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Abstract

Background: In clinical cytology, the applicability of an ancillary test such as
immunocytochemistry is too often limited by low sample volume, poor cell repre-
sentation, and sample preservation. Diagnosticians often read Romanowsky-stained
cytology, although specific techniques such as immunocytochemistry are often
essential for a definitive diagnosis.

Objectives: The goal of the present study aimed to investigate if immunocytochem-
istry on previously-stained cytologic specimens was possible. Different pretreat-
ments were examined to determine which treatment preserved antigenicity best.
Methods: One hundred and twenty-two impression smears and 64 fine-needle aspi-
rate preparations of brain and lymph nodes were processed and evaluated microscopi-
cally. The impact of staining cytologic preparations with a modified Wright's stain, using
a destaining method, performing a coverslipping and decoverslipping process, and sub-
jecting smears to a microwave treatment (MWT) were examined for the immunolabel-
ing of selected nuclear, cytoplasmic, and plasmalemmal antigens, as well as intracellular
feline coronavirus (FCoV). Biotinylated secondary antibodies were used, and the bound
primary antibody was visualized using an ABC amplification kit.

Results: Cellular antigens were reliably detected with immunocytochemistry after
smears were stained with a Romansky stain and were coverslipped early after staining
and stayed coverslipped until immediately before immunolabeling. The staining inten-
sity reached the same levels as that of the controls if the films underwent MWT in
citrate buffer. In contrast, FCoV antigen detection was abolished after any physico-
chemical interference.

Conclusions: Poststaining immunocytochemistry represents a practical tool for addi-
tional investigations on prestained cytologic specimens when searching for cellular
antigens. Paired untreated samples should be kept in case the workup requires test-

ing for more vulnerable viral antigens.
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1 | INTRODUCTION

Investigation of cytologic specimens obtained by fine-needle aspira-
tion (FNA) is the least invasive approach to obtain a diagnosis of dis-
ease.r® Cytomorphology, however, can provide only limited insights
into the biology of a neoplastic disorder or the etiology of an infec-
tious process. It may be necessary to combine cytomorphology with
specific disease markers to elucidate the underlying disease and col-
lect predictive data.? In contrast to histologic investigations, which
allow for multiple tissue sections that can examine individual cells,
repetitive impression smears and FNA of the same tissue can by no
means reproduce the same composition of cells and tissue compo-
nents.? In addition to these technologic limitations, the type and dis-
tribution of a lesion can pose essential limitations to its holistic
cytologic characterization. Thus, detectability is compromised if the
lesion is (a) poorly exfoliative and of low cellularity; (b) affecting tis-
sues that are difficult to access (eg, the central nervous system
[CNS]) or comprised of sparse fluids (eg, cerebrospinal fluid [CSF]);
(c) has atypical cells and pathogens that are poorly dense or scantly
distributed; and (d) has cells that are highly vulnerable to shearing
stress.

To detect changes in samples with low cellularity, multiple inves-
tigations should be carried out on the same slide rather than single
investigations on multiple slides with variable cell numbers.

The simplest secondary procedures use conventional stains to
highlight microorganisms, chemical compounds, matrix components,
and subcellular structures with histochemistry after a destaining pro-
cedure. With the advancement of panoptic stains, special stains have
mainly focused on the assessment of microbial and fungal organisms
(eg, Ziehl-Neelsen, Fite-Faraco, Gram, Fontana-Masson), mucins and
polysaccharides (eg, Alcian blue, Periodic acid-Schiff), iron pigments,
and melanin (eg, Prussian blue reaction, Nile blue A, Fontana-Mas-
son).?2 As cellular identification is rarely needed in these situations,
ancillary staining often can be conducted on spare slides.? Other
infectious diseases and tumor cell antigens, however, could require
preselection and cytomorphologic characterization of the cells to be
stained.?® This holds true, in particular, for advanced tumor diag-
noses.>* Immunocytochemistry (ICC) on Romansky-stained (pre-
stained) slides (poststaining ICC, PSICC) could help identify the
histogenetic origin of tumors or cell types, characterize cells that
cannot be identified with conventional stains, and obtain further
prognostic and predictive information.>>® For infectious diseases,
PSICC is a promising tool for the intracellular detection of viral pro-
teins. One of the most common situations is in the detection of
feline coronavirus (FCoV) for the diagnosis of feline infectious peri-
tonitis (FIP), in which the presence of intracellular viral antigens in
macrophages must be demonstrated.”*® This approach requires
preservation of both the target antigen and host cell morphology.

