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Abstract

Veterinary cytology faced a remarkable evolution in the last 15 years, in part due to increase recognition of the advantages
of the cytology by veterinary clinicians. Simultaneously, there has been a growing awareness by the owners about the impor-
tance of a complete diagnostic workup aimed at defining a proper treatment protocol. With the extended use of cytology,
challenging diagnostic cases are more frequent, and more clinically useful answers are requested. In this scenario, the use of
cytology specimens to perform ancillary techniques is a valid approach. Rather than being simply archived, cytology slides
can be a valuable source and a good platform to carry out cytochemistry, immunocytochemistry, and molecular techniques.
Therefore, several diagnostic techniques can be applied in tiny samples, thus following the “doing more with less” principle.
The aim of this approach is to refine the cytologic diagnosis and provide additional prognostic and therapeutic information.
Herein, we detailed this principle in veterinary cytology and reviewed the use of cytology specimens for ancillary techniques
as a single procedure, i.e., using the whole slide, or multiple procedures, i.e., multiple procedures applied in the same slide.
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Introduction

The microscopic evaluation of cells for diagnostic purposes
is an old procedure, almost as old as the microscope itself.
In human medicine, neoplastic cells were reported in the
sputa of patients in the middle of the XIX century, but it
was only after the mid-XX century that the use of cytol-
ogy for diagnostic purposes became widespread (Naylor
2000). The history of veterinary cytology is shorter, but has
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spread widely in recent decades, boosted by prompt results,
and particularly for the importance of making a definitive
diagnosis avoiding the use of more invasive and expensive
surgical biopsies for histological examination. Still, two
significant differences exist between veterinary and human
cytology. The acquisition of material and general interpre-
tation of cytology samples are skills of general practice
veterinarians and are not restricted to pathologists or spe-
cialized technicians as occurs in human medicine (Sharkey
et al, 2014). Moreover, samples in veterinary cytology are
almost exclusively air-dried and stained with an aqueous
based Romanowsky stain, rapid [e.g. Diff-Quik™ (RAL
Diagnostics, Martillac, France), Hemacolor™ (Merck
KGaA, Darmstadt, Germany)] or methanolic Romanowsky
stains (e.g., Wright-Giemsa, May-Griinwald Giemsa), while
in human pathology alcohol-fixed specimens and stained
with Papanicolaou are largely used (Sharkey et al. 2014).
After staining with a Romanowsky stain and making a
morphologic diagnosis at the microscope, the diagnostic value
of a cytology slide is far from being over. The specimen can
be sent back to a laboratory to be reused. The smear can be
either fully restained or be scraped for molecular biology
techniques in a single procedure. Alternatively, it can have
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multiple applications using parts of the smear for different
purposes. These multiple procedures involve some labora-
tory workup, since parts of the smear can be covered, split
into several slides or used for immunostaining with a panel
of markers (Fig. 1).

This review intends to highlight these procedures and pro-
vide some applications. The final aim of these methods is to
refine the cytologic diagnosis and provide additional clinical
or prognostic information, thus following the “doing more
with less” principle. Moreover, a comparison with the stand-
ard practice in human pathology is included. In this area and
in the era of personalized medicine, this principle has been
followed for many years (Gonzalez et al. 2017). For the sake
of clarification, we divided this review into two approaches as
follows. Single procedure: all the smear in a slide is restained
or used for molecular biology. Multiple procedures: part of
the Romanowsky-stained smear is preserved.

Initial step: removing the coverslip

Removing the coverslip may not be needed as many veteri-
nary practitioners do not coverslip their cytologic prepara-
tions. Still, if slides were mounted [with Entellan™ (Merck),
Cover-Quik™ (VWR Chemicals, Fontenay-sous-bois,
France) or any other commercial media] the coverslip can be
removed by immersing the slide in xylene (or xylene alter-
natives), a solvent of all routinely used synthetic mounting
media. This step can be time-consuming in archival slides,
since 4 days may be needed for slides mounted for 6 months

Fig. 1 Schematic overview of
the multiple uses of a cytologic
smear. Single procedure refers
to the full use of the smear
(meaning that no Romanowsky-
stain is retained) for special
cytochemical staining (A),
immunocytochemistry (B) or
for molecular biology (C). In
contrast, multiple procedures
refer to the simultaneous appli-
cation of different techniques,
while retaining Romanowsky-
stained material in part of the
slide, which can be covered
(D) or split and transferred to
other slides (E). Multiple uses
can also be achieved in manual
immunocytochemistry (F), by
applying several antibodies
(AB1 and AB2) on the same
slide, retaining the Romanow-
sky-stained area

procedure

procedures
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or more (Zhou et al. 2017). Various alternative methods can
be used to speed up the coverslip removal, differing only
in the time needed. Slides may be put at -20°C for a couple
of minutes (Cunha Santos et al. 2013) or in liquid nitrogen
for 30 s (Zhou et al. 2017). Then, the coverslip is removed
with a scalpel blade (Cunha Santos et al, 2013; Zhou et al.
2017). Alternatively, the slides can be immersed in hot
(56°C) xylene and the coverslip can be removed in a few
hours (Karigoudar et al. 2019).

