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African swine fever (ASF) is an often-fatal disease impacting domestic and wild pigs world-wide. Understanding the role of maternal immunity in ASF pathogenesis is crucial for effective control. This study characterized kinetics and protective potential of maternal immunity against ASF virus (ASFV) in neonatal piglets. Two times ten sows were inoculated with the moderately virulent ASFV strain ‘Estonia2014’, all developed typical ASF signs and viraemia; five animals recovered. The offspring of two recovered sows (n = 24) were sampled weekly to monitor maternal ASFV-specific antibody kinetics. The offspring of two other sows, in addition to piglets of an ASFV-naïve sow, were challenged oro-nasally with the highly virulent ASFV strain ‘Armenia2008’ on the seventh day of life. To evaluate the impact of ASFV-specific antibodies without ASFV-specific T cells, five piglets from the naïve sow received purified, concentrated immunoglobulins from ASFV-immune pigs via serum transfer prior to challenge infection. All naïve piglets (n = 12), regardless of immunoglobulin transfer, reached the humane endpoint 6 days post inoculation (dpi). Piglets of immune sows began displaying clinical signs 5 dpi, and all either succumbed or reached the humane endpoint by 9 dpi (n = 27). Serology confirmed antibodies against ASFV (p32, p72) in all piglets of immune sows. Antibody titers in unchallenged piglets remained stable for at least 60 days after birth. In challenged piglets, those of immune sows were initially seropositive but mostly seronegative after challenge, indicating antibody consumption. Passively transferred antibodies were also depleted after challenge. In conclusion, passively acquired immunity, whether through immunoglobulin transfer (antibodies) or colostrum (antibodies and lymphocytes), is insufficient to safeguard neonatal pigs from lethal infection with highly virulent ASFV.
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1 Introduction

African Swine Fever (ASF) is recognized as one of the most complex viral diseases affecting the whole pig production and husbandry sector, imposing significant socio-economic burdens and public health concerns in affected countries (1, 2). The transboundary nature of ASF, exacerbated by the lack of an effective vaccine or treatment, underscores its importance as a disease of global concern (3). The hemorrhagic disease is caused by the ASF virus (ASFV), a double-stranded and large DNA virus with complex immune evasion mechanisms (4). Infected pigs (domestic pigs and Eurasian wild suids) typically exhibit severe clinical signs, often leading to very high lethality rates (5). Over the past 15 years, ASF has shown unprecedented spread across domestic and wild pig populations globally, classifying it as a panzootic threat to both agriculture and wildlife (6).

The spread of ASF in wild boar populations across various countries necessitates the establishment of intensive monitoring systems. Considerations of long-term consequences of sexually mature females surviving an ASFV infection play a crucial role. Those females hold the potential to pass on ASFV-specific maternal immunity, especially antibodies and reactive T cells, to their offspring. This inevitably results in seropositive animals that passively acquired immunity but did not survive an ASFV infection by themselves. Therefore, maternal immunity should be considered in the establishment of monitoring/surveillance schemes and vaccination strategies. Recent advancements and initial successes in recent years have brought hope for controlling the disease (7–9); however, the unclear role of maternal immunity in offspring protection presents considerable challenges for vaccine deployment and effectivity. As the blood-placental barrier is impassable in pigs, piglets are born immunologically naïve and are thus exposed to a high risk of infection. As a countermeasure, piglets receive high amounts of antibodies and lymphocytes through uptake of the first milk by their mothers, so-called colostrum, providing passive immunity immediately after birth. This provides temporary protection by transferring humoral and cellular maternal immunity and, thus, might also affect the outcome of an ASFV infection during this time (10). However, passive immunity’s waning over time renders piglets vulnerable later on. Moreover, maternal immunity might interfere with the development of an active immune response in piglets receiving potential ASFV vaccines (10), similar to observations with live attenuated vaccines against classical swine fever (CSF), where maternal antibodies provide partial protection, potentially masking clinical signs but failing to prevent disease transmission completely (11–13). Comparable interference of maternal immunity with vaccination has also been described in multiple other species (14–21). Therefore, determination of the correct time for vaccination in young animals is crucial to overcome the susceptibility gap between maternal immunity and individual immune responses in the offspring.

Additionally, maternal immunity is affected by strain-specific virulence in field virus infections. While only attenuated strains allow for the development of a protective immune response, the outcome of such infections might differ between pregnant and non-pregnant females, boars or juvenile animals. Only one example exists where maternal immunity was discussed as one major cause for increased survival rates and seroprevalence in a population burdened by a highly virulent ASFV strain: Sardinia (2, 22).

The present study aimed to close current knowledge gaps in understanding the role of passive immunity for ASF disease dynamics. We examined how immunity generated during an immune response to a moderately virulent ASF strain–which allows for survival of sows–was transferred through colostrum to piglets. Furthermore, possible protective effects of this maternal immunity were assessed by using a highly virulent challenge infection of the piglets with the ASFV type circulating since many years now globally. Additionally, kinetics and duration of maternal antibodies in piglets were analyzed in more detail.




2 Materials and methods



2.1 Experimental design

All animals were kept in high-containment facilities at the Friedrich-Loeffler-Institut (FLI). In total, the trial included 22 young sows, two indicator boars and ultimately 61 piglets. Prior to transfer to the FLI, all animals were tested negative for common swine pathogens (e.g., CSFV, ASFV, and PRRSV). The animals originated from a commercial pig breeding facility (Bundes Hybrid Zucht Programm, BHZP) to ensure acquisition of high-standard and high-hygiene breeding sows for this trial. The animal experiment was performed in accordance with current regulations for animal welfare in Germany. Ethical approval was obtained from the responsible authority (Landesamt für Landwirtschaft, Lebensmittelsicherheit und Fischerei Mecklenburg-Vorpommern [LALLF M-V]) under file reference 7221.3-1-011/23.

Initially, 12 sows were acquired and divided into three pens, holding five, five, and two sows. The group containing two sows was kept in a separate stable as uninfected controls. Additionally, two boars were also kept in a separate stable unit as indicators for estrus. All animals received a unique ear tag to ensure definite identification of individuals at all times: #486, #487 (boars), #872, #939 (control sows), #4, #11, #12, #17, #20, #270, #946, #947, #984, #986 (inoculated sows). After a one-week acclimatization phase, ten sows were oro-nasally inoculated with a spleen suspension containing ~104.5 hemadsorbing units 50% (HAD50) per ml of the moderately virulent ASFV strain ‘Estonia2014’ (23) (Figure 1). All pigs received 2 ml of the suspension in each nostril and 6 ml into the mouth. Starting at 0 dpi, rectal temperatures and clinical scores were assessed daily. Successful infection was ascertained 7 dpi with testing blood samples by qPCR. The clinical score [ (24) with slight modifications] monitored changes in behavior and appearance assigning up to three score points per parameter (with increasing severity). A cumulative score of 15 score points was set as humane endpoint. The cumulative score results from the evaluation of various parameters to assess changes attributed to ASFV infection. Evaluated parameters are liveliness, gait, bearing, skin/eyes, feed intake/appetite and faeces, and breathing. Moreover, animals were euthanized that showed unacceptable suffering, e.g. paralysis of the hind legs, seizures or other severe neurological indications. Euthanasia (upon reaching the humane endpoint or at the end of the trial) was executed under deep anesthesia. The anesthesia was induced using one of the following combinations: Zoletil® 100 (Tiletamine/Zolazepam): 3.3 mg/kg, Ketamine 10%: 1–3 ml per 10 kg body weight (equivalent to 10–30 mg/kg), Xylazine (Rompun): 1.6 mg/kg or Azaperone: 0.5 ml per 10 kg body weight, Ketamine 10%: 1–3 ml per 10 kg body weight (equivalent to 10–30 mg/kg). Euthanasia was subsequently carried out by administration of pentobarbital (Release®) or by exsanguination (blood withdrawal), ensuring a state of unconsciousness and insensibility and avoiding pain and distress.

