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Prevention of edema disease in pigs by passive immunization
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Abstract
The effect of treatment with verotoxin 2e (VT2e) specific antiserum was evaluated in 3 Danish pig herds with edema disease
(ED). The antiserum was prepared by immunizing horses with a VT2e toxoid. The study was performed as a randomized blind
field trial with parallel treatment and control groups. There were approximately 50 piglets in each group in each of the 3 herds
and 741 piglets were included in the study (244 from herd A, 249 from herd B, and 247 from herd C). Treatment groups received
2, 4, or 6 mL anti-VT2e serum intramuscularly the day before weaning. Control groups were treated with 6 mL normal horse
serum or 6 mL RPMI 1640 medium as placebo. All pigs that died in the trial period (1 d before weaning to 44 d after
weaning) were examined pathologically and microbiologically. Mortality due to ED, mortality due to other causes, and
adverse effects due to treatment were recorded. As there was no mortality due to ED, herd B was excluded from statistical cal-
culations on mortality. The content of horse antibodies specific to VT2e in serum from pigs was analyzed in an indirect ELISA.
A higher dose of anti-VT2e serum was reflected in higher optical density values in the indirect ELISA. Transient adverse reac-
tions, seen as vomiting, ataxia, and cyanosis, occurred shortly after the injection of horse serum in 1.5% of the pigs, and one pig
died. There were no statistically significant differences in mortality due to other causes among the 3 treatment groups in herds
A and C. Only pigs from which F18+, VT2e+, ST-, LT- hemolytic E. coli (0139 or 0-rough) was isolated were diagnosed as
dead due to ED. Deaths due to ED in the control groups were 8.17c and 12.0% in herds A and C, respectively, compared with
0%c and 0.7% in the corresponding serum groups. The difference between treatment and control groups was statistically sig-
nificant (P < 0.0001). It was not possible to establish an effect of dose (2, 4, or 6 mL) of anti-VT2e serum, because only one pig
died of ED in the treatment groups. It was concluded that passive immunization by intramuscular injection of a VT2e-specific
antiserum can be used for protecting piglets against ED.

Resum e
L'effet d'nln traitenenit a l'aide d'unn antiscrlrm sp cifiqne conttre la vz7rotoxine 2e (VT2e) ftlit tvalnlj dans trois trolnpeauix danois anl prise
azec la maladie de l'cedeie (ED). L'antisernrin fiut prepare par imitniisationi de chezvatlix azvec aln toxoide de VT2e. L'itnde fit realisee n l'azei-
gle selotin inodele expirirnental randomnise cornptant ent slls aln groupe traite et aln grolnpe ternoin. II y avait enlviront 50 porcelets dans
chlacin des grolnpes dans chaqlue elezvage, totalisant 741 porcelets (241 slir la ferine A, 249 stir la ferme B et 247 stir la ferme C). Les anii-
inatix dans les grolipes traite's ontt retii 2, 4 oni 6 mL de srirlnm anti-VT2e par voie intra-mnulsclulaire le jotir pricedannt le sevrage. Les grotipes
tcinoinis f/irent traites azvec 6 inL de sertirn de cheval norrnal on 6 mnL de milieiu RPMI 1640. Tolns les porcs qnii rnonrlnrenlt dlarant la peri-
ode de l'essai (lin joiar azvant le sevrage jtisqni'a 44 jolnrs apres le sezrage) farent sonimis a lan exanmen pathologiqlue et microbiologiqaie. Les
rnortalites cause'es par ED oni par tine alitre canse, ainsi que les effets adverses dafs ainx traiternents f/trent pris en note. Etanit donne le fait
qin'aincinne rnortalitW associee a ED nI'y f/nt observee, le troinpeain B f/t excllis des calcials statistiqlaes de mortalite. La qlnantitM d'anticorps
eqtiins sp&cifiqnles contre VT2e presentts dans le serlrm des porcs fiit inesirc'e anl ioyeni d'lnne mrnthode ELISA indirecte. Des rnactionis adzerses
transitoires, telles qtie zoinisseinent, ataxie et cyaniose, se sont prodtiites peli de ternps apres l'injectioni dii st'riit de clhevzal chez 1,5 % des
porcs et 1 antimnl est rnort. Atictine difference significative nie fiit notee dans les mnortalites associces a d'atitres calises parmni les 3
grotipes de traiternetits dans les trotipeaiix A et C. Un diagnostic de mnortalite caiusec par ED f/it emnis setilernent potir les anirnnatix n par-
tir desqtiels des soticites F18+, VT2e+, ST-, LT- de E. coli hrnolytiqlies (0139 oil 0-riigietlix) f/irent isolees. Danis le groitpe tcrnoini,
les mnortalites dties n ED ctaienit de 8,1 7c (trolipeati A) et 12,0 % (trotipeati C) alors qti'elles etaient de 0 %c et 0,7 %c dants les grotipes traites
correspoitdanits, la diff/renice enitre les groiipes trnoinis et les grotipes traites etaitt statistiqiernent sign ificative (P < 0,0001). Aiictini effct
assocle n la dose retie (2, 4 oti 6 mnL) de sernrin anti-VT2e ite ptit etre etabli. L'irnin?lisationl passive par inijection iitra-mnliscitlaire d'ani-
tisernrn spicifiqlie dirige con tre VT2e potirrait s'azvjrer efficace polar proteger les porcelets cotitre ED.
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Edema disease (ED) in pigs caused by Escherichia coli was first
reported in 1938 by Shanks (1), but in Denmark this disease was first
diagnosed microbiologically and pathologically at the beginning of
1994. Several outbreaks of ED were diagnosed in Danish pig herds
through 1994 and 1995, whereafter the number of new outbreaks
decreased (2). Edema disease in pigs can be caused by infection with
a number of different serogroups of hemolytic E. coli, e.g. 0138, 0139,
and 0141 (3), but in Denmark the majority of outbreaks of ED have
been caused by hemolytic E. coli 0139, which produce F18-fimbriae
and verotoxin 2e (VT2e) (2). If the verotoxigenic E. coli have the abil-
ity to produce enterotoxins [heat stable (ST) or heat labile (LT)], diar-
rhea is usually the dominating clinical picture in the herd (2,4).
The pathogenesis of ED and the characteristic clinical and patho-

