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Dear
Reader

Spring is just around the corner, as are
many new exciting initiatives from Ellegaard
Göttingen Minipigs. All these initiatives will
aim to intensify our focus on the provision of
high quality Göttingen Minipigs, improve the
characterization, validation and knowledge of the

Göttingen Minipigs as a suitable large animal model and, not
least, expand our business offerings into new areas.
We recently reoriented our organisation to exploit the professional capacity and capabilities of our current staff to the full.
We will further expand our activities and hire new colleagues to
strengthen the organisation and facilitate the development of

Update from
North America

new business areas with a key focus on scientific branding and

The second meeting of the Gottingen Minipig Symposium

the development of new disease models and transgenic Göttin-

will take place in Madison, WI on July 13-14, 2016.

gen Minipigs. Further, we have initiated a total renovation of our
B1 barrier unit and later this year, we will provide access to a
state-of-art minipig housing facility and a surgical suite, which

Marshall will be collaborating with Covance to host the
event.

will enhance our business offerings and enable the development,

The meeting will provide opportunities for networking

characterisation and validation of new Göttingen Minipig dis-

with other minipig users as well as hands on workshops.

ease models, such as diet- or surgically-induced animal models.
In addition, we can offer access to external collaborators to the
B1 non-breeding barrier unit, which will widen our possibilities

Please email us at infous@marshallbio.com if you would
like to submit an abstract or learn more about the event.

and enhance our flexibility to take part in the development of
disease models with external partners.
Spring also means participation in lots of scientific events. As
usual, we are planning to attend scientific meetings all over the
world – either as exhibitors, sponsors and scientific participants
or speakers and presenters. Most importantly, however, I am
pleased to invite all of you to the 10th Minipig Research Forum
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Minipig - Male or Female?
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By Niels Thun Andersen, Head of Sales and Marketing,
Ellegaard Göttingen Minipigs A/S.
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Already a few years ago, we introduced a discount for advance
ordering. This initiative made our production planning easier
and reduced surplus production. It has been received well by
our customers whenever there is a chance for planning ahead.
Our latest initiative is also aimed at reducing surplus production
in respect of the gender supply of the animals.
Breeding in our facility is done by natural mating and without
sperm sorting for gender. For this reason the gender mix of litters is fifty-fifty over time, but can vary between litters, and for
some ages we may have a surplus of one gender over the other.
Even with an equal share of both genders within an age group,
we may end up with a surplus of one gender, as not all studies
and orders require an equal number of each gender. Demands
for each gender therefore also vary over time according to
protocols and customer preferences.
We are keenly focused on being able to fulfil all orders we
receive at all times. This is crucial for our customers but can
be challenging if we have the variation described above. Addressing this challenge and minimising overproduction requires
a little help from our customers.
The initiative concerns your choice of a specific gender when
ordering. We would like you to assess your gender requirement

We have updated the ordering form accordingly, so there are

when ordering, and select the newly created option “Any Gen-

now three options for selecting gender: Males, Females and Any

der” if the gender does not actually matter to your study in

Gender.

some instances.

Another initiative relating to the above is to offer free-of-charge

This gives us the flexibility to fill these orders with animals of

castration of male Göttingen Minipigs less than 6 weeks old.

the gender where we are most likely to have a surplus.

The reason for this is that castrated males can be group-housed

Knowing that the selection “Any Gender” will only be possible

if they have been castrated at a young age.

for few studies/orders, we still feel that it is an initiative worth

For telemetry and long-term studies where females have often

implementing, and sincerely hope for your cooperation when-

been the choice due to group housing, it will now be possible to

ever possible.

select males without incurring a castration cost.
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Typing of the Swine Leukocyte Antigen (SLA)
by Next Generation Sequencing
DTU Vet
National Veterinary Institute

Author: Maria Rathmann Sørensen, Ph.D.,
Postdoc at Section of Immunology and vaccinology,
The National Veterinary Institute, DTU.
The need for fast and exact methods for tissue typing of pigs increases with the rising interest in the use of pigs as large animal

1. Barcoded primers are used for generation of amplicons which are
pooled from > 50 pig samples

models in the medical industry and in biomedical research gen-

cDNA

erally. The knowledge of SLA class I expression in pigs is highly
relevant for vaccine development studies as well as for the use
of pigs in transplantation studies, studies of porcine viral infections, and when tracking of T cell responses using SLA-tetramers
is needed. In general, prediction of immune responses towards a
given protein is only possible if the MHC is known.