[image: Graphical illustration of the trial design. Four sows survived ASFV 'Estonia14' inoculation. All piglets of two immune sows and a naive control sow were challenged with ASFV 'Armenia08' seven days after birth. Two immune sows and their piglets were subjected to antibody monitoring in the piglets. MDI = maternal-derived immunity.]
Figure 1 | Graphical representation of the animal study design. Actual numbers of all sows and piglets per study section are indicated. MDI, maternal-derived immunity. Generated with BioRender.

Since 60% lethality after inoculation was unexpectedly high given the strain used for inoculation, with only three sows left at 24 dpi, another ten sows were included in the trial at 24 dpi (#316, #366, #393, #394, #396, #297, #298, #355, #373, #380). These ten sows were separated into groups of five and comingled with the animals that survived the inoculation. These sows were infected by their pen-mates within several days after arrival, again confirmed by qPCR 7 days following comingling. Lethality in this group was 80%.

Ultimately, five sows (#17, #297, #394, #984, #986) survived the ASFV infection and were, together with both control sows (#872, #939), subjected to synchronization. Since previous trials showed that sows that get infected with ASFV during early pregnancy will abort in ~90% of cases due to development of high fever (25), synchronization was initiated when all animals tested negative for ASFV in blood by qPCR (80 dpi). While the addition of sows introduced some degree of heterogeneity, it was inevitable for achieving the study’s goals. To reduce potential effects, sows belonged to the same breed and were purchased from the same commercial pig breeding facility. Moreover, since we waited until all animals tested negative for ASFV, there was sufficient time to mount proper immune responses.

For synchronization, all sows received 5 ml Regumate® orally (20 mg Altrenogest, MSD) on 18 consecutive days in the early morning. On the next day, all sows received 2 ml Estrumate® intramuscularly (0.175 mg cloprostenol, MSD) for estrus induction. The following day, all sows received 5 ml Pregmagon® intramuscularly (1000 IE pregnant mare serum gonadotropin, Ceva).

Indicator boars were led to the sows twice a day to assess readiness for artificial insemination. Commercial boar semen (breed db. Siegfried) was acquired from BHZP (Bösewig, Germany). All sows were artificially inseminated at least twice. All sows received an ultrasound examination 30 and 35 days after insemination to verify successful implantation of embryos. One control sow (#939) did not implant embryos.

Since one sow (#394) aborted late in pregnancy with an unknown cause (99th day of pregnancy, all embryos tested negative for ASFV genome), only five sows farrowed after ~114 days of pregnancy. All piglets received a unique ear tag on the 3rd day of life, to ensure accurate identification of individuals (see Supplementary Table S1). Additionally, all piglets received 2 ml Ursoferran (200 mg iron-ion solution, WDT) subcutaneously (knee fold) on the same day. On the 5th day of life, five piglets of sow #872 received purified immunoglobulins. For that, each piglet was intraperitoneally administered 1 g purified immunoglobulin G (IgG) in 20 ml, derived from immune animals from a previous trial (File number: 7221.3-1.1-004/20).

On the 7th day of life, all piglets of sows #17, #297, and #872 were oro-nasally inoculated with a spleen suspension containing 104.5 HAD50 of the highly virulent ASFV strain ‘Armenia2008’. Each piglet received 0.5 ml in each nostril and 1 ml into the mouth. Clinical scores were assessed daily.





2.2 Viruses and cells

For oro-nasal inoculation of sows and piglets, porcine spleens, acquired during prior investigations on the pathogenesis of ASFV ‘Estonia2014’ or ASFV ‘Armenia2008’, were homogenized using sterile sea sand and subsequently titrated on monocytes/macrophages derived from peripheral blood mononuclear cells (PBMCs), as reported previously (23). For PBMC isolation, EDTA blood was obtained from healthy donor pigs housed within the FLI quarantine facility.

Cell extraction was accomplished by mixing whole blood with a 10% Hanks dextran solution (Sigma-Aldrich) at a volumetric ratio of 1:10. Following a 90 min incubation, the supernatant containing PBMCs was collected, along with erythrocytes that were diluted at a ratio of 1:10 with PBS, then stored at 4°C. The cells were subjected to washing and subsequently seeded at a density of 3 × 106 cells/ml in Dulbecco′s Modified Eagle′s Medium (DMEM, supplemented with 10% fetal calf serum and 0.01% Penicillin/Streptomycin, Gibco) and incubated to perform hemadsorption tests (HATs), as described elsewhere (26). For 96-well plates, 3 × 105 cells/well were seeded, for a 24-well plate 2.5 × 106 cells/ml. All incubation steps were conducted at 37°C within a humidified environment and in the presence of 5% CO2 for a duration of 24 h. Recombinant colony-stimulating factor 2 (CSF2) was added at a concentration of 2 ng/ml after initial incubation.

The ASFV inoculum was thawed and titrated on differentiated macrophages in a 96-well plate. Erythrocytes were added to the cell medium at a ratio of 1:40, and the formation of rousettes assessed after 24 and 48 h. Prior to the oro-nasal inoculation, the virus stock was titrated on macrophages derived from PBMCs.




2.3 Sample collection and processing

Blood samples from all sows were collected prior to inoculation (0 dpi) to ensure absence of ASFV genome and antibodies. All surviving sows underwent regular testing for the presence of ASFV genome in blood, until a consistent negative result was observed across all subjects. Upon reaching the humane endpoint, blood, serum, and various organs, e.g., brain, bone marrow, spleen, and inguinal lymph nodes, were sampled. Blood samples from all piglets were collected on the 7th day of life. For those piglets subjected to a challenge infection on the same day (born to sows #17, #297, #872), this time point served as control (0 dpi). Additionally, all piglets within the challenge group were sampled on the day of euthanasia (5–9 dpi). Blood, serum, and various organs, e.g., spleen, mandibular lymph node, gastrohepatic lymph node, liver, lung, kidney, and tonsil were collected and processed.

Blood and plasma samples were preserved at -80°C until further analysis. A pea-sized fragment from each organ was transferred to a 2 ml centrifugation tube containing 1 ml PBS and a 5 mm metal bead, followed by qPCR analysis after homogenization at 30 Hz for 3 min using a tissue lyzer (TissueLyzer II, Qiagen). Piglets of sows #984 and #986 remained without challenge infection and blood samples were taken weekly after birth to monitor kinetics of maternal antibodies. Ultimately, piglets of sow #984 were sampled on days 7, 10, 14, 21, 28, 35, 42, 49, and 60 after birth, whereas piglets of sow #986 were samples on days 7, 10, 14, 21, 28, 35, 46, and 53.




