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Abstract 
 

Flow cytometry is an emerging tool in veterinary medicine. Its application is most 

widespread in lineage differentiation of hematologic malignancies but other analytical 

possibilities such as functional assessment of platelets and neutrophil cells can also be 

performed. With the literature rapidly expanding and the availability of the method 

increasing it appears valuable to summarize some aspects of this robust technique. This 

thesis attempts to give an overview of flow cytometry application in veterinary medicine 

with an emphasis on small animal hematopoietic malignancies. In addition to a 

methodical description, various conditions are compiled and the use of flow cytometry is 

described. 

 

 

 

Absztrakt  
 

Az állatorvosi gyakorlatban egyre elterjedtebben használt eszköz a flow cytometer. 

Legkiterjedtebben hematológiai betegségek eredetének feltáráshoz használják. További 

használati módja lehet egyes sejttypusok,mint a vérlemezkék vagy a neutrophil 

granulocyták funkciójának vizsgálata. A flow cytometriával foglalkozó állatorvosi 

irodalom jeletősen novekszik és a módszer egyre inkább elréhetővé válik, ezért 

célszerűnek látszik ismertetni az ezzel kapcsolatos tudományos irodalmat. Jelen munka a 

kisállatok hematológiai megbetegdésének előtérbe helyezésével vizsgálja a flow 

cytometria állatoevosi vonatkozásait. Metodikai leeírás mellett számos megbetegés 

esetén elírásra kerül a flow cytometria használata. 
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1 List of abbreviations 
 

AL  Acute Leukemia 

CBC  Complete Blood Count  

CD  Cluster of Differentiation 

CETL  Cutaneous Epitheliotropic T-cell Lymphoma  

DCS  Dendritic cells 

DLBCL Diffuse large b-cell lymphoma  

FACS  Fluorescence Activated Cell Sorting 

FC  Flow Cytometry 

FCA  Flow cytometric analysis 

FIV  Feline immunodeficiency virus  

FITC  Fluorescein Isothiocyanate 

FNA  Fine Needle Aspiration 

FSI  Forward Scatter Intensity 

IL  Interleukin 

IMHA  Immune-mediated hemolytic anemia  

ITP  Immune-mediated thrombocytopenia 

LL  Lymphoblastic Lymphoma 

MAb  Monoclonal Antibody 

MPO  Myeloperoxidase 

NK  Natural Killer 

PE  Phycoerythrin 

RPMI  Rosswell Park Memorial Institute media 

r-PLT  Immature reticulated platelets  

SSI  Side Scatter Intensity 

TCL  T-cell lymphoma 

TZL  T-zone lymphoma 
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2 Introduction 
 

About 50 years ago, Wolfgang Göhde developed the first fluorescence-based flow cytometer 

in Germany. [1] 

Nowadays it is an essential component in research. It has a broad range of applications, 

especially in the fields of hematology, immunology, and oncology. [2] 

„Flow cytometry (FC) is defined as a method for the qualitative and quantitative measurement 

of biological and physical properties of cells and other particles suspended within a high-

velocity fluid stream and passing through a laser beam in a single file. “ [3] 

With exceptional sensitivity and specificity, flow cytometry offers the ability to simultaneously 

assess many properties of individual cells in complicated cell mixtures. This improves the 

precision of the diagnosis of hematological and lymphoproliferative diseases by making it 

easier to identify aberrant cells in peripheral blood samples or cell suspensions made from solid 

tissue biopsies. Researchers and clinicians are interested in using flow cytometry in the 

diagnosis and investigation of disease due to the growing specialization of veterinary practice. 

[4] 

In the past 30 years, trained professionals were needed to handle the complex and expensive 

flow cytometers. But with technological improvements, flow cytometry is becoming easier to 

use and more and more veterinarians are including the technique in their practices. [2] In 

veterinary oncology, flow cytometry is frequently used to identify and classify hematologic 

malignancies, especially lymphoid neoplasia including leukemia. It can also be used to evaluate 

both neoplastic and non-neoplastic marrow diseases. [5] 

In this literature review, the application of flow cytometry in veterinary medicine will be 

summarized. Also, a short explanation of the technology and methods will be included.  
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3 Flow cytometry 
 

“Flow cytometry is a highly sensitive and specific method for simultaneous analysis of multiple 

parameters of individual cells in a suspension.” [6] 

It is a rapid laser-based technique interrogating several hundred thousand cells individually in 

a few seconds. [7, 8] It gives an accurate evaluation of the size and the internal complexity of 

the cells and detects an antigenic pattern that is expressed by each cell and is unique for cellular 

lineage and the maturation stage. [9] 

This technology describes and counts cells with greater accuracy and precision than 

conventional approaches. [4] 

Although flow cytometry is frequently used in research in veterinary medicine, clinical 

applications and relevance for the characterization of hematolymphoid neoplasms have been 

developed and increased. [7] In the practice, it is utilized more frequently to confirm diagnoses 

and characterize the immunophenotype of hematopoietic neoplasms. [9] 

The morphological and functional characteristics of cells in the blood, fluid, and tissues of 

veterinary patients can be determined using flow cytometry. [8] 

In small animal medicine, the most frequently used application includes the quantitation of 

erythrocytes and leukocytes in automated hematology analyzers, the detection of antibodies to 

erythrocytes and platelets in immune-mediated diseases, the immunophenotyping of leukocytes 

in hematologic malignancies. [10] 

 

 

3.1 Components and principles 
 

The fundamental workings of a flow cytometer are as follows: Light from one or more lasers 

of a certain wavelength interrogates cells or particles in a single file in a fluid media, and light 

scatter and emission data are recorded. [11] 

The main components of a flow cytometer are fluidics, optics, electronics, and a computer to 

analyze the measured particles/cells. (Figure 1) [12]  
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Figure 1: Schematic of flow cytometry system and critical components [13] 

 

 

3.1.1 The fluidics 

 

In fluidics, samples are suspended in a physiologic fluid and placed into the flow chamber. [11] 

The flow chamber contains a sheath fluid, a buffered saline solution, which is mixed with the 

cell suspension. [12] A laminar flow is produced by the moving fluid stream and the cells are 

lined with even space in the center of the flow chamber so they can be stuck singularly by the 

laser beam. [11] By setting the flow speed one can adjust the time required for analysis. At the 

same time, it changes signal characteristics when the particles are investigated individually, and 

therefore flow speed should be carefully selected. 

