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The New Zealand White rabbit is a highly accessible animal model which is regularly employed in
biomedical research. However, the paucity of rabbit-specific reagents available limits its use in certain
fields. Specifically, the lack of a reliable T cell assay has limited its employment in immune prophylactic
and therapeutic studies. To address this inadequacy, we have developed an ELISpot assay to detect cel-
lular immune responses (IFN-c production) after antigenic stimulation. We have applied this assay to
model the T cell responses elicited by a DNA vaccine. Immunization with an influenza nucleoprotein
(NP) DNA vaccine revealed strong antigen-specific T cell responses in the peripheral blood mononuclear
cell population. We believe this is the first report of such an assay in rabbit species, and it will become a
useful tool to monitor in vivo responses to vaccines and permit the wider adoption of this model to mea-
sure immunological responses.
� 2019 The Authors. Published by Elsevier Ltd. This is anopenaccess article under the CCBY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

The rabbit (Oryctolagus cuniculus) is a valuable research model
for biomedical and pharmaceutical research. In recent years, it
has become the choice bioreactor for the production of monoclonal
and polyclonal antibodies as well as recombinant proteins [1,2].
The biological response in rabbits to drugs and diseases is similar
to that observed in humans, and advancements in rabbit genomics
and proteomics have positioned the New Zealand White (NZW)
rabbit as the model of choice for translational medicine research
in many disease areas, including cardiovascular disease [3,4], ocu-
lar cancer [5,6], and infectious diseases [7,8]. Importantly, rabbits
are phylogenically closer to primates than rodents [9] and do not
present the significant financial and ethical burden which is
involved with the employment of pigs, canines and non-human
primates as experimental models. For many pre-clinical and trans-
lational medicine programs, the rabbit could offer a viable replace-
ment or intermediary to these other large animal models. For
example, we have employed the NZW as a surrogate model for
assessing clinically relevant drug delivery protocols of immune
prophylactics and therapeutics. However, the scarcity of immuno-
logical reagents available to measure cellular responses in rabbits
has greatly limited the advantages of this animal model for vaccine
development. Currently, vaccine development in the rabbit model
has largely been restricted to measuring humoral responses, which
alone is not necessarily indicative of relevance of the vaccine eli-
cited immune response to many disease targets [10,11].

In response to this inadequacy we investigated the potential of
an Enzyme-Linked ImmunoSpot (ELISpot) assay to detect inter-
feron gamma (IFN-c) secretion for PBMCs to monitor cellular
immune responses in NZW rabbits vaccinated with a plasmid
DNA (pDNA) vaccine. The ELISpot is a qualitative and quantitative
assay that has been developed as a routine assay to monitor cell-
mediated immunity by enumerating antigen-specific T or B cells
producing IFN-c. IFN-c is a cytokine produced by primarily by
CD4 + T-helper 1 effector cells and CD8 + T lymphocytes. It plays
an important role in directing protection against intracellular
pathogens by activating and supporting natural killer cells, macro-
phages, and cytotoxic T cells, as well as up-regulating antigen pre-
senting molecules, immunoglobulin class switching in B cells, and
generating antitumor T cells [12–17]. As such, the ability to mea-
sure IFN-c responses is an invaluable tool in determining the gen-
eration of strong T cell responses against a particular antigen and
vaccine potency. IFN-c production by T cells has been associated
with protection against many viruses, including influenza
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[18,19]. T cell IFN-c responses have also correlated with influenza
vaccine efficacy in human populations [20,21].

Here we delineate the development of the IFN-c ELISpot to
detect T cell responses in rabbits using a pair of commercially
available capture and detection antibodies. We demonstrate the
rabbit IFN-c ELISpot assay’s ability to quantify and examine cell-
mediated responses in the NZW rabbit after a series of vaccinations
against the influenza-A nucleoprotein (NP), as well as respiratory
syncytial virus (RSV) antigens. The sensitivity of the optimized
assay allowed us to examine prime and boost strategies against
both vaccines from lymphocytes isolated from peripheral blood
mononuclear cells (PBMCs) as well as detectable dose responses
between different vaccines. The utilization of this assay to charac-
terize T cell responses following DNA vaccination lends a greater
insight into the rabbit model as a viable animal model for translat-
ing preclinical vaccine development into the clinic. The results fur-
ther support the advancement of T cell stimulating universal
influenza DNA vaccines designed to target the conserved internal
antigens such as NP.
2. Materials and methods