2.4 Nucleic acid extraction and RT-qPCR

In order to evaluate ASFV genomic loads in blood and various organs of all animals (with exception of piglets born to sows #984 and #986), 75 µl of whole blood or 100 µl of tissue homogenate underwent automated DNA extraction, using the NucleoMag® VET Kit (Macherey-Nagel) on the KingFisher 96 Flex System (Thermo) in accordance with manufacturer’s instructions. Each extraction procedure included ASFV-negative pig’s serum to ensure the absence of contamination. Following extraction, qPCR was performed employing the virotype® ASFV 2.0 PCR kit (Indical Bioscience). For quality assurance, the heterologous internal control provided by the manufacturer was included in all reactions. All qPCR reactions were carried out on a Bio-Rad C1000TM thermal cycler, equipped with the CFX96TM Real-Time System (Bio-Rad). Data visualization was performed with GraphPad Prism 9 (GraphPad Software Inc.).




2.5 Purification of immunoglobulins from sera of immune pigs

The serum for purification was derived from surviving pigs of a preceding trial (File number: 7221.3-1.1-004/20). The serum was tested positive for ASFV-p32 and ASFV-p72 antibodies, but negative for the presence of infectious ASFV particles or genome (qPCR negative). Approximately 1 L of serum was subjected to immunoglobulin purification. While kept on ice and under continuous agitation, ammonium sulfate [(NH4)2SO4] was added slowly to the serum, until a saturation of 50%. Following the addition, the solution was stirred for 1 h. Subsequently, the serum was centrifuged at 10,000 rpm at 4°C for 4 min and the supernatant was separated from the protein-containing pellet. The protein pellet was reconstituted in 1x PBS. Pre-equilibrated dialysis tubes were retrieved from the equilibration buffer, rinsed with ddH2O and sealed to one end. The dialysis tubes were filled with the ammonium sulfate-precipitated proteins and sealed at both ends. Dialysis was performed in two steps: initially, the tubes were incubated in 1x PBS on ice for 1 h. Thereafter, the tubes were transferred to a 4°C room and incubated in 1x PBS overnight under constant stirring. After incubation, the contents of the dialysis tubes were centrifuged at 4,000 × g at 4°C for 1 h. To mitigate the risk of anaphylactic reactions or other side effects in the piglets which received purified immunoglobulins, the entire solution containing the purified immunoglobulins was subjected to endotoxin removal. To ensure removal of >99% of endotoxins, Pierce™ High Capacity Endotoxin Removal Spin Columns (Thermo Fisher Scientific) were used following manufacturer’s instructions. The supernatant was stored at -80°C until further processing. An aliquot of the solution was used to assess the immunoglobulin concentration using a NanoDrop 2000c spectrophotometer (Thermo Fisher Scientific).

A total of 1 g (54.115 mg/ml) of purified immunoglobulin was administered intraperitoneally to five piglets from the naïve sow (#872).




2.6 Serology

To assess the kinetics of maternal antibodies in piglets with and without challenge infection, plasma samples were analyzed utilizing various methodologies conventionally employed for the detection of antibodies specific to ASFV antigens. Samples were examined using two complementary ELISA kits: (I) ID Screen® African Swine Fever Competition (ID.vet), detecting antibodies directed against ASFV p32 and (II) Ingezim PPA COMPAC (Gold Standard Diagnostics), detecting antibodies specific to ASFV p72. The assays were conducted according to manufacturer’s instructions. Additionally, all plasma samples underwent semi-quantitative titration via immunoperoxidase tests (IPT). Given that the IPT is currently regarded as the most sensitive serological assay for identification of ASFV antibodies, the IPT results also functioned as reference for ELISA. Each plasma sample was titrated in the following dilutions: 1:40, 1:200, 1:1.000, 1:5,000, 1:25,000, 1:125,000, and 1:625,000.




2.7 Statistical analysis

Statistical analyses and data visualization were performed with GraphPad Prism 10.3.1 for Windows (GraphPad Software Inc., Boston, USA). Survival was analyzed by Log-rank (Mantel-Cox) test. Differences between multiple groups were assessed by ordinary one-way ANOVA with Holm-Šidák’s correction for multiple comparisons. Differences were considered significant if P ≤ 0.05. Statistically significant differences are indicated as (*) P ≤ 0.05, (**) P ≤ 0.01, (***) P ≤ 0.001, (****) P ≤ 0.0001.





3 Results



3.1 Clinical manifestation of ASFV ‘Estonia2014’ in young sows

All sows developed fever (≥ 40°C) after infection with the ASFV ‘Estonia2014’ strain, independent of having undergone oro-nasal inoculation or having contracted the virus through contact with infected conspecifics. The majority of animals developed fever at 4 dpi (Figure 2A). By day 13 pi, all surviving animals (#17, #297, #394, #984, #986) showed normal body temperatures. Clinical manifestation of ASFV infection was first observed at 4 dpi (Figure 2B). Most animals displayed diminished liveliness and reduced feed intake, alongside dermal and ocular erythema, as well as a change in gait and posture, indicative of pain and distress. Clinical manifestations and corresponding scores increased over time as most animals exhibited mild hemorrhages in the skin, significantly reduced liveliness and feed intake. Among the 15 sows that reached the humane endpoint, six exhibited pronounced neurological signs, e.g., paraplegia, total immobility of limbs, or seizures. Those individuals were euthanized prior to reaching a cumulative score of 15 points. Furthermore, one sow (#4) experienced acute hepatic failure at 39 dpi. Taken together, the ASFV ‘Estonia2014’ infection resulted in a survival rate of 20% over a 28-day span (Figure 2C). Macroscopic evaluations during necropsy of euthanized animals revealed lesions typical for ASFV infection, including hemorrhages in several organs, pulmonary edema, and pericardial effusion. Examination of spinal cords from animals with severe neurological signs revealed no apparent blockage of cerebrospinal fluid (e.g. due to abscess formation). However, these animals where highly positive in both qPCR and virus isolation of the following organs: cerebrum, cerebellum, brainstem, and meninges.

[image: (A) Line graph displaying body temperatures in °C, monitored daily after inoculation. Red markers indicate individuals which succumbed to infection, black markers indicate surviving animals. (B) Line graph displaying clinical score development after inoculation. (C) Survival graph visualizing lethality. (D) Cq values indicating ASFV genome load in blood of inoculated sows.]
Figure 2 | (A) Body temperature, (B) clinical score, (C) survival, and (D) ASFV genome loads in blood of female pigs upon inoculation with ASFV ‘Estonia14’. Animals which reached the humane endpoint are displayed as red squares, surviving animals as black dots.

All sows underwent regular testing for the presence of ASFV genome in the blood, to determine the initiation point for synchronization. Only animals that tested negative for ASFV in qPCR were suitable for synchronization initiation. The animals were highly positive in blood at 7 dpi, all survivors tested negative at 80 dpi (Figure 2D). Moreover, blood and serum samples were collected during necropsy to determine the level of viraemia (Supplementary Figure S1). All animals, with the exception of the surviving sows (n = 5), were highly positive in blood on the day of necropsy. Additionally, sow #4, which ultimately succumbed to acute hepatic failure, tested positive for ASFV genome in blood, but not in serum. All sows, except surviving pigs and sow #4 (n = 6), exhibited high amounts of infectious ASFV particles in serum samples taken during necropsy.