2. Illumina MiSeq sequencing of PCR
amplicons provides thousands
of sequence reads of each allele
expressed in a sample.

In our work with pigs at Section of Immunology and Vaccinology,
DTU-vet we aim to design and test vaccines against pathogens
and cancers and we need to investigate the immune response
after vaccination or infection in order to evaluate the efficiency
of the vaccine candidates. One of the key players in this immune
mediated protection is the cytotoxic CD8 T cells, which are capable of killing virus infected cells, and thereby stop a virus from
spreading and eventually end the viral infection. The cytotoxic

3. After sequencing all sequences are
sorted out in individual pig samples
according to their barcodes

CD8 T cells can also kill tumor cells, which express mutated
cancer related proteins, and thereby reduce or eliminate tumors.
The latter is widely explored as cancer immunotherapy and the
success rates of vaccines against specific cancers are improving
these years.
The cytotoxic CD8 T cells are specific for certain peptides presented on the cell surface of target cells by a MHC class I molecule, and if the T cells have been activated by a professional
antigen presenting cell they can kill other cells that display the
antigen- MHC complex on their surface. Such antigens originate

Figure 2: Typing strategy with barcoded primers.

from degraded virus proteins or mutated tumor proteins and the
presentation of antigens takes place on the MHC class I mole-

peptide (green) is bound in the binding cleft formed by two pink

cules also termed the SLA class I in pigs. A molecular structure

domains of the molecule.

of a SLA class I molecule is showed in figure 1. The antigen

Swine, like most other mammals, express a limited number of
different MHC class I molecules most commonly six different
SLA’s in a heterozygous individual. These SLA’s are highly polymorphic and they can bind antigen peptides of approximately 9
amino acids in length. The binding patterns of each SLA molecule
differ due to the polymorphic area of the SLA molecules forming

Figure 1: Molecular
3D structure of the

thereby determine if a given antigen peptide will be bound and

SLA-class I molecule.

presented in the individual pig or not. From human and murine

The binding cleft

studies we know which amino acid compositions of the binding

formed by alpha 1
and -2 domains (pink)

cleft of the MHC class I molecules that allows for binding of

are in complex with a

specific peptides, e.g. parts of viral- or tumor related proteins,

peptide (green). The

and these predictions can be transferred to pigs. All this infor-

part of the molecule

mation has been collected at servers, such as the NetMHCpan,

that is elucidated by
sequencing is marked

which predicts binding of antigen peptides, also called epitopes,

in yellow and allows

to any known MHC molecule. Such epitope prediction methods

for separation of 88 %

are widely used to select vaccine antigens when constructing

of all known SLA class

new subunit vaccines against pathogens and cancer. In order to

I alleles. The figure is
created using the Cn3D
version 4.3.1.
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the binding cleft. Specific amino acids of the binding cleft will

use this information when applying pigs as animal models, we
need to know the specific SLA class I molecules expressed by

specific SLA class I alleles of each pig entering the experiments
and generally to be aware of the most commonly expressed

Samples: Blood/PBMCs/tissue

SLA’s in different pig races.
Typing of SLA in pigs has up till now been tested either using
antibodies specific for a given SLA-allele group or by running

RNA purification

PCR using SLA sequence specific primers (the PCR-SSP method).
These methods only allow for poor separation of known SLA
class I alleles and do not provide information about the expres-

cDNA synthesis

sion level of each allele. Instead the Next Generation Sequencing
technology has proven very efficiently for SLA typing. This
PCR with barcoded
universal primers

method allows for exact separation of the different SLA class
I alleles and the detection of novel SLA I alleles. Besides this,
it provides information about the expected expression level of
any given allele found in the individual pigs. This is done by

Clean-up and pooling of amplicons
before sequencing

sequencing of RT-PCR amplicons of the most polymorphic region
of all expressed SLA class I alleles (figure 1) allowing for separation of approximately 90 % of all known SLA class I alleles.

Figure 3: Flow diagram depicting the pre-sequencing work.

By barcoding the PCR amplicons from each pig at least 100 pig
samples can be pooled and sequenced simultaneously which
keeps the costs down (figure 2). The work flow before and after
De-multiplexing

sequencing is showed in figure 3 and 4, respectively, starting
with RNA extraction of blood, peripheral blood mononuclear
cells (PBMC’s), or tissue followed by cDNA synthesis and RT-

Pair-mate joining

PCR using barcoded SLA class I specific universal primers. The

Min. 35nt overlaps, no gaps allowed

amplicons are then sequenced using the Illumina Miseq platform
and after separation by barcodes into individual pig samples the
sequences are separated into clusters of identical sequences for

Trimming, quality filtering
and chimera check

each pig. From this we get the exact sequence of each expressed
allele as well as the number of sequences in each cluster which
corresponds to the expression level of the specific allele. The

Clustering of sequences

allele sequences are now aligned against a library of known SLA

(100% identity)

class I allele sequences and the sequences without a 100% exact
match in the SLA library are further investigated as novel SLA

Aligning with the SLA class I library

class I alleles.

(or BLAST NCBI) => 100% identity

The described method was in one study applied on seventy-two
pigs from four different pig populations or races including Belgian,
Kenyan, and Danish fattening pigs, and Göttingen minipigs. Among
these, 79 alleles were detected out of which 12 novel alleles were

SLA class I allele assignments and expression levels

found. Besides nine previously described haplotypes we also
observed and characterized 15 novel haplotypes. The highest

Figure 4: Flow diagram over the post-sequencing work.

variation in SLA class I profiles was observed in the Danish pigs
and the lowest among the Göttingen minipig population, which
also have the highest percentage of homozygote individuals.