Historically, PSICC methodology was tailored to individual cases.
Therefore, systematic studies on the reproducibility, efficacy, and
reliability of immunostaining are rare.**-2* Hence, the present study
aimed to fill this gap by establishing reproducible guidelines for

PSICC labeling of selected cellular and viral antigens in tissue
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imprints, FNA, and cytocentrifuged fluids with the focus specifically
on antigen preservation and retrieval. Target antigen selection was
driven by our daily neurocytologic specimen caseload various mam-
malian species with possible inflammatory and infectious CNS dis-

eases.
2 | MATERIALS AND METHODS

2.1 | Study design

This study investigated (a) the ability to apply ICC to prestained
cytologic specimens, (b) whether coverslipping could be used to pre-
serve antigenicity, and (c) whether microwave treatment (MWT)
enhanced immunodetection in prestained smears. Therefore, ICC
staining quality was evaluated on smears after prestaining with a
modified Wright's stain (modWS), destaining with hydrochloric acid
(HCI), and then comparing the now unstained samples with and
without coverslipping and MWT. The effects were evaluated for a
set of cellular antigens with a distinct subcellular distribution (study
A) and intracellular FCoV proteins (study B). All procedures were car-
ried out at the Institute of Veterinary Pathology, LMU Munich. The
investigation enrolled surplus postmortem samples (studies A & B)
and/or discarded specimens (study B) after the examination had been
completed a diagnosis had been achieved. The procedures were
exempt from Institutional Animal Care and Use Committee review as
was decided by the Ethics Commission of the Centre for Veterinary
Clinical Medicine of the LMU Munich.

2.2 | Study A—cellular antigens

We tested the impact of individual pretreatments on the immunos-
taining of nuclear, cytoplasmic, and membrane antigens. Therefore,
this systematic evaluation employed distinct methodologic trials, as
illustrated in Figure 1 and Table 1.

A series of 122 impression smears and 64 FNA preparations
were taken from the brain and lymph nodes of a cat and a pig during
postmortem examination (<1/2 hour after euthanasia) for reasons
unrelated to the study's purpose. CNS cells were obtained from the
postcruciate gyrus of the brain after extensive craniectomy,
encephalectomy, and trimming, as described elsewhere.?>2 Lympho-
cyte-enriched samples were collected from the superficial cervical
and para-aortic lymph nodes via FNA using a 22-gauge syringe. All
preparations were air-dried immediately.

A set (30/186) of cytology smears (20 CNS; 10 FNAs) was
stained for cytomorphologic examination (trial 1) using a Hematek
Slide Stainer (Siemens Healthcare Diagnostic, Inc, Tarrytown, NY,
USA). Another 24 slides (8 per antigen) were stained with a modified
Wright's stain (modWS), coverslipped using a xylene-based mounting
medium (Histokitt, Glaswarenfabrik Karl Hecht GmbH & Co. KG,
Sondheim/Rhén, Germany), and underwent “hot mount” polymeriza-
tion using MWT (2 minutes, 600 W, dry) prior to PSICC (Table 1).
All slides were coverslipped for at least 5 days. The effects of the
staining-destaining cycle (SDS, 24 slides) on immunodetection (trial
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FIGURE 1 Schematic illustration of the staining trials. Trial 1: Slides were stained and coverslipped. These slides were used for
cytomorphologic evaluations. Trial 2: The procedure included staining, coverslipping, and microwave treatments of the slides. After storage and
directly before immunocytochemistry, these specimens were decoverslipped and destained, and half of the slides were microwave-treated
again. Trial 3: Slides were only stained and stored before immunocytochemistry, at which time the slides were destained, and half were
microwave treated. Trial 4: Slides were stained and coverslipped. After storage and directly before immunocytochemistry, they were
decoverslipped and destained, and half of them were microwave treated. Trial 5: This procedure included only the coverslipping of the slides.
Before immunocytochemistry, the slides were decoverslipped, and half were microwave treated. Trial 6: No pretreatment was carried out with
these specimens, and they were stored frozen. Only half of the slides were pretreated in the microwave before immunocytochemistry. These