 

 

3.1.2. The optics 
 

The optics of the FC include one or more lasers as a light source, and to focus the beam, a set 

of lenses. [11]  
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Various lasers with different wavelengths can be used. If a sample is labeled with a fluorescent 

dye, it will emit light at a specific wavelength. [11] Most fluorochromes, like PE and FITC, 

absorb the light at 488nm. For ultraviolet-sensitive and far-red fluorochromes, other lasers are 

required, UV (300-400nm), and far-red (630nm). [12][11]  

2 different light scatters can be detected, collected, and analyzed providing information about 

every single cell. [8] The forward scatter angle is correlated to the size of the cell where the 

light passes forwards through the cell. The side scatter angle is where the light scatters at a 90-

degree angle and it represents the complexity of the cell. (Figure 2) [2] This can be used to help 

us distinguish for example between granulocytes and lymphocytes. [14] In addition, if the cells 

are subjected to fluorescently labeled antibodies then the fluorescence of these can be detected 

too. The detectors apply wavelength filters to detect a narrow frequency range. Various 

wavelengths of fluorescence for each of the lasers can be used leading to several different 

signals which may be picked up for analysis. This way, the number of investigated parameters 

can be increased greatly. An example of fluorochrome application is shown in figure 3. [15] 

The application of multiple lasers and fluorochromes allows for a multicolor approach. 

However, the spectrum of emitted light by the fluorochromes is not completely uniform and 

despite the application of filters, some spillover light may hit other detectors too. Therefore, 

fluorochrome selection should be cleverly designed and spectral overlap filtered before the 

analysis of a sample. Fluorochrome selection is facilitated by spectrum viewer tools (for 

example the BD spectrum viewer, figure 3). 

The detected signal strength is dependent not only on the quality of the laser but the number of 

available molecules for labeling as well as transit time in front of the beam. [12] 

 
Figure 2: High and low angle scatter [11] 
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Figure 3: BD Spectrum viewer [16] 
 
 
 

 
 

Figure 4: Laser spectra, filters, and possible fluorochromes in a specific setup [15] 
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3.2 Fluorescence-activated cell sorting (FACS) 
 

Fluorescence-activated cell sorting is an application of flow cytometry that separates cells or 

cell particles, like lymphocytes from a heterogenous suspension and collects them in two or 

more containers. (Figure 5) [17] 

During the process, droplets are formed which pass through the laser and are charged by a 

charging electrode positively or negatively, based on predetermined characteristics which the 

flow cytometer can detect. These droplets are then deflected by high-voltage charged plates and 

collected in tubes according to the desired selection criteria. [12] This application is mostly 

used in research settings, although practical applications exist too: for example, sperm can be 

sorted according to sex chromosome content which can be used in reproductive medicine to 

allow for the determination of the offspring (both in vitro fertilization and insemination 

procedures). [18] 

 

 
 

Figure 5: Fluorescent-activated cell sorting (FACS) 

The suspended cells are subjected to different fluorescent tags depending on the experimental setup. As the cells flow in a 

stream of liquid they pass through a laser-detector system that monitors the fluorescent and light scatter characteristics. Based 

on their characteristics cells are separated in an electric field and into different collecting tubes or multiwell plates. 

Depending on the experiment a variety of markers may be used for separating the cells of interest. Demonstrated in this 

figure are cells tagged with green and red fluorescent proteins. Cells that are not labeled are separated into a third 

column/tube. [19] 



 8  

3.3 Sample collection 
 

For FC, living cells in a liquid suspension are essential. Samples can be taken from bone 

marrow, lymph nodes, and blood, but also body fluids and solid tissues. Sufficient cells should 

be collected without any contamination such as clots or artifacts. [11] 

The sample collection, preparation, analysis, and interpretation processes involved in flow 

cytometry are complicated analytical techniques that have a wide range of potential variables 

that could have a significant impact on the findings. [7] 

Blood samples or bone marrow samples can be collected in EDTA tubes, while lymph nodes 

or other tissue aspirations are collected like FNA and must be placed in a fluid suspension. A 

culture medium, fetal bovine plasma, or 1ml saline and 0.1 ml patient serum in a top red tube 

can be used to transport the FNA. [20] 

For an accurate diagnosis, samples from solid tissues should also be prepared and sent for 

cytology and histopathology.  

In the laboratory, RBCs need to be removed from the sample because they are present in a much 

higher number than leukocytes. Other samples like FNA from solid tissues or cavity fluids can 

be put into a buffered solution and without or with minimal processing analyzed. [11] 

In any case, the viability of the cells must be preserved until analysis. Cells undergo 

degeneration if they are removed from their natural environment in several ways which may 

affect the quality of flow cytometric analysis. Markers of interest may be lost or gained, cells 

(especially neoplastic ones) may disintegrate, and these may lead to inaccurate results (lost data 

points or debris disturbing the measurement). One may overcome these difficulties by 

decreasing the sample submission time to the laboratory or with the addition of preservatives 

to the sample allowing longer transit time. Of these two approaches, the former is more 

desirable. Preservatives often contain pigments (for instance in the case of the frequently used 

RPMI 1640 medium) which may increase background fluorescence detected as noise in the 

detectors. This is especially important in the case of dim signals which may be difficult to 

separate on analysis. [12] Some leverage may be added by labeling the cells immediately for 

analysis with which one may only need to remove disintegrated cells from the sample. [21] 

Even in this case, the storage of the samples in any of these cases should not exceed 48h and 

samples should be refrigerated. [11] 
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3.4 Data analysis 
 

The analyzed data can be depicted in histograms or plots. Histograms can only demonstrate one 

single parameter, in contrast to plots, like dot plots, density plots, or contour plots, which can 

cross 2 parameters. [17] 

A histogram represents one parameter of relative fluorescence or light scatter where multiple 

samples can be compared. [22] 

In a plot, each dot represents a single cell, analyzed by the flow cytometer. [22] 

 

 

3.5 Gating, data extraction 
 

Gating is an application of flow cytometry that can be used to isolate a subpopulation of cells 

for analysis. [14] 

With this method, unwanted particles such as debris or dead cells can be removed and only the 

cells of interest remain. [23] The latter especially is of importance, so much so that dead cells 

are labeled separately. 

The data obtained from the analysis consists of forward scatter, side scatter, and often multiple 

fluorescent signals. With gating one may select a cell population that can be further subdivided 

into subpopulations of interest. For example, large CD45 (a pan leukocyte marker, see later) 

positive cells may be selected from a sample and these cells may be subdivided into groups 

expressing CD3 or CD21, B, or T cell markers. The proportions of these cells can then be 

quantified. If multiple parameters are analyzed simultaneously then gating strategies may be 

formulated and the software of the analyzer may store these for use later. Cells are frequently 

gated based on their size or their expression of the desired marker (for instance CD45 is a pan-

leukocyte marker that can be used to select leukocytes from other cells). Gated cells then can 

be further investigated for the proportionate expression of other characteristic molecules. 

In Figure 6 we can see the difference between gating by FSC vs. SSC on the left, where the cell 

populations cannot be distinguished from each other, and on the right, gating by CD45 vs. SSC 

for the same event, which is, in this case, the appropriate gating approach. [24] 

Furthermore, signals generated by the flow cytometer can be stored in a predetermined file 

format (*.fcs). These files can be reassessed by other investigators using designated software 

even without a flow cytometer present. This facilitates proficiency testing and overcomes the 
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degradability of the samples to a certain extent providing a way to reanalyze the result 

(including gating). [7] 

Automation of gating has been attempted in human medicine with the use of machine learning 

in some cases. [25] Such an application in veterinary medicine does not appear to exist.  