2.1. Animals

Ten- to twelve-week-old female New Zealand White rabbits
were purchased from Charles River Laboratories (Wilmington,
MA). Animals were singlehoused with ad libitum access to food
and water and handled at Acculab (San Diego, CA) according to
the standards of the Institutional Animal Care and Use Committee
(IACUC).
2.2. Animal treatments

Rabbits were placed in an induction chamber and anaesthetized
at 5% isoflurane vapor. Animals were then removed from the cham-
ber and anesthesia was maintained by 2% isoflurane vapor deliv-
ered through a nose cone. Hind legs of the rabbits were shaved
and disinfected with ethanol prep pads. A 3 mL syringe with a
21G2 needle was used to deliver the 1 mL pDNA formulation into
the quadriceps. Intramuscular (IM) electroporation was performed
immediately after injection using the CELLECTRA� 2000 device,
which delivers three pulses, at a constant current of 0.5 A, through
an array composed of 5 needles. Each pulse is 52 msec in duration
with a 198 msec interval between each pulse.
2.3. Plasmid DNA

The influenza nucleoprotein plasmid vaccine (pNP) encodes the
full-length NP derived from the A/Puerto Rico/8 (H1N1) strain of
the influenza A virus. The RSV-F plasmid vaccine (pRSV-F) contains
a consensus sequence of the RSV fusion glycoprotein of subtype A
and B viruses.
2.4. Overlapping peptide pools

Overlapping peptide pools for the influenza A virus (A/Puerto
Rico/8/34(H1N1)) nucleoprotein were created by generating 120
individual 15 mer peptides spanning the 498 amino acid antigen
sequence (Supplementary Fig. 1). The RSV-F peptide pool was
matched to the consensus sequence of the RSV fusion glycoprotein
of subtype A and B viruses (Supplementary Fig. 2). For both NP and
RSV-F antigens the peptides overlapped by 11 amino acids, creat-
ing a 4 amino acid shift between subsequent peptides. Peptides
for influenza A viruses NP were then split into three pools, each
containing 40 peptides. RSV-F peptides were split into four pools
of 20 peptides.

2.5. Animal sampling and PBMC processing

Five mLs of peripheral blood was drawn from the central ear
artery of each rabbit using a 10 mL syringe and immediately trans-
ferred into either CPT (BD Biosciences, San Jose, CA) or K2EDTA
spray-coated (BD Biosciences, San Jose, CA) blood collection tubes.
Blood was diluted 1:2 with Hank’s Balanced Salt Solution (Gibco,
Waltham, MA) and layered over a Ficoll-Paque Plus density gradi-
ent (GE Healthcare Life Sciences, Pittsburgh, PA) in a SepMate-15
tube (STEMCELL, Vancouver, BC) and centrifuged at 1200g for
10 min at ambient temperature. PBMCs were isolated and red
blood cell contamination was removed by ACK lysis. Cell are then
enumerated by trypan blue staining and re-suspended at 2 � 106

viable cells/ml in R10 medium (10% fetal bovine serum (FBS), 1%
Penicillin/Streptomycin, and 0.1% beta-mercaptoethanol in RPMI
medium).

2.6. Rabbit IFN-c ELISpot assay

96-well MultiScreen IP plates (EMD Millipore, Burlington, MA)
were coated with 15 lg/ml primary anti-rabbit IFN-c monoclonal
antibody MT327 (Mabtech, Nacka Strand, Sweden) and blocked
with R10 medium. 100 ll of peptide pools, PMA/ionomycin
(0.4 lg/ml and 4 lg/ml, respectively (Sigma Aldrcih, St. Louis,
MA)), ConA (2.5 mg/ml (Sigma Aldrich)), or R10 were added to the
plates. Cells were then plated at 200,000 cells/well in 100 ll, with
experimental conditions assayed in triplicates, or at 25,000 cells/
well in 100 ll for the mitogen positive control to prevent spot con-
fluency. After an 18 h incubation in a humidified 5% CO2, 37 �C
incubator, cells were removed by washing with PBS and 100 ll of
0.1 lg/ml biotinylated anti-rabbit IFN-c monoclonal antibody
MT318 (Mabtech) in a 0.5% FBS-PBS solution was added. After a
2 h incubation and washing, 100 ll of alkaline phosphatase-
conjugated streptavidin (Mabtech) was added to each well for
1 h. Following washes, 100 ll of BCIP/NBT detection reagent sub-
strate (Mabtech) was added to each well, and plates were incu-
bated in the dark for 10 min. IFN-c positive spots were imaged,
analyzed, and counted using a CTL-Immunospot S6 ELISpot plate
reader (Cleveland, OH) and CTL-Immunospot software.

