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Risk assessment of African swine
fever transmission by spray-dried
porcine plasma in piglet feed and
the effect of UV irradiation
treatment as an additional safety
step
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!Wageningen Bioveterinary Research, Wageningen University and Research, Lelystad, Netherlands,
2Sonac/Darling Ingredients, Son, Netherlands

The increase of African swine fever (ASF) outbreaks worldwide has raised concerns
about the feeding of spray-dried porcine plasma (SDPP) to pigs. The processing of
blood into SDPP should thus guarantee sufficient inactivation of ASF virus (ASFV)
to render a safe product. The objective of this study was to evaluate (i) the required
level of inactivation if blood of ASF-infected pigs would be processed into SDPP
and fed to piglets, and (ii) the additional safety achieved if UV treatment is applied to
plasma before spray-drying. A quantitative microbial risk assessment (QMRA) model
was built to assess the infection probability (P,,) of weaned piglets fed with SDPP
produced from blood collected from a single ASF-infected herd. The inactivation
of ASFV by UV treatment was quantified using a mobile, laboratory-scale “Cold
Pasteurization” apparatus (Lyras inc, Aalborg, Denmark). Porcine plasma spiked
with blood collected from pigs experimentally infected with ASFV was irradiated
with different doses of UV-C and the log,, reduction factor (LRF) calculated.
An average LRF of 2.2 was achieved by the highest dose of UV-C irradiation
applied (~137 Joule/m?). QMRA model results indicate that an LRF of 5 needs to
be achieved during processing to arrive at a median value of P, < 0.01, i.e., less
than 1 out of 100 ASF-infected batches resulting in new infections. With an LRF
of 8, also the 95th percentile value of P, is < 0.01. These results were compared
to reported LRF values of spray-drying and dry storage of SDPP, which varied
between 5.2 and 11.1. Applying UV-C irradiation as an additional step in SDPP
production thus provides extra safety guarantees as the combined inactivation
levels of spray-drying, dry storage and UV treatment are likely to result in an overall
LRF > 8, implying a very low risk of new ASF infections (median P, 7.3 X 1075;
95th percentile 1.6 X 10~%). The QMRA model did not account for the probability
that ASF-infected pigs are unintendedly processed into SDPP. This probability
is low if SDPP is not sourced from pigs in ASF-infected areas, therewith further
reducing the ASF infection risk of SDPP.
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African swine fever, spray-dried porcine plasma, quantitative microbial risk
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1 Introduction

African swine fever (ASF) is a viral hemorrhagic disease of pigs
caused by ASF virus (ASFV), an icosahedral double-stranded DNA
virus and the sole member of the Asfarviridae family (1, 2). ASFV is
endemic in sub-Saharan Africa, where it is maintained in a sylvatic
cycle between warthogs and soft ticks of the genus Ornithodoros (3).
Transmission in European wild boar and domestic pigs is primarily
due to direct contact or through ingestion of infected meat products,
either by feeding pigs with animal by-products or waste products
(swill feeding) or by improperly disposed human waste scavenged by
wild boar (1, 3, 4). However, also contaminated fomites and vegetative
products, such as cereals and bedding materials, contribute to ASF
transmission (5-7). In domestic pigs, ASF is a highly lethal disease
resulting in huge economic impact in affected countries. Since the
introduction of ASFV genotype II in Georgia in 2007, the geographical
distribution of ASF has increased tremendously with the disease now
being widely present in Europa and Asia, and also affecting countries
in Oceania and the Caribbean (8, 9).

Spray-dried porcine plasma (SDPP) is used worldwide as feed-
ingredient for livestock, fish, and pets. SDPP is produced from blood
collected from slaughtered pigs by separating plasma from the red
blood cell fraction (which includes leucocytes and platelets), after
which the plasma is spray dried. A more detailed description of the
production process of SDPP is given by Blazquez et al. (44). The
resulting protein-rich powder is a highly nutritional and bioactive feed
ingredient which is used in starter-diets (11, 12). The use of SDPP in
the diet of post-weaning piglets has a positive effect on the health and
weight gain of the animals which is attributed to the presence of
antibodies. Several studies showed that supplementation with SDPP
reduced the severity and length of postweaning diarrhea in piglets,
indicating that SDPP may be a favorable feed ingredient and an
alternative for antibiotics and Zink oxide (11, 13).

Feeding animal-derived products to animals entails a risk of
disease transmission if the raw materials are harvested from infected
animals. For the production of SDPP, this risk is reduced by only
collecting blood of clinically healthy pigs and by heat treatment during
the production process, resulting in (partial) inactivation of pathogens
if present. Infected animals can, however, be missed at slaughter if the
animals do not show clinical symptoms, or if (mild) clinical symptoms
are overlooked or not reported. Then, blood contaminated with
pathogens may be included unintendedly in the production process
of SDPP. This is illustrated by the presence of genomic material of
endemic viruses in SDPP (14). The remaining infectivity after
production of SDPP depends on the initial concentration of pathogens
in the collected blood and the physical conditions (temperature, pH
and duration) of the production process. In SDPP production plants
the plasma prepared from raw blood may be alkalized to a pH of 9.8
before being spray-dried at temperatures of minimally 80°C with a
residence time varying from 10 to 60 s depending on the industrial
spray-dryer installation. Inactivation is also pathogen-dependent,
with some pathogens being more resistant to alkaline conditions and
high temperatures.

ASFV remains infectious for long periods under ambient
conditions in protein-rich environments like meat, blood and
other pig-derived products (2, 15, 16). Treatment with relatively
high temperatures is needed to completely destroy infectivity of
ASFV in these matrices (9). Although spray-drying of alkalized
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plasma in a laboratory spray-dryer installation inactivated the
infectivity of spiked ASFV by more than 99%, still infectious ASFV
particles could be rescued from experimentally produced SDPP
(17). This was confirmed in a later study (18), where, however, all
samples were negative after the subsequent 14-day storage at 20°C
which is a common control step in commercial production. Due
to denaturation and gelling of the plasma proteins, applying a
higher pH and/or temperatures above 80°C in industrial spray-
dryers is technically not feasible. Moreover, denaturation of
proteins would also nullify the beneficial properties of the SDPP
when used as a feed ingredient. As an alternative, UV-C irradiation
could be used to further reduce infectivity of ASFV in
SDPP. Blazquez et al. (17) demonstrated that UV-C irradiation of
SDPP spiked with ASFV prior to spray-drying reduced the
infectivity significantly without losing the beneficial properties
of SDPP.

The increase of ASF outbreaks worldwide has revived concerns
about the feeding of SDPP to pigs. Although the majority of ASFV
outbreaks in Europe is in wild boar populations, spill over to domestic
pig herds is occurring on a regular basis (19, 20). As a consequence, it
cannot be completely ruled out that blood with a high ASFV load may
be collected unintendedly from domestic pigs and is used for
production of SDPP in case ASFV has been introduced into a free area
but has not been detected yet, i.e., during the high-risk period. The
different processing steps of the blood should thus guarantee sufficient
inactivation of ASFV to render a safe product. The objective of this
study was to evaluate (i) the level of inactivation needed in the
production of SDPP if ASF-infected pigs would be slaughtered
unintendedly and their blood processed into SDPP and fed to piglets,
and (ii) the additional safety achieved if UV treatment is applied to
plasma before spray-drying. A quantitative microbial risk assessment
(QMRA) model was built to assess the infection probability of weaned
piglets fed with SDPP produced from blood collected from an
ASF-infected herd, and subsequently the level of inactivation needed
to achieve an acceptable risk of transmission. The inactivation of
ASFV by UV treatment was quantified under laboratory conditions.
A mobile, laboratory-scale “Cold Pasteurization” apparatus (Lyras inc,
Aalborg, Denmark) able to irradiate plasma with a defined dose of
UV-C light was used to study the kinetics of ASFV inactivation in
porcine plasma spiked with blood collected from pigs experimentally
infected with ASFV. Implementation of such a “Cold Pasteurization”
apparatus prior to industrial spray-drying is technically feasible, cost-
effective and could reduce the risk of transmission of ASFV via feed
and feed ingredients. In this paper, the results of the QMRA model
and the UV-C inactivation experiments for ASFV are presented.

2 Materials and methods

2.1 Quantitative microbial risk assessment
A QMRA model was built to evaluate the infection risk of SDPP

if ASF-infected pigs would be slaughtered unintendedly and their

blood processed into SDPP. In this model, three main steps can

be distinguished (Figure 1):

1. The viral load in blood and SDPP derived from slaughtered
animals if ASF infection would be present in a pig herd;
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2. The exposure of individual piglets and the number of piglets
exposed to ASF-contaminated SDPP;

3. The probability that this exposure will result in new
ASF infections.

The model was used to evaluate the log,, reduction factor (LRF)
of the viral load that should be achieved during the production
process of SDPP to guarantee its safety for use in weaning feed for
piglets. In this study, we assumed that a probability of new ASF
infections due to slaughter of an infected herd <1% is an acceptable
level of risk.

The QMRA model is a stochastic model built in Excel and @Risk
8.2.1 (21). For each scenario, 10,000 iterations were run to account for
uncertainty in model input parameters. Model results are given as
median values and 90% uncertainty intervals (bounded by the 5™ and
95th percentile values).

2.1.1 Modeling assumptions

The viral load in blood derived from slaughtered fattening pigs is
highly dependent on the prevalence of infection in the pig population.
We assumed that ASF-infected animals will only be slaughtered and
processed in the high-risk period, i.e., before first detection of disease
in a newly infected area. Therefore, the viral load was calculated
assuming a single infected fattening herd delivering pigs to the
slaughterhouse just before the disease would have been detected in
this herd. This implies a worst-case scenario as the number of
infectious animals in the herd will have reached the maximum level
possible without being detected yet.

We assumed that the blood of all ASF-infected animals would
be collected by a single processing plant and that it would
be processed in a single batch of SDPP. To estimate the ASFV
concentration in SDPP, we accounted for dilution of the
concentration when mixing the blood of infected animals with
blood from non-infected animals. Furthermore, we accounted for
the possibility that the ASFV concentration in blood plasma does
not equal the ASFV concentration in whole blood due to preference
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of the virus to connect with either the red blood cell fraction
or plasma.

The expected number of new ASF infections due to consumption
of contaminated SDPP depends on the exposure of piglets, i.e., the
amount of ASFV ingested, and the oral dose-response relationship,
i.e., the relation between the ingested dose and the probability of
infection, with the probability of infection increasing when higher
amounts of virus are ingested (22, 23). In the model calculations,
we considered the total viral load ingested during the post-weaning
period as a single dose. The dose-response relationship was inferred
from infection experiments in which the animals were orally
inoculated with the virus.

