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In medical science, the use of animal models is obligatory for 
preclinical evaluation of drugs and therapies. A wide variety of 
animal models are available, all with different advantages and 
disadvantages. Pigs and minipigs offer several advantages over 
other animal models. The anatomy, physiology, and biochemis-
try of minipigs more closely resembles that of humans than do 
rodent and nonrodent models.2,14 In addition, minipigs provide 
a suitable model for various routes of drug administration (for 
example, oral, parenteral). For these reasons, minipigs have be-
come an animal model of increasing importance and interest in 
the evaluation of toxicologic and pharmaceutical research ques-
tions.2,14 Moreover, the minipig model has been used in diverse 
pharmacologic studies in vaccine development. Minipigs have 
been vaccinated by the intramuscular,6 subcutaneous5 and intra-
nasal route12 as well as by particle mediated epidermal delivery.4

Dermal delivery is attractive route for vaccination due to the 
high prevalence of immunocompetent cells in the skin (for exam-
ple, Langerhans cells).1,15 Although dermal vaccine delivery has 
not yet been studied extensively in minipigs, this model could be 
of particular value. First, the high similarity of skin anatomy be-
tween humans and minipigs10 ensures that, as a model for dermal 
delivery, the minipig holds preference over conventional rodent 
models. Second, substantial knowledge of the porcine immune 
system is available compared with that for non-rodents, including 
dogs and Old World nonhuman primates.2

Conventional dermal delivery—often referred to as the ‘Man-
toux method’—involves a needle and syringe. In recent years, 
there has been an increasing interest in alternative dermal vac-
cine delivery methods.1 One of the promising alternatives to 
needle-based intradermal delivery methods is the use of dispos-
able syringe jet injectors (DSJI). DSJI bring many advantages over 
injection by needle and syringe: delivery into the skin by DSJI is 
faster than that with needle-based methods, a feature particularly 
relevant in pediatric applications; DSJI administration facilitates 
the expression of nucleic acid vaccines without the need for sub-
sequent electroporation; and the lack of a needle eliminates po-
tential needlestick injuries and reduces anxiety in recipients.3,7

In the current study, we tested the utility of the minipig model 
in the evaluation of intradermal vaccine delivery. In addition, we 
provide practical details regarding the use of minipigs during 
dermal vaccine studies. We immunized Göttingen minipigs with 
a hepatitis B vaccine (HBsAg) by using intradermal DSJI delivery, 
intradermal inoculation by needle and syringe, and intramuscu-
lar inoculation by needle and syringe. Minipigs have previously 
been used to assess tolerance to a DNA vaccine against hepatitis 
B after particle-mediated delivery.13 Moreover, the prevalence of a 
virus similar to human hepatitis B virus has been reported to oc-
cur in swine.11 The HBsAg immunization model therefore seems 
suitable for assessing the utility of the minipig model in dermal 
vaccine delivery.

Materials and Methods
Animals. Female Göttingen miniature pigs (age, 12 to 15 wk; 

Ellegaard Göttingen Minipigs, Dalmose, Denmark) were used 
for immunization. The pathogen status of the minipigs was es-
tablished by a thorough screening (http://minipigs.dk/health-
monitoring). The minipigs were transported from Denmark to the 
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ethanol, and left to dry. All immunizations were performed with 
freshly prepared vaccine formulations.

Vaccine formulation. Bulk HBsAg (1.4 mg/mL) was obtained 
from Serum Institute of India (Pune, India) and dissolved in PBS. 
Vaccine formulations were prepared in a volume of 1ml. For in-
tramuscular injection (which served as a positive control), 480 µg  
Al(OH)3 (Brenntag Biosector, Frederickssund, Denmark) was 
added to each dose. Intradermal immunizations did not include 
Al(OH)3 adjuvant, because of the risk of granuloma formation.

Anesthesia. There was no need for the administration of an 
anesthetic prior to the immunization of minipigs by the DSJI 
or intramuscular routes. In contrast, intradermal priming im-
munization by needle induced stress in minipigs; therefore we 
performed the boosting intradermal immunization by needle in 
minipigs that had been anesthetized with isoflurane in oxygen. 
Isoflurane was administered by mask for a period of 3 to 5 min.

Isolation of serum. Blood samples were collected on days 0, 14, 
and 28 from minipigs in dorsal recumbancy. Blood samples were 
withdrawn from the cranial vena cava by using 22-gauge needles. 
Approximately 5 mL of blood was collected in heparinized tubes 
(Vacuette, Greiner Bio-one, Kremsmünster, Austria), which sub-
sequently were centrifuged for 15 min at 400 × g Serum samples 
were stored at −20 °C until further use.

Bleeding and euthanasia of minipigs. Minipigs were premedi-
cated with azaperone (4 mg/kg IM; Stresnil, Janssen Animal 
Health, Beerse, Belgium). Anesthesia was induced by using ket-
amine (12 mg/kg IM; Alfasan, Woerden, The Netherlands ) and 
pentobarbital (0.2 g/kg IM; Euthasol, AST Farma, Oudewater, 
The Netherlands). Animals were bled from incisions in the arm-
pits, and the spleen subsequently was resected.

