel Riems, Germany. 3 National Food and Veterinary Risk Assessment 
Institute, J. Kairiukscio Str. 10, Vilnius, Lithuania. 4 Department of Animal 
Breeding and Nutrition, Faculty of Animal Husbandry Technology, Lithuanian 
University of Health Sciences, Tilzes Str. 18, Kaunas, Lithuania. 5 Faculty of Vet‑
erinary Medicine, Institute of Microbiology and Virology, Lithuanian University 
of Health Sciences, Tilzes Str. 18, Kaunas, Lithuania. 6 Department of Pathobiol‑
ogy, Faculty of Veterinary Medicine, Lithuanian University of Health Sciences, 
Tilzes Str. 18, Kaunas, Lithuania. 

Received: 26 June 2020   Accepted: 28 September 2020

References
	1.	 Pautienius A, Grigas J, Pileviciene S, Zagrabskaite R, Buitkuviene J, Pridotkas 

G, Stankevicius R, Streimikyte Z, Salomskas A, Zienius D, Stankevicius A. 
Prevalence and spatiotemporal distribution of African swine fever in Lithu‑
ania, 2014–2017. Virol J. 2018;15:177.

	2.	 European Food Safety Authority. Scientific opinion on African swine fever. 
EFSA J. 2015;13(7):4163.

	3.	 Mačiulskis P, Masiulis M, Pridotkas G, Buitkuvienė J, Jurgelevičius V, 
Jacevičienė I, Zagrabskaitė R, Zani L, Pilevičienė S. The African swine 
fever epidemic in wild boar (Sus scrofa) in Lithuania (2014–2018). Vet Sci. 
2020;7:15.

	4.	 Nurmoja I, Mõtus K, Kristian M, Niine T, Schulz K, Depner K, Viltrop A. Epide‑
miological analysis of the 2015–2017 African swine fever outbreaks in Esto‑
nia. Prev Vet Med. 2018. https​://doi.org/10.1016/j.preve​tmed.2018.10.001.

	5.	 Oļševskis E, Guberti V, Serzants M, Westergaard J, Gallardo C, Rodze I, Depner 
K. African swine fever virus introduction into the EU in 2014: experience of 
Latvia. Res Vet Sci. 2016;105:28–30.

	6.	 Gogin A, Gerasimov V, Malogolovkin A, Kolbasov D. African swine fever in 
the North Caucasus region and the Russian Federation in years 2007–2012. 
Virus Res. 2013;173:198–203.

	7.	 European Food Safety Authority. Risk assessment of African swine fever in 
the south-eastern countries of Europe. EFSA J. 2019;17:5861 (53 p.).

	8.	 Halasa T, Botner A, Mortensen S, Christensen H, Toft N, Boklund A. Simulat‑
ing the epidemiological and economic effects of an African swine fever 
epidemic in industrialized swine populations. Vet Microbiol. 2016;193:7–16.

	9.	 Schulz K, Staubach C, Blome S, Viltrop A, Nurmoja I, Conraths FJ, Sauter-Louis 
C. Analysis of Estonian surveillance in wild boar suggests a decline in the 
incidence of African swine fever. Sci Rep. 2019;9:8490.

	10.	 Nurmoja I, Schulz K, Staubach C, Sauter-Louis C, Depner K, Conraths FJ, 
Viltrop A. Development of African swine fever epidemic among wild boar 
in Estonia—two different areas in the epidemiological focus. Sci Rep. 
2017;7:12562.

	11.	 Oļševskis E, Schulz K, Staubach C, Seržants M, Lamberga K, Pūle D, Ozoliņš J, 
Conraths FJ, Sauter-Louis C. African swine fever in Latvian wild boar-A step 
closer to elimination. Transbound Emerg Dis. 2020. https​://doi.org/10.1111/
tbed.13611​.

	12.	 Schulz K, Staubach C, Blome S, Nurmoja I, Viltrop A, Conraths FJ, Kristian M, 
Sauter-Louis C. How to demonstrate freedom from African swine fever in 
wild boar—Estonia as an example. Vaccines. 2020;8:336.

	13.	 Staubach C, Schmid V, Knorr-Held L, Ziller M. A Bayesian model for spatial 
wildlife disease prevalence data. Prev Vet Med. 2002;56:75–87.

	14.	 Petrov A, Forth JH, Zani L, Beer M, Blome S. No evidence for long-term 
carrier status of pigs after African swine fever virus infection. Transbound 
Emerg Dis. 2018;00:1–11.

	15.	 Zani L, Forth JH, Forth L, Nurmoja I, Leidenberger S, Henke J, Carlson J, 
Breidenstein C, Viltrop A, Hoper D, Sauter-Louis C, Beer M, Blome S. Deletion 
at the 5′-end of Estonian ASFV strains associated with an attenuated pheno‑
type. Sci Rep. 2018;8:6510.

	16.	 Penrith ML, Thomson GR, Bastos ADS, Phiri OC, Lubisi BA, Du Plessis EC, 
Macome F, Pinto F, Botha B, Esterhuysen J. An investigation into natural 
resistance to African swine fever in domestic pigs from an endemic area in 
southern Africa. Rev Sci Tech Oie. 2004;23:965–77.

	17.	 Pujols-Romeu J, Badiola-Saiz JIAMPR, Rosell-Bellsola R, Carreras-Mauri J. 
Papel que tienen los cerdos portadores en el mantenimientoy transmisión 
del virus de la PPA. l. Estudio epizootiológico. Med Vet. 1991;8:481–9.

	18.	 European Food Safety Authority. Epidemiological analyses of African swine 
fever in the European Union (November 2018 to October 2019). EFSA J. 
2020;18:5996.

	19.	 Schulz K, Oļševskis E, Staubach C, Lamberga K, Seržants M, Cvetkova S, 
Conraths FJ, Sauter-Louis C. Epidemiological evaluation of Latvian control 
measures for African swine fever in wild boar on the basis of surveillance 
data. Sci Rep. 2019;9:4189.

	20.	 European Food Safety Authority. Scientific opinion on African swine fever in 
wild boar. EFSA J. 2018;16:5344.

	21.	 Schulz K, Calba C, Peyre M, Staubach C, Conraths FJ. Hunters’ acceptabil‑
ity of the surveillance system and alternative surveillance strategies for 
classical swine fever in wild boar—a participatory approach. BMC Vet Res. 
2016;12:1–10.

	22.	 Schulz K, Peyre M, Staubach C, Schauer B, Schulz J, Calba C, Häsler B, 
Conraths FJ. Surveillance strategies for Classical Swine Fever in wild boar—a 
comprehensive evaluation study to ensure powerful surveillance. Sci Rep. 
2017;7:43871.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

https://doi.org/10.1016/j.prevetmed.2018.10.001
https://doi.org/10.1111/tbed.13611
https://doi.org/10.1111/tbed.13611

	African swine fever in the Lithuanian wild boar population in 2018: a snapshot
	Abstract 
	Introduction
	Materials and methods
	ASF surveillance data
	Prevalence estimations
	Model analysis

	Results
	Temporal analyses
	Group 1
	Group 2
	Group 3
	Group 4

	Spatial analyses
	Group 1
	Group 2
	Group 3
	Group 4


	Discussion
	Conclusion
	Acknowledgements
	References


