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1 Introduction 

The domesticated sheep (Ovis aries) has co-evolved alongside humans for 

thousands of years as one of the first domesticated species[1]. The sheep is not only 

a vital part of agriculture and economic systems but also serves as an important 

research model. The size, docile nature and the possibility of lymphatic cannulation 

makes sheep an ideal model for the investigation of its immune system. Research 

in sheep has led to milestones in knowledge about the sheep immune system and 

the understanding of immune response mechanisms for the benefit of general 

animal and human physiology and disease [2-5]. Furthermore, knowledge gained 

in large animals like sheep can in certain instances be more effectively translated 

into successful clinical outcomes in humans [5].  

Flow cytometry is an important tool with applications in various disciplines and 

clinical settings and is used by laboratories across the world. It is a tool for advanced 

cellular phenotyping using fluorochrome (color) labeled antibodies specific to 

surface and intracellular proteins. The fluorochromes can be excited by lasers and 

captured by detectors to identify protein expression at the single cell level. Due to 

the popularity of flow cytometry in rodents and humans, a wide range of antibodies 

and other reagents are commercially available with easy to follow protocols [4-6]. 

For these species, an extensive assortment of different antibodies comes in a large 

variety of color choices by commercial vendors at competitive prices. Thereby 

enabling the composition of state-of-the-art flow cytometry panels to characterize 

cells through their expression of multiple surface and intracellular proteins [7]. 

These multiparameter or multicolor flow cytometry panels allow for fast and 

simultaneous analysis of multiple parameters of cells to easily characterize and 

study single cells in a mixed population or in a larger context of functional 

interactions between cells [8-13].  

Our laboratory employs the lymphatic cannulation model in sheep to study skin 

specific lymphocyte subsets. This model is well established and has been utilized 

in several important lymphocyte migration studies. But given that sheep are used 

far less frequently than other model organisms the sheep-specific flow cytometry 

reagents are limited[5, 6]. In our work with sheep we faced different obstacles in 

the analysis of lymphocytes using complex flow cytometry panels because there is 
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a partial lack of commercially available monoclonal antibodies, including some to 

very basic markers like the B cell specific antigen CD19. If monoclonal antibodies 

exist, they are often only available purified or in limited color choices. These 

problems arise not only with sheep, but also when using species other than humans 

and mice. For example, studies of immune responses in large domestic animals 

comprise less than 5% of the publications in major immunology journals [14]. The 

studies of the immune system for veterinary relevant species are restricted mainly 

by limited monoclonal antibody reagent availability for research [15-19]. This 

makes it difficult to build state of the art panels for multiparameter analysis in 

veterinary clinical medicine and research, a void which this thesis work addresses. 

The results are part of this work and published in BMC Veterinary Research, Hunka 

J. et al. 2020. In this publication we present approaches to overcome these 

limitations and help to expand the use of multiparameter flow cytometry in 

veterinary species. Using these approaches we can characterize immune cell subsets 

and lay the basis for a better understanding of the immune system of veterinary 

species to enhance treatment and prevention of diseases in both animals and humans 

[13, 15]. 
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2 Fundamentals 

2.1 Flow cytometry  

2.1.1 A brief history of flow cytometry 

In 1965, Mack J. Fulwyler was the first person to build a flow cytometer to separate 

cells by volume [20]. He wanted to counter the idea that there are two populations 

of red blood cells and was inspired by the technology of ink jet printers, which was 

invented by Richard Sweet [21] years before. Shortly after, Herzenberg et al were 

the first to describe fluorescence-based flow cytometry at Stanford University [22-

24]. They combined Fulwyler’s technology with fluorescently labeled monoclonal 

antibodies [25] and sorted the first cells based on fluorescence. Flow cytometry 

became commercial in the 1970s when Becton Dickinson Immunocytometry 

Systems starting manufacturing flow cytometry instruments [24]. Flow cytometry 

quickly became indispensable in many laboratories across the world as it enabled 

the fast and simultaneous analysis of multiple different parameters on a single cell 

level using commercially available fluorochrome labeled antibodies [21, 26, 27]. 

There are currently over 10,000 different types of flow cytometers on the market 

[8, 28] and with technological progress flow cytometry has become easier to use 

and more accessible over the last few decades, and is a relevant part of veterinary 

research and veterinary clinical medicine [29]. 