unstained and untreated slides served as the gold standard for the study

3) plus the additive effects of additional coverslipping-decoverslip-
ping cycles (SDS-CDC, 36 slides) (trial 4) were investigated with
another 60 slides. These trials were compared to the 36 CDC-trea-
ted slides (trial 5) and to a series of 24 slides not subjected to any
treatment, which served as the gold standard (trial 6) (Table 1). All
samples were stored for up to 3 months.

All slides except those from trial 6 were subjected to the labora-
tory treatments mentioned above, which preceded ICC. Coverslipped
samples from trials 2, 4, and 5 were immersed in xylene to achieve
liguefaction of the mounting medium until the coverslips slipped off.
Thereafter, the slides were put through a graded ethanol series

(2 x 100%, 1 x 96%, 1 x 70%; 5 minutes each) and immersed in dis-
tilled water.

Prestained and decoverslipped slides (trials 2 and 4) and those
left uncovered after the modWS method (trial 3) were immersed in
1% HCI until the color had completely faded as identified with
microscopy. Freshly destained slides (trials 2, 3, and 4) and non-
stained decoverslipped slides from trial 5 were immersed in distilled
water until ICC was performed (Figure 1, Table 1).

Before performing ICC, one set of slides from each trial (trials 2,
3, and 6: n =12 each; trials 4 and 5: n = 18 each; Figure 1 and
Table 1) was subjected to the MWT-based antigen retrieval. For this
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TABLE 1 Different pretreatments applied before performing the immunocytochemistry trials (Trials 1-6)

Total number

of slides Cat/pig modWS (]
Trial 1 30 15/15 + - -
Trial 2 24 12/12 + + +
Trial 3 24 12/12 + - -
Trial 4 36 18/18 + + -
Trial 5 36 18/18 - + -
Trial 6 24 12/12 - - -

Numbers without negative controls (n = 12).

HMCS

MWT Number of slides for
+2 each primary
De-CS Destaining - AB (NeuN/GFAP/CD3)

— — 0 —
30

4F + 12/24
12/24

- + 12/24
12/24

aF aF 18/36
18/36

+ - 18/36
18/36

- - 12/24
12/24

A AN OO 6 A M D BN

modWS, modified Wright's stain; CS, coverslipping; HMCS, hot mount coverslipping; MWT, microwave treatment; AB, antibody; NeuN, neuronal nuclei;

GFAP, glial fibrillary acidic protein.

Number of slides treated with microwave (+) and without microwave (-) for cat and pig together.

TABLE 2 The primary antibodies used in studies A and B

Subcellular
Target antigen Type/clone Target localization Manufacturer
CD3 (g chain) Polyclonal Rabbit, Catalogue no. A0452 T lymphocyte Plasmalemma DakoCytomation, Glostrup, Denmark
NeuN Monoclonal Mouse Clone A60, MAB377 Neurons Nucleus Millipore, Chemicon, USA & Canada
GFAP Polyclonal Rabbit, Z0334 Astrocytes Cytoplasm DakoCytomation, DK-2600 Glostrup,

Feline
Coronavirus

Monoclonal Mouse Clone FIPV3-70,
MAK2194 2

FIPV type 1 and

Denmark

Linaris GmbH, Dossenheim,
Germany

Nucleocapsid

NeuN, neuronal nuclear antigen; GFAP, glial fibrillary acidic protein; FIPV, feline infectious peritonitis virus.

procedure, the slides were transferred to a cuvette containing
0.01 mol/L of a citrate buffer solution (pH 6). Based on our immuno-
histochemical protocol, MWT was carried out for 5 minutes/800 W
followed by 20 minutes/250 W. The slides were left in citrate buffer
for 30 minutes to cool down to room temperature. All further steps
except for the primary antibody (pAB) incubations were carried out
at room temperature.