3.2 Clinical manifestation of ASFV ‘Armenia2008’ in neonatal piglets

All piglets from sows #872, #17, and #297 were challenged with a highly virulent ASFV strain on their 7th day of life. The piglets of the naïve sow #872, with no maternal-derived immunity (MDI, n = 12) and no purified immunoglobulins, served as infection controls (n = 7). All naïve piglets, irrespective of having received purified immunoglobulins or not, developed high fever (up to 42°C) and clinical signs such as diminished milk intake (almost no suckling acts) and reduced liveliness at day 4 pi (Figure 3A). Four individuals had to be euthanized at 4 dpi, while all remaining naïve piglets from sow #872 were euthanized on day 6 pi. To prevent the onset of mastitis, the sow was also euthanized on day 6 pi, exhibiting high loads of ASFV genome and infectious particles in inguinal lymph nodes, serum, tonsil, and spleen (Figure 3C; Supplementary Table S2).

[image: Four panels display data on ASFV antibodies in piglets. Panel (A) is a scatter plot of S/N percent for anti-ASFV-p32 at day zero and 6-9 days post-infection. Panel (B) shows a scatter plot of positivity percent for anti-ASFV-p72 over the same timeframe. Panel (C) is a bar chart depicting plasma dilution ratios, with significant differences marked by asterisks. Panel (D) features a heat map of plasma dilution ratios across different days of life, with a color gradient indicating variation. Data points represent naive and MDI+ piglets from different sows.]
Figure 3 | (A) Clinical score and summarized days of onset of disease, (B) survival and summarized days of euthanasia or death, and (C) viral genome loads in various organs and blood of piglets upon infection with ASFV ‘Armenia08’. Naïve piglets are shown separately in the summarized graphs based on whether they received passive immunity by antibodies (Ab+) or not (Ab−). Statistical significances were calculated by ordinary one-way ANOVA and Holm-Šidák’s correction for multiple comparisons. (*) P ≤ 0.05, (**) P ≤ 0.01, (***) P ≤ 0.001, (****) P ≤ 0.0001.

Piglets from sows #17 (n = 14) and #297 (n = 13), which received MDI via colostrum ingestion, exhibited a delay of two days in the onset of clinical signs of infection relative to the MDI-negative piglets. The observed delay in onset of disease rendered highly significant (Figure 3A). However, despite this delay, all piglets ultimately developed clinical signs upon infection. Most piglets showed decreased liveliness, lack of interest in milk during maternal offering, skin hemorrhages, and diarrhea. Since most piglets refused to consume any milk (either maternal or substitute), they showed signs of malnutrition, e.g. retracted flanks and general weakness. Overall, all piglets of the naïve sow (#872) had to be euthanized by day 6 pi, piglets of sow #17 and #297 significantly later, by day 7 and 9 pi, respectively (Figure 3B). No significant differences were observed in ASFV genome loads in spleen, mandibular lymph node, gastrohepatic lymph node, liver, lung, kidney, or tonsil (Figure 3C). All piglets showed high amounts of infectious ASFV particles in the spleen. Pre-infected sows #17 and #297 were euthanized one day later and tested negative for ASFV genome and infectious particles in serum, spleen and inguinal lymph node.




3.3 Detection of maternal antibodies against ASFV

To assess humoral immunity in piglets, we used two commercial ELISAs detecting antibodies against the early viral entry protein p32 (anti-ASFV-p32) and the late viral capsid protein p72 (anti-ASFV-p72). The passive transfer of 1 g purified immunoglobulins to piglets of naïve sow #872 (n = 5) resulted in successful detection of anti-ASFV-p32 and anti-ASFV-p72 antibodies prior to challenge infection at levels at the lower end of piglets with MDI. On the day of euthanasia or death, only three immunoglobulin-receiving piglets were still seropositive for ASFV-p72 antibodies, while all piglets tested negative for ASFV-p32 antibodies (Figures 4A, B). Naïve piglets without passively transferred immunoglobulins were seronegative prior and post challenge infection (Figures 4A, B).

[image: Presence of antibodies targeting ASFV-p32 (A) and ASFV-p72 (B) targeting antibodies in all piglets. (C) Titration of all plasma samples enabled quantification of total-ASFV-targeting antibodies. (D) Titration of plasma samples of piglets in the monitoring group allowed assessment of maternal antibody half-life in piglets.]
Figure 4 | (A) Detection of anti-ASFV-p32 and (B) anti-ASFV-p72 antibodies in piglets prior and post challenge with ASFV ‘Armenia08’. (C) Total anti-ASFV antibody titers analyzed by IPT in challenged piglets 0 dpi and on the day of euthanasia (6–9 dpi). (D) Kinetics of maternal anti-ASFV antibodies in unchallenged piglets of sow #984 (n = 12) and #986 (n = 10) analyzed by IPT. Numbers in each field indicate mean dilution ratio. (*) P ≤ 0.05, (***) P ≤ 0.001.

All piglets from previously infected sows were positive for anti-ASFV-p32 and -p72 antibodies prior to challenge (Figures 4A, B). Interestingly, the duration of seropositivity was different in piglets of both sows after challenge. All piglets of sow #17 remained positive for anti-ASFV-p72 antibodies and only three piglets had lost reactivity against ASFV-p32 at the day of euthanasia. In contrast, only one piglet from sow #297 was still reactive against ASFV-p32 and two were already negative for anti-ASFV-p72 antibodies at the end of the trial (Figures 4A, B).

To further evaluate the quality of maternal antibodies or those acquired via transfer of purified immunoglobulins, all plasma samples were titrated in IPT. The last dilution steps at which plasma samples maintained positive reactivity are shown in Figure 4C. Piglets from sow #872 that received purified immunoglobulins showed a mean reactive dilution of 1:1,000, piglets of sows #17 and #297 showed 1:33,200 and 1:2,800, respectively. After challenge infection, all piglets demonstrated a noticeable reduction in antibody levels, with mean reactive dilutions of 1:70 for immunoglobulin receivers, and 1:31,000 and 1:140 for piglets of sows #17 and #297, respectively. Titers in piglets of sow #297 and the immunoglobulin receivers of sow #872 were largely comparable, whereas plasma of piglets of sow #17 seemingly contained much more ASFV-specific antibodies prior and post challenge infection.

Additionally, all piglets of sows #984 (n = 12) and #986 (n = 10) were sampled weekly after birth to monitor the dynamics of maternal ASFV-specific antibodies. All plasma samples displayed ~100% blocking in a commercial ASFV-p32-specific competitive ELISAs (Supplementary Figure S2). All plasma samples were further titrated in IPT, mean results of both litters are depicted in Figure 4D. Overall, all piglets showed high titers of ASFV-specific antibodies on the 7th day of life with mean reactive titers of the litters of 1:150,000 (sow #984) and 1:42,000 (sow #986). In accordance with lower initial titers in piglets of sow #986, their titers declined faster than those of piglets of sow #984 over the study period (up to 60 days of life). Final mean titers were 1:2,200 and 1:760 in piglets of sows #986 and #984, respectively.

A summarized overview of the results involving neonatal piglets is shown in Table 1.


Table 1 | Summarized results.
	Sow
	17
	297
	872
	872
	984
	986



	ASF status sow
	immune
	immune
	naïve
	naïve
	immune
	immune


	Number of piglets
	14
	13
	5 (Ab+)
	7 (Ab -)
	12
	10


	Group
	Challenge
	Challenge
	Challenge
	Challenge
	Ab kinetic
	Ab kinetic


	Surviving piglets
	0
	0
	0
	0
	N.a.
	N.a.