 

 
Figure 6: Comparison of gating strategies: FSC vs. SSC on left; CD45 vs. SSC on right. [24] 

 
3.6 Reporting the results 
 

Flow cytometry generates a lot of data. The analysis of such a dataset is performed by trained 

personnel. However, for clinical applications, the reported results should be comprehensive, yet 

understandable by the clinician. Members of the European Canine Lymphoma Network 

realized this need and formulated a consensus statement on the reporting of flow cytometry 

results. An example is shown in figure 7. [26] According to this, the following pieces of 

information should be included in a flow cytometry report: 

- Laboratory identification 

- Patient identification 

- Type and quality of the sample(s) 

- Sample preparation and staining 

- Percentages of positive cells 

- Descriptive report 

- Diagnosis and interpretation 

- Comments and references 

- Signatures 
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Figure 7. Flow cytometry report as recommended by the European Canine Lymphoma 

Network. [26] 
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4 Application in veterinary medicine 
 

Flow cytometry-based hematology analyzers are the most widely used application of the 

technology in veterinary medicine and are found in virtually every veterinary laboratory 

throughout developed countries. These essentially flow cytometers are limited for a narrow 

purpose, namely, to recognize erythrocytes, leukocytes, and platelets and allow their 

differentiation and their morphologic qualities to a certain extent. 

Immunophenotyping is a more specialized analysis where cells are differentiated based on their 

antigen display with the help of monoclonal antibodies and fluorochromes. This technique 

facilitates the recognition of microscopically indistinguishable cells (for example various 

lymphocyte subsets). Immunophenotyping is used for the diagnosis and prognostication of 

hematologic malignancies which may influence treatment choice. Research is ongoing to 

exploit its full potential. 

A third application is found for the detection of antibodies bound to the cellular surface such as 

immune-mediated hemolytic anemia (IMHA). Immune-mediated thrombocytopenia (IMTP) 

and antibodies attached to neutrophils were also investigated. 

Finally, functional assays are in experimental use for platelet or white blood cell function. [12] 

 

 

4.1 Immunophenotyping 
 

It is the identification of cell lineage using monoclonal antibodies that identify lineage-specific 

antigens. The markers can be expressed on the cell surface but also in the nucleus and the 

cytoplasm of the cell. These markers are called cluster of differentiation (CD). [27] In the 

human literature at least 376 CD marker was described whereas fewer is described for 

veterinary species. It is important to note that even if a monoclonal antibody exists for a given 

CD marker that does not automatically mean that it can be used in flow cytometry. 

Manufacturers continuously increase the available range for veterinary species. [12] 

In veterinary practices, immunophenotyping is the most used application of flow cytometry to 

analyze cells of the hematopoietic system. [2] Cytology and histopathology are needed for the 

diagnosis of tumors and with the use of immunophenotyping, tumors, such as lymphomas can 

be classified and staged. [5] An advantage of flow cytometry compared to histopathology is its 

relative ease of application and fast turnaround time. Flow cytometry results can be generated 

within a day from sample collection whereas immunohistochemistry investigation may take a 
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week. A disadvantage of flow cytometry is the lack of architectural information on the sampled 

tissue which can be identified in histopathology sections and makes flow cytometry most 

suitable for the analysis of samples obtained from diffusely affected organs where the target 

cells are evenly distributed. [12] 

 

 

4.2 Cluster of differentiation 
 

Table 1: Surface markers of leukocytes in dogs and cats detected using flow cytometry  

[28, 29] 

 

Canine Markers  

 

Marker Cell type Technique Comment 

CD1a T-cell and B-cell 

lymphocytes subsets, 

monocytes, DCs 

FCA, ICC  

CD1c Monocytes, DCs ICC  

CD3 T cell lymphocytes FCA, ICC Membrane, cytoplasm 

staining pattern  

CD4 T-cell lymphocytes, 

monocytes, DCs, 

neutrophils*  

FCA, ICC T-helper subsets, 

*neutrophils in dogs 

CD5 T-cell lymphocytes FCA, ICC  

CD8 Cytotoxic T-cell FCA, ICC A cytotoxic subset, NK 

cells 

CD14 Monocytes, 

macrophages 

FCA, ICC  

CD18 All leukocytes FCA, ICC Greater intensity on 

granulocytes and 

monocytes 

CD20  B-cell lymphocytes ICC Membrane/cytoplasm 

staining pattern  
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CD21 B-cell lymphocytes FCA, ICC Absent on plasma cells 

CD34 Hematopoietic stem 

cells 

ICC  

CD41 Platelets, 

megakaryocytes  

ICC  

CD42b Megakaryocytes ICC  

CD45 All leukocytes FCA, ICC  

CD61 Platelets, 

megakaryocytes 

FCA, ICC  

CD79a and 

CD79b 

B-cell lymphocytes ICC Intracellular antigen 

CD117 Mast cells ICC  

MHC II Monocytes, DCs, T- 

and B-cell 

lymphocytes 

FCA, ICC Membrane/cytoplasm 

staining pattern 

IgM, IgA, IgG B-cell lymphocytes ICC  

BLA36 B-cell lymphocytes, 

DCs 

ICC  

Pax5 B-cell lymphocytes ICC Nuclear staining 

MUM1/RF-4 Plasma cells, B-cell 

lymphocytes 

ICC Nuclear+/- cytoplasmic 

staining  

Lysozyme Granulocytes, 

monocytes, 

macrophages 

ICC Cytoplasm (granular) 

staining 

MPO Granulocytes, 

monocytes 

ICC  

 

Feline markers 

 

Marker Cell type Technique Comments 

CD1a T-cell and B-cell 

lymphocyte 

ICC  
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subsets, monocytes, 

DCs 

CD1c Monocytes, DCs ICC  

CD3 T-cell lymphocytes ICC Membrane/cytoplasm 

staining patterns 

CD4 T-cell lymphocytes, 

activated 

monocytes, 

macrophages, DCs, 

neutrophils 

FCA, ICC  

CD5 T-cell lymphocytes FCA, ICC  

CD8 T-cell lymphocytes FCA, ICC A cytotoxic subset, 

NK cells 

CD11b Granulocytes, 

monocytes, 

macrophages 

FCA, ICC  

CD11d T-cell lymphocytes 

subset, monocytes, 

and histiocytes 

ICC  

CD14 Monocytes, 

macrophages 

FCA, ICC   

CD18 All leukocytes FCA, ICC Greater intensity on 

granulocytes and 

monocytes 

CD20 B-cell lymphocytes ICC Membrane/cytoplasm 

staining pattern 

CD21 B-cell lymphocytes FCA, ICC Absent on plasma 

cells 

CD22 B-cell lymphocytes FCA Absent on plasma 

cells 

CD45 All leukocytes FCA  

CD79a and CD79b B-cell lymphocytes ICC Intracellular antigen 
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CD103 Intra-epithelial 

lymphocytes 

FCA  

CD117/c-kit Mast cells ICC  

BLA36 B-cell 

lymphocytes, 

dendritic cells 

ICC  

Pax5 B-cell lymphocytes ICC Nuclear staining 

MUM1 Plasma cells, B-cell 

lymphocytes 

ICC Nuclear +/- 

cytoplasmic staining 

pattern 

MHCII Monocytes, DCs, 

T- and B-cell 

lymphocytes 

FCA, ICC Membrane/cytoplasm 

staining pattern 

Lysozyme Granulocytes, 

monocytes, 

macrophages 

ICC Cytoplasmic 

(granular) staining 

MPO Granulocytes, 

monocytes 

ICC  

Tryptase Mast cells ICC  

 