logical manifestations of the disease have been described (3,5).
The significance of F18 and VT2e for development of typical clini-
cal signs and pathological lesions of ED has been demonstrated in
previous studies (4,6,7). Protection against the disease has been
obtained by vaccination of pigs with purified VT2e inactivated by
glutaraldehyde. Protection was demonstrated using an experi-
mental ED model (8) and in field trials in 2 production herds with
post weaning ED (9). Vaccination with a genetically modified
VT2e-toxoid has also been shown to be effective in protecting pigs
against ED using an experimental infection model (10). Vaccination
probably requires 2 injections with an interval of 14 d in order to pro-
vide protective immunity from 1 wk after the second injection (9).
In contrast, a specific antiserum may provide immediate passively
acquired protective immunity in pigs. Alexa et al (11) have demon-
strated good protection against ED under field conditions by treat-
ing weaned pigs with an antiserum, which was produced by inject-
ing the supernatant from a culture of a verotoxigenic E. coli strain
in slaughter pigs. The objective of the present study was to evalu-
ate the effect of prophylactic treatment of pigs with 3 different
doses of VT2e-specific antiserum produced in horses.

Preparation of anti-VT2e serum
Preparation of horse anti-VT2e serum was performed by Section

for Biological Products, Department of Pathology and Epidemiology,

Danish Veterinary Laboratory. Antiserum was prepared by immu-
nizing horses with purified, glutaraldehyde-inactivated VT2e (8,12)
(100 pg/mL) with 15% Emulsigen (MVP Laboratories, Ralston,
Nebraska, USA) as adjuvant. Horses were injected by the intra-
muscular (IM) route with doses of 2 mL of the vaccine. The first 3
injections were given with 21 d between injections; thereafter injec-
tions were given at intervals of 4 wk. Starting 1 wk after the first
injection, blood samples were collected every week. The content of
specific antibodies to VT2e was analyzed in an indirect enzyme-
linked immunosorbent assay (ELISA), described below. The ELISA
titer measured for horse serum was defined as the geometrical
mean of the reciprocal value of the highest dilution that resulted in
an optical density (OD) value of . 0.500. After the 4th injection, each
horse was bled 10 and 13 d after each injection, giving portions of
1.0 to 2.2 L of serum. Individual serum samples were analyzed by
ELISA and serum was pooled so that the batch used in this study had
an ELISA titer of 2 32 000.