Single procedure

This section reviews applications involving the entire cyto-
logical preparation. In such cases, the original Romanow-
sky-stained slides are lost or completely modified. This may
have legal implications. For instance in human medicine,
the College of American Pathologists (CAP) and Clinical
Laboratory Improvement Amendments (CLIA) defined that
fine needle aspirate (FNA) slides have to be retained for at
least 10 years after the date of examination for positive cases
and 5 years for negative cases or suspicious ones (CLIA
2020). According to CAP, digital images used for primary
diagnosis also have to be retained for 10 years. This time
frame is similar among veterinary pathologists (MacMillan
and La Regione 2020). Therefore, if Romanowsky-stained
cytologic features need to be preserved, multiple procedure
strategies can be followed (described in the next section
of this review). Alternatively, if digital whole slide scan-
ning resources compliant to Good Laboratory Practices are
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available, slides may be scanned and stored or digital images
can be taken of several areas of the slides.

Cytochemical stains

Cytochemistry is generally fast and straightforward being
extensively validated for cytological specimens in human
(Sachdeva and Kline 1981) and veterinary medicine (Marcos
et al. 2009). Cytochemistry may be used to demonstrate a
variety of substances or pigments (e.g., Prussian blue for
iron, Rhodanine for copper, Hall’s for bilirubin), granules
(e.g., Toluidine blue for mast cells), to highlight the presence
of microorganisms (e.g., Gram for bacteria, Ziehl-Neelsen
for acid-fast bacteria) or to determine cellular lineages (e.g.,
Davis et al. 2018). Cytochemical stains have been applied
to Romanowsky-stained smears in a variety of conditions.
To name a few examples, bacterial infections, including
mycobacteria (Marcos et al. 2009; Stone and Gan 2014)
have been highlighted; canine melanomas, myxosarcomas
and osteosarcomas (Marcos et al. 2009; Ryseff and Bohn
2012) have been diagnosed; Copper and amyloid associated
hepatopathies (Moore et al 2016; Stone and Gan 2014), and
calcium related tissue deposits (Marcos et al. 2006; Ryseff
et al. 2014) have been demonstrated (Table 1).
Cytochemistry can be applied to Romanowsky-stained
smears with several advantages. The major one is that sus-
picious structures or findings can be compared to the pre-
viously-stained smear, which circumvents the variability in
cellularity and representativeness between different smears
(Marcos et al. 2009). For instance, slides left unstained may
lack adequate material for evaluation resulting in false nega-
tive diagnosis. Cytochemical stains can even be used sequen-
tially and this may be relevant for assessing fungal elements,
especially when they are rare in the specimen. In that case,
the use of periodic acid-Schiff (PAS) alone may miss them,
but they can be highlighted by a second restaining with
Grocott-Gomori methenamine silver (GMS) (Marcos et al.
2016). One study has reported 30% more hyphae and 35%
more yeast-like organisms identified in PAS compared to
Romanowsky-stained slides (Sampaio et al. 2017). Sequen-
tial staining with GMS amplified these figures especially
for hyphae, allowing an easy differential diagnosis between
hyphae and pseudohyphae (Sampaio et al. 2017) (Fig. 2).
Besides fungal detection, cytochemical stains can be also
used to determine if a pigment is iron, melanin or lipofuscin.
Usually, cytochemistry reacts with large chemical groups,
present in different substances or organisms (e.g., Schiff
reagent from PAS reacts with monosaccharide units, either
present in glycogen, mucus or fungal walls). Therefore, these
stains are less specific than immunocytochemistry (ICC)
or molecular biology methods (Ramos-Vara et al. 2016).
Overall, cytochemical stains can be applied either directly
to Romanowsky-stained smears or following a destaining

step in an alcohol-acid solution (Marcos et al. 2009). Nev-
ertheless, destaining may not be necessary if the restaining
protocol includes immersion in acidic solutions (e.g., PAS or
Masson-Fontana) (Marcos et al. 2009). It should be stressed
that contrary to ICC and molecular biology techniques, the
longtime storage of slides has no influence on cytochemical
reactions (Marcos et al. 2009).