Netherlands in a climate-controlled minivan and maintained un-
der standardized conditions in the animal research center of our 
institution (Institute for Translational Vaccinology, Bilthoven, The 
Netherlands). Minipigs were housed in groups of 3 in floor pens 
with softwood sawdust bedding (Lignocell 3-4, Lignocell, Hahn, 
Germany). The room was environmentally controlled on a 12:12-
h light:dark cycle. Approximately 175 g of commercial minipig 
diet (C Peterson, Gentofte, Denmark) was provided twice daily; 
drinking water was available free choice. Prior to the study, the 
minipigs were acclimated for 14 d. The study was approved by 
the Committee on Animal Experimentation under permit number 
DPA2010-109. Animals were handled in accordance with relevant 
Dutch national legislation.

Immunizations. Three groups of 3 minipigs each received 2 im-
munizations at a 2-wk interval (that is, on days 0 and 14). Per immu-
nization, each pig received 20 µg HBsAg, which is equivalent to the 
immunization dose for adult humans.17 Dose and formulation were 
kept constant between immunizations. Minipigs were either immu-
nized intradermally with 100 µL by needle in the abdominal region, 
intradermally with 100 µL by DSJI (first-generation device; Pharma-
Jet, Golden, CO) in the abdominal region, or intramuscularly with 
100 µL by needle in the gluteal region. The effects of the DSJI device 
on particle size and antigenicity of HBsAg were determined by us-
ing dynamic light scattering and ELISA (Murex, DiaSorin, Dartford, 
UK) respectively, as described previously.8 Jet injection did not affect 
the particle size, which suggests that the stress of the jet injection 
did not induce aggregation. Moreover, jet injection did not affect the 
antigenicity of the HBsAg, given that full recovery of the antigen was 
measured by ELISA (data not shown). Just before immunization, the 
skin at the intradermal injection sites was shaved, wiped with 70% 

Figure 1. A guide for handling minipigs during intradermal vaccine studies.
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Results
Dermal vaccination of minipigs. To assess the utility of the mini-

pig as a potential animal model for needle-free dermal vaccine 
delivery, Göttingen minipigs were immunized with HBsAg in-
tradermally by needle and DSJI device and intramuscularly by 
injection.

After immunization by intramuscular injection or DSJI deliv-
ery, none of the minipigs showed signs of pain or stress. In con-
trast, minipigs were stressed and showed signs of mild pain after 
intradermal priming vaccination by needle. Signs consisted of 
struggling and loud screeching for at least 30 s on advancement 
of the needle into the skin. As such, it was very challenging to 
deliver an accurate intradermal dose by needle and syringe with-
out anesthesia of the minipigs. Therefore, the second intrader-
mal vaccination by needle was performed under anesthesia with 
isoflurane. Other practical considerations regarding intradermal 
vaccination of minipigs are detailed in Figures 1 and 2. None of 
the vaccination routes resulted in any local adverse events. In 
terms of animal tolerance, intradermal vaccination by the DSJI 
device was clearly better tolerated than was intradermal vaccina-
tion by using a needle and syringe.

ELISA for IgG, IgG1, IgG2a, and IgM. Polystyrene 96-well mi-
crotiter plates were coated overnight (room temperature) with 0.2 
µg/well HBsAg diluted in 8 mM PBS, pH 7.2 (Gibco, Paisley, UK). 
Plates were washed 4 times with 0.1% Tween 80 in water. Samples 
were diluted with assay buffer (0.5% BSA and 0.05% Tween 80 
in PBS) and added to the coated plates, after which the plates 
were incubated at 37 °C for 2 h. Plates were washed; horseradish-
peroxidase–conjugated goat antipig IgG (Abcam, Cambridge, 
MA), mouse antipig IgG1, mouse antipig IgG2a (both from Bio-
connect, TE Huissen, The Netherlands), or goat antipig IgM (AbD 
Serotec, Kidlington, UK) was added according to manufacturer’s 
protocol (1:5000 for IgG, 1:100 for IgG1 and IgG2, and 1:10000 for 
IgM). Plates were incubated for 1.5 h at 37 °C. Next, plates were 
washed, and samples were incubated with a secondary conjugat-
ed goat antimouse IgG1/2a (1:5000; AbD Serotec) for 1.5 h. After 
washing, 100 µL tetramethylbenzidine was added, and plates 
were incubated for 10 min. The reaction was stopped with 50 µL 
2 M H2SO4, and plates were read at 450 nm. Serum titers on days 
14 and 28 were considered positive only when they were higher 
than the day-0 titer plus 3 SD.

Figure 2. Guidelines for intradermal immunization of minipigs. (A) Frequent interaction between personnel and minipigs is recommended during the 
14-d acclimation period before study inititation. (B) Minipigs can be restrained by holding them. (C) Intradermal immunization requires shaving of the 
abdomen. (D) Intradermal vaccination by using a 25-gauge, beveled needle requires isoflurane or sevoflurane anesthesia of pigs, to maximize accuracy 
and minimize stress. (E) Intradermal bleb after intradermal vaccine delivery. (F) Intradermal vaccination by using DSJI device. (G) Blood sampling of 
minipig in dorsal recumbancy. (H) Incisions in the armpits of a minipig after blood sampling. (I) Resection of the spleen after blood sampling.
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minipigs in vaccine delivery studies may benefit future research 
on vaccine design, development, and delivery.
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