2.7. Endpoint-binding titer ELISA

Antibody responses against NP and RSV were evaluated by
ELISA using serum from immunized rabbits. Thermo Fisher Scien-
tific Nunc High-Binding 96 well assay plates (Thermo Fisher, Wal-
tham, MA) were coated with 100 ml per well of 0.3 mg/ml of either
Influenza A H1N1 nucleoprotein or human respiratory syncytial
virus (A2) fusion glycoprotein (Sino Biological, Beijing, China) and
incubated overnight at 4 �C. Unbound antigens were washed by
automated plate washing with 0.05% Tween-20 PBS. The plates
were blocked to prevent downstream non-specific protein binding
with 250 ml of 0.5% bovine serum albumin (BSA) for 1 h at 37 �C.
Plates were washed as described above. Serum was diluted 1:50
in PBS with 0.2% BSA and 0.05% Tween-20 and added to the first
row of the plate. Serial dilutions of 1:3 from the first row down
were made for each sample in the plate. The serially-diluted serum
was incubated for 2 h at 37 �C before washing. Goat anti-rabbit
HRP-conjugated detection antibody (Jackson ImmunoResearch
Laboratories, West Grove, PA) was diluted 1:10,000 and added to
the plates, followed by a 1 h incubation at 37 �C. After washing,
plates were developed using 100 ml per well of SureBlueTM TMB 1-
component (Seracare, Milford, MA) and incubated for 10 min.
100 ml of TMB Stop Solution (Seracare) was then added to stop
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the reaction. Optical densities were read at 450 nm and the end
point titer was determined as the last serial dilution which pro-
duced an OD two times greater than that of background control.
3. Results

3.1. Optimization of processing and mitogenic stimulation of rabbit
PBMCs

For ELISpot assay optimization, experiments were performed to
maximize PBMC recovery and viability, and to examine positive
control readouts for assay sensitivity. Whole blood samples from
pNP vaccinated rabbits were divided into either K2EDTA or CPT
blood collection tubes. PBMCs were processed according to manu-
facturer specifications or as described in the methods section. Cells
were then enumerated by trypan blue viability staining and the
total viable cell count and percent viability were measured
(Fig. 1A). We were able to obtain an average of 5 � 106 viable
PBMCs from 5 mLs of peripheral blood collected from the ear artery
with an average percent viability of 85 percent. Cells were then
stimulated for 18 h with NP peptide pool 1 to assess possible vari-
ations in responses that may be caused by cell quality (Fig. 1B).
Although there is no significant difference in total viable PBMCs
or in percent viability of cells using either isolation method, IFN-
c positive SFU development was significantly different between
the two methods, with mean response of 545 SFUs/106 from the
K2EDTA-based method compared to 31 SFUs/106 from the CPT-
based method. To determine an appropriate positive readout for
the ELISpot assay, mitogenic stimulation of PBMCs with concanav-
ilin A (ConA) and phorbol myristate acetate/ionomycin (PMA/I)
were used, with PMA/I generating an overall greater mean IFN-c
response of 17,470 SFUs/106 compared to 1511 SFUs/106 from
ConA (Fig. 1C). As a result, PMA/I was used in all future assays as
a positive readout due to its ability to robustly stimulate IFN-c
responses.
Fig. 1. Optimization of blood sampling and isolation of peripheral blood
mononuclear cells from New Zealand White rabbits immunized with 100 mg of
DNA vaccine encoding the influenza virus PR8 nucleoprotein (pNP). (A) PBMCs
were isolated from 5 mLs of blood collected in either K2EDTA-spray coated or CPT
tubes. Total viable cell counts and percent viability were determined with trypan
blue staining and enumerated. Reported as mean ± SEM. (B) Representative image
of the comparison between PBMCs isolated from K2EDTA tubes vs CPT tubes after
overnight stimulation with peptide pool 1 in wells coated with anti-rabbit IFN-c
capture antibody. IFN-c + SFUs were detected and enumerated after stimulation
with NP peptide pool 1 in pNP-immunized (Animal ID: 1451–1455) and non-
treated rabbits. The mean SFU ± SEM for pool 1 is displayed (**P < 0.01). (C)
Representative images of spot development after stimulation of PBMCs with ConA
and PMA/ionomycin and enumeration of IFN-c + SFUs. Mean SFUs ± SEM are
plotted (***P < 0.001).
3.2. Detection of IFN-c + lymphocytes following influenza NP DNA
vaccination of rabbits