Immunocytochemistry

Classic human pathology studies have demonstrated that
immunostaining in both histologic and cytologic samples
provide identical results in 90% of cases, and yields addi-
tional or essential information in 50% of cytology cases
(Flens et al. 1990). With the advent of monoclonal antibod-
ies and technical improvements in polymer detecting sys-
tems, these percentages have increased and the diagnostic
value of ICC in human pathology, as well as in veterinary
pathology, is nowadays undisputed (Fischer et al. 2014; Kir-
bis et al. 2020; Priest et al. 2017). Comparing to immuno-
histochemistry (IHC), ICC shares the same advantages of
cytology itself: it has low invasiveness and short turn-around
time, especially if rapid protocols are used (Sawa et al. 2017;
Sawa et al. 2018); therefore, it is particularly valuable for
rapid clinical decisions, when surgery or chemotherapy are
going to be planned (Priest et al. 2017). Several fixatives
and protocols have been proposed for ICC in cytopathology
(Suthipintawong et al. 1996). Consequently, marked vari-
ability in protocols still prevails among diagnostic laborato-
ries of human and veterinary pathology (Fischer et al. 2014;
Kirbis et al. 2020; Raskin et al. 2019; Valli et al. 2009).

To perform ICC of solid lesions, a recent consensus
among veterinarians recommended the submission of 3
unfixed and unstained, freshly prepared FNA smears: one for
assessing cell morphology, one for the primary antibody, and
one as a negative control (Priest et al. 2017). However, this
number of slides may not be available, mainly because ICC
is often not anticipated when submitting samples. Moreover,
cellularity and cell preservation often vary between smears,
and the inability to assess the quality of the smear prior to
ICC may be a considerable limitation, leading to low diag-
nostic yield (Priest et al. 2017). This can be prevented by
using previously stained slides (Raskin et al. 2019). With
microscopic screening, only slides with representative or
good quality material will be used for ICC (i.e., adequate
cellularity, and without high hemodilution or ruptured cells
that will produce heavy background). In fact, the first study
in human pathology evaluating ICC in diagnostic cytology
already reported that it could be performed in previously
Papanicolaou-stained preparations (Nadji 1980). Likewise,
one of the first reports of ICC in the veterinary field used
a Romanowsky-stained smear, which was stained with a
broad-spectrum cytokeratin antibody, since only one slide
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Table 1 Diagnostic techniques already performed on previously Romanowksy-stained slides (only a few examples are provided for illustrative

purposes)

Method Technique/Reagent

Diagnostic use/cells References

Single Procedure

Cytochemical stains Ziehl-Neelsen

PAS
GMS

Alcian-blue
Masson-Fontana
Alkaline-Phosphatase
Rhodanine

Congo Red

Von Kossa

Immunocytochemistry Cytokeratin

Vimentin
CD3, CD20, PAX5, MUM1

HLA-DR, Lysozyme
Melan-A

NeuN, GFAP

WT1

Molecular Biology PCR

Multiple Procedures
Cytocover Cytochemical stains (Hall’s and Perl’s)
Tissue transfer Cytochemical stains
Immunocytochemistry

PCR

Immunocytochemistry (CD3, CD20)

Immunocytochemistry (CD3, PAXS)

Panel immunolabeling

Mycobacteria Marcos et al. 2009
Stone and Gan 2014
Fungus Marcos et al. 2016
Sampaio et al. 2017
Fungus Marcos et al. 2016
Sampaio et al. 2017
Myxosarcoma Marcos et al. 2009
Melanoma Marcos et al. 2009
Osteosarcoma Ryseff and Bohn 2012
Copper Stone and Gan 2014
Amyloid Moore et al. 2016
Calcium Marcos et al. 2006
Ryseff et al. 2014
Epithelial cells Raskin et al. 2019

Sprague and Thrall 2001

Mesenchymal cells and others* Raskin et al. 2019

Lymphoid cells Dorfelt et al. 2019
Raskin et al. 2019
Stone and Gan 2014

Macrophages Raskin et al. 2019

Melanoma Raskin et al. 2019

Dorfelt et al. 2019
Marrinhas et al. 2022

Neural cells

Mesothelial cells and others**

Fungus Lau et al. 2007
Dirofilaria Szatmari et al. 2020
Lymphoma Burnett et al. 2003

Castro et al. 2017
Downing et al. 2002
Decker et al. 2015

Transmissible Venereal Tumor
Mast cell tumors

Urothelial/prostatic carcinoma

Billirubin Present review
Stone and Gan 2014
Stone and Gan 2014
Stone and Gan 2014

Lymphoid cells Raskin et al. 2019

Lymphoid cells Sampaio et al. 2021

* including endothelial cells, renal tubular cells, macrophages, as well as fibroblasts, and leukocytes

“ including glomerular podocytes, Sertoli cells (testis), stromal cells, surface epithelium and granulosa cells (ovary)

Periodic acid-Schift (PAS), Grocott-Gomori methenamine silver (GMS), Multiple Myeloma 1 (MUM-1), Human Leukocyte Antigen (HLA-
DR), Neuronal nuclear antigen (NeuN), Glial fibrillary acidic protein (GFAP), Wilms-tumor 1 (WT1)

had been submitted for diagnosis (Sprague and Thrall 2001)
(Table 1).