2.1.2 Basic principles of flow cytometry  

Visible light is defined as an electromagnetic radiation with wavelengths between 

~400 and 700 nm [30]. In a flow cytometer the light source is a laser, which emits 

light at discrete wavelengths in the ultraviolet (UV) and visible light spectra and is 

used to analyze heterogenous cell samples. Flow cytometers are designed so that 

one cell at a time passes through the laser beam. Small particles, like cells, scatter 

light when they encounter the laser, which is translated as forward scatter (FSC; 

light scattered at small angles 0.5-5°), which shows the size of the cell, and side 

scatter (SSC; light scattered at larger angles 15-150°), indicating its granularity. 

Based on the combination of forward and side scatter properties, immune cell 

populations can be distinguished by their size and granularity, similar to 

microscopy [28, 30-32]. Figure 1 depicts a gating strategy for discriminating 
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lymphocytes, monocytes and granulocytes based on side and forward scatter 

properties.  

 

Figure 1: Discrimination of immune cells based on forward and side scatter 
properties 
Simplified depiction of leukocytes analyzed by flow cytometry. Each dot represents 
one cell. Three different cell population can be identified base on size (FSC) and 
granularity (SSC). Lymphocytes (green, smallest and few/none granules), 
monocytes (blue, larger and higher granularity than lymphocytes) and granulocytes 
(orange, highest amount of granularity). 
 
Furthermore, cells can be distinguished based on the expression of surface or 

intracellular proteins to which fluorochrome labeled antibodies bind, first described 

by Coons et al [33, 34]. Fluorochromes emit light when excited by the laser, based 

on the physical principle of quantum electrodynamic. It states that, when a particle 

is excited by light of a specific wavelengths the electrons absorbs the energy and 

the particle goes from its ground state of energy to a higher state of energy. When 

the electrons return to their ground state, from the higher state back to the lower 

state of energy, a photon of light is emitted. This process is called fluorescence, 

hence fluorescence activated cell sorting or FACS [30, 35]. A fluorochrome is 

excited by light of a certain wavelengths and in response emits light at different, 

longer  wavelengths (depicted in Figure 2). 
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Figure 2: Excitation and emission spectrum of fluorescein (FITC) 
Schematic representation of the excitation and emission spectrum of FITC. The 
blue dotted line depicts the spectrum in which a FITC molecule can be excited, the 
maximum peak of optimal excitation for FITC is at 495nm. Blue lasers in flow 
cytometers are usually 488nm, which will excite the FITC molecule that will then 
emit light at a range of higher wavelengths, peaking at 520nm, depicted by the filled 
green line. Detectors in the flow cytometer will capture the light emitted at and 
around 520nm as a positive signal from FITC excitation. Adapted from [36].  
 
This emitted light can be detected by optical filter and photodetectors, which are 

part of the optics of a flow cytometer. The components of a flow cytometer are 

more extensively discussed in the next section. 

2.1.3 Setup of a flow cytometer 

A flow cytometer has three main components: electronics, fluidics and optics 

systems [37]. The discussion of the electronics system is beyond the scope of this 

thesis and more detailed guidelines to flow cytometry can be found elsewhere [8, 

9, 31, 38]. The fluidics system uses a principle called hydrodynamic focusing to 

generate a stream of sheath fluid (the liquid that runs through a flow cytometer) 

combined with the cell suspension, that is so small that one cell at a time passes 

through the stream and past the laser beam [27, 39]. The optics system consists of 

lasers, lenses and filters. The lasers of a flow cytometer emit focused light of certain 

wavelengths. The most common lasers used in flow cytometry are UV, violet, blue, 

green, yellow, and red, which are described in Hunka et al 2020 together with their 

respective wavelengths. The flow cell of a flow cytometer is the interrogation point 
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where the single cell suspension passes between the excitatory light emitted from 

the laser, and the detection systems [39]. As each cell passes through the 

interrogation point, light from each laser is directed at the cell, and if a cell has 

fluorescent antibodies bound to phenotypic markers, the fluorophore will be excited 

and will emit light, which is then passed through dichroic mirrors and optical filters 

to identify the wavelength of light emitted. This information is collected by the 

detector system and processed by the electronics system to quantify the amount of 

light scatter and fluorescence detected on an individual cell basis [37]. Each flow 

cytometer can be designed to include multiple lasers, various filters and detectors 

to create instruments with increasing capabilities to detect large numbers of 

parameters (fluorophores).  