6/$FODVV,DOOHOHIUHTXHQF\DQGH[SUHVVLRQOHYHOV
LQ*¸WWLQJHQ0LQLSLJV

Results from 23 Göttingen minipigs from another study are
and SLA-2 alleles being the highest expressed which is a general
observation between all the examined pig races. The alleles
detected in the 23 Göttingen minipigs can be divided into three
haplotypes, one being the Hp17.0 and the two others novel
haplotypes. Thirteen of the 23 pigs were homozygous.
To conclude, the SLA class I typing of pigs has been improved
significantly by this method with regard to both specificity and
the additional information about the expected expression levels
of each allele. The method furthermore allows for the finding of



depicted in figure 5 and they show a clear tendency of SLA-1

;::
C:
B:
A:
@:
?:
>:
=:
<:
;:
:

'&*!/.6F7
!-%'(("!6F7

        








novel alleles, of which we expect many to exist when comparing
with the human MHC class I repertoire. Such information will
hopefully open new possibilities for future application of pigs as
models for human disease and generally in biomedical research,
especially in regard to immune related effects.

Figure 5: Frequencies and expression levels of SLA class I alleles in the
Göttingen minipigs. Identified SLA class I alleles at each of the three classical
SLA class I loci in the examined pigs are shown. For each allele the frequency
of animals having the allele (light grey bars) and the median expression percentage in expressive animals with ranges (dark grey bars) are shown. N=23.
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Techniques for handling
Göttingen minipigs
– Experiences from working
with a large population
Andy Makin, Managing Director, CiToxLAB Scantox, Denmark

In this article, we describe some of the areas that we focus on
when thinking about the handling and treatment of minipigs.

Group housing
Minipigs are by and large social animals, but there are limitations to this. For social animals it is important that they have
other minipigs in their environment. In respect of laboratory
animals, much is written and discussed about group housing and
to an extent this is possible with minipigs. Particularly where
animals are placed into groups of compatible animals from a
young age, e.g. immediately post-weaning, they will thrive in
groups. Where the problems arise is where the group dynamic
is altered, for example when the animals are moved from the
Figure 1: Minipig housing.

breeder (where they are housed in same-sex groups of compatible animals) to the laboratory (where they are normally randomly allocated to groups on placement into studies). Female

At CiToxLAB we handle a significant number of minipigs every

minipigs are generally reasonably social in pairs or groups and

day in a wide variety of different ways. At any given time we

we can group house them without problems. However, male

can have several hundred minipigs on site (at the time of writing

minipigs can be quite aggressive towards each other, especially

we have ca 270 minipigs ranging from young juveniles up to full

when they are removed from one group and placed in another.

grown adults, including pregnant females), and each day these

Because we randomise the animals within the studies, we are

animals all go through a number of procedures ranging from

unable to maintain their original social groupings and therefore

simple human contact through to complex measurements that

it is almost impossible to group or pair house the males without

are preformed as part of the studies that we run. In order to

significant dominant behaviour including fighting. The design of

be as efficient as we can, whilst maintaining the highest respect

the pens in our facilities allows the animals, even single housed,

for animal welfare, we have devised a number of techniques

to see and have some limited tactile contact with other minipigs,

that make routine handling of the animals better for both the

and this is important. But we feel, especially for the males, that

animals and our staff. In this short article we describe some of

it is more stressful for the animals to be pair or group housed

these techniques and practices.

than to be singly housed. This approach is broadly in agreement
with the conclusions of Ellegaard et al (2010).

We are aware that there are many different ways of handling
minipigs and that not all procedures are suitable in all cases; for

Figure 1 shows a typical single housed animal. It can be seen

instance the design of facilities might limit certain activities. A

from the picture that on both side walls of the pen, there are

good review of the handling of minipigs for use in safety and

clear plastic panels through which the animal can see the ani-

other studies is given in Ellegaard, et al (2010). What we do

mals in the adjacent pens. In the case of group housing, these

in some cases deviates from “accepted wisdom”, but we find

panels can be removed in order to give access to the adjacent

that what we are doing is best practice for ourselves and the

pens.

animals within our facilities. Our attitude is that things should
not necessarily be done in a particular way simply because

Feeding and environmental enrichment

“that is what we have always done” or “this is what everyone

Minipigs are normally fed a restricted diet, which is adjusted

else does”. With several hundred minipigs on site at any time,

regularly based on the body weight. If allowed to feed ad libitum

all of which need to be cleaned out, observed, dosed, sampled

they will very quickly become obese and overweight. Obese

(blood sampling, electrocardiography, ophthalmoscopy, etc), it

minipigs are prone to several conditions seen in overweight

is important that the animals are happy and compliant with

people – for example, cardiovascular problems and diabetes, and

the procedures and that the staff are able to work in a calm,

these could interfere with the nature and purpose of the studies

organised and efficient environment. What we do is based on

we perform. When the animals are young, it is recommended

many years of experience working with this species.

that the daily diet ration should be given as 2 portions, half in

6

the morning and half in the afternoon. For older animals, the
recommendation from the breeder is that the daily ration can be
given as a single portion. The reason for this is that the animal
should fell satiated on completion of the meal.