In the tables above, the most used cluster of differentiation in veterinary medicine is listed.  
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4.3 Lymphoma 
 

 

In dogs and cats, the most frequent hematologic malignancies are lymphomas, and malignant 

proliferations of lymphoid cells, arising from solid tissues. [30–32] Lymphomas are a diverse 

group of malignancies bearing the common characteristics of the expansion of neoplastic 

lymphoid cells either in tissues where lymphoid cells are expected (i.e., lymph nodes) or where 

they are unexpected (i.e., liver, kidneys, etc.) in large numbers. Considering that a lymphoid 

malignancy arises from a single clone (clonality) it is straightforward that neoplastic lymphoid 

cells possess the same immunophenotype which can be used for the diagnosis of the disease. 

Although demonstrating clonality by flow cytometry is difficult (see later) the expansion of 

cells with similar morphology and immunophenotype is often sufficient to diagnose the disease. 

[12] 

To classify lymphomas, FNA from enlarged lymph nodes or masses are taken, placed into a 

suitable container with buffer saline, stained with fluorescent antibodies, and analyzed by flow 

cytometry. [11] It is used to emphasize the results from histopathology or cytology, and to 

examine the immunophenotype of the cells. [33] In correlation to other techniques, FC is simple 

and quick to use, and with the application of gating, a mixed cell population can be analyzed. 

[34]  

Flow cytometry can be used for lineage assessment: knowledge on whether the lymphoma is 

T-cell, B-cell, or NK cell origin carries information regarding optimal treatment modality and 

prognosis of survival and response to therapy. [34] [20] Markers expressed on one cell line and 

absent on the other can be used for lineage assessment. B cells express CD20, CD21, CD79a, 

IgG or IgM whereas T-cells express CD3, CD4, CD5 or CD8. 

This property can be enhanced greatly if the actual subtype is known, which can be achieved 

by flow cytometry in certain cases, especially if flow cytometry is coupled with morphologic 

analysis of the cells (cytology). For example, the survival of patients suffering from T-cell 

lymphoma is generally shorter than that of the B-cell counterpart; however, small clear cell 

lymphoma, a T-cell variant, carries a much better prognosis. [27] 

Cellular maturation can be assessed too which may help differentiate leukemia from stage V 

lymphoma (advanced lymphoma manifesting in the bone marrow and often in the bloodstream). 

It is known that lymphoid cells are losing CD34 positivity upon leaving the bone marrow. 

Lymphomas arising from peripheral organs are therefore CD34 negative whereas leukemias 

arising from the bone marrow are CD 34 positive. [35] 
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In select cases, aberrant immunophenotypes of lymphoid cells can be detected which can further 

increase diagnostic accuracy. An aberrant immunophenotype is characterized by an unexpected 

expression of a marker. This might either be an under- or overexpression of a typical marker 

for a lymphoid malignancy or an expression of a marker that normally isn’t found in the 

investigated population. For example, T-zone lymphoma in dogs is characterized by the loss of 

CD45, the common lymphocyte antigen, and an aberrant expression of CD21 which is 

unexpected in T-cell lymphoma. [34] 

The use of flow cytometry has been attempted to detect minimal residual disease in lymphoid 

tumors. Minimal residual disease detection is routinely performed in human medicine but is 

rarely investigated in veterinary settings. Flow cytometry with careful settings can detect as few 

as 1 neoplastic cell in 10000 cells which improves sensitivity compared to traditional methods 

like cytology (5 in 100 cells). [27, [36] 

The advantages of flow cytometry can mostly be used if a diffuse neoplastic infiltrate is present 

in the investigated tissue. In dogs, this contributes to the useability of flow cytometry because 

several lymphoma subtypes are diffusely infiltrating. At the same time, this limits the 

applicability of flow cytometry in cases where neoplastic cells are similar in size to their healthy 

counterparts or when the neoplastic cells are present in a low proportion. Such an example can 

be that of the indolent lymphomas without an aberrant immunophenotype and for the latter the 

dilemma of a reactive lymph node. Therefore, it appears wise to have information about the 

composition of healthy lymphoid organs for comparison which enables the detection of a larger 

proportion of cells with similar immunophenotypes, a hallmark of neoplastic expansion. Such 

studies were carried out for healthy canine and feline peripheral blood, lymph nodes, and canine 

bone marrow. [17, [37] [38] Although this might serve as some form of a reference interval 

similar to laboratory analytes clinical cutoff values are needed to determine what proportion of 

marker expression may be atypical. 

 

 

4.3.1 B-cell lymphomas in dogs 
 

There are different types of B-cell lymphomas, such as marginal zone, follicular, mantle cell, 

and others. The most common subtype in dogs is diffuse large B-cell lymphoma (DLBCL). [39] 

As a study shows, some breeds are more prone to this malignancy, such as Basset Hound, 

Border Collie, Cocker Spaniel, Standard Schnauzer, and others. [40] 
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Markers used for B-cell lymphomas are CD20, CD21, CD79a IgG, and IgM. [34]. An obvious 

abnormal antigenic pattern is needed for the definite diagnosis of a neoplastic population. If it 

is absent then other methods, such as cytology, histopathology, and immunohistochemistry are 

essential for the correct diagnosis. [41] Flow cytometry and cytology are often used as adjunct 

diagnostic methods and are sufficiently robust to detect several B-cell tumors. 

In Figure 8 a forward scatter vs. side scatter was applied from a lymph node aspirate for the 

evaluation of the cell size. [41] 

 
 

Figure 8: Flow cytometric presentation of a large B-cell lymphoma. (A) Forward scatter (FSC) vs. side 

scatter (SSC) plot after doublet exclusion showing two populations of small- and large-sized cells. (B) FSC vs. CD21 plot of 

P4-gated cells showing higher CD21 expression on large cells (H6-UR) compared with small B-lymphocytes (H6-UL). [41] 
 

 
4.3.2 T-cell lymphomas in dogs 
 

Canine T-cell lymphomas – similarly to B-cell tumors - are heterogenous malignancies. [42] 

They originate from T-cells and represent about 30-40% of canine lymphomas. [43] 

There are different subgroups of T-cell lymphomas. The most common ones are peripheral T-

cell lymphoma (PTCL) and T-zone lymphoma (TZL). [43] Others are less frequently 

encountered but carry a poor prognosis: lymphoblastic lymphoma (LL) and cutaneous 

epitheliotropic T-cell lymphoma (CETCL) are aggressive tumors. As a study shows, some 

breeds are more prone to T-cell lymphoma than others like Siberian Husky, Irish Wolfhound, 

Airedale Terrier, Cavalier King Charles Spaniel, Shih Tzu, and some others. [40] 

In Table 1 above the most used antibodies for the characterization of T-cells with FC are listed, 

such as CD3, CD4, CD5, CD8, MHC II, etc.[43] 



 20  

With flow cytometry, we can easily distinguish between reactive and neoplastic T-cells by using 

a multicolor approach. Lymph node hyperplasia can be due to a chronic process such as 

Leishmania, viral infections, or dermatitis. As a result, lymph node hyperplasia will have a 

mixed cell population, contrary to PTCL where only the T-cell will be increased. [43] 

Flow cytometry, histopathology, and cytomorphology can be used for the classification of TCL 

subtypes, such as PTCL, LL, TZL, CETL, etc. 