 

 
Figure 3: Setup of a flow cytometer 
Depicted is the setup of the main compartments of a flow cytometer. (1) Fluidics 
system , consisting of (1a) cell sample and (1b) sheath fluid (1b). (2) Through 
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hydrodynamic focusing a single cell stream is formed. (3) At the interrogation point 
the cells encounter the excitation light of laser and activated fluorophores emit light. 
(4) The emitted light is detected by filter and detector sets. The figure shows one 
laser and three filter and detector sets as an example. In modern flow cytometers 
multiple laser, filter and detector sets are used to detect different wavelengths of 
emitted light. 

2.2 Applications of flow cytometry in veterinary clinical medicine 

and research 

There are countless applications for flow cytometry [21] and in veterinary clinical 

medicine flow cytometry is regularly used in pathology, parasitology [40], 

oncology [41], and pharmacology, for example when monitoring 

immunosuppressive drugs in dogs by observing their immune system [42, 43]. 

Furthermore, flow cytometry is extensively used in hematology and can be 

incorporated into hematology analyzers [44]. This enables its use for diagnostics 

such as reticulocyte counting [45], immunophenotyping of white blood cells, 

detection of erythrocytic parasites [46] or assessment of neutrophil function [44]. 

In dogs and horses, it was successfully demonstrated that flow cytometry can aid in 

the diagnosis of Immune-mediated hemolytic anemia (IMHA) or thrombocytopenia 

through analysis of erythrocytes or evaluations of platelets respectively [29, 52, 53]. 

When combining flow cytometry, hematology and oncology, it can be used for the 

study and diagnosis of lymphomas [47] and leukemias [48, 49], which is utilized 

by veterinary clinicians [50, 51]. Here, flow cytometry can assist with classification 

of lymphoma types, by evaluating lineage markers (B lymphocytes, T lymphocytes, 

natural killer (NK) cells, myelomonocytic cells, plasma cells) and staining for 

certain antigens, like CD3, CD4, CD1, CD21 and MHCII is an inherent part of this 

classification [49]. Furthermore, flow cytometry is often used in spermatology to 

test fertility and health [54, 55] or to sex sperm prior to insemination[56], which 

can be useful for breeding meat or dairy cows and other agricultural species.  

In veterinary research, flow cytometry can be employed to measure the amount of 

DNA in a cell, identify cell cycle and growth, perform functional cell assays or to 

immunophenotype cells [49, 57, 58], which is the primary focus of my thesis work. 

Flow cytometry was used to establish a broader knowledge of the immune system 

in a large range of different veterinary species. An example is its application to 

better characterize lymphocyte populations in dogs. Research demonstrated the 
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characterization of CD4+ and CD8+ double positive canine T cells, which were 

shown to exhibit features of activated T cells [59, 60]. A lot of research was enabled 

through the development of monoclonal antibodies for the corresponding species 

[61, 62]. For example, a recent study described work developing a monoclonal 

antibody to bovine interleukin-17A to better study the host’s defense against 

infections [17]. However, the development of new monoclonal antibodies for 

veterinary relevant species progresses slowly and lacks behind mice [63]. 

Furthermore, this process can be complicated, time consuming and requires 

resources that are not available to everyone. An easier approach to expand the 

reagents for flow cytometry studies is species cross-reactivity of monoclonal 

antibodies. This approach makes use of antibodies that target antigens of one 

species but show documented cross-reactivity for a different species. This is an 

established method and many human, mouse and other animal antibodies have been 

tested for species cross reactivity for veterinary species [67, 68]. For example, 

cattle, sheep and goat monoclonal antibodies were employed to study the immune 

system of the water buffalo (Bubalus bubalis), where immunological studies are 

extremely limited, due to insufficient availability of monoclonal antibodies. [64, 

65]. Another group showed the cross reactivity of human CD monoclonal 

antibodies to a more established species in immunological research, the sheep [66].  

2.3 The relevance of the domesticated sheep (Ovis aries) in 

veterinary research and clinical medicine 

Sheep have been a fundamental model for the study of the immune system [3-5]. 