Protocols usually include heat-induced antigen recov-
ery, which is applied in IHC for formalin-fixed material.
There is no need to previously destain the slides since all the
Romanowsky-stain disappears during the heat-induced anti-
gen recovery (Marcos et al. 2009). Still, adjusting the buff-
er’s pH of antigen retrieval solutions may be necessary since
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some leukocyte markers will call for high pH. Optimized
protocols for ICC on Romanowsky-stained slides have been
recently published (Raskin et al. 2019). Nowadays, all major
cytologic categories of neoplasia (i.e., epithelial, mesenchy-
mal and round cell) can be distinguished using ICC (Raskin
et al. 2019) (Table 1). Protocols for ICC against cytokeratins,
vimentin, Melan-A, Multiple Myeloma 1 (MUM-1), Human
Leukocyte Antigen (HLA-DR) and Lysozyme, as well as
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Fig.2 Pyogranulamatous inflammation in the skin of a dog. Vari-
ous fungal organisms (later diagnosed as Microsporum spp.) can be
seen among neutrophils and macrophages in aqueous Romanowsky
(Hemacolor, Merck) (A). After restaining with periodic-acid Schiff
(PAS) more organisms could be detected (B); a second restaining
with Grocott—-Gomori methenamine silver stain (applied over the
PAS) highlighted more fungal organisms, especially when cells and
debris overlapped (arrows) (C). After each staining procedure, the
slides were scanned using the Olympus VS110 Virtual Slide Scan-
ning System (Olympus, Japan) and the same areas of slide were com-
pared

neuronal nuclear antigen and glial fibrillary acidic protein
(GFAP) have been defined in veterinary medicine (Dorfelt
et al. 2019; Raskin et al. 2019). Still, it should be kept in
mind that several preprocessing factors may influence the
immunostaining, such as the absence of coverslipping, the
lag between Romanowsky staining and the immunopro-
cedure (Dorfelt et al. 2019), and the loss of material dur-
ing ICC. Antigenicity has been reported to decrease after
4 weeks without previous staining (Aoki et al. 1991) or after
5 months from Romanowsky staining (Raskin et al. 2019).
Therefore, if more time before ICC is expected, it is recom-
mended to store slides at -70°C (Skoog and Tani 2011). It is

noteworthy that despite all advances in ICC in recent years,
there are still antigens (e.g., Feline Coronavirus) that cannot
be highlighted by ICC in previously Romanowsky-stained
slides (Dorfelt et al. 2019).

Both single ICC and double immunostaining can be per-
formed in cytologic smears. For example, dual-color dou-
ble ICC has been used to distinguish mesothelial cells from
carcinoma cells in cavitary effusions, in both human and
veterinary medicine (Conner et al. 2014; Marcos et al. 2019;
Marrinhas et al. 2022), when limited slides are available
(Fig. 3).

Molecular biology

Routine cytology slides are a good source for molecular
studies. According to some authors (Killian et al. 2010),
preprocessing factors have a lower influence on molecular
biology techniques, since the DNA is readily extractable and
stable for up to five years or more (Killian et al. 2010). In
human medicine it has been shown that the DNA quality in
air-dried cytology slides is superior to formalin-fixed speci-
mens (Huang and Wei 2020) and the assessments in the vet-
erinary field point towards the same direction (Ehrhart et al.
2019). This quality is generally assessed by the DNA integ-
rity number (DIN), which varies from 1 (highly degraded
DNA) to 10 (mostly intact DNA). The crosslinking effects
of formalin cause DNA fragmentation and oxidation that
are dependent on formalin concentration, buffer and fixation
time, thus decreasing DIN values. These effects may lead to
false-negative or false-positive results (Einaga et al. 2017).
Cell collection from slides is usually attained by scraping
the smear with a scalpel blade (Fig. 4), but cell lifting or cell
transfer (see below) may also be used (Stone and Gan 2014).
According to human pathology guidelines, a minimum of
50-100 cells or 200 cells are needed for mutation analysis,
depending on the methodology (next-generation sequencing
or traditional Sanger sequencing, respectively), and represent
around 1.2 ng of DNA (=~ 6 pg per cell) (Zhang and Yang
2016). Apart from these figures, a minimum proportion of
tumor cells is mandatory and this might be readily evaluated in
smears. As a rule of thumb, a minimum of 20% of tumor cells
is needed. This allows the PCR amplification steps to favor the
mutant template over the wild type (Zhang and Yang 2016).
There are multiple applications of molecular biology
techniques in cytology samples in human medicine, aim-
ing to diagnose from infectious to neoplastic diseases. The
traditional way to diagnose pathogenic bacteria or viruses
requires the specific collection of samples in conditions
that favor their isolation followed by culture and con-
firmatory tests. In the case of slow-growing agents, it may
take 7-10 days to identify some viruses, and this delay is
extended up to 6-12 weeks for Mycobacteria (Canberck
et al. 2016). In the particular case of M. tuberculosis in
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Fig.3 Pleural effusions from one dog with a benign effusion (A,
B) and a second dog with a malignant effusion (C, D) stained with
a double immunocytochemistry protocol against pan-cytokeratins
(AE1/AE3) and Wilms-tumor 1 (WT1), as a screening test for car-
cinomatous cells. (A) Top panel shows a cytocentrifuged prepara-
tion with isolated cells or small clusters Hemacolor stained (aqueous
Romanowsky). (B) After the double immunocytochemistry, all cells
have a strong brown nuclear positivity (WT1 antibody, Diaminoben-
zidine chromogen) and weak cytoplasmic red staining (AE1/AE3
antibody, Aminoethylcarbazole chromogen), which is consistent with
mesothelial cells and a benign effusion; this was later confirmed by
cell block immunohistochemistry and follow-up. (C) Bottom panel
shows macrophages (asterisks), cell clusters of mesothelial cells