In the model, viral loads are given in TCIDs, (tissue culture
infectious doses). Input parameters considering viral loads or virus
concentrations were sourced from scientific literature and
experimental data and were sometimes given in HADs, (hemadsorbing
doses) rather than TCIDs. We assumed both measures to
be equivalent. When titers were based on PCR, they were given as
TCIDsjeq (equivalents of tissue culture infectious doses).

The amount of blood collected from slaughtered animals was
expressed in volumes (liters or milliliters), and virus concentrations
in these products were therefore expressed in TCID5,/mL. Quantities
of plasma powder and weaning feed, on the other hand, were
expressed as weights and given in grams or kilograms. In the
calculations, we assumed liters to equal kilograms and milliliters to
equal grams.

2.1.2 Model calculations

2.1.2.1 Viral load in SDPP

A deterministic SEIR model was used to calculate the viral load
in whole blood sourced from fattening pigs that were delivered by an
infected herd, by calculating (1) the expected number of infected
animals in the herd at the day before detection (Nipg,) and (2) the
virus concentration (log,, TCIDs) in the blood of each infected
animal at the day before detection (VCypima, ). To estimate the day
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of detection, two threshold levels were used: one for the number of
animals that died from the infection (Thrg.,y) and one for the
number of animals showing clinical signs (Thr;,). Detection was
assumed to occur if any of the two thresholds is exceeded. The
deterministic SEIR model is described in more detail in
Supplementary File 1.

Based on the results of the SEIR model, the ASFV concentration
(log;y TCIDs/mL) in a batch of whole blood (VCppoq) is
calculated as:

Niyye

i VCanimul“,
VCiood =10810

(1)
Napatch,

Where VC,yimar, is the virus concentration (TCIDsy/mL) in the
blood of infected animal i, dependent on the number of days post
infection (dpi) ¢, Nipg, is the total number of infected animals
processed in the batch (here equal to the number of infected animals
in a single herd or production unit at the day before detection) and
Nayaych, is the total number of animals processed in a single batch of
blood. Nap,,, was estimated by dividing the volume of blood (L)
processed in a single batch at the processing plant (Vy,,) by the
volume of blood (L) derived from a single animal (Vy004)-

The ASFV concentration in blood plasma (log,, TCIDs,/mL)
before further processing into SDPP (VCpjgsmq) is then calculated as:

chlasma =VClood — RVplasma (2)

Where RVpigsim, is the reduction (or increase if its value is
negative) of virus concentration in plasma as compared to whole
blood after separating the plasma from the red blood cell fraction.

The ASFV concentration in SDPP (VCsppp) (log,, TCIDs/g) is
subsequently calculated as:

VCsppp = chlasma +VIgppp - RVprocess (3)

Where VIgppp is the increase of virus concentration in SDPP
compared to plasma due to a reduction of volume (assuming that all
virus will be retained in the dry fraction), and RV ocess is the
reduction in virus concentration achieved by the processing
conditions of spray-drying. VIgppp is calculated as:

VIsppp =10g10(Vplasma / Vspep ) 4)

Where Vpjgsiq is the volume of plasma (L) sourced from 1L
blood and Vgppp is the weight of SDPP (kg) that can be produced
from 1 L whole blood.

2.1.2.2 Exposure of piglets to SDPP

The exposure of individual piglets depends on the ASFV
concentration in SDPP (VCgppp) (log,, TCIDsy/g) and the amount of
SDPP consumed.
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The infectious dose per piglet (ID) (log,, TCIDs) is calculated as:

ID =VCgsppp x DX DI pjgier X Csppp (5)

Where D is the number of days piglets are fed with weaning feed
containing SDPP, DI ;1 is the daily intake of weaning feed by a single
piglet (g) and Cgppp is the inclusion rate of SDPP in weaning feed.

The total number of piglets exposed (N ) to a single
ASF-contaminated batch of SDPP is calculated as:

__ Vsppp X Vipatch
exp =
Dx DI pigier X Csppp

(6)

2.1.2.3 Expected number of new ASF infections
Assuming an exponential dose-response model, the probability
for an individual piglet to get infected by ASF (Pa;,) is calculated as:

Payy :1_6—(10 xDR) -

Where DR is the dose-response parameter for ASFV when
ingested by feed. The dose-response parameter equals the probability
of infection for a single TCIDs, and is estimated from the infectious
dose at which 50% of the animals is expected to be infected (IDs)
(Table 1). The IDsg was estimated from experimental data giving the
infection  probability —at  different  inoculation  doses
(Supplementary File 2).

The probability that at least one piglet is infected with ASF (P, is

then calculated as:

—(N.,,x10”xDR
B =1-e ( ) 8)

The expected number of infected piglets (N;,) from one batch of
blood plasma can be calculated assuming a binomial distribution:

Ninf = Nexp X Painf 9)

2.1.3 Input parameters

Input parameters needed for the QMRA model were (1)
transmission parameters for the SEIR model, (2) parameters on ASFV
in blood, (3) the dose-response model, and (4) production and
consumption parameters for SDPP. An overview of all input
parameters is given in Table 1.

2.1.3.1 SEIR model

To estimate the course of infection in an infected herd with the
SEIR model, information was needed on the latent period (Tj,),
infectious period (T;,), and the daily rate of transmission (transmission
parameter f3). In the model, values for within-pen transmission were
used (24), as these were considered to be most representative for the
first phase of infection in a herd (Table 1). The impact of both higher
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TABLE 1 Input parameters used in the quantitative risk model.

Input

parameter

Description

Input parameters SEIR model for within-herd transmission

10.3389/fvets.2025.1463720

Source

p Transmission parameter RiskPertAlt (2.5%, 0.58, 50%, 1.17, = day™" (24)
97.5%, 1.75)
Tt Latent period 5 days (24)
Tip Infectious period RiskNormal (4.5, 0.75, days (24)
RiskTruncate(0))®
Tine Incubation period RiskPertAlt (2.5%, 2.4, 50%, 4.4, days 31)
97.5%, 6.4)
P, Proportion of animals developing clinical 1 — Assumption given high
signs (morbidity) morbidity rate (32)
Piowi Proportion of animals dying (case fatality 1 — Assumption given high
rate) mortality rate (32)
Thr g, Detection threshold based on number of 25 animals Assumption
animals with clinical signs
Tht geqa Detection threshold based on number of 15 animals 27)
animals that died from infection
Ape Average number of fattening pigs per 2,645 animals (33)
fattening herd
Upat Number of production units on the fattening | 10 units Assumption
farm
Parameters on African swine fever virus in blood
VCanimal Virus concentration in the blood of an RiskLognorm (Mean, SD) (values log,o/TCIDs)/mL Based on experimental data
anima
N infected animal i on dpi ¢ used are given from Vlasova et al. (35)
Supplementary Table S3-1).
Reduction of virus concentration after RiskPert (—0.43, 0.95, 2.62) logio Experimental data WBVR
RVplasma
separating plasma from red blood cell (unpublished)
fraction
Parameters for dose—response model
ID;, Infectious dose at which 50% of the animals RiskPertAlt (2.5%, 5.48, 50%, 6.36, = log,, TCIDs, Based on experimental data
is infected 97.5%, 7.23) from Niederwerder et al. (37)
DR Dose-response parameter D TCIDs,™! Calculated
In (2) /10"
Production and consumption parameters
Vbatch Average volume of one batch of whole blood 130,000 liter (38)
(primary product)
Vbiood Volume of blood derived from a single 35 liter Sonac/Darling Ingredients
slaughtered animal
Volume of plasma sourced from 1 L blood 0.6 liter Sonac/Darling Ingredients
Vplasma
Vsppp Weight of SDPP that can be produced from 0.055 kg Sonac/Darling Ingredients
1 L blood
D Number of days that piglets are fed weaning 14 days (59)
feed containing SDPP
) Daily feed intake of a single piglet 278 g Sonac/Darling Ingredients
Dipiglet
Csppp Inclusion rate of SDPP in weaning feed 0.05 — (59)

“Probability distribution functions as given in the Excel Add-in @Risk. For more information see https://help.palisade.com/v8_2/en/@RISK/Function/Function-Reference. htm.

Sampled values of the normal distribution were truncated at a minimum value of 0.
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TABLE 2 Overview of what-if scenarios explored with the quantitative risk model.

10.3389/fvets.2025.1463720

Scenario Parameter Default value® New value? Source
changed
WI-1A Transmission_A p RiskPertAlt (2.5%, 0.58, 50%, RiskPertAlt (2.5%, 0.16, Between-pen estimates
1.17,97.5%, 1.75) 50%, 0.61, 97.5%, 1.06) by Guinat et al. (24)
WI-1B Transmission_B p RiskPertAlt (2.5%, 0.58, 50%, RiskUniform (0.7, 2.2) (26)
1.17,97.5%, 1.75)
Tt 5 RiskUniform (5.8, 9.7) (26)
Ts RiskNormal (4.5, 0.75, RiskUniform (4.5, 8.3) (26)
RiskTruncate(0))®
WI-1C Transmission_C p RiskPertAlt (2.5%, 0.58, 50%, RiskPertAlt (2.5%, 0.96, (25)
1.17,97.5%, 1.75) 50%, 2.62, 97.5%, 5.61)
T 5 Gamma (19.2, (6.08/19.2)) (25)
Ty RiskNormal (4.5, 0.75, Gamma (22.7, (9.15/22.7)) (25)
RiskTruncate(0))®
WI-2 Threshold levels for Thiglin 25 15 Assumption
detection
Thrdead 15 5 (27)
WI-3 Disease symptoms Peiin 1 RiskBeta (17 + 1, 18— (34)
(morbidity and mortality) 17+1)
Pread 1 RiskBeta (17 + 1, 18— (34)
17+1)
WI-4 Number of production units Utat 10 3 Assumption
on fattening farm
WI-5 Virus concentration in ) RiskLognorm (Mean, SD) RiskLognorm (Mean, SD) (36)
) ) VCanimal, o o
blood of infected animals ’ (values used are given in (values used are given in
Supplementary Table S3-1) Supplementary Table S3-2)
WI-6 Virus retained in plasma RiskPert (0.09, 1.12, 2.62) 0 Worst-case assumption
RVplasma
WI-7 Infectious dose IDsQ RiskPertAlt (2.5%, 5.48, 50%, 4 Based on minimum
6.36, 97.5%, 7.23) infection dose given by
Niederwerder et al. (37)
WI-8 Volume of batch of blood Vbatch 130,000,000 50,000,000 (38)

“Probability distribution functions as given in the Excel Add-in @Risk. For more information see https://help.palisade.com/v8_2/en/@RISK/Function/Function-Reference htm.,

Sampled values of the normal distribution were truncated at a minimum value of 0.

transmission rates (25), lower transmission rates (between-pen
transmission as estimated by Guinat et al. (24)), and transmission
parameters estimated from field data (26) were explored in what-if
scenarios (Table 2).