Their docile nature and size allow for longitudinal analysis and samples from 

different organs and tissues like blood, lung and lymph [4]. Specifically, lymph can 

be obtained through lymph vessel cannulation, which is the method I have 

employed in my dissertation work. It has been used since the 1960s and was 

pioneered by scientist Bede Morris [69, 70]. It is difficult to obtain lymph samples 

from humans or mice. Human donors of lymph are exceedingly rare, because of 

ethical limitations and rodents are not an ideal model due to their size. However, 

for immunological studies it is preferable to analyze lymphocytes during their 

physiological recirculation through tissues, and this can be made possible in the 

sheep model [2, 71, 72]. Sheep are a strong model for certain human physiology 

and diseases and therefore play an important role in research. [2]. Specifically, they 
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are an established model for many biomedical studies like heart valve replacements 

[73] or orthopedic research and osteoporosis [74, 75].  

In addition, sheep are certainly an important species for veterinary medicine in their 

own right [76]. The domesticated sheep (Ovis aries) was one of the first species to 

be domesticated and it is believed that their origin is in the mountainous regions of 

southwest and central Asia, 8,000-10,000 years ago [77, 78]. Humans domesticated 

sheep for their meat, wool and milk, and they remain an important agricultural 

species. In countries like New Zealand, sheep are of great economic importance 

[79], and they have significant representation in most agriculture systems around 

the world, as it is estimated that there are more than 1000 distinct sheep breeds [80] 

and there is a total of one billion sheep globally [81]. They are raised in different 

environmental conditions worldwide and in all livestock production systems [82]. 

Because of this, there is an immense need and responsibility for the veterinary 

profession to improve the knowledge and care of these animals. 

2.4  Multiparameter flow cytometry and its applications 

It is relatively common for flow cytometers to be capable of analyzing 20 

parameters, and publications have successfully demonstrated 28 parameter panels 

to characterize leukocytes [83], and new machines enable the theoretical analyses 

of 50 parameters simultaneously [27]. In contrast, the majority of published 

veterinary flow cytometry papers utilizes panels with a maximum of 10 parameters 

[15, 29, 84-86] as the availability of monoclonal antibodies lags behind mouse and 

humans [5]. 

Multiparameter flow cytometry allows for the fast and simultaneous analysis of 

multiple parameters of cells to easily characterize them in a mixed population. It 

presents an efficient way to gain a wide range of information from each analyzed 

sample, even rare samples, and allows for the characterization of novel cell subsets. 

It can provide crucial insight into functional interactions between cells and identify 

phenotypically similar subsets of cells within the immensely complex immune 

system. This information is crucial for understanding the pathogenesis of diseases 

[8-13]. 
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3 Objective 

This work demonstrates different approaches to overcome limitations in flow 

cytometric analysis that arise when using veterinary relevant species to study their 

immune system. It demonstrates the importance of multiparameter flow cytometry 

in the analysis of cells from veterinary relevant species and can be a starting point 

for researchers and clinicians, who wish to expand their tool kit for flow cytometric 

analysis.  
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4 Publication 
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5 Discussion 

Flow cytometry is most widely used in immunology [38], and the methods we 

discuss in Hunka, J. et al. 2020 were established in immunological studies though 

can also be replicated outside of this area. Since sheep have been used as animal 

models for decades, there are more reagents available for sheep than for many other 

veterinary animal species, and so they represented a natural starting point when 

discussing how to expand our repertoire of techniques and methods. The 

publications, which is part of this work, demonstrates how a combination of 

techniques provide the ability to analyze at least 12 parameters in non-traditional 

animal species on par with advanced studies performed in rodents and humans. 

These techniques can be useful for the analysis of cells from most veterinary species 

and can be employed in research laboratories and in  veterinary clinical medicine.  

These approaches include the direct labeling of monoclonal antibodies with a 

desired fluorochrome by covalent conjugation using commercially available 

antibody labeling kits. Some vendors offer a variety of anti-ovine and other 

veterinary antibodies, most of which are only available purified or conjugated to a 

few colors like FITC or R-phycoerythrin (PE). Antibody labeling kits are easy to 

use and can be employed for all animal species and IgG subclasses. Furthermore, 

once labeled, antibodies can be stored for several months. This makes antibody 

labeling kits a good method for veterinary clinicians and researchers who want to 

expand their choices of colors for flow cytometry. It can also be profitable in 

veterinary clinical medicine for diagnostics. As described in the fundamentals, flow 

cytometry can be used to classify types of hematolymphoid neoplasms, like 

lymphoma. Staining for certain antigens, like CD3, CD4, CD1, CD21 and MHCII 

is an integral part in this classification [49]. With the help of antibody labeling kits, 