Experimental design
The treatment was performed as a randomized blind field trial

with parallel treatment and control groups in 3 Danish herds with
300 sows (herd A), 150 sows (herd B), and 300 sows (herd C),
respectively. The experimental design is summarized in Table I.
Herds A and C were free from toxin-producing Pasteurella multocida,
Serpulina hyodysenteriae, and Sarcoptes scabiei var. suis. Herd A was
also free from Actinobacillus pleuropneumoniae serotypes 2 and 6
(other serotypes are very rare in Denmark). Herd B had no declared
health status. Before the start of this trial the herds had used the anti-
serum as prophylaxis against ED in weaned pigs.

In the present study, the piglets were treated with 2, 4, or 6 mL of
antiserum. Pigs in control groups were given either 6 mL normal
serum from non-immunized horses or 6 mL RPMI 1640 medium
(Gibco BRL, Life Technologies, USA) (placebo) colored the same as
the serum. To blind the experiment, all injection doses were stan-
dardized to 6 mL by adding normal horse serum. All treatments were
given as a single treatment the day before weaning. The injected
material was delivered as 2 IM injections of 3 mL each, one on
each side of the neck.
At the time of injection, the pigs were ear-tagged. The treat-

ments were performed in 2 consecutive batches of pigs in each
herd. After treatment the pigs were put back into the pens. The fol-
lowing day, the pigs were weaned and pigs from different treatment

Table I. Summary of the study design to evaluate effect of an anti-VT2e serum in 3 Danish
pig herds on post weaning mortality due to edema disease

Herd A Herd B Herd C
Herd size (no. of sows) 300 150 300
No. of sows in trial 28 26 25
Weaning age (d) 27 (24-39)a 26 (15-47) 29 (23-43)
Time of treatment One day before weaning
Time of 1st blood sample Before treatment
Time of 2nd blood sample 1 wk post injection
Time of 3rd blood sample 4 wk post injection
Time of 4th blood sample 6 wk post injection
a Data are expressed as mean (range)
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Table I1. Effects of different doses of anti-VT2e serum and normal horse serum on post weaning
mortality due to edema disease and due to other causes

Mortality due to edema disease

Mortality due to other causes

a Number of pigs

Treatment
2 mL antiserum group
4 mL antiserum group
6 mL antiserum group
Normal serum group
Placebo group
Total
2 mL antiserum group
4 mL antiserum group
6 mL antiserum group
Normal serum group
Placebo group
Total

groups were mixed. Prophylactic measures normally taken against
ED (administration of antibiotics and zinc oxide in the feed) were dis-
continued during the experiment. Furthermore, the piglets were fed
standard diet ad libitum after weaning. The effect of antiserum
treatment was measured by mortality due to ED in the nursery

period.

Enzyme-linked immunosorbont assay (ELISA)
Indirect ELISA was performed using VT2e-toxoid as antigen as

previously described (9), except that an ELISA plate-washer
(Microwash II, Skatron Instruments, Lier, Norway) was used for
washing the plates, and horse antibodies were detected using
peroxidase-conjugated sheep anti-horse immunoglobulins (PP260,
The Binding Site, Birmingham, United Kingdom). A pool of normal
serum from 10 non-immunized horses was used as a negative
control.

Serology
The content of horse antibodies specific to VT2e in serum samples

from pigs was analyzed in the indirect ELISA. Samples were

applied in 2-fold dilution series, in duplicate, starting with a 1:2 dilu-
tion in phosphate-buffered saline (2.3 mM KH2PO4, 7.7 mM
Na2HPO4, 140 mM NaCl, pH 7.2) with 0.05% Tween 20 (v/v) and 1%
bovine serum albumin (w/v). Serum samples were obtained from
approximately 25% of the animals in each group immediately
before injection, 1 wk post injection, 4 wk post injection and from
approximately 10% of the animals in each group at 6 wk post injec-
tion. Results of the ELISA analysis were presented as the
OD values obtained at serum dilution 1:64.