The number of clinical animals on each day and the cumulative
number of dead animals were used to estimate the day that infection
would be detected in the herd. Threshold levels for detection were set
at 15 animals for dead pigs (Thr,,4) (27) and 25 animals for pigs with
clinical signs (Thr,;,) in order to obtain a high-risk period at the farm
level that is in accordance with field observations (5, 28-30). The effect
of lower threshold levels was explored in a what-if scenario (Table 2).

To estimate the number of clinical and dead animals, information
was needed on the incubation period (T}, ), and the morbidity and
mortality rate (P, and Pyeug). In the model calculations, a rapid onset
of disease was assumed with an average T;,,. of 4.4 days (31). Py;;,, and
Pj.qq were both set at 100%, as experimental infections with ASFV
strains of genotype II mostly result in morbidity and mortality rates
up to 100% in both inoculated and contact animals (32). The effect of
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a slightly lower morbidity and mortality rate (28) was explored in a
what-if scenario (Table 2).

Herd size (A ;) was based on the Dutch 2022 situation, with an
average of 2,645 fattening pigs per herd (33). We assumed that
production of fattening pigs was based on an all-in all-out system, i.e.,
all fattening pigs of a single production unit are delivered to the
slaughterhouse at the same time. The SEIR model accounted for
transmission in a single production unit only. In the default
calculations, the number of production units on the farm (U f) was
set to 10. The number of production units in the pig herd was varied
in a what-if scenario (Table 2).

2.1.3.2 ASFV in blood

Infected pigs can have very high ASFV concentrations in
blood ranging from 6 to 8 log,y HADs,/mL (31, 34). Only few
studies report on virus levels in whole blood of infected animals
during the course of infection, i.e., the virus concentration on
each dpi (VCypima, ). For the QMRA model, default values on
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virus levels in whole blood were derived from Vlasova et al. (35).
In this study, pigs were inoculated with different ASFV strains
(all genotype II strains isolated in 2013 in the Russian Federation)
using different inoculation doses. We assumed that low doses
were most representative for natural infections and calculated the
average virus concentration of 6 inoculated pigs for each dpi
(Supplementary File 3). Virus titers on days without observations
were interpolated based on the virus titers observed on the last
measurement before and the first measurement after these days.
No measurements were performed by Vlasova et al. (35) after day
19 since all animals had died from the disease by day 20. A
gradual decrease of virus titers after day 19 was assumed based
on data from Post et al. (36). In this experiment, some animals
survived for a longer period and retained virus titers of 4-6 log,,
TCIDseq/mL up till 27 days after infection. The pigs in the
experiment by Post et al. (36) were, however, inoculated with
Netherlands '86, which is a genotype I strain that is probably less
representative for the current genotype II virus circulating in
Europe, Asia and the Caribbean. The full dataset from the
experiment by Post et al. (36) was used in a what-if scenario
(Table 2; Supplementary File 3).

Unpublished data from an animal experiment conducted in
the facilities of Wageningen Bioveterinary Research (WBVR) were
used to estimate the ASFV reduction when separating plasma
from the red blood cell fraction (RVjgsmq)- For 26 samples, the
ASFV titer (TCIDseq/mL) of infected pigs was determined in
both EDTA blood and plasma using PCR. Log,, differences in titer
between EDTA blood and plasma varied from —0.43 to 2.62, with
a mean value of 0.95, indicating that the virus concentration in
plasma is on average ~1 log;, lower than in blood (Table 1). As a
worst-case scenario, we assumed no virus reduction when
separating plasma from the red blood cell fraction in the what-if
analysis (Table 2).

No input data were collected for the reduction in virus
concentration achieved when processing plasma into SDPP (RV pgcess )
as the aim of the model was to evaluate the LRF needed for safe
application of SDPP in weaning feed. Therefore, the value of RV ocess
was varied from 0, which mimics the situation without any reduction
during processing, to 8, which mimics a reduction in virus
concentration of 8 log,, TCIDs, due to processing. Model results of all
scenarios were evaluated to assess the LRF that should be achieved
during the production process of SDPP to guarantee its safety for use
in weaning feed for piglets.

2.1.3.3 Dose—-response model

To estimate the dose at which 50% of the animals is expected to
become infected (IDsg), information on the infection probability at
different exposure doses is required. Although several experimental
studies provided information to estimate the IDsy of ASFV
(Supplementary File 2), only one study had evaluated the dose—
response relationship for exposure to ASFV by ingestion of feed
(37). A generalized linear model with a logit link and a binomial
error distribution was used to fit a dose-response model to these
data and the mean IDs for oral ingestion was estimated at 6.4 log,
TCIDs, (Table 1). Niederwerder et al. (37) estimated a minimum
infectious dose of 4 log,, TCIDs, based on their observations. This
value was used as an estimate for the IDsy in a what-if scenario
(Table 2).
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2.1.3.4 Production and consumption parameters

The average volume of a single batch of whole blood processed
into SDPP (Vy4¢cr,) was assumed to equal 130,000 L (38). The impact
of lower production volumes was explored in a what-if scenario
(Table 2).

The volume of blood derived from a slaughtered animal (Vy504)
varies between 3 and 4 L and was set at 3.5 L in the default calculations.
One liter of blood yields 600 mL plasma (Vjz5mq)- From this, 55 g
SDPP can be produced (Vgppp).

We assumed an inclusion of 5% SDPP in weaning feed (Csppp)
and intake of this feed by weaned piglets for a 2-week period
(D = 14 days). Daily administration of weaning feed (DI ;1r) Was set
at278 g.

2.1.4 Uncertainty analysis

2.1.4.1 Sensitivity analysis

Uncertain input parameters in the QMRA model were
parameterized using input probability distributions. To evaluate the
impact of these uncertain input parameters on model results,
Spearman rank correlation coeflicients between these input
parameters and the probability that at least one piglet will be infected
(P;,y) were estimated using the sensitivity analysis tool of @Risk. The
sensitivity analysis was performed for the simulation run in which the
reduction in virus concentration achieved during processing
(RV process) resulted in an estimated median P, < 0.01.

2.1.4.2 What-if scenarios

To further evaluate the impact of uncertain input parameters on
model results, several what-if scenarios were run with the model in
which the values for one or more input parameters were changed and
the impact on model results evaluated. The what-if scenarios are
described in Table 2.

2.2 Inactivation of ASFV by UV treatment

2.2.1 Processing of uninfected and ASFV-infected
blood to plasma

For UV-C irradiation experiments conducted in this study, raw
porcine blood was collected at a regular slaughterhouse in the
Netherlands and separated in a production plant from which two
batches of 60 L of fresh (unconcentrated) plasma was taken. Briefly,
per 1,000 mL of blood 80 mL of a 10% w/v trisodium citrate solution
was added on top as anti-coagulation and the blood was cooled to 4°C
and centrifuged for 25 min at 1,500xg to remove the red blood cell
fraction (39). The plasma was alkalized to pH 9.8 by slowly adding
small volumes of NaOH solution (1.65 N = 6.6% w/v) under constant
agitation. The fresh plasma was kept at 4°C during transport to the
WBVR laboratory facility.

To spike the plasma with ASFV, blood of pigs infected with ASFV
genotype II strain Armenia/07 was used (40). The blood was collected
as slaughter waste from five pigs of an unvaccinated control group of
a “vaccination-challenge” animal trial conducted at the animal
facilities of WBVR and approved by the Animal Welfare Body of
Wageningen University and Research. After culling of the pigs, ASFV-
contaminated blood was collected and directly processed to plasma in
the same way as the 60-L batches of slaughterhouse blood, except that
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the contaminated plasma was frozen in 0.25-L portions at —80°C
directly after removal of the red blood cell fraction by centrifugation
(i.e., the plasma was not alkalized to pH 9.8 before storage). Aliquots
of the ASFV-contaminated plasma were frozen separately at —80°C
for PCR analysis and titration (see below). Just before the start of each
UV-C irradiation run, 1.25L of ASFV-contaminated plasma was
thawed on ice to spike the 60 L batches of slaughterhouse plasma
(see below).

2.2.2 UV-Cirradiation of plasma batches spiked
with ASFV

A mobile, laboratory-scale UV-C “Cold Pasteurization” apparatus,
the Raslysation™ Polaris (Lyras inc, Aalborg, Denmark), was used for
UV-C irradiation of the plasma. For detailed technical information
about the features and operational procedures of this installation
we refer to the manufacturer.' A graphic description of the installation
is provided in Supplementary File 4. Just before an UV-C irradiation
run was started, 60 L of uninfected plasma of pH 9.8 and temperature
4°C was spiked by slowly adding 1.25L of ice-cold ASFV-
contaminated plasma in small portions under constant agitation. The
pH of the plasma remained pH 9.8 after spiking. The 61.25 L of spiked
plasma was poured into the reservoir of the installation and the
volume of plasma needed to fill all physically separated modules of
light-permeable spiral tubes was pumped in the irradiation cassette
containing the modules. Each module consists of two concatenated
spiral tubes placed on top of each other. On both sides of each spiral
tube six UV-C lamps are positioned. The intensity of irradiation of the
plasma by these two lamps in each spiral tube is adjustable
(programmable). During a run the plasma is pumped from the
reservoir through the spiral tubes to the exhaust. Samples can
be collected after different levels of exposure to irradiation at two
different sample ports (port 1 after the first spiral tube and port 2 after
the second spiral tube), resulting in a set of plasma samples irradiated
with a defined dose in Joule/m* Note that samples collected at port 2
received twice the dose the samples collected at port 1. Furthermore,
the plasma in the reservoir which is not pumped through the
irradiation cassette is not irradiated. Two identical UV-C irradiation
runs were conducted with 61.25 L ASFV-spiked plasma. During each
run three different levels of irradiation intensity were set, which in
combination with the two sampling ports resulted in six different
levels of UV exposure tested (Table 3). Between the two runs, the
installation was disinfected by rinsing with 1% w/v NaOH solution
followed by multiple rinses with demineralized water. Before starting
the UV-C irradiation an aliquot of the 61.25 L ASFV-spiked plasma
batch in the reservoir was frozen directly on dry-ice and stored at
—80°C. During the runs, collected irradiated plasma samples were
labeled with consecutive numbers corresponding with the time (min)
of collection. Numbered samples were divided in aliquots and frozen
directly on dry-ice before being stored at —80°C. Similarly, at the end
of each run, a “non-irradiated” sample of the ASFV-spiked plasma was
collected from the reservoir. In Table 3 an overview of all samples
collected during the two runs, with their dose of irradiation (Joule/
m?), is provided. Note that the “time of collection” represents the time

1 https://lyras.com/technology-uv-pasteurization/
y gy
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in minutes the plasma was present in a module of spiral tubes and
does not correspond with the time of irradiation, nor with the dose of
UV-C irradiation a sample received.

