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Abstract

Background: Enterotoxaemia produced by Clostridium perfringens A, C and D is an important cause of mortality in young Ilamas. There is
no data on antibody responses following vaccination with epsilon toxin.

Methodology: Twenty-six L. glama crias were divided into four groups which were vaccinated with a commercial vaccine (Mancha
Gangrena Enterotoxemia, Instituto Rosembusch Sociedad Anénima, Argentina) on days 0, 21 and 42 or left as unvaccinated controls. An
indirect ELISA was compared with the mouse neutralization test (MNT) for measuring titers to C. perfringens type D epsilon toxin and used
to determine titers in sera taken before vaccination and 16, 28, 49, 59, and 93 days later.

Results: The ELISA gave comparable results to the MNT and showed animals vaccinated once failed to develop raised titers. A week
following a second vaccination, mean antibody titers rose significantly (P < 0.05) and 7/12 animals developed high titers which were present

in only one animal at the end of the study (day 93). A third vaccination resulted in a decrease in mean antibody titers a week later.
Conclusions: Llamas develop antibodies to Clostridium perfringens type D epsilon toxin after two vaccinations at a 21-day interval. Further
studies are indicated to determine if these inoculations protect against enterotoxemia and the most appropriate vaccination schedule.
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Introduction

For many years, llamas (Lama glama) have been a
source of meat, milk, fibre and fuel, and have served
as beasts of burden. Studies in the United Kingdom
showed 4-11% of llama deaths were in animals under
six months old (crias) with a high proportion
occurring in the first week of life [1]. Enterotoxemia
caused by Clostridium perfringens is a major cause of
mortality in neonatal llamas [2-4] and type D

organisms have been found in llamas in Argentina [5].

The disease is most common in South American
Camelids after periods of rain when the pastures
revive and the increased protein leads to intestinal
flora becoming more Gram + and the PFU of C
perfringes increasing per gram of faeces. The bacteria
produce a protoxin that is cleaved by trypsin-
proteolytic enzymes to the active epsilon toxin which
increases GTPc and ATPc, thereby increasing the
permeability of the intestinal cells. The toxin also
enters the blood and injures the central nervous
system [6]. While commercial vaccines against
enterotoxemia using epsilon toxoid adsorbed onto an

adjuvant (usually aluminum hydroxide) have been
found to be highly effective in preventing the disease
in sheep [7,8] and to a more variable extent in goats
[9], there is no data on their use in llamas [4,10]. In
this report we describe the characterization of the IgG
responses of llamas to vaccination with a commercial
vaccine against enterotoxemia.

Material and methods
Animals and experimental design

The experimental animals were part of an
extensive breeding herd in 9 de Julio, Buenos Aires,
Argentina. Twenty-six apparently healthy crias
(young animals), three to five months old, were
selected for the trial; at this age colostral IgG can no
longer be detected [11]. The animals were arbitrarily
assigned to four groups: unvaccinated controls (7);
vaccinated once on day 0 (7); vaccinated twice on
days 0 and 21 (6); and vaccinated three times on days
0, 21 and 42 (6). Animals were given weekly health
checks for the duration of the study.
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Sampling

Sera were obtained from blood samples collected
from the jugular veins of animals on days 0, 16, 28,
49, 59 and 93. The sera were stored at -20°C until
used in ELISAs.

Vaccine

A combined gangrene, black leg, and
enterotoxaemia  vaccine  (Mancha  Gangrena
Enterotoxemia, Instituto Rosenbusch  Sociedad
Andénima, Argentina) was used in our study. The
enterotoxaemia component of the vaccine is an ultra-
filtered inactivated C. perfringens type D toxin
adsorbed onto an aluminium salt. The vaccine was
injected subcutaneously over the shoulder using an
aseptic technique.

Indirect ELISA

To determine if indirect ELISAs on llama sera
give reproducible estimates of antitoxin levels that
correlate well with the conventional in vivo toxin
neutralization test in mice [12], sera from one llama
vaccinated on days 0 and 16 and sampled on days 0,
16 and 47 were tested using the mouse neutralisation
test (MNT) and ELISA. Thirty albino mice each
weighing about 22 g were used in the MNT. Serial
dilutions of the sera from the Ilama were made in
PBS-Tween20 (1:2 to 1:256) and incubated with
epsilon toxin (previously titrated) at 37°C for 60
minutes before being inoculated intra-peritoneally
into mice, two mice for each dilution, following the
method in the British Pharmacopeia 2007
(BPVet2007). Numbers of dead mice were recorded
at 48 hours.

The ELISA assay was performed as described
previously [12] using epsilon toxin (50 1U/ml) diluted
1:3200 in carbonate buffer (pH 9,6) (Instituto
Rosenbusch  SA de Biologia Experimental
Agropecuaria, Buenos Aires, Argentina) and
incubated in polystyrene-96 well ELISA plates
(Maxisorb, NUNC) (100 ul/well) for five days at 4 -
8°C. After three washes with 200 pl PBS Tween, test
and control sera diluted 1:100 in PBS were added and
incubated for 60 minutes at 37°C. C. perfringens D
rabbit-antitoxin (Lot N° IRP249 United States
Department of Agriculture) diluted in PBS to 10
IU/ml was used as a positive control and normal
rabbit serum as a negative control. Following three
washes in PBS Tween, Protein A conjugated to horse
radish peroxidase (Protein A HRP, Sigma, batch 106
H82 80, USA) which is known to detect IgG of

[lamas [11,13], was added and incubated for one hour.
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Following three washes in PBS Tween, the
TMB/H,0, substrate (3,3”,5,5’-tetramethylbenzidine
dihydrochloride, Sigma, USA) was added and the
reaction stopped after five minutes with H,SO,4 (0,5
N). Color was measured with an Elisa reader at OD
4sonm and the results expressed in 1U/ml, using the
equation [12]:

(ODsample - ODneg contral) %X 100

Ant. Concentration =
ODpositive control 10Ul — ODneg control

As in the case of goats [9], a Ilama was
categorized as having a high antibody titer if the
antibody level was over 0.25 IU/ml.