The MWT slides and those kept in distilled water (destained and
unstained slides without MWT, Table 1) were bathed in 0.01 mol/L of
phosphate-buffered saline (PBS; pH 7.2) for 20 minutes. Endogenous
peroxidase was quenched for 35 minutes by adding hydrogen peroxide
(H,0,) to the PBS. Thereafter, the slides were washed in fresh PBS,
transferred to a humidified chamber, and incubated with normal goat
serum (1:20; MP Biomedicals, LLC 3 Hutton Center Drive, Santa Ana,
CA, USA) for 30 minutes.

Upon removal of the nonimmune serum, lymph node FNAs were
incubated with an anti-CD3 antibody for detection of the corre-
sponding T cell antigen. Other markers, specifically, NeuN and GFAP,
were used on separate brain smears (Table 2). Each run contained
site-matched slides in which a pAB was replaced by an antibody

diluent, serving as a negative control (altogether n = 12). Incubation
was carried out for 18 hours at 4°C (39.2°F).

After repeated wash steps with PBS, the slides were mounted
with biotinylated goat anti-rabbit/mouse 1gG antibodies (both DAKO,
Glostrup, Denmark) for 1 hour. Bound pAB was subsequently visual-
ized using an ABC amplification kit (Vectastain; Vector Laboratory
Inc, Burlingame, CA, USA) using diaminobenzidine tetrahydrochloride
(DAB) as the chromagen. The enzyme reaction was blocked with
PBS rinses. Then, the slides were counterstained with Mayer's hema-
toxylin (AppliChem GmbH, Darmstadt, Germany), underwent an
ascending ethanol series, and were coverslipped as described above.

Cell yields and preservation were assessed with bright field
microscopy by two different clinical pathologists. In separate ses-
sions, these observers, who were blinded to the smear origins, the
pretreatment types, and the pAB type, evaluated the ICC outcomes.
ICC quality determinants were (a) cell type specificity, (b) intensity of
cellular staining, (c) the presence/absence of acellular background
activity, and (d) nonspecific staining. These parameters were semi-
quantitatively scored by using a 4-point system (0-3). In the event of
intraobserver disagreement, the slides were reviewed on a



DORFELT T AL

A4
Y~

\.\/_

Y~

L
Y~

A
B
C
D

A4
Y~

o

CD3
>‘f(;;“
o« 1
- {;‘

CD3

CD3



DORFELT &T AL

Veterinary Clinical Patholo 103
WILEY

FIGURE 2 The outcome of immunocytochemical staining for cellular antigens (blue arrows: specific positive staining; black arrows:
immunonegative cells). Counterstaining with Mayer's hematoxylin. A, Immunocytochemistry on unstained and untreated films served as the
gold standard, and which illustrates optimal staining results. The CD3 signal was strongest in the periphery of the lymphocyte cytoplasm close
to the membrane. NeuN immunoreactivity was restricted to neuronal nuclei, while GFAP diffusely stained the soma and fragmented processes
of astrocytes (procedure depicted in trial 6 without microwave treatment). B, The impact of xylene-based coverslipping and decoverslipping
appeared negligible. Hence, microwave treatment was not necessary (procedure depicted in trial 5 without microwave treatment). C,
Prestaining with Wright's stain and then bleaching with hydrogen chloride abolished the specific immunostaining of all markers (blue arrow), if
the slides were left uncoverslipped (procedure depicted in trial 3 without microwave treatment). D, Coverslipping after prestaining with a
Wright's stain appeared superior in being able to preserve antigenicities and specific staining intensities (procedure depicted in trial 4 without
microwave treatment). E, Microwave treatment completely rescued the compromising effects of staining/destaining and coverslipping/
decoverslipping (procedure depicted in trial 4 with microwave treatment). NeuN = neuronal nuclei, GFAP = glial fibrillary acidic protein, CD3 =
T cell marker. The wave image depicts microwave treatment, the upside down y image depict antibody treatment, the coverslip indicates the

coverslipping/decoverslipping technique

multiheaded microscope (Zeiss AxioPhot, Carl Zeiss AG, Oberkochen,
Germany), and mean values were newly assigned.

For statistical evaluations, the final scores were compared
between the different procedures using nonparametric statistical

algorithms. A P of < 0.05 indicated statistical significance.

2.3 | Study B—viral antigens

This study evaluated the impact of pretreatment on FCoV antigen
immunolabeling.