2.2.3 Titration and gPCR analysis of plasma
samples spiked with ASFV

After thawing of aliquots of frozen ASFV-contaminated plasma
samples on ice, samples were titrated by end point-dilution using
porcine alveolar macrophage cultures (PAMs) as described by
Carrascosa et al. (41). Titrations in the lab were performed without
knowledge of the dose of irradiation each sample received. To avoid
coagulation in the PAM cultures during growth, 20-fold dilutions of
plasma samples in culture medium were used as start-dilution and
further diluted in 10-fold steps. After 4 days of growth, PAMs infected
with ASFV were detected by immunostaining as described by
Wensvoort et al. (42) and log, titers were calculated as median tissue
culture infectious dose per mL (log;, TCIDs/mL) using the Reed-
Muench method (43). Duplicate aliquots of all samples were titrated,
and average titers (n=2) were calculated. Duplicate aliquots of
samples of the ASFV-contaminated plasma used for spiking (virus
stock), the 61.25 L of spiked plasma just before irradiation (start
sample), the last plasma sample collected in each run (exposed to 84
or 87 J/m?), and the non-irradiated samples of the spiked plasma
collected from the reservoir at the end of the runs (end sample) were
also analyzed by PCR. Isolation of DNA from plasma samples and
analysis of these samples using quantitative real-time polymerase
chain reaction (QPCR) was performed as described recently by Eblé
etal. (44). Average Ct values (n = 2) were calculated.

3 Results
3.1 Quantitative microbial risk assessment

3.1.1 Viral load in blood and SDPP

The median time until detection of an ASF infection in a fattening
pig herd (i.e., the high-risk period) is estimated to be 21 days (90%
uncertainty interval (UCI): 18-28 days) in the default scenario. At that
time, a total number of 79 pigs (90% UCI: 44-119) is or has been
infected. Assuming that the pigs from the infected herd will
be delivered to the slaughterhouse at the day before detection, the total
amount of ASFV in the blood of slaughtered animals originating from
the infected herd is estimated at 10.6 log,, TCID5, (90% UCI: 9.2-12.6
log,, TCIDs). This results in a median virus concentration of 2.4 log,,
TCIDsy/mL in a batch of whole blood (90% UCI: 1.1-4.5 log,, TCIDs,/
mL), 1.5 log,, TCIDsy/mL in liquid plasma (90% UCI: —0.21 to 3.7
log,, TCIDs)/mL) and 2.5 log;, TCID5/g in SDPP (90% UCI: 0.83 to
4.7 log,, TCIDs,/g) if the spray-drying process would not result in any
reduction of infectivity.

3.1.2 Infection risk of ASF

Results of the default calculations indicate that the probability of
ASF infection in weaned piglets due to feeding of contaminated SDPP
would be very high when processing of whole blood into SDPP would
not result in any virus reduction (RVpsoeess = 0 logio) (Figure 23
Supplementary File 5). A virus reduction of > 5 log,, is required to
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TABLE 3 Titer of infectious African swine fever virus particles in UV-C irradiated plasma after applying different levels of irradiation with the mobile,
laboratory-scale UV-C “Cold Pasteurization” apparatus (Raslysation™ Polaris, Lyras inc, Aalborg, Denmark).

Run number Type of sample Time of collection = Dose (Joule/m?)° Titer (logyo PCR (Ct value)
or port-number (min)? TCIDso/mL)c
1 Virus stock NAS NA 8.0 17.1
1 Start sample! 0 0 5.5 224
1 1 1 68 33 NT®
1 2 1 136 25 NT
1 1 2 68 35 NT
1 2 2 136 23 NT
1 1 4 59 35 NT
1 2 4 118 2.8 NT
1 1 5 59 3.8 NT
1 2 5 118 2.8 NT
1 1 7 43 4.0 NT
1 2 7 87 3.0 NT
1 1 8 43 3.5 NT
1 2 8 87 3.0 229
1 End sample® 10 0 4.8 224
2 Virus stock NA NA 8.0 17.2
2 Start sample 0 0 5.3 221
2 1 1 70 33 NT
2 2 1 138 2.7 NT
2 1 2 70 3.0 NT
2 2 2 138 25 NT
2 1 4 59 35 NT
2 2 4 117 3.0 NT
2 1 5 59 3.5 NT
2 2 5 117 2.8 NT
2 1 7 43 35 NT
2 2 7 84 3.0 NT
2 1 8 43 35 NT
2 2 8 84 3.0 225
2 End sample 10 0 5.0 22.6

“Time of collection of irradiated samples from sample port 1 and 2 (note that the “time of collection” represents the time in minutes the plasma was present in a module of spiral tubes and does
not correspond with the time of irradiation, nor with the dose of UV-C irradiation a sample received).

*Dose UV-C irradiation registered by the UV-C “Cold Pasteurization” installation.
Log,, TCIDs,/mL; average of two independent titrations.
dStart sample: sample collected directly after spiking of the plasma with ASFV (not irradiated).

“End sample: sample of “non-irradiated” spiked plasma collected at the end of each run (i.e., 10 min after the start of each run).

Not applicable.
#Not tested.

achieve a median probability of new infections (P;,) due to feeding of
a contaminated batch of plasma powder <0.01, i.e., less than 1 out of
100 contaminated batches is expected to result in new infections.
Reducing the virus concentration by 8 log,, results in the 95th
percentile value of P, also being <0.01. If the virus concentration is
reduced by 5 logy, the median value of P,¢is 7.3 x 10~ and the 95th
percentile value is 0.79; if the virus concentration is reduced by 8 log,,
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the median value of P,¢is 7.3 x 107° and the 95th percentile value is
1.6 x 107* (Supplementary File 5).

In the scenario of no virus reduction (RVproeess = 0 logy), the
feeding of contaminated SDPP is expected to result in 726 infected
piglets (median value). The median number of infected piglets is less
than 1 in case a 3 log,, reduction of the virus concentration is
achieved, implying a basic reproduction number (R0) < 1. With a 6
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Infection risk of ASF dependent on the virus reduction by processing: median values (solid line) and 90% uncertainty interval (dashed lines) for the
probability >1 piglet infected (Y-axis) for different values of the log;, reduction factor (X-axis).

log,, reduction, also the 95th percentile value for this output
parameter is less than 1 (Supplementary File 5).

3.1.3 Uncertainty analysis

3.1.3.1 Sensitivity analysis

The sensitivity analysis indicated that the probability >1 piglet
infected (P;,) was most sensitive to uncertainty on the reduction of
virus concentration after separating plasma from the red blood cell
fraction (RVplasma)> the virus concentration in blood of infected
animals on dpi 5 and 7 (VCpuimatit=5 and VCgpimatit=7) and the
estimated infectious dose (IDsg) (Figure 3). Model results were also
sensitive to the infectious period (T;,), although to a lesser extent.
Model results were not sensitive to the transmission parameter (/).

3.1.3.2 What-if analysis

Results of the what-if analysis are presented in Figure 4. From this
figure, it is clear that scenarios WI-6 and WI-7 resulted in a
considerable increase of the probability that at least one piglet will
be infected (P;,) compared to the default scenario. In scenario WI-7,
the IDsy was based on the minimum infectious dose estimated by
Niederwerder et al. (37) using the same experiments that we used to
estimate the IDs for our default model calculations. This minimum
infectious dose was approximately 2.4 log,, lower than the IDs value
that we had estimated (Supplementary File 2), which resulted in a
median 2 log,, higher P, in this what-if scenario, implying that the
LRF achieved during processing of whole blood into SDPP should
be increased by 2 to arrive at the same infection risk as in the default
scenario. In scenario WI-6, we assumed that separating plasma from
the red blood cell fraction would not result in a reduction of the virus
concentration. This resulted in a median 1 log;, higher P,,sthan in the
default scenario. Scenarios WI-1B and WI-5 also resulted in a slight
increase of P, compared to the default scenario. In scenario WI-5
other experimental data were used to model the virus concentration
in blood of infected pigs. These results are in accordance with the
sensitivity analysis, that also indicated that the model output is highly
sensitive to this input parameter. In scenario WI-1B, different values
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were used for the input parameters of the SEIR model to simulate ASF
transmission in the pig herd (8, Ty, Ty). This resulted in a slight
increase of P,,; whereas no effect was observed of changing these input
parameters in scenarios WI-1A and WI-1C. This is again in agreement
with the sensitivity analysis that indicated that model results were not
sensitive to f and only slightly sensitive to T;,s . Decreasing the
threshold levels for detection (WI-2) slightly reduced P, by earlier
detection of the infected herd. A slight decrease of morbidity and
mortality in infected pigs (WI-3) did, however, not result in an
increase of P,,. Also, the scenarios affecting the size of a production
unit on the farm (WI-4) or the volume of a batch of blood processed
(WI-8) did not result in a change of P,,.

3.2 Inactivation of ASFV by UV treatment

The titer of the plasma prepared from the blood collected
from the ASFV-infected pigs, used for spiking, was 8.0 log,
TCIDs/mL. After spiking the titer of the 61.25L of plasma
measured just before irradiation was 5.5 and 5.3 log,, TCID5,/mL
for run 1 and 2, respectively. These titers were 0.8 and 1.0 log,,
TCIDso/mL lower, respectively, than the theoretical titer of 6.3
log,o TCID5y/mL calculated from the dilution factor of the virus
stock after spiking (Table 3). In each run, samples were collected
at sample ports 1 and 2 of the UV-C “Cold Pasteurization”
installation after having received different doses of UV-C. In
Table 3 the dose of UV-C irradiation (Joule/m?) of each sample is
displayed with the corresponding log,, titer of ASFV as determined
by virus titration. No decline in concentration of ASFV-genomes
(i-e., a raise in Ct value) was detected by qPCR analysis in the
spiked plasma batches subjected to UV-C irradiation by the
apparatus (Table 3). This showed that the 1.25 L of ASFV-infected
plasma used for spiking was equally distributed in the large
batches of 60 L plasma and stayed well dispersed during the
period the plasma was present in the light-permeable spiral tubes
irradiated with UV-C. Compared to the titer of the plasma
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measured directly after spiking (start samples), the titers of the
non-irradiated spiked plasma collected at the end of run 1 and 2
from the reservoir (end samples) were 0.75 and 0.25 log,, TCIDs,/
mL lower, respectively. Measured titers of the spiked plasma
samples collected at port 1 and 2 were plotted as function of the
dose of UV-C irradiation (Figure 5). Exponential trendlines had
slightly higher R squared values (R?) for both run 1 and run 2 than
linear trendlines (results not shown for linear trendlines). Based
on the equations of the trendlines the calculated LRF achieved
after irradiation with the highest dose UV-C applied (~137 Joule/
m?) was 2.5 for run 1 and 1.9 for run 2. Of the total amount of
infectious ASFV particles spiked at the start of the runs, 0.3% (run
1) and 1.3% (run 2) remained infectious after irradiation with
~137 Joule/m* of UV-C light.
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4 Discussion

A QMRA model was built to estimate the risk of spreading ASF
infection by feeding SDPP to piglets, under the assumption that the
SDPP would be produced from contaminated blood collected from
ASF-infected pigs in a single infected herd. The model can be used to
evaluate the level of inactivation that needs to be achieved during the
production of SDPP from a disease control perspective, and to
compare this with claimed levels of inactivation achieved in the
multiple processing steps during production of SDPP to deduce the
production process safety guarantees.