To assess antigen-specific T cell responses, we immunized five
NZW rabbits with 100 mg of a pNP DNA on day 1 and 14. Prior to
immunization rabbits were prescreened for NP-reactive antibod-
ies, and no influenza sera-conversion was detected. The pNP vac-
cine had previously been shown to elicit robust T cell responses
in other laboratory animals including mice [22], guinea pigs [23],
and nonhuman primates [24]. To confirm that the rabbits had
developed immune responses against the influenza NP antigen fol-
lowing the two vaccinations, we collected serum and analyzed for
antibody binding titers on day 26 (Fig. 2A). All immunized rabbits
were seroconverted after two vaccinations and developed IgG anti-
bodies binding the NP antigen. To evaluate cell-mediated
responses against influenza NP, PBMCs were isolated from whole
blood from treated and untreated rabbits. Cells were plated onto
ELISpot wells coated with anti-rabbit IFN-c capture antibody and
stimulated with influenza NP peptide pools containing 15mer pep-
tides spanning the entire influenza NP-PR8 recombinant protein
encoded by the pDNA vaccine. Representative well images for each
of the treated rabbits and one untreated rabbit are represented in
Fig. 2B, with a medium, negative control group and three peptide
pool stimulated groups. IFN-c positive spot forming units (SFU)
in each well were enumerated and calculated per million cells
for both treated and untreated rabbits. For the pNP-treated rabbits,
no particular peptide pool dominated over another after the two
immunizations; mean spot counts for peptide 1, 2 and 3 were
551, 483, and 517 SFUs/106 cells, respectively (Fig. 2C). In the
untreated rabbits, the response to the peptide pools were not sig-
nificantly higher than the background levels depicted in the med-
ium control wells (Fig. 2B). The IFN-c ELISpot readout in response
to stimulation with the peptide pools spanning the influenza NP
antigen averaged 1552 SFUs/106 PBMCs across the animals in the



Fig. 2. Robust humoral and IFN-c + cellular immune responses are detected after 100 mg pNP immunization. On days 1 and 14, pNP was delivered IM with
electroporation. (A) Anti-influenza PR8 nucleoprotein binding curves and endpoint binding titers were detected in the serum of pNP-immunized rabbits by ELISA. The IFN-c
ELISpot response to NP peptide pools 1–3 was measured on day 26, 12 days after the boost immunization. (B) Representative well images of an IFN-c ELISpot response of five
pNP-immunized and one untreated (naïve) rabbit. Individual IFN-c + cellular responses were then enumerated and plotted (mean SFU ± SEM). (C) The average SFU’s for each
pool in the pNP-immunized group compared to the non-treated group is displayed.
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pNP vaccine group compared to 32 SFUs/106 PBMCs across the
untreated rabbits.

3.3. Kinetics of cell-mediated responses by pDNA vaccines measured by
IFN-c ELISpot in rabbits

The development and optimization of this rabbit ELISpot
allowed us to monitor the cellular immune response to determine
the efficacy of our pDNA vaccine delivery and electroporation pro-
tocols. The ability to measure the strength of the immune response
after each immunization in a vaccination regimen can provide a
better understanding in the pharmacokinetics of vaccine-induced
cellular responses. To investigate the development of the host
immune response to NP antigen during a vaccination regimen we
assessed the IFN-c response in PBMCs after 1 and 2 immunizations.
We delivered 50 mg of pNP intramuscularly in nine New Zealand
white rabbits in combination with electroporation with the
CELLECTRA�-5P EP device on day 1 and day 21. IFN-c ELISpot
and humoral responses were measured two weeks after each
immunization and presented in Fig. 3A, 3B, and 3C. Fig. 3A displays
the IFN-c ELISpot cellular immune response kinetics to the influ-
enza NP peptide pool 1–3 and Fig. 3B displays group responses
to each individual peptide pool at each time point. Strong IFN-c
responses were observed 2 weeks after the first immunization,
averaging 735 SFUs/106. Significantly increased IFN-c SFU’s were
enumerated after the second vaccination (2600 SFUs/106). Immune
responses against the antigenic determinants of the influenza NP
were broad and spanned all peptide pools evenly after the prime;
30.4%, 37.4%, and 32.2% of the total IFN-c response was directed
towards pools 1, 2 and 3 respectively (Fig. 3B). There was no dom-