Study B was conducted on pleural (n = 6) and abdominal (n = 16)
effusions of FIP cases confirmed with histopathology and FCoV anti-
gen-positive immunohistochemistry.” These effusions were collected
using conventional thoracentesis or abdominocentesis procedures.

Harvested fluids were mounted onto uncoated standard slides
(Langenbrinck, Emmendingen, Germany) using a cytocentrifuge (Het-
tich Universal 16, Adelsried, Germany). According to our in-house
protocol for effusions, centrifugation chambers were spun for 5 min-
utes at 250g, after which the supernatant was removed, and the
coated slides were centrifuged for 1 minute at 416g. Then, the slides
were air-dried and stored at —20°C (—4°F) until further processing.

To evaluate the preservation and antigenicity of viral antigens,
the samples underwent trials 3, 4, 5, and 6 (with and without MWT),
as described in study A. ICC was performed using a mouse mono-
clonal antibody directed against the coronavirus nucleocapsid (clone
FIPV3-70; Table 2). Incubation and subsequent steps were identical
to those applied for NeuN labeling (see above) using the ABC
enhancer and DAB.

The ICC signal was re-evaluated by both observers concerning
cellular and subcellular localization, intensity, specificity, and back-

ground, as described above.

3 | RESULTS

3.1 | Study A—cell-specific antigens

To evaluate cell preservation, the slides were microscopically
assessed. ModWS-stained slides revealed a representative cell yield,
with fewer than 5% of cells suffering crush artifact and fewer than

10% with ghost nuclei. Cell preservation was inversely related to cell
size, as lymphocytes, glial cells, and small granule neurons were less
vulnerable to the shearing forces than large neurons.

All samples were coverslipped for at least 5 days. The time
needed for coverslip removal upon immersion in xylene corre-
sponded to the duration since coverslipping. For slides coverslipped
for fewer than 14 days, the coverslip was removed within 48 hours
after incubation. Those slides coverslipped for more than 3 weeks
needed 5 days to remove the coverslip without manipulation.

The effects of destaining with HCl were assessed microscopi-
cally. Thin FNA smears required 10 minutes to achieve complete
decoloration. Thick brain smears required HCl treatment for 15-
20 minutes until complete bleaching was observed.

Independent of blood content, endogenous peroxidase activity
was completely removed when quenching the slides in 0.7% H,O,
for 35 minutes, as seen in controls subjected to direct DAB treat-
ments.

Among unstained and noncoverslipped specimens (trial 6,
n = 24), ICC for all markers provided good, reliable, and reproducible
results with high intensity (median intensity score 2.0+ 0 to
3.0 £ 0), high cell specificity (median cell specificity score [CSS]
3.0+ 0) and absent (CD3, NeuN), and low background signals

TABLE 3 The median scores of trial 6 with and without
microwave treatments

Nonspecific

Antibody Cell specificity Intensity Background staining
Trial 6

NeuN 3.0 +0.0° 25+0.58 0.0=+0.0 0.0 £ 0.0

GFAP  3.0+0.0 20£00° 15058 0005

CD3 3.0+ 0.0 30£00 00=x0.0 0.0 £ 0.5
Trial 6 with MWT

NeuN 3.0 +0.0 30+£00 05058 0005

GFAP  3.0%0.0 30+00 20+082 1.0%05

CD3 3.0+ 0.0 30+£00 00x0.0 0.0 £ 0.0

NeuN, neuronal nuclear antigen; GFAP, glial fibrillary acidic protein;
MWT, microwave treatment.

2Standard deviation.

bSignificant difference between with MWT and without MWT.
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TABLE 4 The median scores of trial 5 with and without
microwave treatments

Nonspecific

Antibody Cell specificity Intensity Background staining
Trial 5

NeuN 2.0+ 0.5%° 10+05° 10+05° 00%00°

GFAP 20 +0.0 2.0 + 0.0 3.0+ 0.0 0.5 + 0.58¢

CD3 1.5 +0.58 1.5+ 0.58 0.5 +0.58° 0.0 +£0.0°
Trial 5 with MWT

NeuN 3.0 +0.0°° 25+058°¢ 00+05  00%05°

GFAP 2.5 +0.58° 25+058° 25+058° 0.0=*0.0°

CD3 1.5+0.58 1.5 +0.58 0.0 + 0.0° 0.0 £ 0.0

NeuN, neuronal nuclear antigen; GFAP, glial fibrillary acidic protein;
MWT, microwave treatment.

aStandard deviation.

bSignificant difference between with MWT and without MWT.