However, we

continue to give half in the morning and half in the afternoon
to all of our animals, regardless of age and size. Amongst other
reasons for this is that it is easier in a large facility with many
animals to have all animals on the same feeding regime in order
to minimise the opportunity for errors. What we do, however, is
that we allow the animals access to grass seed straw which has
no nutritive quality but which they eat and also use as a kind of
bedding material. This material allows the animals to engage in
their natural foraging, rooting, chewing and nesting behaviour
whilst at the same time maintaining a feeling of fullness.

It

Figure 2: Dermal dosing of minipig.

is important to remember that whilst it is important that the
animals to feel satiated after a meal, it is stressful for them to

there, it feels comfortable and unstressed. Therefore, perform-

go too long on an empty stomach. Access to something that

ing procedures such as oral gavage dosing, for instance, in the

they can eat, but which fills no other function, is very enriching

home pen could be seen to be violating this safe zone. However,

for them.

regardless of where the dosing takes place, either in the home
pen, or in a specific procedures room or in some other designat-

We will also mention below that access to diet is a great moti-

ed area, the animal will always be able to anticipate when it is

vator for minipigs to get them to comply with some procedures,

time for dosing. It is our experience that if the procedure can

particularly dosing.

be done quickly, calmly and efficiently, then to do it in the home
pen causes the minimum of disturbance for the animal. What

Acclimatisation to the laboratory

it does require, though, is that the staff are well trained in the

After arrival at our facility we always allow the animals a mini-

procedure and that they are all familiar with the individual ani-

mum of 3 weeks acclimatisation period prior to the start of any

mals; and that the animals are comfortable and familiar with the

study (first dosing).

On arrival, the animals receive a health

staff. We see that the animals are calm and non-stressed until it

check and we vaccinate them against Lawsonia intracellularis,

is their time for dosing and immediately the dosing procedure is

a bacteria that infects the GI tract. In the first week, we do

over the animal again shows calm and non-stressed behaviour,

nothing other than to socialise the animals and to get them used

even though the minipigs in the adjacent pens are being dosed.

to their new environment. During the second and third weeks
we perform all of the pre-study investigations that might be re-

We have for instance performed oral dosing in long term studies

quired by the Study Plans (blood sampling, electrocardiography,

with animals in the weight range of 30 to 45 kg, and where it

ophthalmoscopy and so on). It is during this time that we would

is clear that the techniques require a high degree of compliance

also perform any pre-study surgery (implantation of catheters,

from the animals and where it is far more efficient to bring the

vascular access ports and so on).

doses to the animals rather than to take the animals to the doses.

Throughout the whole time that the animals are with us, we

For dosing by parenteral routes, and where it is unimportant if

give them the same diet type as they are fed at the breeder;

the animal has been fasted for a period prior to dosing, we have

we have found that this is a strong factor in reducing the stress

found that much can be achieved if the animals have access to

on the animals and helping them to acclimatise to their new

a small part of their daily diet ration during the procedure. The

surroundings.

At one time we used to offer a different diet

animal becomes focused on the food and is relatively oblivious

and we discovered that this was often associated with GI tract

to everything else going on around it. Dermal dosing is a good

problems and some reluctance to eat in some animals while the

example of this where a small amount of food can encourage the

animals became accustomed to the new food. To maintain the

animal to stand still while the dose is applied, ensuring accurate

same diet throughout is an easy way of making the animals a

dosing and non-stressed animals.

little more comfortable and to make the adaptation to the new

animal undergoing dermal dosing whilst it has access to diet.

environment easier.

What can be seen from the pictures is that the animal almost

Figures 2 and 3 show an

completely ignores the technicians during the process.