	Mean onset of disease [dpi]
	6.8
	5.9
	4
	3.9
	N.a.
	N.a.


	Mean survival time [days]
	8
	6.8
	6
	5.3
	N.a.
	N.a.


	Final Cq blood [Mean]
	23.6
	20.5
	20
	21
	N.a.
	N.a.


	Ab titer [7th day of life]
	332,143
	2,846
	1,000
	N.a.
	69,615
	41,364


	Ab titer [Final]
	31,333
	138
	72
	N.a.
	760
	2,200





Ab, antibody; N.a., Not applicable.







4 Discussion

This study aimed to elucidate the impact and dynamics of maternal immunity in the context of ASFV genotype II infection. Maternal antibodies have been extensively discussed as potential early modulators of ASFV infection and disease manifestation, with both beneficial and detrimental effects. In regions affected by ASF, maternal antibodies are an essential consideration when designing surveillance programs that include serological testing of young animals. In industrialized production settings, maternal immunity derived from field virus infections is unlikely to play a significant role, as all animals in affected herds (= epidemiological units) are typically culled. Conversely, in countries with backyard farming systems or in the absence of compensation schemes, surviving and valuable animals may be retained for breeding, potentially influencing infection dynamics. The same is true for wild suids in Europe and Asia.

We found no evidence of chronic or persistent infection in surviving sows. Although a slightly delayed onset of disease was noted, all piglets from immune sows exhibited acute disease courses upon highly virulent challenge infection and ultimately reached endpoint criteria. In principle, the delay in disease onset supports a role of MDI obtained via colostrum uptake, which includes both humoral and cellular immunity, and implies that humoral immunity by ASFV-specific antibodies alone is not sufficient to convey even partial protection. However, based on our and previous data, MDI shows limited capacity for protection against ASFV infections in piglets. Our observation that the presence of ASFV-specific antibodies alone is neither a correlate of protection nor a reliable indicator of any degree of protection confirm earlier studies (27–34).

Additionally, the monitoring of antibody titers in piglets born by immune mothers revealed a rapid decline in maternal ASFV-specific antibodies after challenge. Especially ASFV-p32-specific antibodies were fully depleted in piglets born by immune sow #297 or which received purified immunoglobulins. Interestingly, higher initial ASFV-specific antibody titers in piglets from sow #17 correlated with a pronounced delay in disease onset and slower antibody depletion after challenge. These findings further highlight the considerable individual differences in MDI, despite ultimately not affecting the fate of the piglets. It also demonstrated that only actively acquired humoral and cellular immunity, e.g., by vaccination, is able to protect animals from highly virulent ASFV infection. This observation should be included in future assessments regarding possible vaccine regimens and disease dynamics, not only for domestic pigs but also wild boar.

Antibody kinetics in piglets of immune sows #984 and #986 without challenge showed a similar, yet slower decrease in antibody titers. This is in line with previous results showing a half-life of colostrum-derived immunoglobulin of less than two months in piglets (35, 36), similar to humans (37). However, the half-life varies based on antigen-specificity and differences in the antibodies’ constant regions (38–40).

At least a part of the differences in antibody titers might be explained by the methodology in our study. Artificial insemination requires significant manipulation like medication, i.e., synthetic hormones like progesterone, to prepare and synchronize all sows for insemination and pregnancy. Importantly, among the known immunomodulating effects of progesterone are impairments of B cell and plasma cell maturation. We hypothesize that this might explain the considerable differences observed between piglets of sow #297 and sow #17. Sow #17 was part of the first inoculation group while sow #297 was part of the second, hence B cells of sow #17 had four additional weeks to mature before synchronisation with progesterone was initiated. Progesterone-mediated repression of B cell and antibody maturation, i.e., class switch recombination and somatic hypermutation, have already been shown in mice and humans (41, 42). However, a direct comparison of maternal antibody titers in piglets of all immune sows suggests that the amount of immunoglobulins and possibly reactive immune cells is also influenced by other factors. This explanation is further underscored by the fact that sows #17, #984, and #986 were all inoculated on the same day, but MDI (here: titers) differed considerably between the litters. Of note, the outcome and success of antibody responses are not only determined by simple amount but also by isotypes and differently executed effector functions (43), which were not part of this study.

Early studies conducted by Schlafer et al. in the 1980s were crucial for demonstrating the existence of MDI-mediated protection of piglets against ASFV, even after inoculation with very high virus doses. The work established that transfer of ASFV-specific antibodies, either through colostrum uptake or by administering purified immunoglobulins, offers partial protection of piglets from ASFV infection and disease manifestation (33). Similar to these findings, the present study observed a delay in the onset of clinical signs in piglets born by immune mothers. However, our results regarding the protective capacity of administered purified immunoglobulins are contrasting. We observed no delay in onset of clinical signs or severity in piglets which received purified immunoglobulins when compared to naïve, MDI-negative littermates. This was not a question of available amounts of immunoglobulins in the different piglets. Based on blood volume (44) and antibody amount in new-born piglets (45, 46), around 2–3 g of immunoglobulins are present in colostrum-fed individuals, which is comparable to the amount in piglets that received passive transfer of immunoglobulins in this study. This was also supported by the comparable results in antibody ELISAs and titration. Although the presence of passively transferred ASFV-p72- and ASFV-p32-targeting antibodies in those piglets prior to challenge was confirmed, they failed to offer even partial protection. While the titers of ASFV-targeting IgG were low in piglets that received purified immunoglobulins, it was comparable to titers of piglets born by sow #297, where a delay in onset of disease was observed in piglets. This suggests that the maternal leukocytes provided by colostrum from immune mothers took part in the immune response against ASFV but ultimately failed to protect against highly virulent ASFV. Based on the individual variances seen in humoral responses in this study (i.e., significant differences in titers between sows in this study), it can be assumed that transferred cellular responses would show similar variability. Hence, future research would benefit from studies which include an assessment of not only humoral immunity in general, but also immunoglobulin isotypes and antigen specificity of antibodies in the colostrum, as well as cellular immunity. In this context, challenge with lower doses and strains of lower virulence might be helpful.

Further differences between our and Schlafer’s studies may be attributed to two aspects: (I) the difference in virulence between the ASFV strains, comparing a moderately virulent genotype I isolate (47, 48) with a highly virulent isolate of genotype II or (II) changes in pig genetics over time. It was shown that genetically older breeds of various livestock species are more resilient in infection scenarios (49). For instance, older breeds of cattle and buffalo as a species are less susceptible for systemic diseases or associated febrile reactions and other clinical signs, e.g., foot-and-mouth disease for buffalo and brucellosis for cattle (49). For pigs, less data is available compared to ruminants, but breed-specific increases in resistance to porcine reproductive and respiratory syndrome virus 1 (PRRSV1) were reported (50). Moreover, pig breed has been shown to be a major influence of colostral IgA and IgG levels (51, 52), with older breeds, like Duroc, having higher colostral Ig levels than younger breeds like Landrace or Large-White (53, 54). However, our data also demonstrate considerable interindividual differences within the same breed and, thus, call for additional studies investigating the influence of maternal immunity against ASFV infections to account for the limited sample size and variability in our study.