The infection risk as calculated by the QMRA model is conditional
on the fact that ASF is present in a country or region, but not detected
yet, which might result in delivery of ASF-infected pigs to the
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FIGURE 5
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slaughterhouse. The present work does not consider the probability
that pigs from an ASF-infected herd are slaughtered. This probability
will in general be low and is dependent on the probability of ASF
introduction into the region and the subsequent number of ASF
outbreaks during the high-risk period, i.e., before first detection of
disease, and therefore also the capacity of surveillance systems in place
to detect ASF infection.

Model calculations were based on delivery of ASF-infected pigs
by an infected herd just before detection of disease, resulting in high
levels of viraemia in the herd and thus also a high viral load in
collected blood at the slaughterhouse. This is deemed a worst-case
scenario, even more as we did not account for the probability of
detection at the slaughterhouse by ante-mortem and post-mortem
inspection. Detection of infected animals based on clinical signs (ante-
mortem inspection) or pathological lesions (post-mortem inspection)
might result in rejection of individual animals or even all animals
delivered by the infected herd, lowering the ASF infection risk
of SDPP.

EFSA (6) estimated the risk of SDPP contributing to international
spread of ASFV very low compared to other matrices such as mash
and pelleted compound feed, feed additives and cereals, as SDPP is not
sourced from pigs in affected areas and the time window in which
animals can be infected without showing clinical symptoms is short.
However, EFSA also acknowledged that the risk might be higher in
recently affected areas prior to detection of disease when animals in
the early stages of infection and without clinical signs might not
be detected by ante-mortem or post-mortem inspection at the
slaughterhouse. The detection of ASFV RNA in meat seizures at
several airports confirms that indeed ASF-infected pigs are slaughtered
as fit for human consumption (45). Furthermore, experimental
infection showed that 6-month old pigs do not always present with
severe clinical symptoms (46).

The infection probability of individual piglets was based on the
total infectious dose consumed during a 14-day period. Although the
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ingestion of virus over a longer period cannot be considered a single
dose, the piglets had a repetitive probability of getting infected every
day which in the end results in the same probability of infection over
the full period considered when an exponential dose-response model
is assumed.

We propose that a probability of less than 1% that slaughtered
animals of an infected herd would result in new ASF infections is an
acceptable level of risk. The QMRA model is, however, flexible to
evaluate any other level of risk. We presume that with the veterinary
controls in place it is not very likely that pigs from an ASF-infected
herd are slaughtered and their blood processed into SDPP, and that it
is acceptable that failure of detection would result in a new outbreak
once every 100 times this would happen. The QMRA model indicates
that on average a 5 log,, reduction of the ASF viral load in blood is
needed to achieve this acceptable level of risk, and that an 8 log,,
reduction is required to have 95% certainty that in less than 1% of
incidents a new outbreak is initiated.

Uncertainty on the required level of virus reduction needed to
achieve an infection probability of less than 1% originated from
uncertainty on model input parameters of the QMRA model. The
uncertain input parameters affecting model results most were the
reduction of ASFV concentration when separating plasma from
hemoglobin (RVjasma), the virus concentration in blood of infected
animals (VCppjmgr, ), and the infectious dose (IDsp) (Figure 3). A
comparison of virus titer (based on PCR results) in both EDTA blood
and serum samples of infected pigs was used to estimate RV pjgsinq-
Results indicated that ASFV concentrations in serum (and assumingly
also plasma) are likely to be lower than in whole blood. This might
be explained from the fact that ASFV is a hemadsorbing virus,
implying that virus is mostly associated with the red blood cell
fraction. A high inter-individual variability was, however, observed,
resulting in high uncertainty on this input parameter (Table 1).
Assuming equal concentrations of ASFV in plasma and the red blood
cell fraction resulted in a median 1 log,, higher probability that at least
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one piglet will be infected (P;,) compared to the default scenario
(Figure 4, WI-6). Limited data were available to estimate the ASFV
concentrations in blood of infected pigs during the course of infection
(VCanimai,)- In the default scenario, we used data from experimental
studies with ASF genotype II virus strains (35). Uncertainty resulted
from observed inter-individual variability in virus titers, as well as
limited observation days (Supplementary File 3). We challenged our
assumptions in scenario WI-5, where we used data from an
experimental study with an ASFV strain of genotype I (36). Results of
the what-if analysis indicated a slightly higher ASF infection risk for
the genotype I strain (median value of P, increased by 0.5 log;,)
(Figure 4, WI-5), which is explained from higher virus titers in blood
in the first days after infection (Supplementary File 3). The infectious
dose (IDsp) was estimated from a limited number of animal
experiments in which pigs were orally inoculated with virus ‘packed’
in feed (37), resulting in an estimated mean value of 6.4 log,, TCIDs,
(Table 1). Using the minimum dose estimated from this study resulted
in a median 2 log,, higher probability that at least one piglet will
be infected (P,,) (Figure 4, WI-7). A more recent experiment with
ASFV-contaminated plasma indicated that the IDs( for ASFV when
orally inoculated via feed is indeed likely to be high (47). No infection
in pigs was reported after daily administration of 4.3 or 5 log,, TCIDs,
in feed mixed with contaminated liquid plasma for 14 days. In
contrast, Olesen et al. (48) reported 1 out of 4 pigs infected after oral
exposure to 5 log,, TCIDs, in blood spiked with ASFV. The differences
between these studies could be explained from the matrix in which
the virus was presented to the pigs, where virus delivered through
liquid might result in infection of target sites of the nasopharynx,
including the tonsils, during feeding (37, 47). If we include the
exposure of piglets to ASFV in the study of Blazquez et al. (47) in our
dose-response model, the median probability of observing no
infections is 0.43 (95% UCL 6.5x 107 to 0.87) for a daily
administration of 4.3 log,, TCIDs, and 1.4 x 107 (95% UCI 1.1 x 107"
to 0.48) for a daily administration of 5 log,, TCIDs,. The outcome of
the higher dose study is thus not very likely based on the IDs, estimate
that we used in our model, and might be explained from inherent
properties of liquid porcine plasma diminishing the infectious
capacity of ASFV (47, 49). If indeed porcine plasma would have a
protective effect, the infection risk would be even lower than estimated
with our model.

Results of the QMRA model are deemed valid for blood sourced
from commercial pig production and processed into SDPP in
production units of different size. Scenario WI-8 indicated that the
production volumes of SDPP are not likely to affect the ASF infection
risk. Although the volume of the batch of blood affects the
concentration of ASFV in the SDPP, it does not affect the total amount
of virus to which piglets are exposed. Also, the size of the production
unit on the farm that delivered infected animals to the slaughterhouse
(scenario WI-5) is not likely to affect the ASF infection risk for
commercial farms, as the number of infected animals is limited by the
time until detection rather than the number of animals present in the
production unit. This will, however, be different for, e.g., backyard
farms, with only a small number of pigs. Similarly, transmission
parameters and detection thresholds might differ between commercial
farms and backyard farms. Results of the what-if analysis indicated
that transmission parameters as such had only limited impact on
model results (scenarios WI-1A, WI-1B and WI-1C) as long as
detection thresholds are kept the same. Lower detection thresholds
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(scenario WI-2), however, contributed to a lower ASF infection risk
pointing to the importance of early detection, which depends among
others on surveillance in place and the level of awareness among
farmers and veterinarians. Time until detection is also dependent on
the morbidity and mortality among infected animals, which might
differ between virus strains. Estimates in the model were all based on
the ASF genotype II virus which has been circulating in Eurasia since
2007. Although this virus was highly virulent when introduced, its
descendants now show varying virulence (50). Chronic forms of ASF
are associated with milder clinical symptoms and lower mortality rates
in infected pigs, as well as lower infectious titers in blood (51). A lower
viral load in blood will substantially reduce the ASF infection risk of
SDPP, although milder clinical symptoms and lower mortality rates
might result in an increased number of infected pigs being
slaughtered undetected.

Several studies have been performed to evaluate the level of virus
inactivation achieved by currently applied or new processing
procedures for SDPP for different pig viruses. Most of these studies
demonstrated absence of detectable virus in the final product if
spray-drying and 14-day dry storage at room temperature are
combined, which is standard practice in the production of SDPP (39,
52, 53). The 14-day dry storage period not only contributes to the
safety of SDPP by reducing the viral load, but also by allowing the
authorities to withhold SDPP batches if a disease suspicion has risen.
Similar studies were performed for ASFV. Blazquez et al. (17)
estimated a 4.11 + 0.20 (mean + SD) log,, reduction of ASFV by
spray-drying. In a more recent study, a virus reduction between 3.2
and 4.2 log,, TCIDs, was reported for spray-drying at an outlet
temperature of 80°C (18). Further inactivation of the viruses was
achieved by a 14-day storage period at 20°C, and ASFV could no
longer be detected, resulting in an estimated combined inactivation
of at least 5.2 log,, TCIDs, (18). This would imply that the combined
steps of spray-drying and dry storage at room temperature are
sufficient to achieve an acceptable level of risk of ASF infection by
SDPP based on median results of the QMRA model. Fischer et al.
(54) could no longer detect ASVF after a 2-week storage at room
temperature (21 + 2°C) of SDPP that was spiked with ASFV after
spray-drying and concluded that inactivation was at least 5.7 log;,.
The reported inactivation by Fischer et al. (54) is much higher than
the inactivation during dry storage reported for other viruses (39).
Fischer et al. (54) spiked SDPP with ASFV by adding liquid virus
stock to the dry SDPP granules. This might have resulted in a higher
inactivation rate as the majority of the spiked ASFV particles were
present on the surface of the SDPP granules rather than embedded
in the granules, lacking possible natural protection mechanisms
against inactivation. However, if indeed these high levels of
inactivation could be achieved by dry storage at room temperature, a
theoretical 9 log,, reduction of ASFV can be achieved by the
combined steps of dry spraying and storage, resulting in a probability
of at least one new ASF infection (P;,) < 0.001 even when considering
the 95th percentile value (Supplementary File 5). Using a quantitative
risk assessment model, Sampedro et al. (55) estimated an 11.1 log,,
reduction (mean value, 95% confidence interval 10.7-11.5) after
spray-drying combined with a 14-day dry storage at 22°C, assuming
a decimal reduction time (D-value) of 2 days at this temperature. This
reduction would even suffice to reach the Performance Objective of
< 1 virus particle in the final product as set by Sampredo et al. (55)
given an initial viral load of blood of 10.6 log,, TCIDs, as estimated
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by our model (Section 3.1.1). However, these estimates are all based
on experimental settings, and we do not know if these are equally
valid for bulk processing of SDPP. Also, it is not known if the
inactivation rates measured for the separate processes can be simply
added or that there is a decreasing inactivation rate at lower doses. It
is, however, not easy to measure the combined effect of the different
steps in an experimental setting, as the amount of virus with which
blood can be spiked is limited to a range of 5-8 log,, TCIDs, [this
study; (17, 54)]. If the assumption of addition does not hold true, a
higher inactivation rate would be required for each of the individual
steps. These uncertainties, as well as uncertainties in the QMRA
model results, become less relevant if additional inactivation steps are
added to the production process of SDPP. UV-C irradiation of plasma
before spray-drying could be considered as an additional control step
to inactivate ASFV to increase certainty that sufficient levels of ASFV
inactivation are reached without affecting the quality of SDPP.