a proven antibody-fluorochrome combination can be labeled in larger quantities, 

stored and reused for diagnostic purposes. A quicker, short term method of labeling 

antibodies in a desired color is the Zenon™ technology, a Fc-directed, noncovalent 

conjunction of fluorochromes to antibodies. It allows for the labeling of antibodies 

raised in human, mouse and rabbits, which can be purified antibodies, hybridoma  

culture supernatant, or ascites fluid. It is quick and allows flexibility in staining 

because the fluorochrome can easily be changed by using the isotype-specific 
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Zenon™ kit in a different color. However, it cannot be used for all species and is 

therefore less versatile in its applications.  

In my work with sheep I regularly employed second step reagents, like labeled 

secondary antibodies. They are extensively used with a wide array of host species  

available and they are also sold in less commonly used fluorochromes. They have 

proven useful when supernatants or hybridoma antibodies are employed, which 

happens regularly with veterinary species where antibody availability is particularly 

limited. Covalent antibody labeling kits do not work with supernatants and Zenon™ 

kits are expensive and not available in less commonly used fluorochromes like 

PECy7 or BV421. Second step reagents can easily be matched to a variety of panels 

and can help to enable multicolor flow cytometry analysis in more species. In 

addition, this work demonstrates a popular fall back when using alternative species: 

cross-reactive antibodies. As described above, various human and other antibodies 

have been tested for species cross reactivity. It is regularly employed in veterinary 

species. These antibodies have proven themselves very useful in the investigation 

of the immune system in veterinary medicine, especially ruminants. [68]. Lastly, 

we utilized labeled receptor ligands that can be employed to further enhance a 

reagent repertoire when antibodies for cell surface receptors are unavailable or if 

the aim of the study is to specifically investigate ligand binding abilities. The use 

of receptor ligands can give a deeper understanding about functional cell adhesion 

and cell trafficking throughout the body to target cells in inflammation and mediate 

immune responses.  

Overall, utilizing the power of multiparameter flow cytometry to investigate the 

immune system of different species can improve animal and human lives by making 

it possible to control and treat diseases more effectively and safely [18]. This is 

crucial for developed and developing countries, as diseases like classical swine 

fever, paratuberculosis, rabies or brucellosis are a risk for domesticated and wildlife 

species and can threaten human health if they are zoonotic diseases[16]. 

Comparative immunological studies provide evidence that the immune systems of 

various animal species are similar but not identical [65, 87-89]. Which is not 

surprising as the immune system has evolved to protect the host against diseases 

which occur in a specific environment. Therefore, individual species encounter 

different threats to their heath and will rely on different elements of the immune 
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system to protect them [19]. Although most fundamental aspects of the bodies 

defense systems are evolutionarily conserved across species, it is also important to 

conduct studies in the species itself to identify unique immune mechanisms. 

Importantly, using the most appropriate species for a specific research purpose will 

also reduce the total numbers of animals used in studies [4]. There is an ongoing 

discussion over the appropriate use of experimental animal models, and it should 

be a priority to consider the relevance of a certain species for the translation of the 

research into useful information for other species [5, 16, 90]. As rodents have been 

the primarily utilized species [4] the limitations that come with less popular species 

can be challenging and therefore, make it hard to use multiparameter analysis and 

their advantages [66]. However, there are a lot of initiatives for the improvement of 

immunological knowledge in veterinary species[16]. There are multiple consortia 

and committees, like the Veterinary Immunology Committee (VIC). The VIC 

established the VIC Toolkit, a consortium with the mission “to provide a global 

network for veterinary reagent availability and facilitate information exchange”. 

[19] This organization plans workshops for reagent development, 

commercialization and provision to the veterinary immunology research 

community [18]. As part of this effort “The Immunological Toolbox” was 

developed. An online resource that helps finding location and supply for reagents 

and associated methods for veterinary immunological research [91]. Flow 

cytometry is evolving and more commercial antibodies are becoming available [12] 

and cross reactivities continue to be discovered, which will open up possibilities for 

veterinary medicine in the future. In the meantime, utilization of the techniques 

described in this thesis work will immediately expand the ability of veterinarians 

and other researchers to thoroughly investigate a multitude of research questions 

and disease states in veterinary species This can offer insight into immune system 

of veterinary species where a broader knowledge is crucial for the diagnosis, 

prevention and treatment of disease and overall animal welfare and health [19]. 
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6 Summary 

In recent years is has become difficult to imagine immunological studies without 

flow cytometry. There is an extensive amount of flow cytometers, reagents and 

resources available for those who wish to examine the immune system through flow 

cytometric studies. Through multiparameter analysis it is possible to obtain 

important information about leukocyte, or other cell populations, in an individual 

or a species, to establish a broader knowledge about the immune system and its 

mechanisms. Unfortunately flow cytometric analysis in veterinary species come 

with obstacles and limitations, such as the  lack of commercially available 

antibodies or limited color choices. This makes it hard to establish state-of-the-art 

analysis in these species.  