While maternal immunity serves to protect the neonate during early life with an immunity that is specific for the environment the neonate will be born into (15), it also has some negative aspects. Especially antibodies have been shown to interfere with the efficacy of vaccination against several diseases in humans and various animals (55), predominately affecting live-attenuated and protein vaccines, for instance against measles virus, canine distemper virus (CDV) (18), feline herpesvirus 1 (FHV-1) (56), classical swine fever virus (CSFV) (57), and bovine viral diarrhea virus (BVDV) (58). Maternal immunity is the main cause of vaccine failure in puppies (18). Since all promising vaccine candidates against ASFV so far are live-attenuated viruses, vaccine strategies for very young animals need to be carefully assessed to avoid vaccinating animals too young and having maternal immunity interfere with vaccine efficacy. Nevertheless, our data imply the necessity of early active immunity in neonatal piglets against ASFV, underlining the need for safety and efficacy studies in all age groups.

Conclusively, our study provides further insights into the kinetics of maternal antibodies and overall robustness of maternal immunity during ASFV infection. Maternal antibodies were detected in piglets born to immune mothers over the whole observation period, but were not able to prevent lethal disease courses in piglets after a highly virulent challenge infection. Moreover, while these early antibodies are insufficient for protection and may falsely suggest protection, they might also impair vaccination efficiency. Critical interdependencies in vaccination of piglets complicates disease management and needs to be elucidated in future studies.





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 Landesamt für Landwirtschaft, Lebensmittelsicherheit und Fischerei Mecklenburg-Vorpommern (LALLF M-V). The study was conducted in accordance with the local legislation and institutional requirements.





Author contributions

VF: Formal analysis, Visualization, Data curation, Writing – original draft, Investigation, Writing – review & editing, Methodology. MS: Writing – original draft, Writing – review & editing, Methodology. MB: Conceptualization, Supervision, Writing – review & editing, Writing – original draft. SB: Methodology, Conceptualization, Investigation, Funding acquisition, Writing – review & editing, Supervision, Writing – original draft. AS: Writing – original draft, Writing – review & editing, Investigation, Formal analysis, Visualization, Methodology, Data curation.





Funding

The author(s) declare that financial support was received for the research and/or publication of this article. This research has received funding through the Horizon 2020 ERA-NET Cofund International Coordination of Research on Infectious Animal Diseases (ICRAD), project ‘ASF-RASH’ and the FLI ASF research network.




Acknowledgments

We would like to thank all animal caretakers involved in this work: Steffen Brenz, Matthias Jahn, Domenique Lux, and Patrice Mary for excellence in animal husbandry and enrichment, as well as assistance during sampling procedures. Further, we would like to thank all staff members involved in preparing and assisting during all necropsies. For excellent technical assistance during sample processing and experiments, we thank Ulrike Kleinert and Stefanie Knöfel.





Conflict of interest

The 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.





Generative AI statement

The author(s) declare that no Generative AI was used in the creation of this manuscript.





Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fimmu.2025.1593820/full#supplementary-material




References

	 Sanchez-Vizcaino JM, Mur L, Martinez-Lopez B. African swine fever (ASF): five years around Europe. Vet Microbiol. (2013) 165:45–50. doi: 10.1016/j.vetmic.2012.11.030, PMID: 23265248


	 Franzoni G, Dei Giudici S, Loi F, Sanna D, Floris M, Fiori M, et al. African swine fever circulation among free-ranging pigs in Sardinia: data from the eradication program. Vaccines (Basel). (2020) 8:549. doi: 10.3390/vaccines8030549, PMID: 32967098


	 Gervasi V, Guberti V. Combining hunting and intensive carcass removal to eradicate African swine fever from wild boar populations. Prev Vet Med. (2022) 203:105633. doi: 10.1016/j.prevetmed.2022.105633, PMID: 35367934


	 Reis AL, Netherton C, Dixon LK. Unraveling the armor of a killer: evasion of host defenses by African swine fever virus. J Virol. (2017) 91:e02338–16. doi: 10.1128/JVI.02338-16, PMID: 28031363


	 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, PMID: 23137735


	 Ward MP, Tian K, Nowotny N. African Swine Fever, the forgotten pandemic. Transbound Emerg Dis. (2021) 68:2637–9. doi: 10.1111/tbed.14245, PMID: 34499823


	 Borca MV, Rai A, Ramirez-Medina E, Silva E, Velazquez-Salinas L, Vuono E, et al. A cell culture-adapted vaccine virus against the current African swine fever virus pandemic strain. J Virol. (2021) 95:e0012321. doi: 10.1128/JVI.00123-21, PMID: 33952643


	 Borca MV, Ramirez-Medina E, Silva E, Vuono E, Rai A, Pruitt S, et al. ASFV-G-ΔI177L as an effective oral nasal vaccine against the Eurasia strain of Africa swine fever. Viruses. (2021) 13:765. doi: 10.3390/v13050765, PMID: 33925435


	 Deutschmann P, Carrau T, Sehl-Ewert J, Forth JH, Viaplana E, Mancera JC, et al. Taking a promising vaccine candidate further: efficacy of ASFV-G-DeltaMGF after intramuscular vaccination of domestic pigs and oral vaccination of wild boar. Pathogens. (2022) 11:996. doi: 10.3390/pathogens11090996, PMID: 36145428


	 Penrith ML, Lopes Pereira C, Lopes da Silva MM, Quembo C, Nhamusso A, Banze J. African swine fever in Mozambique: review, risk factors and considerations for control. Onderstepoort J Vet Res. (2007) 74:149–60., PMID: 17883201


	 Suradhat S, Damrongwatanapokin S. The influence of maternal immunity on the efficacy of a classical swine fever vaccine against classical swine fever virus, genogroup 2.2, infection. Vet Microbiol. (2003) 92:187–94. doi: 10.1016/S0378-1135(02)00357-7, PMID: 12488082


	 Rangelova DY. Third generation DIVA vaccine towards classical swine fever virus. In: Efficacy in face of maternal immunit. Technical University of Denmark: Lyngby, Denmark (2013).


	 Postel A, Austermann-Busch S, Petrov A, Moennig V, Becher P. Epidemiology, diagnosis and control of classical swine fever: Recent developments and future challenges. Transbound Emerg Dis. (2018) 65 Suppl 1:248–61. doi: 10.1111/tbed.12676, PMID: 28795533


	 Edwards PD, Lavergne SG, McCaw LK, Wijenayake S, Boonstra R, McGowan PO, et al. Maternal effects in mammals: Broadening our understanding of offspring programming. Front Neuroendocrinol. (2021) 62:100924. doi: 10.1016/j.yfrne.2021.100924, PMID: 33992652


	 Fernandes KA, Lim AI. Maternal-driven immune education in offspring. Immunol Rev. (2024) 323:288–302. doi: 10.1111/imr.13315, PMID: 38445769


	 Gong H, Wang T, Wu M, Chu Q, Lan H, Lang W, et al. Maternal effects drive intestinal development beginning in the embryonic period on the basis of maternal immune and microbial transfer in chickens. Microbiome. (2023) 11:41. doi: 10.1186/s40168-023-01490-5, PMID: 36869365


	 Pihlaja M, Siitari H, Alatalo RV. Maternal antibodies in a wild altricial bird: effects on offspring immunity, growth and survival. J Anim Ecol. (2006) 75:1154–64. doi: 10.1111/j.1365-2656.2006.01136.x, PMID: 16922851