The experiments conducted in this study showed that UV-C
irradiation can reduce the concentration of infectious ASFV in
plasma by more than 99% under experimental settings. Irradiation
of fresh plasma of pH 9.8 with a dose of UV-C light of ~137 Joule/
m? in a laboratory-scale “Cold Pasteurization” apparatus achieved
an average 2.2 log,, reduction of ASFV in two independent
experiments. Figure 5 illustrates that the level of inactivation of
ASFV was not linearly correlated with the dose applied, but showed
an exponential decline, i.e., the inactivation was faster in the
beginning and decreased at increasing dosage. This indicates that
applying higher doses of UV-C irradiation might not lead to
complete inactivation of infectious ASFV in plasma. Part of the
infectious ASFV in blood of infected pigs may be trapped in
aggregates of cellular debris and/or protein complexes and shielded
for UV-C irradiation. In UV-C inactivation experiments in water
with several pathogenic bacteria (56) and bacteriophage MS2 (57)
it was shown that shielding due to the presence or emerge of
aggregates also reduced the efficiency of inactivation by
UV-C irradiation.

In a study performed by Blazquez et al. (17) a significant
higher log,, reduction of ASFV was achieved after UV-C
irradiation of ASFV-spiked plasma with a LRF of 4.6 at a dose of
3,000 Joule/L. Results of both studies cannot be easily compared
for several reasons. First, Blazquez et al. (17) used a different
laboratory-scale apparatus to irradiate the plasma (a SurePure
Turbulator™ apparatus, manufactured by SurePure Operation
AG, Zug, Switzerland), and the dose of irradiation was expressed
in Joule/L plasma instead of Joule/m”. Second, in the present study
alkalized plasma (pH 9.8) derived from healthy pigs was spiked
with pH-neutral plasma prepared from the blood of pigs infected
with a virulent ASFV strain, whereas Blazquez et al. (17) spiked
pH-neutral plasma derived from healthy pigs with a cell culture-
adapted strain of ASFV produced in vitro. As reported for other
enveloped (e.g., porcine epidemic diarrhea (PED) virus) and
naked viruses (e.g., Adenovirus) (39, 58), in our study spiking in
alkalized plasma of pH 9.8 resulted in partial inactivation of ASFV
infectivity with an estimated LRF of ~0.9 (Table 3). Furthermore,
differences in processing between in vivo and in vitro cells of
moieties on the surface of ASFV particles (e.g., glycosyl groups)
may also result in a difference in resistance of ASFV particles to
UV-C irradiation. Third, in the present study only one passage of
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the plasma through the apparatus, taking 1 min, is used to achieve
the exposure to ~137 Joule/m* and a LRF of 2.2 (see Table 3),
whereas in the SurePure Turbulator™ apparatus 7 min of
circulation of the plasma through the apparatus was needed to
reach the same level of inactivation at an irradiation dose of
~1,375 Joule/L. Despite the differences between the two studies,
they both showed that UV-C irradiation reduced the load of
infectious ASFV in fresh plasma by at least 99%. Therefore,
implementation of UV-C irradiation of fresh plasma prior to
spray-drying in SDPP production plants may contribute to a
reduced risk of ASFV transmission when feeding SDPP to piglets,
and also reduces the risk of other viral and bacterial pathogens
harmful for pigs (10).

5 Conclusion

The present study used a quantitative risk assessment
approach to determine how much virus inactivation is needed to
guarantee safety of SDPP when considering the ASF transmission
risk. The results show that a high level of inactivation is needed
(between 5 and 8 logy,), which can only be reached by a
combination of inactivation steps. Estimated values for the
inactivation of ASFV by the combination of spray-drying and dry
storage are between 5.2 and 11.1 log,,. UV-C irradiation of plasma
could be used as an additional virus inactivation step for
ASFV. This study showed that an average 2.2 log,, reduction of
ASFV can be achieved with UV-C irradiation (dose of ~137 Joule/
m?) under experimental settings. UV-C irradiation can be applied
flexible in SDPP-production plants, e.g., in case blood is sourced
in regions where ASFV is present in the wild boar population and
where additional assurances are needed that processing blood into
SDPP does not contribute to further spread of the epidemic. The
addition of UV-C irradiation in the production process provides
these extra guarantees as the combined inactivation levels of
spray-drying, dry storage and UV treatment are likely to result in
>8 log,, reduction of the virus load. UV-C irradiation thus
provides an extra margin of safety, which makes up for the
uncertainty in the QMRA model results on the one hand, and the
uncertainty in estimated inactivation achieved by the individual
and combined processing steps of SDPP on the other hand. This
additional safety might be considered sufficient to authorize the
use of SDPP from free pig herds in areas where ASFV is circulating
in wild boar populations.

The QMRA framework of this study can also be applied to other
porcine viruses in plasma, including both notifiable and endemic
viruses. The model will indicate how much virus reduction is needed
to obtain an acceptable level of risk, and which input parameters are
of critical importance. The reported inactivation from the SDPP
production process can then be compared with the required
inactivation to assess the safety of SDPP. New viruses will require new
input data to parameterize the model. Also, the acceptable level of risk
might be different for viruses that are endemic (e.g., PED virus or
porcine reproductive and respiratory syndrome (PRRS) virus)
compared to viruses of emerging and notifiable porcine diseases like
the case of ASFV presented in this study.

frontiersin.org


https://doi.org/10.3389/fvets.2025.1463720
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org

de Vos et al.

Data availability statement

The original contributions presented in the study are included in
the article/Supplementary material, further inquiries can be directed
to the corresponding author.

Ethics statement

The animal study was approved by the Dutch Central Authority
for Scientific Procedures on Animals and the Animal Welfare Body of
Wageningen University & Research. The study was conducted in
accordance with the local legislation and institutional requirements.

Author contributions

CV: Conceptualization, Formal analysis, Funding acquisition,
Investigation, Methodology, Project administration, Software,
Visualization, Writing — original draft, Writing - review & editing. LH:
Conceptualization, Resources, Writing - review & editing. AD:
Formal analysis, Methodology, Writing — review & editing. MS:
Investigation, Methodology, Writing - review & editing. WP:
Conceptualization, Resources, Writing - review & editing. JP:
Investigation, Writing — review & editing. MH: Conceptualization,
Formal analysis, Funding acquisition, Investigation, Methodology,
Project administration, Visualization, Writing - original draft,
Writing - review & editing, Funding acquisition.

Funding

The author(s) declare that financial support was received for the
research and/or publication of this article. This study was funded by
Sonac/Darling Ingredients.

References

1. Dixon LK, Sun H, Roberts H. African swine fever. Antivir Res. (2019) 165:34-41.
doi: 10.1016/j.antiviral.2019.02.018

2. Blome S, Franzke K, Beer M. African swine fever - a review of current knowledge.
Virus Res. (2020) 287:198099. doi: 10.1016/j.virusres.2020.198099

3. Penrith ML, Bastos AD, Etter EMC, Beltran-Alcrudo D. Epidemiology of African
swine fever in Africa today: sylvatic cycle versus socio-economic imperatives.
Transbound Emerg Dis. (2019) 66:672-86. doi: 10.1111/tbed.13117

4. Chenais E, Stahl K, Guberti V, Depner K. Identification of wild boar-habitat
epidemiologic cycle in African swine fever epizootic. Emerg Infect Dis. (2018) 24:810-2.
doi: 10.3201/eid2404.172127

5. Olsevskis E, Guberti V, Serzants M, Westergaard ], Gallardo C, Rodze 1, et al.
African swine fever virus introduction into the EU in 2014: experience of Latvia. Res Vet
Sci. (2016) 105:28-30. doi: 10.1016/j.rvsc.2016.01.006

6. EFSA AHAW Panel (EFSA Panel on Animal Health and Welfare)Nielsen SS,
Alvarez ], Bicout DJ, Calistri P, Canali E, et al. Scientific opinion on the ability of different
matrices to transmit African swine fever virus. EFSA J. (2021) 19:6558. doi:
10.2903/j.efsa.2021.6558,

7. Rogoll L, Giittner AK, Schulz K, Bergmann H, Staubach C, Conraths FJ, et al.
Seasonal occurrence of African swine fever in wild boar and domestic pigs in EU
member states. Viruses. (2023) 15:1955. doi: 10.3390/v15091955

8. Penrith ML, Kivaria FM. One hundred years of African swine fever in Africa: where
have we been, where are we now, where are we going? Transbound Emerg Dis. (2022)
69:€1179-200. doi: 10.1111/tbed.14466

9. World Organisation for Animal Health. WOAH. African swine fever (2024).
Available online at: https://www.woah.org/en/disease/african-swine-fever/#ui-id-2
(Accessed July 11, 2024).

Frontiers in Veterinary Science

15

10.3389/fvets.2025.1463720

Acknowledgments

We thank Tosca Ploegaert (Wageningen Bioveterinary Research)
for sharing her expertise on African swine fever in estimating
model inputs.

Conflict of interest

The authors declare that this study received funding from Sonac/
Darling Ingredients. The funder had the following involvement in the
study: decision to submit it for publication.