Pathological and microbiological examinations
All piglets that died in the trial period (1 d before weaning to 44 d

after weaning) were examined at the Danish Veterinary Laboratory.
Pathological and microbiological investigations were performed.
Hemolytic E. coli were typed by slide agglutination tests (serogroups
08, 045, 064, 0101, 0138, 0139, 0141ab, 0141ac, 0147, 0149,
0157) and tested by PCR for the genes of the fimbriae F4, F5, F6, F18

and F41 and the genes of the toxins LT, STa, STh and VT2e (13). Only
pigs from which F18+, VT2e+, ST-, LT- hemolytic E. coli was iso-
lated were categorized as "dead due to ED." The 0 serogroup was

not used as a criterion for presence of edema disease. Isolation of
verotoxigenic E. coli also carrying genes for enterotoxins was not
taken as evidence of ED.

Statistical analysis
Mortality due to ED, other causes, and overall mortality were ana-

lyzed by a logistic regression model. Three explanatory variables
were included: treatment (dose), batch, and herd. The effect of
serum doses (2, 4, or 6 mL) was examined. If no effect of dose
could be established, the data from the 3 serum groups were aggre-

gated. Significant interactions between explanatory variables, using
a significance level of 5%, were included in the final models.

Optical density values obtained from blood samples were ana-

lyzed non-parametrically in order to avoid normality assumptions
(Kruskal-Wallis test). The computations were performed using
SAS software (14).

Mortality
In herd B there was no mortality due to ED; therefore, herd B was

excluded from the statistical analysis of mortality. Eight pigs from
herd A and 13 pigs from herd C were categorized as "dead due to
ED," translating to 38% of the overall mortality in the 2 herds
(Table II). Nineteen pigs in herd A and 15 pigs in herd C died
from other causes according to the applied method for categorizing
causes of death. In the VT2e antiserum treated groups only 1 pig died
of ED. Seven pigs from the normal horse serum group and 13 pigs
from the placebo group died of ED.

There was no statistical difference in mortality between the nor-

mal horse serum and placebo groups or between the 3 antiserum
treatments groups. In the final statistical model, the normal horse
serum and placebo groups were aggregated in 1 control group,
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Herd A
Dead/Total

0/49a
0/49
0/48
4/50
4/48
8/244
2/49
4/49
5/48
4/50
4/48

19/244

Herd C
Dead/Total

1/50
0/49
0/48
3/50
9/50

13/247
2/50
3/49
2/48
5/50
3/50

15/247
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Table Ill. Effect of treatment with VT2e antiserum on mortality due to edema disease (ED) and due to other causes

Mortality due to ED Mortality due to other causes
Herd Batch Serum Control Serum Control
A 1 0% (0/93) 7.8% (5/64) 6.5% (6/93) 7.8% (5/64)

2 0% (0/53) 8.8% (3/34) 9.4% (5/53) 8.8% (3/34)
All 0% (0/146) 8.1% (8/98) 7.3% (11/146) 8.1% (8/98)

C 1 1.4% (1/70) 18.8% (9/48) 1.4% (1/70) 10.4% (5/48)
2 0% (0/77) 5.8% (3/52) 7.8% (6/77) 5.8% (3/52)
All 0.7% (1/147) 12.0% (12/100) 4.8% (7/147) 8.0% (8/100)

A+C combined All 0.3% (1/293)a 10.1% (20/198) 6.1% (18/293) 8.1% (16/198)
a Difference in ED mortality in serum and control groups is statistically significant (P < 0.0001)

Table IV. Results from statistical analysis: odds ratio estimates, 95% confidence intervals and
P.values

Effect of VT2e anti serum Odds ratio 95% Confidence interval P-value
Overall mortality Control 1.00

Treatment 0.31 0.16-0.58 < 0.0001
Mortality due to ED Control 1.00

Treatment 0.03 0.001-0.19 < 0.0001
Mortality due to other causes Control 1.00

Treatment 0.74 0.35-1.61 0.51

and the 3 antiserum groups were aggregated in 1 treatment group.
In the combined control group from herd A and herd C mortality
due to ED was 10.1%, and due to other causes 8.1% (Table III). In the
combined treatment group from herd A and herd C, mortality due
to ED was 0.3%, and due to other causes 6.1%. Due to the low
mortality in the serum groups it made no sense to estimate an
effect of serum dose. The odds ratios (OR) and confidence intervals
(CI) for effect of antiserum treatment on mortality due to ED, other
causes, and overall mortality are shown in Table IV. The results indi-
cate that pigs treated with anti-VT2e serum had 69% lower overall
risk of dying than pigs in the control groups (OR = 0.31). The effect
of herd and batch was significant only due to the higher level of ED-
caused mortality in the first batch of animals in Herd C (see Table
III). This effect has been adjusted for in Table IV, but it has only a
marginal influence on the results.
The results indicate that pigs treated with anti-VT2e serum had

97% lower risk of dying of ED than pigs in the control groups
(OR = 0.03, see Table IV) (P < 0.0001). The 2 mL treatment group in
which one pig died of ED also showed a significant reduction in ED-
caused mortality when compared to the control animals, with an esti-
mate of OR = 0.09 (P = 0.02).