“No significant difference compared to trial 6.

(GFAP: score 1.5 + 0.58) (Figure 2A; Table 3). For GFAP only, a
background with brownish, cloudy, sometimes flocculent low-inten-
sity staining was evident in all specimens (4/4) (Table 3). However,
this background did not interfere with the distinctive staining of
astrocyte somata. Regarding the subcellular distribution of ICC on
these plain slides, the CD3 signal was strongest in the periphery of
the lymphocyte cytoplasm close to the membrane. NeuN immunore-
activity was restricted to neuronal nuclei, while GFAP diffusely
stained the soma and fragmented processes of astrocytes.

Even after coverslipping and decoverslipping (CDC only, trial 5),
ICC permitted the identification of all three cell types (Figure 2B).
However, both the staining intensity and cell specificity of the CD3
and NeuN specimens were significantly lower than those observed
in trial 6 (P < 0.04), while GFAP background staining was stronger
(P = 0.02) (Tables 3 and 4).

The SDS (trial 3) did not interfere with immunolabeling if ICC
was performed within a few days after the Romanowsky staining.
However, a delay of 1-2 weeks abolished immunolabeling signifi-
cantly (Figure 2C). Hence, the detectability of all markers was
P =0.013;

P < 0.019) (Tables 3 and 5). Weak cellular staining was seen in iso-

severely compromised (cell specificity: intensity:
lated lymphocytes and astrocytes only, while the majority of cells in
all specimens remained immunonegative.

Early coverslipping of modWS-stained specimens (trials 2 and 4)
rescued the antigenicity of all three antigens compared with the pre-
stained, noncoverslipped slides in trial 3 (intensity and cell specificity:
P < 0.001) (Figure 2D; Tables 5 and 6). A specific signal was
obtained on these slides, with a median signal intensity (SI) of 1.0-
1.5 (Table 6). Nonspecific background staining was restricted mostly
to GFAP slides (10/10) but remained distinct from cellular chromagen
enrichment, as seen in Figure 2D (Table 6). Notably, SDS/CDC
affected the subcellular distribution of immunostaining; the CD3 sig-
nal extended throughout the lymphocyte cytoplasm rather than
accentuating the periphery, while GFAP staining in astrocytes leaked

into the nucleus. NeuN staining was still mainly confined to neuronal

TABLE 5 The median scores of trial 3 with and without
microwave treatments

Cell Nonspecific

Antibody specificity Intensity Background staining
Trial 3

NeuN 00+00° 00+00 00x00° 00%00°

GFAP 0000 00+£00 25x058" 00x10°

CD3 0000 00+00 05%0.58 00=+00°
Trial 3 with MWT

NeuN 05+058 05+058 00+05° 00z05°

GFAP 0.0 £0.0 00+£00 20+00° 00%05°

CD3 10+082 1005 05+058° 0005

NeuN, neuronal nuclear antigen; GFAP, glial fibrillary acidic protein;
MWT, microwave treatment. There was no significant difference.
aStandard deviation.

bNo significant difference compared to trial 6.

TABLE 6 The median scores of trials 2/4 with and without
microwave treatments

Nonspecific

Antibody Cell specificity Intensity Background staining
Trial 2/4

NeuN 1.0 +0.0*° 1.0+00° 0.0 +00° 0.0 £ 0.35°

GFAP 1.0z 1.03° 1.5+099°° 30+046  00z0.76

CD3  1.0£046° 1.0+ 046> 052053 00z035°
Trial 2/4 with MWT

NeuN 3.0 £ 0.0° 3.0+ 046° 00+052° 00+00°

GFAP 3.0+ 0.0° 30+035 3000 1.0 £ 0.76°

CD3 3.0z 046° 20+0.52° 00+00° 00+ 046

NeuN, neuronal nuclear antigen; GFAP, glial fibrillary acidic protein;
MWT, microwave treatment.

