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Introduction
Porcine Reproductive and Respiratory Syndrome virus (PRRSV) is of huge detrimental economical importance in swine industry. Annual losses 
of 600 Million US-Dollars in US alone. Previous research indicates a negative effect of DON on vaccination response against PRRSv.
This is the first published study displaying immune-modulation in a vaccination-challenge trial (in vivo in piglets).

Trial Design
• Three-week-old piglets
• Vaccine MLV* PRRSV-2 (formerly "US-genotype")

•  Challenged with PRRSV-1 (formerly „EU-genotype“)  
at day 14 post vaccination (p. v.)

•  Parameters assessed: 
- Clinical signs 
- Virus load in serum and organs 
- Serum antibodies (S/P ratio)

Results Vaccination

Results Challenge
• Vaccinated animals (without DON exposure) stayed  

healthy (group I) 
• DON-groups (group II and III) and non-vaccinated animals 

(group IV) developed mild disease
• Transient fever only in non-vaccinated (group IV)
• Severity of disease (by clinical scoring) comparable in  

non-vaccinated animals (group IV) and DON high group 
(group III)

• No significant differences in viral loads (lung, conjunctiva, 
liver) 14 days post infectionem

Conclusions & Implications for  
Swine Producers
•  Exposure of weaned piglets to DON reduced vaccination efficacy of 

against PRRSv
•  Findings are in accordance with literature (see also Savard et al., 2014)
• DON negatively impact body weight gain
•  Consider mycotoxins as possible reason for unsatisfying vaccination 
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Mode of Action – Trichothecenes

Mycotoxins & Vaccine Failure
• 32 piglets (12 kg)
• 8 mg FB1/kg feed
• 28 days
• vaccination against Mycoplasma  

agalactiae on day 8 and 22 day

Chronic digestion of low  
levels of fumonisin leads to:

Reduced capacity of  
lymphocyte proliferation  
and specific antibodies

vaccine failure

Mycotoxins can increase  
development of pneumonia
• 20 piglets
• 9.6 kg +- 2.1
• 0.5 mg FB1/kg BW/day

Oral exposition to fumonisins 
predisposes pigs to 
development of pneumonia 
caused by Pasteurella 
multocida!

Mycotoxins Modulate  
Immune Responses
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All vaccinated mounted an efficient PRRSv-spe-
cific antibody response within 2 weeks p.v. except 
two piglets in high DON group (III).

Both DON groups: higher viral load in lung sam-
ples 2 weeks p.v., possibly indicating delayed 
clearance of PRRSv by immune system or delay-
ed virus replication.

In week 3 significant negative impact on weight 
gain in Low (II) and High (III) DON group, resp. 
0.85 kg, 1.010 versus Control (I) 1.5 kg.

High DON (III) group: the 2 non-vaccine-respon-
ders (empty triangles) showed impaired weight 
gain versus the 8 responders. 20% of animals in 
this group ended with lower body weight. 
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and was thus not markedly affected by DON (Fig. 3A) 
despite the fact that both DON treated groups showed 
the lowest body weight throughout the study includ-
ing day 0. In the first week after vaccination, however, 
the DON-supplemented animals in groups II and III 
gained significantly less weight (group I 1.5  kg, group 
II 0.85  kg, group III: 1.010  kg and group IV 1.6  kg) 
than the non-supplemented animals (Fig.  3B). Yet, 
this effect on weight gain was only transient. In total, 
the DON supplementation regime did not markedly 

reduce growth performance or affect overall health of 
the animals.

Animals in groups I, II and III were vaccinated on day 
14. Very mild symptoms (slightly reduced general fit-
ness, rare events of coughing) were transiently observed 
in some animals without DON-related differences. 
We employed ELISA on serum samples to determine 
whether and to what extent a PRRSV-specific antibody 
response had been mounted (Fig.  4A). No such anti-
body response was seen within 7 days after vaccination 

Fig. 2   DON levels in serum and bile fluid. A–C Levels of DON (top panels) and its metabolite de-epoxy-DON (bottom panels) were determined 
in serum on day 14 (A) and day 28 (B) as well as in bile fluid on day 28 (C); n.d., not determined. Some animals were not included in the analysis for 
technical reasons. Each symbol represents one animal; arithmetic means are displayed as horizontal lines. Values below the limit of quantification 
(in the de-DON determination) were set as 0. The data were analyzed using the Kruskal–Wallis test. The graphic is shown as scatter dot blot, line at 
Median with interquartile range

Fig. 3   Body weight. Average body weight (mean ± SD, A) and average weekly weight gain (mean ± SD, B) of animals. The data were analyzed 
using one way ANOVA test. Statistically significant differences (p < 0.05) are described in the result section. Missing values in group IV were 
extrapolated linearly