human samples, it has been shown that PCR provides high
sensitivity and specificity, detecting more cases than culture
or Ziehl-Neelsen stain (85% and 15%, respectively) (Purohit
et al. 2008). Moreover, PCR has the advantage of determin-
ing the specific type of Mycobacterium, and does not require
biosafety level facilities. This contrasts with the manipula-
tion of sputum or unstained (and unfixed) smears that may
still have viable bacilli.

Molecular biology methods have developed tremendously
in veterinary medicine in recent years (Guillen et al. 2021).
These methods are mainly used in infectious and neoplastic

@ Springer

(arrows), intermingled with neoplastic carcinomatous cells (arrow-
heads) Hemacolor stained. (D) After the double immunocytochemis-
try, macrophages appear negative for both markers (asterisks), meso-
thelial cells have double positivity (arrows) (i.e., nuclear positivity
with WT1 antibody, Diaminobenzidine chromogen, and cytoplasmic
staining with AE1/AE3 antibody, Aminoethylcarbazole chromogen),
whereas neoplastic carcinomatous cells have single positivity (arrow-
heads) (i.e., red cytoplasmic staining with AE1/AE3 antibody, Ami-
noethylcarbazole chromogen). In this double immunocytochemistry
protocol, slides were first incubated with WT1, followed by an acidic
glycine buffer rinse to elute these antibodies, and then incubated with
pan-cytokeratin antibody

diseases (Table 1). For instance, regarding Mycobacteria, it
has been shown that PCR detects more cases than culture in
experimentally infected dogs (Bonovska et al. 2005). Fur-
thermore, the specific type of Mycobacterium can be high-
lighted. This is particularly important in cats that can be
affected by M. bovis, M. tuberculosis, M. avium, M. leprae-
murium and many other atypical ones (Lloret et al. 2013).
PCR methods may also distinguish between pathogenic and
less pathogenic organisms (e.g., Dirofilaria immitis microfi-
laria can be differentiated from the less pathogenic D. repens
or Acanthocheilonema dranculoides) (Szatmari et al. 2020).
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Fig.4 Fine needle aspiration of
an enlarged lymph node submit-
ted for molecular testing (PCR
for antigen receptor rearrange-
ment, PARR). After removing
the coverslip, the smear was
scraped (A) into a vial (arrow
in B). After Proteinase K diges-
tion (B), the DNA is extracted
using commercial kits. After
ensuring that sufficient DNA

of good quality is present, PCR
can be performed (C). The
DNA products can be either !
sequenced or sorted in agarose D Control - T lymphoma - TCRy region
gels or by capillary electropho- 80 160

resis (D), in which the peaks 30000
of the sample are compared

with control samples of T and 24000
B lymphomas. In this case, the
sample was consistent with a
T-cell lymphoma 12000