Fig. 3. Kinetics of cellular immune response elicited by pNP vaccine regimen measured by IFN-c ELISpot. (A) 9 rabbits were immunized with 50 mg of pNP with IM
electroporation on days 1 and 21. The PMBC IFN-c ELISpot response was measured before treatment to determine baseline, 14 days after the prime (day 14), and 14 days after
the boost (day 35). Mean SFU ± SEM are plotted for each animal. (B) IFN-c ELISpot responses to each peptide pool on day 1, day 14, and day 35 are summarized. (C) Anti-
influenza PR8 NP antibody responses from each animal are measured by endpoint binding titer (mean ± SEM). (D) 15 rabbits (5 per group) were dosed with either 100, 10, or
1 mg of pNP on day 1. On day 14, PBMCs from treated rabbits were stimulated with NP peptide pools 1–3 and their IFN-c + SFUs were enumerated. Mean responses ± SEM
from each group to each peptide pool are displayed.
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inant response against a particular peptide pool determinant after
the second effect was measured (36.6% for pool 1, 35.8% for pool 2,
and 27.6% for pool 3), indicating a broad T cell response against
multiple NP antigenic determinants had been raised. Binding titers
against influenza NP were also measured and reflected boosting in
humoral responses, to support the observations demonstrated by
the cell-mediated responses (Fig. 3C). Mean endpoint binding titers
after the prime were 1:23, 400 and after the boost were 1:634, 500.

To characterize rabbit immune responses to antigen dose, New
Zealand White rabbits were dosed with either 100, 10, or 1 lg of
pNP and their responses were measured by IFN-c ELISpot two
weeks post-treatment. As expected, we were able to observe a dose
response curve with the pNP (Fig. 3D). Rabbits treated with a single
treatment of 100 lg had a cumulative mean response of
1470 SFUs/106. With each ten-fold reduction of dose, animals had
a group average response of 956 and 380 SFUs/106 for 10 and
1 lg, respectively.

3.4. Detection of cellular responses to RSV vaccine

To investigate the versatility of the assay we assessed IFN-c
responses elicited by vaccine against a different infectious disease
target: RSV-F [23]. We analyzed antigen-specific responses in rab-
bits immunized with pRSV-F. Five naïve NWZ rabbits were dosed
with 200 lg of pRSV-F on day 0 and 21, and the IFN-c responses
and anti-RSV-F antigen-antibody binding titers were measured
two weeks after each immunization. Analysis of the response to
the four RSV-F peptide pools are displayed in Fig. 4B as total aver-
age spot counts for each time point. The prime response at day 14
was a mean value of 160 SFUs/106, with an almost two-fold
increase to 313 SFUs/106 after the second dose. The kinetics of
the cell-mediated immune response reflected the humoral
response against the RSV-F antigen, where a clear boosting in anti-
body responses was observed after the second immunization
(Fig. 4A). In summary, we have demonstrated the ability of DNA
vaccines targeting a variety of antigens to elicit cellular immune
responses using a newly available rabbit IFN-c ELISpot assay.

4. Discussion

For the rapid preclinical development of our pDNA vaccine can-
didates, it was essential to develop a highly accessible large animal
model. The rabbit model provides an appropriate body size and
muscle mass, unlike small rodents, which is compatible with IM-
Electroporation drug delivery platforms design for clinical use,
without the high ethical and housing costs of non-human pri-
mates. With the ongoing development of rabbit-specific reagents,
the value of the rabbit as an experimental model in translational
research will appreciate.