Dosing techniques
In the context of toxicology and other safety studies, daily (or

We have also used food to encourage animal compliance whilst

more frequent) dosing is a normal part of the study and it is

dosing intravenously. For IV dosing, the animals are normally

important that this can be achieved as efficiently as possible

dosed via a surgically implanted catheter and we often com-

with minimal disturbance to the animal.

bine this with vascular access ports (VAPs) placed between the
shoulders. Using these and allowing the animals access to food,

There are conflicting views about not only how animals should

we have found that it is a relatively straightforward procedure

be dosed, but also where they should be handled. The animal’s

for one person to dose the animal – even using slow bolus (<20

home pen should be regarded as a safe area so that when it is

minutes) injections.
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New Publications
on the Göttingen Minipig
Ellegaard Göttingen Minipigs A/S attaches great importance
to collaborative projects that aim to get a better characterization of the minipig, and which facilitate and refine its use
in research projects and safety testing. In 2015, we launched
the Ellegaard Göttingen Minipig Research Foundation, which
annually grants € 100,000 to support scientific research
aimed at characterising the Göttingen Minipig or promoting
the development of Göttingen Minipig disease models. For
further details, please visit our webpage: http://minipigs.
dk/knowledge-base/the-ellegaard-goettingen-minipigs-research-foundation/
Below we have listed some articles which report the results of
Figure 3: Dermal dosing of minipig.

collaborative projects between Ellegaard and universities, the
pharmaceutical industry and/or contract research labs.
Christoffersen BO, Jensen SJ, Ludvigsen TP, Nilsson SK, Grossi AB,

Clicker training
Clicker training, for those not familiar with the procedure, is
a form of operant conditioning whereby the animals learn to
behave in a certain way in response to a specific stimulus. The
learning is based on that sometimes the stimulus is associated

Heegaard PM. Age- and Sex-Associated Effects on Acute-Phase
Proteins in Gottingen Minipigs. (2015) Comp Med 65: 333-41
Jacobsen,B.; Hill,M.; Reynaud,L.; Hey,A.; Barrow,P. FcRn Expression on
Placenta and Fetal Jejunum during Early, Mid-, and Late Gestation in
Minipigs (2015) DOI:10.1177/0192623315610821

with a reward, so it is a positive conditioning. The frequency
with which the behaviour is associated with the reward is

Lorenzen,E.; Kudirkiene,E.; Gutman,N.; Grossi,A.B.; Agerholm,J.S.;

variable, meaning that animals will perform the behaviour

Erneholm,K.; Skytte,C.; Dalgaard,M.D.; Bojesen,A.M. The vaginal

repeatedly in anticipation that at some point it will be rewarded.
Specifically what we do is to train the animals to respond to

microbiome is stable in prepubertal and sexually mature Ellegaard
Gottingen Minipigs throughout an estrous cycle. (2015) Vet Res. 46(1):
125

a sharp click; they should respond by standing still to allow a

Lorenzen,E.; Agerholm,J.S.; Grossi,A.B.; Bojesen,A.M. ; Skytte,C.;

procedure to be performed. We initiated this procedure when

Erneholm,K.; Follmann,F.; Jungersen,G. Characterization of cytological

we needed animals to stand still for dosing into the nostrils with

changes, IgA, IgG and IL-8 levels and pH value in the vagina of

a human inhaler; the animals should be dosed several times per

prepubertal and sexually mature Ellegaard Göttingen Minipigs during

day and it was important that they should be comfortable with
the procedure. As the procedure in question did not result in any
discomfort for the animals, clicker training in this case was a

an estrous cycle DOI 10.1016/j.dci.2016.01.006
Heckel,T.; Schmucki, R.; Berrera,M.; Ringshandl,S.; Badi,L.; Steiner,G.;
Ravon,M.; Küng,E.; Kuhn,B.; Kratochwil,N.A.; Schmitt,G.; Kiialainen,A.;

success and we have since used it in other situations. However,

Nowaczyk,C.; Daff,H.; Khan,A.P.; Lekolool,I.;Pelle,R.; Okoth,E.; Bishop,R.;

in cases where the procedure results in discomfort for the ani-

Daubenberger,C.; Ebeling,M.; Certa,U. Functional analysis and

mal we experience that the previous training is of no use at all.

transcriptional output of the Göttingen minipig genome. (2015) BMC

For example subcutaneous injection with saline is well tolerated

Genomics 16: 932

and clicker training is useful, however if the compound injected
is in any way irritating, the animals resist the injection even
though clicker training was successful. Therefore, we would not

Manno,R.A.; Grassetti,A.; Oberto,G.; Nyska,A.; Ramot,Y. The minipig as a
new model for the evaluation of doxorubicin-induced chronic toxicity.
(2015) J. Appl. Toxicol. DOI 10.1002/jat.3266

recommend this for all procedures and all studies. The training
takes a lot of time and patience, both from the animals and the

Van Peer,E.; Downes,N.; Casteleyn,C.; Van Ginneken,C.; Weeren,A.

staff. In each case we balance the amount of effort required in

Organ data from the developing Göttingen minipig: first steps towards

training the animals with the outcomes – does it add value to
the procedure and increase the animal’s welfare?

a juvenile PBPK model. (2015) J Pharmacokinet Pharmacodyn. DOI
10.1007/s10928-015-9463-8
Vejzagic,N.; Kringel,H.; Bruun,J.M.; Roepstorff,A.; Thamsborgb,S.M;
Grossi,A.B.; Kapela, C.M.O. Temperature dependent embryonic development of Trichuris suis eggs in a medicinal raw material. (2016)
Veterinary Parasitology. 215: 48–57
Weaver,M.L.; Grossi,A.B.; Schutzsack,J.; Parish,J.; Logsted,J.;