PTCL is one of the most common subtypes of TCL with different outcomes. In Figure 9 flow 

cytometric characteristics of PTCL (CD3+, CD4+, CD45+, and MHCII-) are demonstrated. 

[43] 

 

 
 

Figure 9: Flow cytometric presentation of a PTCL. (A) Forward scatter (FSC) vs. side scatter (SSC) plot 

after doublet exclusion showing a unique population of medium-to-large sized cells. (B, C) CD5 vs. CD21 plot (B) and CD3 

vs. CD4 plot (C) of P2-gated cells showing a predominant population of CD5+CD3+CD4+ cells. [43] 
 

In only 3% of canine lymphomas, we can see LL. Lymphoblastic lymphomas arise from 

precursor cells, are very aggressive, and have a poor outcome. FC is used to grade the 

malignancy. [43] 

Also, TZL is rare and small neoplasms. As visible in Figure 10, we can quickly identify TZL 

with a multicolor approach, the distinctive loss of CD45 expression, and the abnormal 

expression of CD21, a B-cell marker. 

FC is essential to define the immunophenotype of the tumor which is necessary for the proper 

therapy. We can also differentiate TZL from PTCL and classify the subtypes of TCL [43] 
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Figure 10: Flow cytometric presentation of a TZL. (A) Forward scatter (FSC) vs. side scatter (SSC) plot 

after doublet exclusion showing a prevalent population of medium-sized cells. (B, C) FSC vs. CD45 plot (B) and CD5 vs. 

CD21 plot (C) of P2-gated cells show that medium-sized cells are CD45–CD5+CD21+dim.[43] 

 
 
4.3.3 Case study: Beagle with B-cell lymphoma and T-cell acute lymphoblastic leukemia 
 

In rare cases, the simultaneous appearance of lymphoid malignancies may result in conflicting 

results on flow cytometry. Lineage differentiation in these cases may be more difficult. Such a 

case is described by Ferrari A., et al. [44] A Beagle was presented with lethargy, weight loss, 

and peripheral lymphadenomegaly. In addition to a complete blood count and biochemistry, 

cytological examination, US, and fine needle aspiration of lymph nodes were taken to perform 

FC immunophenotyping. To stage the disorder, samples from the bone marrow and blood were 

taken and sent for flow cytometric analysis. As a result, a CD21-positive large cell population 

can be seen in Figure 11 which demonstrates a large B-cell lymphoma. On the other hand, a 

different lymphoid cell population has been demonstrated from blood and bone marrow for 

which a different antibody panel was used. These cells were positive for pan leukocyte markers 

CD45, CD44, and CD18 but negative for myeloid markers and CD21. Weak positivity for T-

cell markers was observed (14% positive cells for CD5). Although cutoff values for marker 

positivity in veterinary literature are lacking, it is generally considered in human medicine that 

20% is the threshold for a given marker and is used by some experts in flow cytometry in 

veterinary medicine. [27] In this case, additional diagnostics were used to determine the final 

diagnosis (PCR for receptor rearrangement) of the concomitant appearance of B- and T-cell 

lymphoid malignancies. [44] 
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Figure 11: Flow cytometric analysis of a lymph node (LN; A–C) aspirate and a bone marrow 

(BM; D–F) sample from a dog with concomitant large B-cell lymphoma and acute leukemia 

of suspected T-cell lineage. 
Only CD45-positive cells are shown. Discriminators were set based on negative unstained controls. A. Scattergrams of the 

LN aspirate; cells are displayed based on cell size (FSC-H) and complexity (SSC-H). B. Most of the cells in the LN aspirate 

were large and stained positive for CD21 (upper right quadrant). C. A few small cells in the LN aspirate stained positive for 

CD5 (non-neoplastic residual T cells, upper right quadrant). D. Scattergrams of the BM sample; cells are displayed based on 

cell size (FSC-H) and complexity (SSC-H). E. Large cells staining positive for CD21 represented <1% of the cell population 

in the BM sample (upper right quadrant). F. A subset of neoplastic cells in the BM sample stained positive for CD5 (upper 

right quadrant).[44] 

 

4.3.4 Flow cytometry for lineage determination in lymphoma in cats 

 

In cats, a case study of 19 cats was made for the diagnosis of lymphoproliferative disorders 

with the use of FC for immunophenotyping. 

As a result of clinical and laboratory findings, such as lymphocytosis, peripheral 

lymphadenopathy, abdominal-, mediastinal- and retrobulbar masses, enlarged kidneys, 

thickened intestinal wall, and pleural effusion, which were indicating lymphoid neoplasia, 

referring veterinarians suggested FC. Cats of different breeds, like British-, domestic shorthair, 

Persian, Bengal, etc., and different age groups, from 6 months up to 16 years, female neutered 

and male neutered, attended the study.  
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The cats were divided into 2 groups, in group 1 were cats with formerly diagnosed lymphoma, 

and in group 2 were cats with non-neoplastic lymphoproliferative disorders.  

Not only FC, but also other tests were formerly carried out such as hematology, biochemistry, 

diagnostic imaging, cytology, and histology. The cats also tested negative for FeLV and FIV.  

A sample with FNA aspiration was taken and processed by a laboratory. With the use of 

monoclonal antibodies, CD4, CD5, CD8, and CD21 flow cytometric measurements were 

performed. With the light scattering properties of the lymphoid cells and to analyze the 

expression of surface antigen, they used the gating technique.   