To advance the value of the rabbit as an important experimental
model to measure immunity we developed and optimized an IFN-c
ELISpot to measure T cell response to antigenic determinants. As
reported here, optimizations to non-terminal blood sampling to
isolate and process a substantial amount of peripheral T cells



Fig. 4. IFN-c + ELISpot responses are detected in rabbits immunized with pRSV-F. 5 rabbits were immunized with 200 mg of pRSV-F (delivered IM with
electroporation) on day 1 and 21. (A) Serum was collected on days 0, 14, and 35 and anti-RSV-F antibody responses from each animal were measured by endpoint binding
titers (mean ± SEM). (B) PBMCs were isolated on days 0, 14, and 35 and stimulated overnight with peptide pools 1–4 spanning the fusion glycoprotein consensus sequence for
virus subtypes A and B. For each assessment date, mean SFUs ± SEM to each peptide pool are plotted.
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allows clear enumeration of IFN-c positive spot forming units upon
stimulation with antigenic peptides. The added benefit of non-
terminal sampling permits repeat immunizations, which is invalu-
able in assessing vaccine immunogenicity and duration T cell
immunity across treatment regimens. An important observation
in the assay concerned the processing of the whole blood samples.
Interestingly, while the PBMC yield and viability were similar using
K2EDTA-spray coated or CPT tubes the IFN-c response of the
PBMCs processed via CPT tubes was negatively impacted. We cur-
rently do not know the reason for this, but speculate factors such
as the high concentration of heparin in the CPT tubes may have
negatively impacted downstream cellular responses. While we
have not observed this for other species in similar vaccination
studies, such a phenomenon may be specifically associated to the
rabbit T cell. Until the reason has been defined, we strongly suggest
investigators use the processing methodology described in our
study.

The ability to assess IFN-c positive T cell responses against
intracellular and microbial pathogen antigens is essential in vac-
cine development. Vaccines generating strong T cell responses
have been associated with preventing or modulating symptoms
following infection and clearing infectious diseases such as
influenza. In cases such as influenza infection, CD8+ T cells and,
in some degree, CD4 + T cells can mediate viral clearance post-
infection [25–29]. CD8 + cytotoxic T lymphocytes (CTLs) can recog-
nize and respond to highly conserved internal antigens, such as NP,
across influenza subtypes [30] through major histocompatibility
complex (MHC) class I presentation pathways and have been
implicated in mediating protection against influenza in preclinical
models [22,31,32] and human studies [18,19,33,34]. Pre-existing
IFN-c + CD4+ T cells responding to influenza internal proteins
resulted in lower virus shedding and less severe symptoms [35].
Our study revealed that vaccination with pNP generated robust
cellular immune responses, which were boostable against the
influenza NP antigen. This observation was supported by our pre-
vious preclinical studies through the demonstration of robust
responses to the consensus influenza NP antigen and protective
efficacy after heterosubtypic live virus challenge in mice, ferrets,
and in non-human primates [22,24].

In addition to the role of IFN-c T cells in infectious disease, T
cell-mediated immunity has also been identified and required in
generating systemic antitumor immunity, with MHC class I-
restricted IFN-c + CD8 + CTLs, primarily responsible for mediating
tumor killing. As such, IFN-c + CD8 + T cells that target tumor cells
are frequently used to measure vaccine efficacy and also serve as a
surrogate endpoint in clinical tumor vaccine trials [36,37]. Adop-
tive transfer of T cell subsets or in vivo depletion have established
an important role for CD8 + CTLs in antitumor immunity [38]. Evi-
dence of the substantial role of CD4 + T cells in mediating signifi-
cant antitumor functions have also been demonstrated [39,40].

Studies are currently ongoing in our laboratory to further define
the cellular immune response raised to vaccination in the rabbit,
and will be reported at a later date. Flow cytometric tools are being
developed so we can monitor the responses of specific T cell sub-
sets, and epitope mapping is ongoing to define the T cell epitopes
and possible restriction elements involved in their presentation.
Preliminary data suggests a number of immunodominant T cell
epitopes to be conserved across this outbred rabbit population. A
similar phenomenon has been recently reported in the outbred
Hartley guinea pig population [23,41]. Further studies will be
required to determine whether non-classical MHC molecules are
involved in the presentation of such epitopes.

In our study, we were able to clearly detect cell-mediated
immune responses to two different infectious disease vaccines.
The development of this assay provides a useful analysis of T cell
responses in a translational animal model, which addresses the
need for such experimental models in preclinical drug develop-
ment to study diseases with important T cell components. To this
end, progress in developing this relevant animal model for preclin-
ical research will likely reduce the financial and ethical burden of
using larger animal models in a growing research field.
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