Reference
Ellegaard, L, et al (2010) Welfare of the minipig with special

Bogh,I.B.; Cameron,D.; Harvey,W.; Festag,M.; Downes,N.; Venturella,S.;
Schlichtiger,J.; Mhedhbi,S.; Ross,V.; Kissner,T.; Stark,C.; Milano,S.;
Heining,P.; Sanchez-Felix,M. Vehicle Systems and Excipients Used

reference to use in regulatory toxicology studies. Journal of

in Minipig Drug Development Studies. (2015) Toxicol Pathol. DOI:

Pharmacological and Toxicological Methods 62, 167-183.

10.1177/0192623315613088
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The Importance of Expertise
and Training in Minipig Surgery
Dr Bouard, short résumé
Dr Delphine Bouard is a doctor of veterinary medicine who
graduated from the Lyon School of Veterinary Medicine (France)
in 2003 and who received a specialist diploma in laboratory
animal medicine (French ECLAM training programme) in 2010.
She has been working for 12 years in the field of laboratory
animal medicine, focusing on experimental surgery. She has
vast experience of small and large animal surgery and has also
worked as study director and in different fields of veterinary
support for research projects.
In October 2013, she created Vetsalius, a private company offering surgical services such as on site surgery management and
training. The company also provides help for the management
of preclinical projects involving surgery on various species (rodents, rabbits, non-human primates, pigs, minipigs, dogs, sheep,
goats).

Figure 2: Surgery duration and surgeon experience.

Why does training matter?
Solid, repeatable experiments that yield reliable results are

a learning curve while operating on a batch of animals. This

very low on unintended variables. Every effort must be made

learning-curve phenomenon creates a situation where the du-

to control or eliminate non-experimental variables in research.

ration of the surgery for the first animals could be significantly

These variables increase with surgical models, as the skill of the

longer (25% or more) than the duration of surgery for the last

surgeon is inversely related to the number of variables, e.g. low

animals, as the surgeon accelerated his/her procedures along

surgical experience translates into high variability.

the way (Figure 2).

The objectives of experimental surgery training in minipigs are
not only to achieve good survival and success rates (*defined

Variable post-operative levels of infection could be related

as, for example, catheter patency for vascular catheterization

to sub-standard surgical techniques and aseptic conditions.

or good quality signal for telemetry device implantation), but

Animals which are infected by catheter contamination, for

also to produce homogeneous animal batches, allowing reliable

instance, would start to undergo physiological and particularly

and reproducible responses to experimental stimuli (Figure 1).

immunological processes that could affect the quality of the

Working with non-homogeneous, surgically altered minipigs

experiment. Sub-clinical infection processes could lead to major

batches can ruin an experiment, even if the other steps of the

experimental issues such as catheter blockage, loss of signal (for

projects are perfectly performed.

telemetry devices) or altered haematological parameters.

Classic causes of surgical variability in minipigs are differences

Who should train?

in the duration and invasivity of surgery as well as aseptic

In the context of an experimental project requiring surgical

conditions. These parameters are directly correlated to the

preparation of minipigs, training is not only required for tech-

surgeon’s level of experience and skill.

nicians who lack a strong surgical background but also for more

As an example, the physiological status of minipigs which have

experienced staff such as PhDs, MDs or veterinarians, presuming

undergone surgery of significantly different durations will vary

they possess basic surgical skills.

greatly and these minipigs cannot be considered a homogeneous group capable of consistently responding to experimental

Technical procedures such as vessel catheterization require very

stimuli. Variability in the duration of surgery is usually seen

specific skills that can only be mastered through good hands-on

when surgeons are not properly trained and have to go through

training. Some techniques require the use of magnification de-



Figure 1: Animal-batch quality during the training process.
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Potentially missing skills

Usually acquired skills

and requested training focus
Basic surgical skills

Basic non surgical technical
Technicians

(aseptic techniques, sutures,

procedures (handling, injections, etc.)

tissue handling, hemostasis)

Basic lab animals anatomy and physiology

+ specific surgical technique
+ specific anatomy and physiology
Basic non surgical technical procedures
(handling, injections, etc.)