	 Pollock RV, Carmichael LE. Maternally derived immunity to canine parvovirus infection: transfer, decline, and interference with vaccination. J Am Vet Med Assoc. (1982) 180:37–42. doi: 10.2460/javma.1982.180.01.37, PMID: 7056660


	 Swain P, Nayak SK. Role of maternally derived immunity in fish. Fish Shellfish Immunol. (2009) 27:89–99. doi: 10.1016/j.fsi.2009.04.008, PMID: 19442742


	 Yosipovich R, Aizenshtein E, Shadmon R, Krispel S, Shuster E, Pitcovski J. Overcoming the susceptibility gap between maternal antibody disappearance and auto-antibody production. Vaccine. (2015) 33:472–8. doi: 10.1016/j.vaccine.2014.10.043, PMID: 25444785


	 Zhang S, Wang Z, Wang H. Maternal immunity in fish. Dev Comp Immunol. (2013) 39:72–8. doi: 10.1016/j.dci.2012.02.009, PMID: 22387589


	 European Food Safety A, Nielsen SS, Alvarez J, Bicout DJ, Calistri P, Depner K, et al. ASF Exit Strategy: Providing cumulative evidence of the absence of African swine fever virus circulation in wild boar populations using standard surveillance measures. EFSA J. (2021) 19:e06419. doi: 10.2903/j.efsa.2021.6419, PMID: 33717352


	 Zani L, Forth JH, Forth L, Nurmoja I, Leidenberger S, Henke J, et al. Deletion at the 5’-end of Estonian ASFV strains associated with an attenuated phenotype. Sci Rep. (2018) 8:6510. doi: 10.1038/s41598-018-24740-1, PMID: 29695831


	 Mittelholzer C, Moser C, Tratschin J-D, Hofmann MA. Analysis of classical swine fever virus replication kinetics allows differentiation of highly virulent from avirulent strains. Vet Microbiol. (2000) 74:293–308. doi: 10.1016/S0378-1135(00)00195-4, PMID: 10831853


	 Friedrichs V, Reicks D, Hasenfuss T, Gerstenkorn E, Zimmerman JJ, Nelson EA, et al. Artificial insemination as an alternative transmission route for African swine fever virus. Pathogens. (2022) 11:1539. doi: 10.3390/pathogens11121539, PMID: 36558873


	 Carrascosa AL, Bustos MJ, de Leon P. Methods for growing and titrating African swine fever virus: field and laboratory samples. Curr Protoc Cell Biol. (2011) 53: 26.14.1–26.14.25. doi: 10.1002/0471143030.cb2614s53, PMID: 22161547


	 Ruiz-Gonzalvo F, Rodriguez F, Escribano JM. Functional and immunological properties of the baculovirus-expressed hemagglutinin of African swine fever virus. Virology. (1996) 218:285–9. doi: 10.1006/viro.1996.0193, PMID: 8615037


	 Onisk DV, Borca MV, Kutish G, Kramer E, Irusta P, Rock DL. Passively transferred African swine fever virus antibodies protect swine against lethal infection. Virology. (1994) 198:350–4. doi: 10.1006/viro.1994.1040, PMID: 8259670


	 Barderas MG, Rodriguez F, Gomez-Puertas P, Aviles M, Beitia F, Alonso C, et al. Antigenic and immunogenic properties of a chimera of two immunodominant African swine fever virus proteins. Arch Virol. (2001) 146:1681–91. doi: 10.1007/s007050170056, PMID: 11699955


	 Neilan JG, Zsak L, Lu Z, Burrage TG, Kutish GF, Rock DL. Neutralizing antibodies to African swine fever virus proteins p30, p54, and p72 are not sufficient for antibody-mediated protection. Virology. (2004) 319:337–42. doi: 10.1016/j.virol.2003.11.011, PMID: 14980493


	 Gomez-Puertas P, Rodriguez F, Oviedo JM, Ramiro-Ibanez F, Ruiz-Gonzalvo F, Alonso C, et al. Neutralizing antibodies to different proteins of African swine fever virus inhibit both virus attachment and internalization. J Virol. (1996) 70:5689–94. doi: 10.1128/jvi.70.8.5689-5694.1996, PMID: 8764090


	 Sunwoo SY, Perez-Nunez D, Morozov I, Sanchez EG, Gaudreault NN, Trujillo JD, et al. DNA-protein vaccination strategy does not protect from challenge with African swine fever virus Armenia 2007 strain. Vaccines (Basel). (2019) 7:12. doi: 10.3390/vaccines7010012, PMID: 30696015


	 Schlafer DH, Mebus CA, McVicar JW. African swine fever in neonatal pigs: passively acquired protection from colostrum or serum of recovered pigs. Am J Vet Res. (1984) 45:1367–72. doi: 10.2460/ajvr.1984.45.07.1367


	 Oura CAL, Denyer MS, Takamatsu H, Parkhouse RME. In vivo depletion of CD8+ T lymphocytes abrogates protective immunity to African swine fever virus. J Gen Virol. (2005) 86:2445–50. doi: 10.1099/vir.0.81038-0, PMID: 16099902


	 Andraud M, Fablet C, Renson P, Eono F, Mahe S, Bourry O, et al. Estimating parameters related to the lifespan of passively transferred and vaccine-induced porcine reproductive and respiratory syndrome virus type I antibodies by modeling field data. Front Vet Sci. (2018) 5:9. doi: 10.3389/fvets.2018.00009, PMID: 29435455


	 Curtis J, Bourne FJ. Half-lives of immunoglobulins IgG, IgA and IgM in the serum of new-born pigs. Immunology. (1973) 24:147–55., PMID: 4685369


	 Mankarious S, Lee M, Fischer S, Pyun KH, Ochs HD, Oxelius VA, et al. The half-lives of IgG subclasses and specific antibodies in patients with primary immunodeficiency who are receiving intravenously administered immunoglobulin. J Lab Clin Med. (1988) 112:634–40., PMID: 3183495


	 Glezen WP. Effect of maternal antibodies on the infant immune response. Vaccine. (2003) 21:3389–92. doi: 10.1016/S0264-410X(03)00339-6, PMID: 12850346


	 Lehmann D, Pomat WS, Riley ID, Alpers MP. Studies of maternal immunisation with pneumococcal polysaccharide vaccine in Papua New Guinea. Vaccine. (2003) 21:3446–50. doi: 10.1016/S0264-410X(03)00348-7, PMID: 12850357


	 Polo J, Campbell JM, Crenshaw J, Rodriguez C, Pujol N, Navarro N, et al. Half-life of porcine antibodies absorbed from a colostrum supplement containing porcine immunoglobulins. J Anim Sci. (2012) 90 Suppl 4:308–10. doi: 10.2527/jas53716, PMID: 23365363


	 Liu JC, Zeng Q, Duan YG, Yeung WSB, Li RHW, Ng EHY, et al. B cells: roles in physiology and pathology of pregnancy. Front Immunol. (2024) 15:1456171. doi: 10.3389/fimmu.2024.1456171, PMID: 39434884


	 Pauklin S, Petersen-Mahrt SK. Progesterone inhibits activation-induced deaminase by binding to the promoter. J Immunol. (2009) 183:1238–44. doi: 10.4049/jimmunol.0803915, PMID: 19553525