There was no statistically significant difference in mortality due
to other causes between control and treatment groups. The results
are shown in Table IV.

Pathological and microbiological examinations
Characteristic pathologic changes of ED, such as edema in sub-

cutis, stomach, or mesocolon, were found in only a few pigs in
this investigation. In herd A, hemolytic E. coli F18+, VT2e+, ST-,
LT- was typed as 0139 in only 1 pig and as 0-rough in 7 pigs. In
herd C, hemolytic E. coli F18+, VT2e+, ST-, LT- was typed as
0139 in 6 pigs and as 0-rough in 7 pigs. Since all of these isolates
were verotoxigenic and negative for enterotoxins, the pigs were cat-
egorized as "dead due to ED."

In herd A, there were two F18+, VT2e+ hemolytic 0-rough E. coli
that were STb-positive. These pigs were categorized as "dead due
to other causes." Neither of the two F18+, VT2e+, STb+ pigs
showed pathological findings consistent with ED.

In herd A, as well as in herd C, catarrhal enteritis was found in
6 pigs from which hemolytic E. coli 0149 was isolated from the
intestines. Further, catarrhal enteritis was found in 5 pigs without any
isolation of pathogenic E. coli, and in 1 pig with catarrhal enteritis,
hemolytic E. coli 045 was isolated. In 1 pig, hemolytic E. coli 0139,
F18+, VT2e+ was isolated from the small intestine and colon and
hemolytic E. coli 0149 was isolated from the colon. The pathology of
this pig was inconclusive and it was categorized as "dead due to ED."

Seven pigs were diagnosed with polyserositis/septicemia, 4 pigs
with pneumonia, and in 5 pigs there were autolysis and no specific
pathologic or bacteriologic findings. Concerning "death due to
other causes," there was no indication of significant differences
between herds or treatment groups.

Serological evaluation
Statistical analysis showed that after treatment with 2 mL anti-

serum there was a statistically significant difference in OD values
between herds. Six weeks after treatment with 4 mL antiserum
there was a statistically significant difference in OD values between
herds. Four and 6 wk after treatment with 6 mL antiserum there was
a statistically significant difference in OD values between herds. The
results are shown in Table V.

In all groups and herds, the OD values before treatment were very
low and on similar levels. There were no statistically significant dif-
ferences in OD values between groups before treatment. The sero-
logical reaction in serum samples taken before treatment was inter-
preted as the background reaction in the ELISA, since no horse
antibodies were present in these samples. In the placebo group
and normal serum group, the OD values after treatment were, as
expected, similar to the OD values before treatment. The pigs
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Table V. Effects of different doses of anti-VT2e srum and normal horse serum on the VT2e specific horse antibodies
in pig serum measured In the indirect ELISA

Treatment
Herd 2 mL antiserum 4 mL antiserum 6 mL antiserum Normal horse serum Placebo

Before injection A 0.04a 0.04 0.03 0.04 0.03
B 0.03 0.08 0.03 0.04 0.04
C 0.04 0.04 0.03 0.03 0.03

1 wk post injection A 0.95 1.44 2.09 0.03 0.03
B 0.96 1.48 1.99 0.04 0.04
C 0.79 1.31 1.61 0.04 0.04

4 wk post injection A 0.31 0.58 0.79 0.03 0.03
B 0.36 0.64 0.77 0.04 0.04
C 0.21 0.44 0.62 0.05 0.04

6 wk post injection A 0.10 0.22 0.35 0.03 0.04
B 0.30 0.45 0.39 0.05 0.10
C 0.08 0.16 0.21 0.03 0.04

a OD (median) at serum dilution 1:64

treated with antiserum showed the highest OD values 1 wk after
treatment. Higher dose of antiserum was reflected in higher OD val-
ues after treatment. The differences between OD values for the
different anti-VT2e serum treatments were statistically significant
1 and 4 wk after injection in all herds (P < 0.01). In conclusion, the
effects of treatment with anti-VT2e serum on OD value in this
study were: 1) higher dose of antiserum was reflected in higher OD
values after treatment, and 2) OD values for same dose of antiserum
at the same point in time differed significantly between herds.