PhDs

Advanced lab animal anatomy

Basic surgical skills

and physiology

(aseptic techniques, sutures,
tissue handling, hemostasis)
+ specific surgical procedures

Advanced surgical skills
Veterinarians

including aseptic surgery

Specific surgical procedures, strain

Advanced lab animal anatomy

and sex and age specificities

and physiology
Advanced surgical skills
Medical Doctors

+/- Basic non surgical technical procedures,

including aseptic surgery

animal model specificities

Basic lab animal anatomy

(strain and sex and age specificities)

and physiology

Specific technical procedures

Table 1: Surgeons’ background and focus of training.

vices (binoculars, specific glasses), which also requires training
(Photo 1).
In experimental surgery, some models are relatively accessible
(example: subcutaneous implantation of infusion pumps, basic
exeresis such as castration), while others require excellent skills
(complex vascular catheterization, bile duct catheterization and
some telemetry device implantation procedures).
People with no surgical background should not start training in
surgical techniques without completing extensive initial training
of the basics, such as the management of aseptic conditions,
handling of surgical tools, haemostasis, anaesthesia and analgesia, monitoring, and suturing techniques. For basic models, good
initial training of the basics followed by few hours of hands-on
sessions on cadavers would be sufficient.
For highly challenging procedures, basic procedures need to
be fully mastered and regularly performed. The mastering of
specific procedures generally requires extensive hands-on
training. Therefore, only experienced surgeons who are allowed
to perform surgery on a regular basis should be trained for such
procedures.
The choice of the trainer is crucial: in some institutions people
learn techniques from a tutor who was himself or herself trained
by someone else. Important information can get lost along the
training chain. Therefore, the involvement on a regular basis of
a specialist who performs the technique and uses highly-successful state-of-the-art methods is highly recommended.

How to build a comprehensive and
3Rs-compliant training programme?
The training programme should be adapted to the surgeon’s
Photo 1: Using headset binoculars as a magnification tool in surgery.
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level of experience and skills, as well as to the actual difficulty

Accesssible
Ovariectomy,
orchidectomy,
Intraperitoneal

Examples

Vascular catheterizations
in rabbits or pigs
Blood pressure

implantation of a
temperature telemetry
device

Prerequisite

Challenging

Instruments handling,

technical
skills

sutures, hemostasis,
aseptic techniques,
basic tissue handling

Highly challenging
Intraventricular telemetry
device implantation in rodents
or large animal, myocardial
infarct in mice,

telemetry device

liver transplant, renal

implantation in rats

+ Advanced tissue handling,
advances suture techniques,
+/- use of microscope

transplant in rats
+ Speed, highly advanced
suture techniques
(anastomoses), advanced
microsurgery stills

Key gestures
requested

= 5 to 10

= 10 to 20

= 30 to 200

repetitions
Table 2: Example of different types of surgical models and requested skills/training process.

of the surgical procedures to be performed. It should include a

attempt should be made to reduce this unintended variability.

theoretical part which allows the trainee to understand the con-

The surgeon’s skill and the perfection of the model cannot be

text of the surgery and to identify the key anatomical structures

overstated, as a reduction in non-experimental variables will

and consequences of the operation on the animal’s physiology.

increase the data quality and yield and will also improve the

Strain, sex and age range specificities should also be taken in ac-

translatability of the surgical models. Increasing the surgeon’s

count. To insure adherence to the 3Rs and especially compliance

skill will also improve animal welfare and reduce the number of

with the reduction principle, ex-vivo models should be used

animals needed for each study.

as much as possible. Inanimate training tools should be used
whenever possible, unless a key component of surgical success
requires live subjects, for example when surgery success can

Example of training programmes

only be verified by a post-implantation blood flow check after
an anastomoses. Non-survival surgeries should also be consid-

Example 1

ered for training, unless success determination is similar to the

Procedure:

previous example.

Implantation of a subcutaneous device in minipigs
Trainees: technicians

The number of key procedural repetitions required to reach the

1/Initial training session (minimum of 3 days,

training objectives described in the literature varies from 4 to

including hands-on sessions on inert models)

more than 50 for the most complex models. The initial goals and

- aseptic conditions

associated number of required repetitions could be predefined

- anaesthesia and analgesia, monitoring

in the training programme but should remain flexible and adapt-

- haemostasis

ed to the actual surgeon’s learning curve.

- surgical tools, handling and use
- Pump properties and implantation principles

Is good initial training sufficient?

2/Specific hands-on session, on 4 cadavers:

Once the initial training goals are met, a continuous improve-

- handling of devices

ment programme should be implemented. It should include

- implantation

controls (such as detailed post–operative checks and complete
necropsies at the end of the protocol when feasible) which allow

Example 2

concomitantly step-by-step improvement and technical drift

Procedure: catheterization of the femoral vein in minipigs

prevention.

Trainees: vets or other experienced staff

In addition, when a surgical technique has to be performed by

1/Initial training

a surgeon several times but not on a regular basis (i.e. less than

- Theory on the model: how to choose the best catheter;

monthly), retraining sessions may be necessary. Retraining ses-

implantation tips and tricks; how to maintain catheter

sions are relatively easy to organize and are very efficient for

patency over time; and common post-operative issues

preventing the consequences of having to go through a marked

and how to manage them

learning curve for every batch.