In the results of group 1 which we can see in figure 12, in 12 out of 13 lymphoma patients, FC 

was able to determine the cell lineage. One patient presented with multicentric 

lymphoma/leukemia, one with extranodal lymphoma, two with mediastinal lymphoma, three 

with multicentric lymphoma, and six with alimentary lymphoma. [31] 

 

 
 

Figure 12: Characteristics (age, sex, breed, sample type, lymphoma subtype, phenotype, 

diagnostic tests used for the definitive diagnosis) of cats with lymphoma (group 1) [31] 

 

 
 

Figure 13: Characteristics (age, sex, breed, sample type, reason for performing 

immunophenotyping, diagnostic tests used for the definitive diagnosis, disease recognized, 

phenotype) of cats with non-neoplastic lymphoproliferative disorders (group 2) [31] 
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Table 1. Characteristics (age, sex, breed, sample type, lymphoma subtype, phenotype, diagnostic tests used for the de!nitive diagnosis) of cats with lymphoma (group 1)a

Phenotype of lymphoma

No. Age Sex Breed Sample analysed Lymphoma subtype CD4 CD5 CD8!/" CD21 Definitive diagnosis based on

1 7 MN DSH Intestinal mass Alimentary lymphoma B cell − − − + (95%) Intestinal mass FNAC
2 12 MN DSH Intestinal mass Alimentary lymphoma B cell − − − + (92%) Intestinal mass FNAC
3 8 FN DSH Gastric mass Alimentary lymphoma B cell − − − + (96%) Intestinal mass FNAC
4 12 FN DSH Intestinal mass Alimentary lymphoma B cell N/d − N/d + (95%) Intestinal mass FNAC
5 15 MN Persian Intestinal mass Alimentary lymphoma B cell N/d − N/d + (91%) Intestinal mass FNAC
6 9 MN DSH Mesenteric lymph node Alimentary lymphoma T cell N/d + (93%) N/d − Lymph node FNAC
7 16 FN DSH Spleen Multicentric lymphoma/leukaemia T cell + (94%) + (95%) − − Spleen and liver FNAC
8 2 MN DSH Mesenteric lymph node Multicentric lymphoma T cell − + (94%) + (93%) − Lymph node FNAC
9 10 MN BSH Intestinal mass Multicentric lymphoma B cell N/d − N/d + (90%) Intestinal mass FNAC
10 0.5 MN DSH Peripheral lymph node Multicentric lymphoma UTD + (31%) + (53%) + (15%) + (32%) Lymph node histology and IHC (B

cell multicentric lymphoma)
11 1 MN DSH Pleural fluid Mediastinal lymphoma B cell − − − + (90%) PARR of pleural fluid
12 1 FN DSH Pleural fluid Mediastinal lymphoma T cell + (99%) + (93%) − − Mediastinal mass FNAC and

pleural fluid analysis
13 5 FN Bengal Retrobulbar mass Extranodal lymphoma – retrobulbar B cell N/d − N/d + (92%) Retrobulbar mass FNAC

FN, female neutered; MN, male neutered; UTD, unable to determine; N/d, not determined.
aThe percentage of lymphocytes positive for a certain antigen is presented in brackets.

©
2014

John
W

iley
&

Sons
Ltd,Veterinary

and
Com

parative
O

ncology,
14,

S1,
40

–51

44
M

.G
uzera

etal.

Table 2. Characteristics (age, sex, breed, sample type, reason for performing immunophenotyping, diagnostic tests used for the de!nitive diagnosis, disease recognized, phenotype) of cats with
non-neoplastic lymphoproliferative disorders (group 2)a

Phenotype of lymphocytes

No. Age Sex Breed Sample analysed
Reason for performing
immunophenotyping

Lymphoproliferative
disorder excluded by Disease recognized CD4 CD5 CD8!/" CD21

14 13 FN DSH Mesenteric lymph node Generalised lymphadenomegaly Lymph node FNAC Reactive lymphoid hyperplasia Mixed + (32%) + (51%) + (22%) + (42%)

15 9 MN DSH Peripheral lymph node Lymphadenomegaly Lymph node FNAC Reactive lymphoid hyperplasia Mixed + (33%) + (65%) + (37%) + (28%)

16 1 FN DLH Peripheral lymph node Generalised lymphadenomegaly Lymph node FNAC Reactive lymphoid hyperplasia Mixed + (21%) + (53%) + (26%) + (44%)

17 4 MN DSH Mesenteric lymph node Thickening of intestinal wall and
mesenteric lymphadenomegaly

Intestine and lymph node FNAC Reactive lymphoid hyperplasia Mixed N/d + (29%) N/d + (57%)

18 10 FN DSH Spleen Recurrence of IMHA, suspicion of
multicentric lymphoma

Spleen histology IMHA Mixed + (57%) + (85%) + (18%) + (10%)

19 7 FN DSH Pleural fluid Chylothorax Pleural and abdominal fluid analysis Idiopathic chylothorax Mixed + (30%) + (55%) + (26%) + (24%)

FN, female neutered; MN, male neutered; N/d, not determined.
a"e percentage of lymphocytes positive for a certain antigen is presented in brackets.
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The result of group 2 in figure 13, the cats presented idiopathic chylothorax, systemic 

inflammatory response secondary to immune-mediated hemolytic anemia, and reactive 

lymphoid hyperplasia. [31] 

FC immunophenotyping is an effective and adequate approach for the diagnosis of 

lymphoproliferative disorders as this study shows. In all cases, other diagnostic tests were 

applied to back the diagnosis.  

Cytology of FNA in combination with immunophenotyping of a mass or lymph node can give 

a quick and accurate diagnosis in comparison to a histological sample, where the patients need 

sedation/general anesthesia, which is more invasive, takes more time, is pricier, and often not 

enough for an appropriate diagnosis.  

The main advantages of flow cytometry in cats are its high sensitivity, specificity, quick 

analysis time, and ease of sampling from various tissues like kidneys, bone marrow, peripheral 

blood, etc. [31] 

 

 

4.4 Leukemia 
 

Although lymphoma and lymphoid leukemia is often considered to be the same disease and 

distinct from myeloid neoplasms like acute or chronic myelogenous leukemia, their 

differentiation is often quite difficult clinically. In addition, stage V lymphoma invading bone 

marrow and potentially blood may prove to be an additional difficulty. Furthermore, non-

neoplastic expansion of lymphoid cells is known to appear. [45] Neoplastic cells of different 

lineages in bone marrow or the blood may look very similar under the microscope. However, 

their immunophenotypic characteristics may be quite distinct. Flow cytometry can be an 

optimal tool for their differentiation. 

 

 

4.4.1 Chronic leukemia 
 

Lymphoid and myeloid cells in cases of chronic leukemias can be easily distinguished 

morphologically. The appearance of the neoplastic cells is often very similar to that of their 

benign counterparts. Continuous increases in one cell type should raise suspicion for chronic 

leukemia. Inconclusive cases may be investigated with flow cytometry. However, in these 
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cases, the use of flow cytometry is limited to the determination of lineage. Defining neoplasia 

itself often requires clonality testing by PCR, as demonstrated in the case of English bulldogs  

where a non-neoplastic polyclonal lymphocyte expansion was described, potentially with a 

genetic basis which is easily confused with chronic B-cell lymphoid leukemia both 

morphologically and flow cytometrically. Microscopically the cells resembled chronic 

lymphocytic leukemia and flow cytometry demonstrated CD25 positivity and MHCII 

positivity, none of which is distinctive for neoplasia itself. Therefore, in this case, PCR for 

receptor rearrangement (PARR) is required for a definite diagnosis. [45] 

 

 

Figure 14: Peripheral blood cytology (A–C) from 3 cases of canine B-cell chronic 

lymphocytic leukemia and characteristic flow cytometric findings (D). The majority of lymphocytes 

are small and well-differentiated (arrow) with rare larger more immature cells (arrowhead). The majority of CD21 cells (red) 

fall within the small size gate, indicated by the small black circle, with small numbers of cells extending into the monocyte 

region. [46] 

 

B-cell CLL is commonly seen in older, small-breed dogs with different clinical findings such 

a, peripheral and visceral lymphadenopathy, splenomegaly, and in some cases cytopenia and 

hyperglobulinemia. Neoplastic small, well-differentiated B-cell inflate the peripheral blood. 