2Standard deviation.

bSignificant difference between with MWT and without MWT.

“No significant difference compared to trial 6.

nuclei; however, the signal was patchy and did not encompass the
entire nuclear area (Figure 2D).

“Hot mount” coverslipping did not have an impact on the ICC
results (P =>0.47), while MWT in citrate buffer significantly
increased the S| and cell specificity of all markers (P < 0.03, Fig-
ure 2E) (Table 6). Therefore, the negative effects of SDS were exac-
erbated for all markers, and the GFAP immunostaining in trial 4
became even stronger than that on plain slides (CD3, SI, P = 0.06,
CSS, P = 04; NeuN, SI, P =0.5, CSS, P =1.0; GFAP, SI, P = 0.007,
CSS, P =1.0).

The positive effect of MWT was restricted to coverslipped slides.

The omission of coverslipping in trial 3 failed to rescue antigenicity.

3.2 | Study B—FCoV antigen

All types of chemical pretreatments (trials 3, 4, and 5) completely
abolished immunostaining of the FCoV nucleocapsid (Figure 3A and
B; Table 7). Therefore, in contrast to the immunodetection of cellular
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Impact of pretreatments on immunocytochemistry (ICC) to detect feline coronavirus (FCoV) antigens. Counterstaining with Mayer's
hematoxylin. A, Only direct ICC of unstained slides allowed reliable immunodetection (blue arrow). All other physicochemical maneuvers carried out on
unstained slides completely abolished FCoV immunoreactivity. B, The same results were obtained with panoptic staining, bleaching, coverslipping, and

TABLE 7 The median scores of with different pretreatments for
feline coronavirus antigen detection

Trial 6

Trial 6 with
MWT

Trial 5

Trial 5 with
MWT

Trial 4

Trial 4 with
MWT

Trial 3

Trial 3 with
MWT

Cell

specificity
3.0 +0.0°
0.0 + 1.73

00+00
0.0+ 0.0

0.0+00
0.0+ 0.0

0000
0.0+ 0.0

MWT, microwave treatment.
2Standard deviation.

Intensity
20+ 1.0
0.0 £ 0.58

0.0+£0.0
0.0 £ 0.0

0.0+£0.0
0.0 £ 0.0

0.0+£0.0
0.0 £ 0.0

Background
0.0 +0.0
0.0 +0.0

1.0 £0.58
1.0 £ 0.58

0.0+00
1.0 £ 0.58

0.0+00
0.0 +0.0

Nonspecific
staining

0.0+00
0.0 +0.0

0.0 £0.58
0.0 + 1.15

0.0+00
0.0 +0.0

0.0+00
0.0 +0.0

antigens, coverslipping did not protect viral antigenicity on stained
slides (Table 7). Likewise, MWT precluded immunostaining on plain
slides from trial 6 and, hence, failed to rescue antigen labeling on

the pretreated slides.

4 | DISCUSSION

According to the ROSE concept (Rapid On-Site Evaluation), cytologic
examination is a valuable tool for establishing a definitive tissue diagno-
sis in practice and can complement histologic studies by revealing pre-
viously unrecognized features.»?® There is, however, an enormous
demand for more specific diagnoses to confirm or specify atypical and
rare infections or undifferentiated neoplasia.>*?” Special stains are rec-
ommended to be performed in parallel with routine Romanowsky-
stained smear evaluations using separate unstained smears.%2® In clini-
cal settings, however, exploitation of available tests is often limited by a

paucity of slides, poor sample preservation, low cellularity, blood
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contamination, and differences in yield and cell composition among
consecutive samples.2?2%° These limitations are most relevant in
poorly accessible tissues (eg, CNS) and media (CSF, pericardial effu-
sion), and with procedures that inflict high procedural morbidity (eg,
involving the heart, lungs, CNS). The diagnostician often must cope
with single-slide scenarios, in which sequential tests carried out on the
same slides could provide subcellular, molecular, or metabolic details in
the context of the sample type.?

Ideally, the best cytologic samples, exhibiting conspicuous
changes, should be subjected to additional testing. In this way, the
cytologic context is preserved, and the information is not obscured
by concomitant, nonrelevant cells such as contaminating blood
cells.