18000

0

Control - B lymphoma - IgH V FWR1 region
80 160

240 320 400 480

25000

20000

15000
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Fungal infections can also be diagnosed by PCR using pan- Another primary application is related to the diagnosis
fungal assays against the fungi’s ribosomal DNA gene clus-  and management of neoplastic diseases (Guillen et al. 2021).
ter (Lau et al. 2007). Molecular biology tests are currently available in veterinary
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medicine for lymphoma, chronic myeloid leukemia, urothe-
lial/prostatic carcinoma, transmissible venereal tumor and
mast cell tumors (Burnett et al. 2003; Castro et al. 2017,
Cruz Cardona et al. 2011; Decker et al. 2015; Downing et al.
2002; Mochizuki et al. 2015). Among these, the PCR for
antigen receptor rearrangement (PARR) is, by far, the most
commonly used (Guillen et al. 2021). It has been reported
that FNA of lymphomatous lymph nodes yield 7760 ng of
DNA per slide with 4.8 DIN, on average, which is enough
for PARR in most occasions (Ehrhart et al. 2019). This tech-
nique, besides the most common use of differentiating reac-
tive from neoplastic lymphoid populations in lymph nodes
(Fig. 4) (Burnett et al. 2003), may also help to differentiate
between chronic enteropathy and lymphoma (Ohmura et al.
2017), thymoma and mediastinal lymphoma (Vessieres et al.
2018). The DNA product assessed by capillary electrophore-
sis can display a single length (monoclonal peak), thus cor-
responding to a monoclonal neoplastic proliferation, or dis-
play multiple lengths (polyclonal expansions), as expected in
inflammatory conditions (Guillen et al. 2021). Several prim-
ers are used for the complementary region 3 of T cell recep-
tor and immunoglobulin heavy chain genes (e.g., Melendez-
Lazo et al. 2019; Waugh et al. 2016). Recent studies have
reported high sensitivity with figures over 80% for different
types of lymphomas (Goto-Koshino et al. 2015; Vessieres
et al. 2018; Waugh et al. 2016). Specificity is usually high
but can be negatively affected by infectious diseases such as
ehrlichiosis or leishmaniasis (Burnett et al. 2003; Melendez-
Lazo et al. 2019). In the latter, 10% of animals may present
monoclonal or biclonal patterns, leading to false diagnosis.
Other tumors like histiocytomas may also have a monoclonal
or oligoclonal peak which, associated with a lymphocytic
response at cytology, may also confound results (Keller et al.
2016). Traditionally, DNA fragments are assessed using pol-
yacrylamide gel electrophoresis, but technical developments
such as Sanger sequencing of DNA products or the capillary
gel electrophoresis (Fig. 4) may enhance the precision of the
PARR method (Guillen et al. 2021).

In cats, the PARR method has lower sensitivity compared
to the dog. For T-cell lymphoma sensitivity > 79% have been
reported. Lower records (34 to 89%) have been reported for
B-cell lymphoma (Rout et al. 2019). Still, the level of sen-
sitivity may attain that of dogs, by assessing incomplete
recombination of IgH loci and adding primers to additional
regions of the B-cell receptor (Rout et al. 2019).

More recent technical developments in molecular biol-
ogy, such as next generation sequencing, are already being
applied in the veterinary field (Lee et al. 2021). These
advances may increase the precision of existing molecular
based methods, such as PARR, or may allow the develop-
ment of novel diagnostic procedures, like microRNAs col-
lected by FNA. These have already proved to be a valu-
able tool for classifying thyroid samples with indeterminate
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cytology in human medicine (Lithwick-Yanai et al. 2017).
Other techniques, such as Fluorescence in situ hybridization
(FISH) may also be applied in previously stained samples
(Richmond et al. 2006) and this method may help in the
diagnosis of hematological malignancies (Cruz Cardona
et al. 2011), as long as probes for fusion genes become avail-
able in veterinary medicine (Guillen et al. 2021).

Multiple procedures on one slide

Cytologists often face single-slide scenarios due to a sin-
gle slide submitted for diagnosis, or due to a single slide
with representative material because the remaining slides
have poorly preserved material or heavy blood contamina-
tion. Sometimes it seems that the number of available slides
is inversely proportional to the difficulty of a case (Miller
2019). A recent human pathology survey identified low
number of slides as the most frequent problem reported for
ICC in smears (Kirbis et al. 2020). In those cases, sequen-
tial procedures can be carried out in the same slide. This
section will focus on technical adjustments and diagnostic
techniques which preserve part of the original Romanowsky-
type stained material.

Cell protection/cytocover

Tissue protection was originally described for small biop-
sies of human prostatic lesions. The technique is particu-
larly useful when the paraffin block has limited material
or further sections for IHC are not possible (Kubier and
Miller 2002). Moreover, in prostatic biopsies suspicious
lesions are sometimes restricted to a single section previ-
ously stained with Hematoxylin—Eosin (HE). To perform
IHC on this section while preserving adjacent HE stained
area, the latter is protected with mounting medium prior to
the IHC procedure (Kubier and Miller 2002). The proce-
dure was originally designed for sections on adhesive slides
in which tissue transfer (addressed below) is not recom-
mended (Miller 2019). The tissue protection technique has
been also applied in human cytology (Miller and Kubier
2002), but never detailed in the veterinary field, to the best
of our knowledge. We termed the cytologic version of tis-
sue protection as “cytocover”. Cytocover consists of cover-
ing parts of the slide with mounting medium in order to
preserve Romanowsky-stained regions while performing
additional procedures on adjacent uncovered parts of the
same slide, where suspicious cells or agents may be pre-
sent. Several mounting media such as Entellan™ (Merck),
CoverquickTM™ (VWR), DPX™ (Merck) or ClearVue™
(Thermo Scientific, Kalamazoo, MI, USA) are used (Miller
and Kubier 2002 and Miller 2019).