[46] 

As visible in figure 14, in B-cell CLL a large population of mature small lymphocytes can be 

expected. [46] 

T-cell lymphocytic leukemia is more commonly seen in dogs than in B-CLL. Older, large-breed 

dogs are affected by malignancy with clinical signs such as anemia and splenomegaly. [46] 
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In Figure 15, T-CLL cells with an intermediate size and a pale blue cytoplasm are visible. The 

forward and side scatter properties of the cells differ by flow cytometrical analysis. [46] 

 

Figure 15: Peripheral blood cytology (A–C) from 3 cases of canine CD8 T-cell leukemia and 

characteristic flow cytometry findings (D). 
The majority of lymphocytes are intermediate in size with mature chromatin and abundant pale cytoplasm. Cases vary from 

having few granular cells (left) to having predominantly granular cells (right). By flow cytometry, CD8+ CD5 T cells 

(magenta) have to scatter properties similar to normal small lymphocytes and monocytes. These cells express CD45. [46] 

 

 

4.4.2 Acute leukemias and stage V lymphoma 
 

Acute leukemia is caused by hematopoietic cell deviation arising from the blood or bone 

marrow.[32, 47] It is a heterogeneous group of aggressive neoplastic diseases of immature 

hemopoietic cells divided into 3 subtypes, acute myeloid leukemia (AML), acute lymphoblastic 

leukemia (ALL), and acute undifferentiated leukemia. [46, 47] Clinically acute leukemias 

present with cytopenia other than the neoplastic cell line, no evident peripheral 

lymphadenopathy, and circulating blast cells. [46] 

Acute leukemia differentiation on the other hand appears to be more difficult with microscopic 

analysis alone. It is complicated further with the case of advanced lymphoma which may appear 

in bone marrow or blood. An expansion of blast cells in these cases is usually straightforward 

with microscopy, but lineage determination often proves very difficult if not impossible. 

ALL and stage V lymphomas are mostly differentiated by peripheral lymph node involvement. 

However, acute lymphoid leukemia may lead to lymph node enlargement. 
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Figure 16: Peripheral blood cytology (A–C) from 3 cases of canine CD5+ CD34+ leukemia 

(presumed acute lymphoid leukemia) and characteristic flow cytometry findings (D). 
Cells range from small with inconspicuous nucleoli (arrow) to larger with prominent nucleoli (arrowhead). The nuclear shape 

varies from round to irregular. The cells are CD34+ with variable amounts of CD5 expression and generally fall within the 

lymphocyte and monocyte scatter zones. [46] 

 

 
 

Figure 17: Peripheral blood cytology (A–C) from 3 cases of canine CD14+ CD34+ 

leukemia (presumed acute myeloid leukemia) and characteristic flow cytometry 

findings (D). 

Cells tend to be intermediate-sized to large with variably apparent nucleoli. The nuclear shape varies from round 

(arrow) to monocytoid in appearance with indented to convoluted nuclei (arrowhead). The cells are a mixture of 

smaller CD341 cells (red) and larger CD141/major histocompatibility complex (MHC) class II- cells (turquoise) by 

flow cytometry. The inset in the right panel shows the lack of MHC class II expression contrary to what is seen on 

normal CD141 monocytes. [46] 
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The two entities can be differentiated based on CD 34 expression: CD 34 is expressed in cells 

originating in the bone marrow but not in lymphoid cells of another origin. In other words, CD 

34 is expressed in acute lymphoid leukemia but not in stage V lymphoma. [46] 

T-cell ALL was tested with different markers in a study with the result that CD34+ and CD5+ 

were suitable with T-cell ALL (figure 16). A similar application can be seen with acute B-cell 

leukemia, only with B-cell markers instead of CD5. [36] 

In the case of acute myeloid neoplasia CD14+and, CD34+ cells are expected. Figure 17 

demonstrates such a case. 
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4.5  Autoimmune disease 
 

4.5.1  Immune-mediated hemolytic anemia 

 

In dogs and cats, immune-mediated hemolytic anemia (IMHA) is a prevalent diagnosed 

immune disorder.[48, 49] It is caused by the destruction of RBCs due to intra- or extravascular 

hemolysis and will lead to anemia and, due to the accumulation of unconjugated bilirubin, 

prehepatic icterus in some animals. [50] 

In cats, IMHA can be secondary to viral infections like FIV or FeLV, trauma, chronic renal 

failure, or blood parasite. In dogs, IMHA is often considered a primary disease but similar 

etiologies may be suspected as in cats (parasites, or other insulting agents against the immune 

system). [48] Young to middle-aged dogs are mainly affected and some breeds are more prone 

to get IMHA like Cocker Spaniel, Poodles, etc., which suggests a genetic implication [51] 

Immune-mediated nature implies that antibodies bind to the surface of erythrocytes. Flow 

cytometry is applied to detect IgM and IgG on the surface of RBCs and to measure the mean 

fluorescence intensity (MFI). 

It can be utilized for the early detection and monitoring of the treatment response in cats with 

IMHA. [48] In a study, including cats with- and without anemia, flow cytometry and the 

Coombs ‘test were performed and compared. As visible in Figure 18, flow cytometry could 

detect IgG and IgM on RBCs. [48] 

Out of fourteen anemic cats, with the Coombs´test all of them were negative for IMHA, while 

FC could find IgM and IgG on RBCs in seven cats, that were in the early stage of IMHA. [48] 

The main advantages of flow cytometry in contrary to the Coombs´test are that fewer blood 

samples are needed, we can monitor the treatment of IMHA patients, and it can be used as an 

early diagnostic tool. [48] Considering that the diagnosis of IMHA in cats is less straightforward 

than in dogs owing to the indiscriminate spherocyte appearance flow cytometry appears to be 

an appealing diagnostic method to screen this disease. 

In dogs, a similar study was performed where FC and the direct antiglobulin test (DAT) were 

compared to detect IgM and IgG in animals with IMHA. [49] 
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Figure 18: Flow cytometry evaluation of RBCs from healthy, non-IMHA, and IMHA cats 

after staining with IgG and IgM-specific secondary reagent. 
FSC/SSC dot-plots and fluorescence histogram are shown for one healthy control cat, one non-IMHA anemic cat, and five 

IMHA anemic cats after incubation with goat anti-cat IgG (1:30) and goat anti-cat IgM (1:30). Histogram of fluorescence 

profiles were generated after gating on RBC in FSC/SSC dot-plots (region R2). Mean fluorescence intensities (MFI) are 

noted within each histogram; in anemic cats agglutination titer (AT) is also shown. [48] 
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While the DAT is a commonly used method to detect immunoglobulins where we can see 

agglutination of erythrocytes, FC can evaluate the size of the cells, their complexity, and the  

amount of surface fluorescence. It is a quick method that only needs a small number of samples. 