Adverse effects
One pig injected with normal horse serum reacted to the injection,

and showed adverse reactions shortly after the injection. Seven
pigs from the antiserum groups also showed transient adverse
reactions shortly after the injection, and 1 pig died within 1 h of the
injection. The clinical signs were vomiting, ataxia, and circulatory
disturbance with cyanosis. No adverse reactions were observed in
herd B. The percentage of pigs that received horse serum and
showed adverse reactions was 1.5%.

Although the treatment was performed on a limited number of
pigs and the mortality due to ED during the trial was only 8.1% in
the control groups, the effect of the anti-VT2e serum was substan-
tial and it was possible to demonstrate a statistically significant
reduction in mortality due to ED. It was not possible to establish the
effect of dose of anti-VT2e serum because only 1 pig died of ED in
the treatment groups. The results of this study indicate that treatment
with anti-VT2e serum produced in horses can prevent ED in pigs.
The results are consistent with findings in field trials performed with
antiserum produced in pigs where the overall mortality was 67-92%
lower in the serum treated than in the control groups (11). In our
study, the overall mortality was 69% lower in the serum treated than
in the control groups.

Post mortem diagnosis of ED is not always clear-cut, because char-
acteristic lesions of edema are often absent. Therefore, in this

study, diagnosis of ED was based primarily on the isolation of
hemolytic E. coli F18+, VT2e+, LT-, ST-, and concomitant absence
of significant lesions indicating other causes of death. Verotoxigenic
E. coli also producing enterotoxins most often causes diarrhea
(2,4). Thus, the 2 pigs from which 0-rough hemolytic E. coli F18+,
VT2e+, STh+ was isolated as the only pathogen were categorized
as "dead due to other causes."
The isolation of both 0-rough and 0139, F18+, VT2e+, LT-, ST-

hemolytic E. coli from the same herd has been observed before in
Danish pig herds with ED (15). In that study, ribotyping and pulsed
field gel electrophoresis showed identical patterns for 0139 and
0-rough isolates. In this context it was reasonable to consider both
0139 and 0-rough isolates as causative agents of the ED if they car-
ried the genes for F18 and VT2e and no other virulence factors.
The adverse effects seen in some piglets may cause some reser-

vations concerning the applicability of serum treatment. The
adverse reactions observed in the present study were characterized
as peracute anaphylactic reactions, presumably caused by lack of
compatibility of the horse serum in the pigs. The combination of
stress and circulatory disturbance after injection of the serum from
horses might be fatal for a few pigs. In the above-mentioned study
(11), using 5 mL antiserum from pigs injected subcutaneously 4 d
after weaning no adverse effects were reported (Alexa, personal com-
munication). However, production of antiserum in pigs or sows
would presumably be more costly and difficult to standardize
compared to production of antiserum in horses. A cost-benefit
analysis of the use of serum treatment can be done using the formula:
X*Y/100 = Z, where X is the price of a pig, Y is the reduction in mor-
tality due to ED in percent, and Z is the price of a dose of serum. For
example, if the price of 1 dose of serum is 2 US$ and the value of a
pig is 25 US$ the reduction in mortality should be at least 8% for the
treatment to be economically worthwhile.

In conclusion, the effects of treatment with anti-VT2e serum in this
study were 1) provision of protective passive immunity against infec-
tion with F18+, VT2e+ E. coli, seen as significant reduction in
mortality due to ED, 2) adverse reactions in some piglets, regardless
of dose. However, it seems possible to overcome severe adverse
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reactions by avoiding stressful situations for the pigs immediately
after serum treatment. The results show that passive immunization
of pigs by IM injection of a VT2e-specific antiserum can be used for
protecting piglets against ED.

We would like to acknowledge the skillful technical assistance of
Heidi Pia Andersen and Jutta Hammermuller. We also acknowledge
Rikke Hoff-Jorgensen for proposing and initiating the concept of
using anti-VT2e serum for treatment of ED in pigs.
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