After removing the coverslip (if present) and dipping the
slide in xylene, mounting medium is added to cover the part
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of the slide that will not be restained, leaving the part with
the suspicious cells or agents completely uncovered. On the
latter, several techniques may be applied depending on the
cells or agents’ nature, such as PAS, Mucicarmine and GMS
to highlight the presence of Cryptococcus in a cytocentri-
fuged preparation (Marcos et al. 2016). Other cytochemical
procedures may be used to highlight other fungi, bacteria or
pigments in traditional FNA slides, such as the Hall’s and
Perl’s Prussian Blue (Fig. 5). At the end of the procedure,
the slide will have a Romanowsky-stained area (the cell
cover area) and another restained one.

Care should be taken when choosing the restaining proto-
col in order to avoid acetone or other components that may
dissolve the cell cover mounting medium (e.g., with Luxol
fast blue stain for myelin, the mounting medium dissolves
totally). The cytocover technique can also be used for ICC
(Miller and Kubier 2002). In that case, no destaining step
is needed for the uncovered area if heat-induced antigen

Fig.5 Ascitic fluid of a dog, in

retrieval is included, as is usually done. The results are gen-
erally correlated with those of immunohistochemistry in the
same tissues (Kubier and Miller 2002).

As a final remark, staining reagents should only be
applied after the mounting medium has hardened (usually
after 1 h). Cytocover may be challenging when the uncov-
ered area is too small, because the mounting medium easily
leaks to the uncovered area. In those cases, a thicker mount-
ing medium should be applied with a small brush.

Tissue transfer

Tissue transfer is an older technique that continues to be
updated (Jimenez-Joseph and Gangi 1986; Morito et al.
2021; Sherman et al. 1994). The technique was initially
developed for non-adhesive slides, allowing the genera-
tion of multiple slides from a single one. The main pur-
pose was to solve the frequent dilemma of not having

which brown to greenish extra-
cellular material was observed
in Romanowsky staining
(detailed in E). In order to elu-
cidate the identity of this mate-
rial, the right part of the slide
was covered with mounting
medium (cover 1 in A) and the
Hall’s staining was applied in
the uncovered area (B, D). After

immersing in xylene to remove Cover 2
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left part of the slide was now
covered with mounting medium
(cover 2 in A) and the Perl’s
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uncovered area (C). Note that
besides biliary material (arrows
in B, D and E, the latter two
correspond to the same area),
there were also hemosiderin that
appeared blue in Perl’s Prussian
Blue (arrowheads in C). In this
case, the sample was consistent
with biliary peritonitis
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enough slides available for ICC (Kirbis et al. 2020). After
removing the coverslip from the original slide, a thick
layer of the mounting medium is added, and the slide is
left in a laboratory drying oven at 60°C to let the mount-
ing medium harden. The slide is then placed in a water
bath at 60°C to soften the mounting medium, which is
then peeled from the slide (with the material attached)
and divided for several uses (Fig. 6). The original descrip-
tions recommended a specific mounting medium (Mount
Quick, Daido Sangyo, Tokyo, Japan), but several other
media such as Pertex® (CellPath Ltd, Newtown, Powys,
UK), Depex® (Serva Electrophoresis Gmbh, Heidelberg,
Germany) or Entellan® (Merck) have been successfully
used (Stone and Gan 2014).

In human pathology, commonly used antibodies for
ICC have been validated in cell-transferred material
(Gong et al. 2005). In the veterinary field, the tech-
nique has been shown to be of value for cytochemical
stains (Gram, PAS, Congo Red and Ziehl-Neelsen), ICC
(immunophenotyping using CD3 and PAXS5 for T and
B-lymphocytes) and for molecular biology (PCR analy-
sis) (Stone and Gan 2014) (Table 1). The method is useful
when different heat-induced antigen retrieval protocols,
for example low and high buffer pH, are required for vari-
ous antibodies. When the same antigen retrieval proto-
col fits two antibodies, an immunolabeling panel can be
applied on a slide, as described ahead.

In our hands, tissue transfer has been difficult to per-
form in old, archived slides, as well as in cases where
cells are strongly attached to the slides (for example cyto-
centrifuged preparations). In those cases, cells may be
stretched or torn when peeled off from the slides, and may
result in incomplete transfers.