2/Hands-on on cadavers: anatomical landmarks, femoral
vein approach

Conclusion

3/Hands-on on living animals: 6 or more operations ob-

In conclusion, surgical models have increased the non-ex-

served by an experienced surgeon

perimental variability over non-surgical models, and every
11

MRF Venue 2016

The Minipig Research Forum’s 10th Annual Meeting, 26–27 May
2016 in Copenhagen, guarantees stimulating presentations on
the use of minipigs in research and drug development. The
programme also includes workshops on the main topics, where
attendees can share their knowledge and experiences with each
other. The preliminary programme for the meeting, which is still
under development, consists of a number of scientific sessions
on the following topics:
• Immunology and vaccine testing in the minipig;
• Minipig ophthalmology;
• Juvenile and embryofetal studies in the minipig.
For further details about the meeting, please visit the Minipig
Research Forum’s website: http://minipigresearchforum.org/

Preliminary Programme:
Immunology and Vaccine Testing in the Minipig
Immunotoxicity Evaluation in the Minipig: Available Data and
Pending Issues
The Transgenic Göttingen Minipig with Humanized IgG
Immune System
Development of a Chlamydia Vaccine: the Minipig as a Model
of Human Genital Chlamydia
Cancer Vaccine Development in Minipigs
Radiological Histological and Molecular Characterization of a
Göttingen Minipig HCC Model
Ophthalmology
Intraocular Pressure and Spontaneous Findings in the eyes of
Minipigs
Intravitreal Dosing in Minipigs
Prenatal and Postnatal Development of the Eye: a Species
Comparison
Juvenile and Embryofetal Studies Using the Minipig
The Comparison of Early Immune Development in Humans,
Minipigs, Rats and Mice
Age-related Changes in the Skin of Göttingen Minipigs

Get-together evening with
Ellegaard Göttingen Minipigs,
on Wednesday 25 May 2016
As this is the 10th meeting of the MRF and as it is held in Copenhagen, Ellegaard Göttingen Minipigs will sponsor a get-together
evening prior to the actual start of the MRF meeting.
This will be an evening buffet with food and drinks from 6–9
pm, Wednesday evening. We do hope to see as many of you as
possible, so please keep this in mind when booking your flight.
It is only a short walk from the venue which makes it convenient
for checking into the hotel, leaving your luggage and joining us
in the evening.
More details will be forwarded to everyone who signs up for the
MRF meeting.

Meeting Calendar 2016
Name

Date

Location

IAT Congress-Institute
of Animal Technology

8 -11 March

North of England

SOT ToxExpo - Society
of Toxicology

13 -17 March

New Orleans, USA

Juvenile Toxicity
Symposium

7 - 8 April

Beerse, Belgium

The Minipig
Research Forum

26 - 27 May

Copenhagen,
Denmark

FELASA

13 -16 June

Bruxelles, Belgium

JSOT – Japanese Toxico 29 June –
logy Society Meeting
1 July

Juvenile Dermal Application

Follow MRF on

The 2016 MRF meeting will take place at the Hotel Scandic
Copenhagen in Denmark. The address is Vester Søgade 6, 1601
Copenhagen V., Denmark.
For further details about the venue and accommodation, please
visit the Minipig Research Forum’s website: http://minipigresearchforum.org/.
Registration for the meeting is open and the €300 registration
fee covers full attendance in the meeting, lunch on both days,
refreshments and a meeting dinner on the first day. Deadline for
registration is the 1st of May.
Please contact the MRF if you have any questions:
info@minipigresearchforum.org.
We look forward to seeing you in Copenhagen!

!

The Minipig Research Forum group on LinkedIn is an informative, useful platform where minipig users interact, ask questions
and share experiences. Find the group “Minipig Research Forum”
and apply for membership. You can follow MRF on LinkedIn – to
stay connected and be able to contact other minipig users!

EuroTox - European
Societies of Toxicology

4 -7 September Istanbul, Turkey

SPS - Safety Pharma
cology Society Meeting

18 – 21
September

AFSTAL

12 -14 October Nantes, France

AALAS National Meeting

30 October –
3 November

ACT - American College
of Toxicology Meeting

6 - 9 November Baltimore, USA

Europe and Asia

North America

Japan

Korea

Ellegaard Göttingen Minipigs A/S

Marshall BioResources

Oriental Yeast Co. Ltd.

Woojung BSC, Inc.

Sorø Landevej 302,

North Rose, NY 14516, USA

3-6-10, Azusawa, Itabashi-ku

B-3F, 145 Gwanggyo-ro,

DK-4261 Dalmose,

Tel.: +1 315 587 2295

Tokyo, 174-8505, Japan

Yeongtong-gu, Suwon, Korea

Denmark

Fax: +1 315 587 2109

Te.l: +81 3 3968 1192

Tel.: +82 31 888 9369

Tel.: +45 5818 5818

infous@marshallbio.com

Fax: +81 3 3968 4863

Fax: +82 31 888 9368

fbi@oyc.co.jp

wj@woojungbsc.co.kr

ellegaard@minipigs.dk

Nagoya, Japan

Vancouver,
Canada

Charlotte, USA

www.minipigs.dk
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