	 Paudyal B, Mwangi W, Rijal P, Schwartz JC, Noble A, Shaw A, et al. Fc-mediated functions of porcine IgG subclasses. Front Immunol. (2022) 13:903755. doi: 10.3389/fimmu.2022.903755, PMID: 35757698


	 Nguyen TMT, Morwood H, Bakrania BA, Miller SM, Bjorkman ST, Lingwood BE, et al. Blood volume reduction due to rapid plasma loss after birth in preterm piglets. Pediatr Res. (2024) 96:1693–8. doi: 10.1038/s41390-024-03252-x, PMID: 38773295


	 Kielland C, Rootwelt V, Reksen O, Framstad T. The association between immunoglobulin G in sow colostrum and piglet plasma. J Anim Sci. (2015) 93:4453–62. doi: 10.2527/jas.2014-8713, PMID: 26440345


	 Maciag SS, Bellaver FV, Bombassaro G, Haach V, Mores MAZ, Baron LF, et al. On the influence of the source of porcine colostrum in the development of early immune ontogeny in piglets. Sci Rep. (2022) 12:15630. doi: 10.1038/s41598-022-20082-1, PMID: 36115917


	 Mebus CA, Dardiri AH, Hamdy FM, Ferris DH, Hess WR, Callis JJ. Some characteristics of african swine fever viruses isolated from Brazil and the Dominican Republic. Proc Annu Meet U S Anim Health Assoc. (1978) 1978:232–6.


	 Mebus CA, Dardiri AH. Additional characteristics of disease caused by the African swine fever viruses isolated from Brazil and the Dominican Republic. Proc Annu Meet U S Anim Health Assoc. (1979) 1979:227–39., PMID: 298918


	 Pal AC AK. Disease resistance for different livestock species. In: Genetics and Breeding for Disease Resistance of Livestock. Elsevier: USA (2019). p. 271–96.


	 Burkard C, Opriessnig T, Mileham AJ, Stadejek T, Ait-Ali T, Lillico SG, et al. Pigs lacking the scavenger receptor cysteine-rich domain 5 of CD163 are resistant to porcine reproductive and respiratory syndrome virus 1 infection. J Virol. (2018) 92:e00415–18. doi: 10.1128/JVI.00415-18, PMID: 29925651


	 Inoue T. Possible factors influencing immunoglobulin A concentration in swine colostrum. Am J Vet Res. (1981) 42:533–6. doi: 10.2460/ajvr.1981.42.03.533, PMID: 7271021


	 Inoue T, Kitano K, Inoue K. Possible factors influencing the immunoglobulin G concentration in swine colostrum. Am J Vet Res. (1980) 41:1134–6. doi: 10.2460/ajvr.1980.41.07.1134


	 Amatucci L, Luise D, Correa F, Bosi P, Trevisi P. Importance of breed, parity and sow colostrum components on litter performance and health. Anim (Basel). (2022) 12:1230. doi: 10.3390/ani12101230, PMID: 35625076


	 Peka M, Balatsky V, Saienko A, Tsereniuk O. Bioinformatic analysis of the effect of SNPs in the pig TERT gene on the structural and functional characteristics of the enzyme to develop new genetic markers of productivity traits. BMC Genomics. (2023) 24:487. doi: 10.1186/s12864-023-09592-y, PMID: 37626279


	 Niewiesk S. Maternal antibodies: clinical significance, mechanism of interference with immune responses, and possible vaccination strategies. Front Immunol. (2014) 5:446. doi: 10.3389/fimmu.2014.00446, PMID: 25278941


	 Digangi BA, Levy JK, Griffin B, Reese MJ, Dingman PA, Tucker SJ, et al. Effects of maternally-derived antibodies on serologic responses to vaccination in kittens. J Feline Med Surg. (2012) 14:118–23. doi: 10.1177/1098612X11432239, PMID: 22314087


	 Klinkenberg D, Moormann RJ, de Smit AJ, Bouma A, de Jong MC. Influence of maternal antibodies on efficacy of a subunit vaccine: transmission of classical swine fever virus between pigs vaccinated at 2 weeks of age. Vaccine. (2002) 20:3005–13. doi: 10.1016/S0042-207X(02)00283-X, PMID: 12126914


	 Downey ED, Tait RG Jr., Mayes MS, Park CA, Ridpath JF, Garrick DJ, et al. An evaluation of circulating bovine viral diarrhea virus type 2 maternal antibody level and response to vaccination in Angus calves. J Anim Sci. (2013) 91:4440–50. doi: 10.2527/jas.2012-5890, PMID: 23881675







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.


Copyright © 2025 Friedrichs, Streitz, Beer, Blome and Schäfer. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fimmu-16-1593820-g003.jpg
" e

(A) g
20: 2 s
2
g o E
3
s 4 22
3 3
2 2
S
o
& A «
o B K S
& &
O 1 2 3 4 5 6 71 & 9 6@,,6“(@\*@\
days post infection [dpi]
(B)
100 = naive piglets
g 1= MDI+ piglets, sow #17
7] == MDI+ piglets, sow #297 &
s =
k]
g
3
s
@
*** P£0.0001 E
i
10
dpi
eﬁ‘ @dﬂ © \AJ‘{
(C) & & @
10+ *k
= 3 naive piglets
Ak y
® i =3 MDI+ piglets, sow #17
‘ ’  MDI+ piglets, sow #297
© 204
El
]
g
T
© 304
40— T T T
5
& &S
® & &
& &K
& &





OEBPS/Images/fimmu.2025.1593820_cover.jpg
& frontiers | Frontiers in Immunology

Maternal immunity and African swine fever
virus: understanding the limits of passive
protection





OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fimmu-16-1593820-g004.jpg
(A) "%9) anti-AsFv-p32 (B) ™) anti-asFv-p72

0] o @ am age o
* 100] W @D @e 3 W @, nao piglels, Abe
. B . © nawe piiets, A>-
£ o MDI* pilots, sow #17
7w © MDI* pilols, sow #207
. 50 =
] &
5 L
150 o =
0dp Final (6.9 dpi) 0 Final (59 dp)
75000
(C) ) )
g
© MOI*piglets, sow #17 sics 3
s © MM piglets,sow #2972 2,
g o nawopgals Abs 5 H
s s 25000 &
g H
i o






OEBPS/Images/logo.jpg
, frontiers | Frontiers in Immunology





OEBPS/Images/fimmu-16-1593820-g002.jpg
>

)

g
g
2
e
3
a
E
2
>
g
3
@

. o 0 . i s i 7 3 e R 2 S R e

012345678 91011121314151617181920212223242526 3839

(B) days post infection [dpi]

01234567 891011121314151617181920212223242526 3839

dpi

© = ©)
g 100
= 20 o
3 g s
S 3

| T 3
Ea 3 &
35
Q head
@ n=5 0
% %

T T T r ) N/A - — - ¢ eepes
0 15 30 45 60 75 o 7 75 8

days post infection [dpi] days post infection [dpi]





OEBPS/Images/fimmu-16-1593820-g001.jpg
MDI+

b+ S - Y
n=2 n=13+14

Inoculaton ASFV Estonial mDI- 7 days o
m ge: 1 day
n=1 n=12 administation of puied
immunoglobulins (n=5)
n=4
M+
Monitoring antibody kineics
- age:
n=1 e

2+10