Taking 3 to 40 h, the technique can be time-consum-
ing, thus adding a day of turn-around time for the diag-
nosis (Marshall et al. 2014). Alternatively, the use of a
nylon mesh may provide reliable transfers in only 30 min
(Morito et al. 2021). This method is reported to be faster
and safer since no scalpel blade is required. It is also very
reliable because the transferred material is less prone to
stretch or tear due to the mechanical support of the nylon
mesh (Morito et al. 2021). It must be stressed that tis-
sue transfer is a complementary technique that is usually
only performed in selected cases. A retrospective study
over a three-year period in a human medical laboratory
(Marshall et al. 2014), reported that tissue transfer was
used in only 1% of cases (152 out of 11,259). In those,
ICC either confirmed or refined the cytological diagno-
sis, determined the origin of the neoplasia or provided
information on estrogen/progesterone receptors in breast
carcinomas, giving valuable prognostic and therapeutic
information (Marshall et al. 2014).

@ Springer
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Fig.6 Fine needle aspiration of a dog with enlarged lymph nodes
submitted for tissue transfer (A). After heating the mounting medium
(in a water bath at 60°C for 1 h), the medium is lifted from the slide
(B), then clipped in pieces (C) and transferred to new slides (D).
The receptor slides should be moistened and firm pressure should be
applied after the transfer (for instance, the slides can be left overnight
with even pressure applied under a heavy book)
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Panel immunolabeling on the same slide

The use of two or more antibodies on the same slide is
commonly used for immunophenotyping lymphomas in
veterinary medicine (Raskin et al. 2019; Valli et al. 2009)
(Table 1). For example, an antibody against CD3 is applied
for T-lymphocytes over an area of the slide, while another
area is covered with an antibody against B-lymphocytes
(PAXS or CD20), keeping the third area as a negative con-
trol (i.e., without primary antibodies) (Raskin et al. 2019).
The technique relies on a slide of adequate cellularity and
cell preservation, and the different ICC procedures should
undergo the same antigen retrieval method (Raskin et al.
2019). Otherwise, multiple slides (if available) or a tissue
transfer technique can be used.

Major pitfalls of panel immunolabeling include smear
size, area separation and loss of material. Concerning
the size, large smears should be used (Fig. 7). Smaller
smears as it is the case of cytocentrifuged preparations,
do not easily accommodate multiple separate areas. Area
separation is another critical issue. Scraping out a bor-
derline with a scalpel followed by application of a barrier

Fig.7 Fine needle aspiration

of an enlarged lymph node
submitted for panel immuno-
cytochemistry against CD3, a
marker of T lymphocytes and
PAXS, a marker of B lym-
phocytes. The Romanowsky-
stained slides were previously
scanned using the Olympus
VS110 Virtual Slide Scanning
System and the same areas were
compared before (A) and after
the immunostaining (B). By
comparing the same regions (C,
D and E, F pairs) it is possible
to disclose a positive nuclear
immunoreactivity to PAXS (D)
meaning that a proliferation of
neoplastic B lymphocytes was
present, whereas only few scat-
tered lymphocytes were positive
for CD3 (arrows) (F)

hydrophobic pen is recommended to avoid accidental dif-
fusion of reagents (Raskin et al. 2019) (Fig. 1). The loss of
material during ICC is a controversial pitfall. While some
authors report this problem (Valli et al. 2009) and recom-
mend the use of positive-charged slides for ICC (Ramos-
Vara et al. 2016; Valli et al. 2009) as it is also recom-
mended in human medicine (Dupré and Courtade-Saidi
2012; Fowler and Lachar 2008), others disregard this issue
(Raskin et al. 2019). The use of positive-charged slides is
far from being common in veterinary cytology because
it is impractical and costly to have two sets of slides at
the clinic (one for routine cytology and another for ICC).
Substantial cell loss (6% to 13% of cases) occurs particu-
larly when non-coverslipped and/or old archived slides are
used for ICC (Sampaio et al. 2021). Loss of material can
be readily identified when digitally Romanowsky-stained
slides are directly compared with the immunostained
slides (Sampaio et al. 2021). Obviously, tissue loss is more
problematic in panel immunolabeling when a single slide
is available. If several slides exist, the lost material can
be replaced by using another smear for ICC, delaying the
final diagnosis.
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Conclusion

Cytology plays a key role in veterinary clinical practice.
However, the diagnostic value of cytology specimens
should not end on their observation at the microscope. The
slides can be used for cytochemical, immunocytochemical
and molecular biology techniques. These complementary
techniques can confirm and refine the cytologic diagnosis
or provide additional clinical or prognostic information. In
the era of personalized veterinary medicine, the “doing more
with less” principle should be considered when additional
diagnostic or prognostic data is needed for tailoring the
clinical management of a veterinary patient. Following this
approach can avoid, at least in selected cases, the collection
of additional samples, which could delay the diagnosis or
contribute to morbidity through more invasive tests.
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