Page 5 of 13Rückner et al. Porcine Health Management            (2022) 8:13  

(Fig.  4A, left panel, all ELISA S/P-ratios with negative 
result). Kruskal–Wallis test significance values are given 
for completeness (group I versus IV (p = 0.0184), group II 
versus IV (p = 0.00104), group III versus IV (p = 0.0126)), 
most vaccinated animals—but not the mock-vaccinated 
controls (group IV)—displayed positive ELISA signals 
in this analysis at 14 days post-vaccination, indicat-
ing seroconversion, Kruskal–Wallis test, group I versus 
IV (p = 0.002), group II versus IV (p < 0.0001), group III 
versus IV (p = 0.0010) (Fig. 4A, right panel). Remarkably 
however, 20% of the piglets in group III (supplemented 
with DON at high doses) failed to develop a PRRSV-spe-
cific antibody response within 14 days, while 100% of the 
vaccinated animals in groups I and II (no or low doses of 
DON) were clearly seropositive. While this might poten-
tially be due to a reason unrelated to DON, the result 
clearly suggests an adverse effect of DON on the effec-
tiveness of vaccination within this time frame.

We complemented this serological analysis with 
determinations of PRRSV by RT-PCR in serum samples 
(Fig. 4B). At 7 days post-vaccination, most vaccinated ani-
mals were positive for viral RNA (between 70% in group 
III and 90% in group II). At 14 days post-vaccination, all 

animals except one in group II were positive. This indi-
cates development of viraemia in a manner that did not 
significantly depend on DON, Chi-square test (p > 0.05). 
In lung samples of animals sacrificed 14 days after vac-
cination, however, the average virus load was very low in 
group-I animals and clearly higher the more DON the 
animals had received (Fig. 4C). These differences reached 
a statistical significance using Kruskal–Wallis test 
between group IV and III (p = 0.0064), group IV and II 
(p = 0.0077), but not between group IV and I (p = 0.1389).

Effects of DON upon virus challenge
On day 28 (14 days after vaccination), animals of all 
groups were challenged by infection with a PRRSV-1 
field strain, genetically distant from the PRRSV-2 
based vaccine.  We followed the development of dis-
ease symptoms and recorded a clinical score, displayed 
in Fig. 5. Generally, the course of disease was relatively 
mild. Animals in the non-vaccinated control group (IV) 
developed respiratory symptoms starting on day 3 post-
infection (p.i.), reaching an average disease score of 2 
on day 4 p.i., followed by a transient partial recovery 
and aggravated disease between days 10 and 13 with 

Fig. 4   Vaccination parameters. A) RRSV-specific antibody titres in serum on days 21 (1 week post-vaccination, left panel) and 28 (2 weeks 
post-vaccination, right panel), determined by ELISA and expressed as ratio of sample/positive control (S/P). Each symbol represents one animal; 
median with interquartile range are displayed as horizontal lines; threshold (S/P = 0.4) is indicated with a dashed line. B Percentage of animals 
tested positive for PRRSV-2 genomes by RT-PCR. C Average numbers of PRRSV genome copies in lung by qRT-PCR, normalised to expression of 
reference gene RPL32 (mean ± SD). Statistically significant differences (Kruskal–Wallis test, p < 0.05) are indicated using an asterisk

S/P 0.4
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feed, group III), 20% of animals failed to mount a detect-
able antibody response to PRRSV within 2 weeks after 
immunisation. This may be highly relevant in field condi-
tions, where such concentrations of DON are frequently 

encountered in the pigs’ feed [2]: Success of PRRSV vac-
cination appears to be impaired by DON contamina-
tion. Of note, DON levels in this study did not detectably 
affect overall fitness or the average daily weight gain of 

Fig. 7   Viral parameters after infection. A Percentage of animals positive for PRRSV-1 (challenge strain) genomes in serum as determined by RT-PCR. 
Total number of animals: 5 in groups I–III, 4 in group IV. The data were analyzed using Chi-square test. B Average numbers of PRRSV-1 genome 
copies normalised to expression of reference gene RPL32 in the indicated tissues (mean ± SD). The data were analyzed using the Kruskal–Wallis test. 
C Body weight of the animals in group III (high DON dose). Filled triangles represent the animals which mount a PRRSV-specific antibody response 
2 weeks post vaccination (see Fig. 4A). The values of the two piglets that failed to mount a PRRSV-specific antibody response after vaccination 
are displayed as open triangles. The data were analyzed using the Mann–Whitney test. D PRRSV-specific antibody titres in serum on days 7 (left 
panel) and 14 (right panel) p.i., determined by ELISA and expressed as ratio of sample/positive control (S/P). Each symbol represents one animal, 
means ± SD are displayed as horizontal lines; threshold (S/P = 0.4) is indicated with a dashed line. Statistically significant differences (Kruskal–Wallis 
test, p < 0.05) are indicated with an asterisk
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