LH and WP were employed by Sonac/Darling Ingredients. Sonac/
Darling Ingredients manufactures and sells spray-dried
animal plasma.

The remaining authors declare that the research was conducted in
the absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fvets.2025.1463720/
full#supplementary-material

10. Blazquez E, Rodriguez C, Rédenas J, Segalés J, Pujols J, Polo J. Biosafety steps in
the manufacturing process of spray-dried plasma: a review with emphasis on the use of
ultraviolet irradiation as a redundant biosafety procedure. Porcine Health Manag. (2020)
6:16. doi: 10.1186/s40813-020-00155-1

11. Pettigrew JE. Reduced use of antibiotic growth promoters in diets fed to weanling
pigs: dietary tools, part 1. Anim Biotechnol. (2006) 17:207-15. doi:
10.1080/10495390600956946

12. Hansen JA, Nelssen JL, Goodband RD, Weeden TL. Evaluation of animal protein
supplements in diets of early-weaned pigs. J Anim Sci. (1993) 71:1853-62. doi:
10.2527/1993.7171853x

13. Ferreira AS, Barbosa FF, Tokach MD, Santos M. Spray dried plasma for pigs
weaned at different ages. Recent Pat Food Nutr Agric. (2009) 1:231-5. doi:
10.2174/2212798410901030231

14. Blazquez E, Pujols ], Segalés J, Rodriguez C, Campbell J, Russell L, et al. Estimated
quantity of swine virus genomes based on quantitative PCR analysis in spray-dried
porcine plasma samples collected from multiple manufacturing plants. PLoS One. (2022)
17:€0259613. doi: 10.1371/journal.pone.0259613

15. Sanchez-Vizcaino JM, Martinez-Lopez B, Martinez-Avilés M, Martins C, Boinas
F, Vial L, et al. Scientific review on African swine fever. Scientific report submitted to
EFSA. CFP/EFSA/AHAW/2007/02. EFSA Support Publ. (2009) 6:1-141. doi:
10.2903/sp.efsa.2009.EN-5

16. Beltran-Alcrudo D, Arias M, Gallardo C, Kramer S, Penrith ML. African swine fever:
detection and diagnosis — a manual for veterinarians In: FAO animal production and health
manual no. 19. Rome: Food and Agriculture Organization of the United Nations (FAO)

17. Blazquez E, Rodriguez C, Rddenas J, Rosell R, Segalés ], Pujols J, et al. Effect of
spray-drying and ultraviolet C radiation as biosafety steps for CSFV and ASFV

frontiersin.org


https://doi.org/10.3389/fvets.2025.1463720
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fvets.2025.1463720/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fvets.2025.1463720/full#supplementary-material
https://doi.org/10.1016/j.antiviral.2019.02.018
https://doi.org/10.1016/j.virusres.2020.198099
https://doi.org/10.1111/tbed.13117
https://doi.org/10.3201/eid2404.172127
https://doi.org/10.1016/j.rvsc.2016.01.006
https://doi.org/10.2903/j.efsa.2021.6558
https://doi.org/10.3390/v15091955
https://doi.org/10.1111/tbed.14466
https://www.woah.org/en/disease/african-swine-fever/#ui-id-2
https://doi.org/10.1186/s40813-020-00155-1
https://doi.org/10.1080/10495390600956946
https://doi.org/10.2527/1993.7171853x
https://doi.org/10.2174/2212798410901030231
https://doi.org/10.1371/journal.pone.0259613
https://doi.org/10.2903/sp.efsa.2009.EN-5

de Vos et al.

inactivation in porcine PLoS  One. 16:€0249935.  doi:

10.1371/journal.pone.0249935

plasma. (2021)

18. Blazquez E, Pujols J, Segalés ], Navarro N, Rodriguez C, Rdédenas J, et al.
Inactivation of African swine fever virus inoculated in liquid plasma by spray drying
and storage for 14 days at 4°C or 20°C. PLoS One. (2023) 18:e0290395. doi:
10.1371/journal.pone.0290395

19. Sauter-Louis C, Conraths FJ, Probst C, Blohm U, Schulz K, Sehl ], et al. African swine
fever in wild boar in Europe-a review. Viruses. (2021) 13:1717. doi: 10.3390/v13091717

20. EFSA (European Food Safety Authority)Stahl K, Boklund A, Podgérski T, Vergne
T, Abrahantes JC, et al. Epidemiological analysis of African swine fever in the European
Union during 2022. EFSA J. (2023) 21:8016. doi: 10.2903/j.efsa.2023.8016,

21. Lumivero. @RISK, probabilistic risk analysis in excel (2024). Available online at:
https://lumivero.com/products/at-risk/ (Accessed July 11, 2024).

22. Sutmoller P, Vose DJ. Contamination of animal products: the minimum pathogen
dose required to initiate infection. Rev Sci Tech. (1997) 16:30-2. doi: 10.20506/rst.16.1.996

23. Haas CN, Rose JB, Gerba CP. Quantitative microbial risk assessment. 2nd ed. New
Jersey: John Wiley & Sons (2014). 427 p.

24. Guinat C, Gubbins S, Vergne T, Gonzales JL, Dixon L, Pfeiffer DU. Experimental
pig-to-pig transmission dynamics for African swine fever virus, Georgia 2007/1 strain.
Epidemiol Infect. (2016) 144:25-34. doi: 10.1017/S0950268815000862

25. Hu B, Gonzales JL, Gubbins S. Bayesian inference of epidemiological parameters
from transmission experiments. Sci Rep. (2017) 7:16774. doi: 10.1038/s41598-017-17174-8

26. Guinat C, Porphyre T, Gogin A, Dixon L, Pfeiffer DU, Gubbins S. Inferring within-
herd transmission parameters for African swine fever virus using mortality data from
outbreaks in the Russian Federation. Transbound Emerg Dis. (2018) 65:¢264-71. doi:
10.1111/tbed.12748

27. Nielsen JP, Larsen TS, Halasa T, Christiansen LE. Estimation of the transmission
dynamics of African swine fever virus within a swine house. Epidemiol Infect. (2017)
145:2787-96. doi: 10.1017/50950268817001613

28. Depner K. African swine fever. Lessons learned. Friedrich Loeffler institute,
Germany (2018). Available online at: https://www.blv.admin.ch/dam/blv/de/dokumente/
tiere/tierkrankheiten-und-arzneimittel/praesentation-lessons-learned-asp.pdf.
download.pdf/Klaus%20Depner_Afrikanische%20Schweinepest%20-%20lessons%20
learned.pdf (Accessed January 8, 2025).

29. Nurmoja I, Métus K, Kristian M, Schulz K, Depner K, Viltrop A. African swine fever
in domestic pigs in Estonia 2015-2017: epidemiological analysis of outbreaks In: ML Brennan
and A Lindberg, editors. Proceedings of the Society for Veterinary Epidemiology and
Preventive Medicine, 21-23 March 2018, Tallinn, Estonia (2018). 231-43. Available online
at: https://svepm.org.uk/conferences-proceedings/ (Accessed September 03, 2025).

30. Lamberga K, Ol3evskis E, Serzants M, Bérzins A, Viltrop A, Depner K. African
swine fever in two large commercial pig farms in LATVIA-estimation of the high risk
period and virus spread within the farm. Vet Sci. (2020) 7:105. doi: 10.3390/vetsci7030105

31. Guinat C, Reis AL, Netherton CL, Goatley L, Pfeiffer DU, Dixon L. Dynamics of
African swine fever virus shedding and excretion in domestic pigs infected by
intramuscular inoculation and contact transmission. Vet Res. (2014) 45:93. doi:
10.1186/s13567-014-0093-8

32. Blome S, Gabriel C, Beer M. Pathogenesis of African swine fever in domestic pigs
and European wild boar. Virus Res. (2013) 173:122-30. doi: 10.1016/j.virusres.2012.10.026

33. Agrimatie. Informatie over de agrosector. Varkenshouderij (2024). Available
online at: https://agrimatie.nl/SectorResultaat.aspx?subpubID=2232&sectorID=2255
(Accessed February 28, 2024) (in Dutch).

34. Gallardo C, Soler A, Nieto R, Cano C, Pelayo V, Sdnchez MA, et al. Experimental
infection of domestic pigs with African swine fever virus Lithuania 2014 genotype II
field isolate. Transbound Emerg Dis. (2017) 64:300-4. doi: 10.1111/tbed

35. Vlasova NN, Varentsova AA, Shevchenko IV, Zhukov IY, Remyga SG, Gavrilova
VL, et al. Comparative analysis of clinical and biological characteristics of African swine
fever virus isolates from 2013 year Russian Federation. Br Microbiol Res J. (2015)
5:203-15. doi: 10.9734/BMR]J/2015/12941

36. Post ], Weesendorp E, Montoya M, Loeffen WL. Influence of age and dose of
African swine fever virus infections on clinical outcome and blood parameters in pigs.
Viral Immunol. (2017) 30:58-69. doi: 10.1089/vim.2016.0121

37. Niederwerder MC, Stoian AMM, Rowland RRR, Dritz SS, Petrovan V, Constance
LA, et al. Infectious dose of African swine fever virus when consumed naturally in liquid
or feed. Emerg Infect Dis. (2019) 25:891-7. doi: 10.3201/eid2505.181495

38. ANSES. AVIS Complété de TAgence nationale de sécurité sanitaire de lalimentation, de
lenvironnement et du travail relatif a « [évaluation du risque relatif a la dissémination du virus
dela PPA par les cadavres et sous-produits animaux, et par les aliments pour animaux ». Anses
Report Referral # 2019-SA-0081 (2020). Available online at: https://www.anses.fr/fr/system/
files/SABA2019SA0081.pdf (Accessed July 11,2024) (in French).