Statistical methods

Analysis was conducted with the OD logarithm
transformation of repeated measures in time together
with a completely randomized design, considering
the llama as an experimental unit undergoing
treatment (doses with four levels, group 1-3 and
control) and repeated over a 93-day schedule (with 6
levels: 0, 16, 28, 49, 59 and 93 days). Means
transformed responses of the four treatments were
analyzed using Scheffe test [14]. The software used
was InfoStat, 2009.

Results

Vaccinated animals remained healthy for the
duration of the study and all recorded weight gains.

There was a significant linear relationship (r =
0,9977) (P 0,95) between LD50 values in the MNTSs
(C. perfringens epsilon antitoxin levels 0 1U/ml, 8,3
IU/ml and 5,53 IU/ml on days 0, 16 and 47
respectively) and the ELISA OD values (0,11, 2,16
and 0,93 on days 0, 16 and 47 respectively).

The antibody titers in the animals studied are
shown in table 1. The antibody titers at the start of the
trial were essentially the same in all groups (p > 0.05)
with none of the animals having high titers. The
antibody levels were also similar 16 days after the
first vaccination although 3/19 animals developed
high titers. Following the second vaccination at 21
days, increased mean antibody titers were detected at
day 28 in both groups of vaccinated animals with
7/12 animals vaccinated twice developing high titers.
Mean antibody levels continued to rise and were
further increased at day 49 in the animals that
received only two doses of wvaccine. Animals
receiving a further vaccine at day 42, however,
showed a decrease in antibody titer at day 49. While
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6/6 of the animals vaccinated twice had high antibody
titers at day 49, only 1/6 of the animals vaccinated

other commercial vaccines and the most appropriate

vaccination intervals.
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Table 1

Day Unvaccinated 1- dose group 2-doses group 3-doses group
0 0,12+0,01 0,12 +0,01 0,13+0,01 0,13 0,01
16 0,12 +0,01 0,13 0,02 0,16 + 0,05 0,14 +0,04
28 0,12+0,01 0,12 +0,02 0,22+0,1 0,22 + 0,07
49 0,12 +0,01 0,13 +0,04 0,31+0,19 0,16 +0,04
59 0,11+0,01 0,13+0,03 0,23+0,1 0,14 +0,05
93 0,10 +0,01 0,10 + 0,02 0,14 +0,02 0,11 +0,02

Mean and SD of antibody titers (IU/ml) in animals that were unvaccinated or given one dose (day 0), 2 doses (days 0 and 21) or 3 doses (days 0, 21 and 42) of a

commercial enterotoxemia vaccine.

three times had high titers. In all groups of vaccinated
animals, the mean antibody titers declined up to the
end of the study on day 93 when only 1/20 vaccinated
animals had a high titer (an animal vaccinated twice).

Through comparison of mean values of variable
transformed response by pairs, we found that the
group vaccinated twice differed significantly from
both the unvaccinated group and the group
vaccinated once (p < 0.05). No other differences were
found among compared pairs. When multiple
comparisons between the 24 corresponding dose-day
values were made with the Scheffe test (data not
shown), the highest response was observed at day 49
in the group vaccinated twice (p < 0.05), one week
after the second vaccination.

Discussion and conclusions

Our results show that the ethically, economically
and technically more acceptable ELISA is
comparable to the MNT in detecting antibodies in
llama sera to C. perfringens epsilon toxin. Further,
we show that llamas exhibit no apparent side effects
following vaccination with a commercial vaccine and
that they develop antibodies to the C. perfringens
epsilon toxin. Animals vaccinated once did not
develop significant titers but those vaccinated twice,
on days 0 and 21, developed titers regarded as high in
other species (6/6 by day 49). Further studies are
indicated to determine if these titers are indicative of
an effective immunity to challenge and how long this
immunity persists. The study could also evaluate

Of note is our finding that an additional (third)
vaccination at day 42 resulted in a decrease in
antibody titers a week later when only 1/6 animals
remained with a high titer compared to 4/6 animals
which had high titers three weeks previously. There
is no obvious explanation for this finding, but such
decreases in antibody following toxoid vaccination in
immune individuals have been reported previously
[15]. Another possibility is that, since protein A binds
with only 75% of 1gG of llamas [16], the third
vaccination stimulated an increase in an undetected
isotype of 1gG while decreasing levels of detectable
isotypes. Changes in isotype have been reported post
immunization [10] and this possibility appears to
warrant further study.

The immune response we observed was only of
short duration indicating the vaccine would need to
be given frequently or strategically. Other adjuvants
should be evaluated which might give high titers and
longer duration responses. For example, a study
could be performed using BSA emulsified with
complete Freund’s adjuvant in the first dose and with
incomplete Freund’s adjuvant in boosters [10].
Finally, challenge studies should be performed to
establish whether vaccines protect against challenge
and to determine a definitive vaccination scheme for
Ilamas.
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