Previous studies and case reports have demonstrated the feasibil-
ity of subjecting cytologic, histologic, and histochemically stained
slides, and immunocytochemistry and in situ hybridization procedures,
to second analyses.»**"12 These studies were mainly carried out after
the removal of previous dyes by alcohol, bleaching with hydrogen
chloride, or applying MWTs in citrate buffer and distilled water. 21431

Only a few investigators have performed direct immunolabeling of
nuclear, cytoplasmic, and membranous antigens in neoplastic tissue
smears previously stained with Papanicolaou, May-Griinwald Giemsa,
and Diff-Quick stains that were not subjected to stain removal proce-
dures 111131516 Romanowsky stains bind to cell components by elec-
trostatic forces without causing conformational changes in the target
epitopes.®? Thus, May-Griinwald Giemsa/Pappenheim, Hemacolor,
Diff-Quick and, as seen in this study, modified Wright stains, exhibit a
low risk of interference with immunodetection methods.>*%131432:33 |¢
appears, however, that the lag period between cytologic staining and
immunolabeling is a critical determinant. Published PSICC studies have
documented successful immunostaining after a time period of as much
as 10 years. Notably, all of these slides were coverslipped between the
cytologic staining and the ICC procedures.*>!* Even in the absence of
cytologic staining, antigenicity, and therefore, immunoreactivity have
been reported to decrease after 4 weeks without coverslipping.®* I
longer preservation is needed, it has been recommended to store the
slides at —70°C.3>3¢

Now, as seen in this study, even cytologic staining appears to
accelerate the decay of immunoreactivity. After only 1 week,
immunopositivity for cellular markers decreased significantly. Similar
to the experiments mentioned above, immediate coverslipping
shielded vulnerable stained films from detrimental environmental fac-
tors. In this study, we showed that the decay of antigenicity was
directly associated with exposure to dye and not with the destaining
procedure compared with unstained coverslipped slides.

Without coverslipping, ionic dye components appear to facilitate
cellular biomolecule degradation by oxidative stress and other less
known pathways.®” If a slide was sealed under a lid using a xylene-
based mounting medium, the decrease in antigenicity was signifi-
cantly lower but still identifiable. However, initial immunoreactivity
up to the levels of fresh plain slides could be reestablished if the
previously stained slides underwent MWT in citrate buffer after
decoverslipping, destaining, and rehydrating.

Traditionally, MWT is used in immunohistochemistry with forma-
lin-fixed tissues for antigen recovery from the cross-linking of alde-
hyde bridges.>”*® Similarly, MWT has proven useful for antigen
demasking in cytologic specimens after fixation with ethanol and for-
malin®” and after cytologic staining.? However, MWT failed to
recover viral antigen detectability in this study. Instead, MWT alone
effectively abolished the immunolabeling of FCoV in untreated and
unstained films; furthermore, it was not possible to reestablish
immunostaining after antecedent cytologic staining and coverslip-
ping. Thus, this FCoV epitope appears to be much more vulnerable
to changes induced by physicochemical factors than the other cellu-
lar proteins investigated in this study.

Whether viral antigen preservation can be achieved by prior fixa-
tion of a smear, as described for other microbial antigens, such as
Chlamydia,*? is currently under investigation.

Other studies have proposed that fixation by formalin or ethanol
can improve ICC results.11:1314.263637.39 Eyen though observations
were made in a substatistical number of samples in this study, our
results provide evidence that viral antigen labeling in ICC can be
more sensitive to interference with other laboratory procedures than
cellular antigen labeling. Consequently, this liability has to be consid-
ered and tested if pathogen-specific ICC is to be carried out on
sparse sample volumes.

In summary, PSICC is an easy, sensitive, reliable, and repro-
ducible method for the immediate evaluation of selected markers in
Romanowsky-stained cells. Cytologic staining, on the other hand, can
rapidly decrease antigenicity if left uncoverslipped. Any further cellu-
lar antigen decay can be counteracted by performing MWTs prior to
immunolabeling.

Viral epitopes, however, might require dedicated preservation
techniques. In this study, all pretreatments abolished the ICC results

for FCoV detection in air-dried prestained films.
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