39. Hulst MM, Heres L, Hakze-van der Honing RW, Pelser M, Fox M, van der Poel
WHM. Study on inactivation of porcine epidemic diarrhoea virus, porcine sapelovirus

Frontiers in Veterinary Science

16

10.3389/fvets.2025.1463720

1 and adenovirus in the production and storage of laboratory spray-dried porcine
plasma. J Appl Microbiol. (2019) 126:1931-43. doi: 10.1111/jam.14235

40. Chapman DA, Darby AC, Da Silva M, Upton C, Radford AD, Dixon LK. Genomic
analysis of highly virulent Georgia 2007/1 isolate of African swine fever virus. Emerg
Infect Dis. (2011) 17:599-605. doi: 10.3201/eid1704.101283

41. Carrascosa AL, Santarén JF, Vinuela E. Production and titration of African swine
fever virus in porcine alveolar macrophages. J Virol Methods. (1982) 3:303-10. doi:
10.1016/0166-0934(82)90034-9

42. Wensvoort G, Terpstra C, Bloemraad M. Detection of antibodies against African
swine fever virus using infected monolayers and monoclonal antibodies. Vet Rec. (1988)
122:536-9. doi: 10.1136/vr.122.22.536

43. Reed LJ, Muench H. A simple method of estimating fifty per cent endpoints. Am
] Epidemiol. (1938) 27:493-7. doi: 10.1093/oxfordjournals.aje.al18408

44. Eblé PL, Hagenaars TJ, Weesendorp E, Quak S, Moonen-Leusen HW, Loeffen
WLA. Transmission of African swine fever virus via carrier (survivor) pigs does occur.
Vet Microbiol. (2019) 237:108345. doi: 10.1016/j.vetmic.2019.06.018

45. Anonymous. Adequacy of preventative border measures to mitigate the risk of
African swine fever. Australian government, inspector-general of biosecurity. Review
report no. 2019-20/02 (2020). Available online at: https://www.igb.gov.au/sites/default/
files/documents/asf-review-report.pdf (Accessed January 8, 2025).

46. Jelsma T, Wijnker JJ, Smid B, Verheij E, van der Poel WHM, Wisselink HJ. Salt
inactivation of classical swine fever virus and African swine fever virus in porcine
intestines confirms the existing in vitro casings model. Vet Microbiol. (2019) 238:108424.
doi: 10.1016/j.vetmic.2019.108424

47. Blazquez E, Pujols J, Segalés ], Rodriguez F, Crenshaw ], Rodriguez C, et al.
Commercial feed containing porcine plasma spiked with African swine fever virus is
not infective in pigs when administered for 14 consecutive days. PLoS One. (2020)
15:€0235895. doi: 10.1371/journal.pone.0235895

48. Olesen AS, Lohse L, Hansen ME, Boklund A, Halasa T, Belsham GJ, et al. Infection
of pigs with African swine fever virus via ingestion of stable flies (Stomoxys calcitrans).
Transbound Emerg Dis. (2018) 65:1152-7. doi: 10.1111/tbed.12918

49. Blazquez E, Pujols J, Rodriguez F, Segalés J, Rosell R, Campbell J, et al. Feeding
spray-dried porcine plasma to pigs reduces African swine fever virus load in infected
pigs and delays virus transmission-study 1. Vaccine. (2023) 11:824. doi:
10.3390/vaccines11040824

50. Anonymous. African swine fever. The Center for Food Security & public health,
Towa State University, USA (2025). Available online at: https://www.cfsph.iastate.edu/
Factsheets/pdfs/african_swine_fever.pdf (Accessed July 3, 2025).

51. Avagyan H, Hakobyan S, Baghdasaryan B, Arzumanyan H, Poghosyan A,
Bayramyan N, et al. Pathology and clinics of naturally occurring low-virulence variants
of African swine fever emerged in domestic pigs in the South Caucasus. Pathogens.
(2024) 13:130. doi: 10.3390/pathogens13020130

52. Pujols ], Segalés J. Survivability of porcine epidemic diarrhea virus (PEDV) in
bovine plasma submitted to spray drying processing and held at different time by
temperature storage conditions. Vet Microbiol. (2014) 174:427-32. doi:
10.1016/j.vetmic.2014.10.021

53. Sampedro E, Snider T., Bueno L, Bergeron J., Urriola P. E.,, Davies P. R. Risk
assessment of feed ingredients of porcine origin as vehicles for transmission of porcine
epidemic diarrhea virus (PEDv). National Pork Board, Des Moines, USA (2015).
Available online at: https://conservancy.umn.edu/items/29f0c2e8-58fd-4151-a014-
d3ac08fdfoff (Accessed May 16, 2024).

54. Fischer M, Pikalo J, Beer M, Blome S. Stability of African swine fever virus on
spiked spray-dried porcine plasma. Transbound Emerg Dis. (2021) 68:2806-11. doi:
10.1111/tbed.14192

55. Sampedro E, Urriola PE, van de Ligt JLG, Schroeder DC, Shurson GC. Quantitative
risk assessment model of the presence of porcine epidemic diarrhea and African swine
fever viruses in spray-dried porcine plasma. Front Vet Sci. (2024) 11:1371774. doi:
10.3389/fvets.2024.1371774

56. Vitzilaiou E, Kuria AM, Siegumfeldt H, Rasmussen MA, Knechel S. The impact of
bacterial cell aggregation on UV inactivation kinetics. Water Res. (2021) 204:117593.
doi: 10.1016/j.watres.2021.117593

57.Mattle MJ, Kohn T. Inactivation and tailing during UV254 disinfection of
viruses: contributions of viral aggregation, light shielding within viral aggregates,
and recombination. Environ Sci Technol. (2012) 46:10022-30. doi:
10.1021/es302058v

58. Quist-Rybachuk GV, Nauwynck HJ, Kalmar ID. Sensitivity of porcine epidemic
diarrhea virus (PEDV) to pH and heat treatment in the presence or absence of porcine
plasma. Vet Microbiol. (2015) 181:283-8. doi: 10.1016/j.vetmic.2015.10.010

59. Bikker P, Verheijen R. J. G. A., Binnendijk G. P. Plasma in diets for weaned pigs.
Report 1122, Wageningen livestock research, Wageningen, the Netherlands (2018).
Available online at: https://edepot.wur.nl/459941 (Accessed May 16, 2024).

frontiersin.org


https://doi.org/10.3389/fvets.2025.1463720
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://doi.org/10.1371/journal.pone.0249935
https://doi.org/10.1371/journal.pone.0290395
https://doi.org/10.3390/v13091717
https://doi.org/10.2903/j.efsa.2023.8016
https://lumivero.com/products/at-risk/
https://doi.org/10.20506/rst.16.1.996
https://doi.org/10.1017/S0950268815000862
https://doi.org/10.1038/s41598-017-17174-8
https://doi.org/10.1111/tbed.12748
https://doi.org/10.1017/S0950268817001613
https://www.blv.admin.ch/dam/blv/de/dokumente/tiere/tierkrankheiten-und-arzneimittel/praesentation-lessons-learned-asp.pdf.download.pdf/Klaus%20Depner_Afrikanische%20Schweinepest%20-%20lessons%20learned.pdf
https://www.blv.admin.ch/dam/blv/de/dokumente/tiere/tierkrankheiten-und-arzneimittel/praesentation-lessons-learned-asp.pdf.download.pdf/Klaus%20Depner_Afrikanische%20Schweinepest%20-%20lessons%20learned.pdf
https://www.blv.admin.ch/dam/blv/de/dokumente/tiere/tierkrankheiten-und-arzneimittel/praesentation-lessons-learned-asp.pdf.download.pdf/Klaus%20Depner_Afrikanische%20Schweinepest%20-%20lessons%20learned.pdf
https://www.blv.admin.ch/dam/blv/de/dokumente/tiere/tierkrankheiten-und-arzneimittel/praesentation-lessons-learned-asp.pdf.download.pdf/Klaus%20Depner_Afrikanische%20Schweinepest%20-%20lessons%20learned.pdf
https://svepm.org.uk/conferences-proceedings/
https://doi.org/10.3390/vetsci7030105
https://doi.org/10.1186/s13567-014-0093-8
https://doi.org/10.1016/j.virusres.2012.10.026
https://agrimatie.nl/SectorResultaat.aspx?subpubID=2232&sectorID=2255
https://doi.org/10.1111/tbed
https://doi.org/10.9734/BMRJ/2015/12941
https://doi.org/10.1089/vim.2016.0121
https://doi.org/10.3201/eid2505.181495
https://www.anses.fr/fr/system/files/SABA2019SA0081.pdf
https://www.anses.fr/fr/system/files/SABA2019SA0081.pdf
https://doi.org/10.1111/jam.14235
https://doi.org/10.3201/eid1704.101283
https://doi.org/10.1016/0166-0934(82)90034-9
https://doi.org/10.1136/vr.122.22.536
https://doi.org/10.1093/oxfordjournals.aje.a118408
https://doi.org/10.1016/j.vetmic.2019.06.018
https://www.igb.gov.au/sites/default/files/documents/asf-review-report.pdf
https://www.igb.gov.au/sites/default/files/documents/asf-review-report.pdf
https://doi.org/10.1016/j.vetmic.2019.108424
https://doi.org/10.1371/journal.pone.0235895
https://doi.org/10.1111/tbed.12918
https://doi.org/10.3390/vaccines11040824
https://www.cfsph.iastate.edu/Factsheets/pdfs/african_swine_fever.pdf
https://www.cfsph.iastate.edu/Factsheets/pdfs/african_swine_fever.pdf
https://doi.org/10.3390/pathogens13020130
https://doi.org/10.1016/j.vetmic.2014.10.021
https://conservancy.umn.edu/items/29f0c2e8-58fd-4151-a014-d3ac08fdf0ff
https://conservancy.umn.edu/items/29f0c2e8-58fd-4151-a014-d3ac08fdf0ff
https://doi.org/10.1111/tbed.14192
https://doi.org/10.3389/fvets.2024.1371774
https://doi.org/10.1016/j.watres.2021.117593
https://doi.org/10.1021/es302058v
https://doi.org/10.1016/j.vetmic.2015.10.010
https://edepot.wur.nl/459941

	Risk assessment of African swine fever transmission by spray-dried porcine plasma in piglet feed and the effect of UV irradiation treatment as an additional safety step
	1 Introduction
	2 Materials and methods
	2.1 Quantitative microbial risk assessment
	2.1.1 Modeling assumptions
	2.1.2 Model calculations
	2.1.2.1 Viral load in SDPP
	2.1.2.2 Exposure of piglets to SDPP
	2.1.2.3 Expected number of new ASF infections
	2.1.3 Input parameters
	2.1.3.1 SEIR model
	2.1.3.2 ASFV in blood
	2.1.3.3 Dose–response model
	2.1.3.4 Production and consumption parameters
	2.1.4 Uncertainty analysis
	2.1.4.1 Sensitivity analysis
	2.1.4.2 What-if scenarios
	2.2 Inactivation of ASFV by UV treatment
	2.2.1 Processing of uninfected and ASFV-infected blood to plasma
	2.2.2 UV-C irradiation of plasma batches spiked with ASFV
	2.2.3 Titration and qPCR analysis of plasma samples spiked with ASFV

	3 Results
	3.1 Quantitative microbial risk assessment
	3.1.1 Viral load in blood and SDPP
	3.1.2 Infection risk of ASF
	3.1.3 Uncertainty analysis
	3.1.3.1 Sensitivity analysis
	3.1.3.2 What-if analysis
	3.2 Inactivation of ASFV by UV treatment

	4 Discussion
	5 Conclusion

	References