This work aimed to demonstrate the importance of the use of flow cytometry in 

immunological studies in veterinary clinical medicine and research and presents 

refined technical approaches to increase the  number of parameters analyzed by 

flow cytometry per cell sample. These approaches include the direct labeling of 

monoclonal antibodies with a desired fluorochrome by covalent conjugation using 

commercially available antibody labeling kits, or for immediate use and increased 

flexibility using Fc-directed Zenon labeling technology; second step reagents like 

labeled secondary antibodies are also discussed. In addition, this work demonstrates 

a popular fall back when using alternative species: cross-reactive antibodies. Lastly, 

we discussed labeled receptor ligands that can be employed to further enhance a 

reagent repertoire.  These techniques provide the ability to analyze at least 12 

parameters in non-traditional animal species on par with advanced studies 

performed in rodents and humans. This can  give insight into immune system of 

veterinary species where a broader knowledge is crucial for the diagnosis, 

prevention and treatment of disease and overall animal welfare and health. [19]  
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7 Zusammenfassung 

Heutzutage ist es schwer, sich immunologische Studien ohne Durchflusszytometrie 

vorzustellen. Wissenschaftlern steht eine große Auswahl an Geräten, Reagenzien 

und Hilfsmitteln zur Verfügung, um das Immunsystem mit Hilfe der 

Durchflusszytometrie zu erforschen. Multiparameter-Durchflusszytometrie 

ermöglicht die Erhebung wichtiger Informationen über Leukozyten, oder andere 

Zellpopulationen, in einem Individuum oder einer gesamten Tierart. Dies trägt zu 

einer Erweiterung des Wissens um das Immunsystem und dessen Funktionsweise 

bei. Leider ist die Analyse von Zellen mithilfe von Durchflusszytometrie in der 

Veterinärmedizin mit Schwierigkeiten verbunden. Durch Einschränkungen wie 

zum Beispiel einem limitierten Angebot an monoklonalen Antikörpern oder einer 

geringen Auswahl an Fluorochromen, kann das volle Potential von 

Durchflusszytometern in der Veterinärmedizin bislang nicht ausgeschöpft werden. 

Das Ziel dieser Arbeit war, die Bedeutung der Durchflusszytometrie für 

immunologische Studien in der Veterinärmedizin zu verdeutlichen und verfeinerte 

Methoden zu demonstrieren, durch welche die Nutzung der Multiparameter-

Durchflusszytometrie vereinfachen werden kann. Diese Methoden umfassen die 

Kopplung von Fluorenzfarbstoffen an ungefärbte Antikörper, mittels kovalenter 

Bindung durch kommerziell verfügbare „Antibody Labeling Kits“ oder mittels 

kurzfristiger Bindung durch auf Fc-Fragmente gerichtete „Zenon Kits“. Darüber 

hinaus wurde die Nutzung von zweistufigen Reagenzien wie zum Beispiel 

Farbstoff-markierten Sekundärantikörpern und die häufig verwende Methode der 

Nutzung von Spezies übergreifenden Antikörpern demonstriert. Zuletzt wurde 

dargestellt, wie auch Fluoreszenz-markierte Rezeptor-Liganden zu einer 

Erweiterung des Repertoires an Reagenzien beitragen können. Zusammenfassend 

konnte die Arbeit demonstrieren, dass mit Hilfe der Anwendung dieser Methoden 

mindestens 12 Parameter in nicht-traditionellen Tierarten analysiert werden 

können, welche gleichwertig zu Studien im Mausmodell in der Humanmedizin 

sind. Dies kann kritische Einblicke in das Immunsystem von veterinärmedizinisch 

relevanten Tierarten geben, welche kritisch für die Diagnose, Prävention und 

Behandlung von Krankheiten sind. 
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