[49] 

As above in cats, dogs with- and without anemia participated in the study. In all healthy dogs, 

both tests were negative for erythrocyte-bound immunoglobulins. 92% of sensitivity with FC 

for the detection of erythrocyte IgG, while only 53% with the DAT test was obtained, and 

specificity reached 100% in both tests.  

Early and accurate diagnosis of IMHA is of utmost importance to start proper treatment. With 

flow cytometry, such a diagnosis is possible. Compared to the DAT test, it is a quick and 

sensitive method to evaluate erythrocyte-bound immunoglobulins. [49] 

 

 

4.5.2 Immune-mediated thrombocytopenia  
 

A somewhat prevalent cause of bleeding in small animals, particularly in dogs, is immune-

mediated thrombocytopenia (ITP). [51] It is a result of increased platelet destruction and 

decreased platelet reproduction due to antibody and cell-mediated destruction of platelets and 

megakaryocytes.[51, 52] It can be of primary, an autoimmune disease, or secondary origin, like 

medications, neoplasms, parasites, etc. [51] 

It is a primary disease of middle-aged female dogs, while in cats it is secondary and can occur 

at any age. Petechial hemorrhages on the ventral trunk and mucus membranes can indicate ITP.   

Prior to flow cytometry, ITP was often diagnosed by excluding all secondary causes.  

With flow cytometry, anti-platelet antibodies can be detected and help the diagnosis. [51] The 

size of the platelets, but also micro aggregates, and surface granularity can be analyzed by the 

flow cytometer. CD41 and CD61 can be used to evaluate the activation status of platelets. For 

the diagnosis of ITP, FC can detect platelet-bound IgG on the surface of the platelets. With this 

method, certain advantages exist including the ability to quantify antibody binding at the level 

of each platelet individually and the assessment of small fluorescence values that are invisible 

to the naked eye. However, the sensitivity and specificity of the currently available methods are 

low and therefore clinical application is pending [53] 
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4.6 Functional essays 
 

4.6.1 Platelet function analysis 
 

Platelet function defects are rare entities and their diagnosis is often difficult. Flow cytometry 

may be applied along with other modalities to detect functional abnormalities. In order to assess 

their function platelets should be activated similarly to other platelet function evaluations. 

However, flow cytometry may assess the expression of surface markers quantitatively unlike 

currently available commercial methods (mostly measuring platelet plug formation time), and 

may provide information about the exact nature of platelet function defects in one essay. 

However, investigations are hindered by the lack of available cross-reactive MAbs for 

veterinary species. [12] 

 

 

4.6.2 Neutrophil function tests 

 

Studying neutrophil function classically requires various essays performed on cells harvested 

from the animal and performed parallelly. They are also work-intensive. Flow cytometric 

methods use much fewer cells (50-100X). 

Surface adhesion testing of neutrophil granulocytes is carried out by measuring the expression 

of adhesion molecules on neutrophil cells. 

Phagocyting capabilities may be essayed by fluorescently labeled material that neutrophil cells 

may phagocytize (e.g., bacteria). An essay has been developed for veterinary medicine not only 

analyses phagocytes function but with clever fluorochrome use the oxidative burst of neutrophil 

cells may be assessed. [12] 

  



 33  

5 Conclusion 
 

Flow cytometers were previously applied only in research, but nowadays they are increasingly 

user-friendly and are being used for the diagnosis and monitoring of clinical patients by 

veterinarians. [5, 31] 

With immunophenotyping, the application of cluster of differentiation, gating strategy, FSC, 

and SSC, and multicolor approach, different cell populations can be identified and neoplastic 

disease can be classified and staged such as lymphoproliferative disease, B-cell and T-cells 

lymphomas, myeloproliferative disease, acute and chronic leukemia, immune-mediated 

hemolytic anemia and immune-mediated thrombocytopenia.  

As mentioned above, the main advantage of flow cytometry is the noninvasive sample 

collection. An FNA sample from a mass or a lymph node in combination with 

immunophenotyping can give an accurate and quick diagnosis. Also, a wide variety of samples 

can be used and identify the phenotypic pattern of hematopoietic malignancies. [31]  

In the case studies, flow cytometry immunophenotyping was applied for the diagnosis and 

compared with other techniques such as the direct antiglobulin test. As a result, in all cases, a 

quick and accurate diagnosis could be achieved. That doesn’t mean that FC can replace 

conventional clinical diagnostic methods like physical examinations, biochemistry, cytology, 

and diagnostic imaging, but it allows us to confirm our diagnosis and even monitor the therapy 

of the clinical patients.  

To better describe malignant cells, more and more markers are being added. The rate of 

progression, the type of disease, and its stage are better defined due to the automated analytical 

tools applied to multiparameter datasets. Our understanding of fundamental and translational 

research will undoubtedly increase because of the use of computers and algorithms in 

conjunction with highly skilled operators and instrument standardization. [54] 
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6 Summary  
 

The flow cytometer has quickly become an indispensable tool for medical research, particularly 

in the fields of immunology and hematology. Both, the physical characteristics and proteins, 

expressed by individual cells can be analyzed by flow cytometry, based on the detection of light 

scatter and fluorescent markers when a laser beam strikes a cell preparation. The technology 

has been swiftly adopted by manufacturers of hematology analyzers and transfigured into a 

platform that can enumerate erythrocytes, leukocytes, and platelets, and differentiate white 

cells. In comparison to hematology analyzers, dedicated flow cytometers incorporate several 

laser sources, with greater optical capacity, and more flexible output. 

The adaptability and precision of flow cytometry make it a potent tool for detecting and tracking 

a wide range of disorders. [4] 

When paired with other clinical laboratory techniques, flow cytometric analysis will likely be 

essential for a quick and objective evaluation of the cell surface and other intracellular 

properties. The creation of fluorochromes for multi-parametric analysis and the therapeutic 

usage of new clusters of monoclonal antibodies are both of great interest as flow cytometers 

become more user-friendly. [8] 

The advantages and prospective applications of flow cytometry in small animal veterinary 

medicine are virtually limitless as technology advances. [5] 

For the purpose of identifying, counting, and evaluating functions in particular cell 

subpopulations, flow cytometry is a laser-based method. In-office hematology analyzers, 

accurate evaluation of immune system cells, antibodies on RBCs and platelets, erythrocyte 

parasite identification, evaluation of platelet function, characterization of bone marrow cell 

types, immunophenotyping of cancer cells, and pharmacodynamic monitoring are some of the 

most frequently used applications in small animal medicine. The potential advantages and uses 

of flow cytometry in small animal veterinary treatment are essentially limitless as technology 

develops and becomes more approachable. [2] 
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