Comparative Immunology, Microbiology and Infectious Diseases 48 (2016) 87-92

OMPARATIVE

Contents lists available at ScienceDirect MMUN()L()(‘.V

IWalicroBIOLOGY &

Comparative Immunology, Microbiology
and Infectious Diseases

journal homepage: www.elsevier.com/locate/cimid

A minimally invasive approach to spleen histopathology in dogs: A
new method for follow-up studies of spleen changes in the course of
Leishmania infantum infection

@ CrossMark

Silvana Ornelas Santos®", Jonathan L.M. Fontes?, Daniela F. Laranjeira™¢, José Vassallo9,
Stella Maria Barrouin-Melo"-¢**, Washington L.C. dos-Santos®*

2 Fundagdo Oswaldo Cruz, Centro de Pesquisas Gongalo Moniz, Salvador, BA, Brazil;, Brazil

b Laboratério de Infectologia Veterindria, Hospital de Medicina Veterindria, Universidade Federal da Bahia (UFBA), Salvador, BA, Brazil
¢ Departmento de Anatomia, Patologia and Clinicas, Escola de Medicina Veterindria e Zootecnia, UFBA, Salvador, BA, Brazil

d Faculdade de Ciéncias Médicas, UNICAMP, Campinas, SP, Brazil

ARTICLE INFO ABSTRACT

Article history:

Received 14 April 2016

Received in revised form 11 August 2016
Accepted 17 August 2016

Severe forms of zoonotic visceral leishmaniosis (ZVL) are associated with disruption of the spleen struc-
ture. However, the study of spleen histology requires splenectomy or necropsy. In this work, we present
a minimally invasive cell-block technique for studying spleen tissue histology in dogs with ZVL. We
examined 13 dogs with and seven dogs without Leishmania infantum infection. The dogs with Leishmania
infection had a lower frequency of lymphoid follicles (2/13, Fisher’s test, P<0.02) and a higher density of

IL(ey}/lvords‘: . plasma cells (score 3, Fisher's test, P<0.02) than uninfected dogs (5/7 exhibiting lymphoid follicles and
De(;; mania infantum a plasma cell score of 1). The dogs with Leishmania infection also presented with granulomas (8/13) and
Canine visceral leishmaniasis infected macrophages (5/13). These differences in the histological presentations of spleen tissue from
Spleen infected and uninfected dogs corresponded to changes observed in conventional histology. Hence, the
Cell block cell-block technique described here may be used in the follow-up care and study of dogs with ZVL and

Fine-needle biopsy other diseases in both clinical practice and research.

Minimally invasive histopathology © 2016 Elsevier Ltd. All rights reserved.

1. Introduction throughout the course of the disease [7]. Spleen enlargement is
an important clinical sign of chronic infection, so a spleen regres-
sion index is used as a marker of the therapeutic response in
human ZVL [8]. Furthermore, the spleen may contribute to the
progression of ZVL by (1) providing a permissive environment,
thereby maintaining the parasite burden; (2) promoting anemia
and thrombocytopenia through hypersplenism; and (3) modu-
lating the immune response to favor parasite survival [9-11].

The spleen is the largest secondary lymphoid organ in mammals
and is responsible for surveillance against blood-borne antigens
[1]. This organ is the site of the final differentiation and homing of
many leukocyte populations, including monocyte populations and
memory B cells responsive to both T-dependent and T-independent
type 1 and type 2 antigens [2,3]. The spleen also plays an important

role in the course of neoplastic and infectious diseases [4,5]. For
instance, absence of the spleen is associated with an increased risk
of disseminated infections, and spleen infiltration is an important
parameter for lymphoma staging in both humans and dogs [5,6].
The spleen plays a central role in the course of zoonotic vis-
ceral leishmaniosis (ZVL) in humans and in dogs and is involved
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Recently, we and other groups have shown that disruption of
splenic lymphoid tissue is associated with severe forms of ZVL in
dogs [12-15]. Similar changes in spleen structure have also been
reported in humans who died of the disease [16].

Unfortunately, most of the morphological changes in the spleen
that are potentially relevant to the course of infectious or neoplas-
tic disease can be studied only in specimens obtained by necropsy
or splenectomy. A few years ago, we developed a technique for
fine-needle aspiration spleen biopsy that proved to be safe for sen-
sitive and specific diagnosis of Leishmania infection and allowed
for the study of spleen cytology in dogs [17-19]. In that study, we
observed that small and sparse fragments of spleen tissue remained
in the midst of single-cell suspensions that were prepared by


dx.doi.org/10.1016/j.cimid.2016.08.007
http://www.sciencedirect.com/science/journal/01479571
http://www.elsevier.com/locate/cimid
http://crossmark.crossref.org/dialog/?doi=10.1016/j.cimid.2016.08.007&domain=pdf
mailto:barrouin@ufba.br
mailto:wluis@bahia.fiocruz.br
mailto:wlcs25@gmail.com
dx.doi.org/10.1016/j.cimid.2016.08.007

88 S.0. Santos et al. / Comparative Immunology, Microbiology and Infectious Diseases 48 (2016) 87-92

cytocentrifugation [19]. In the present work, we show that these
spleen tissue fragments obtained by fine-needle biopsy can be used
as a source of information about spleen morphology in dogs with
ZVL. This information can be acquired using a cell-block technique
for processing the fine-needle spleen aspirates.

In addition to the information obtained via conventional cytol-
ogy, this cell-block technique allows spleen compartments to be
studied and pathological structures, such as granulomas and blood
vessel hyalinosis, to be identified. Because fine-needle aspiration
biopsy is a well-tolerated and safe procedure in dogs under seda-
tion [17], its combination with this cell-block technique may allow
for sequential studies on the development, reversibility, and impact
of spleen changes during the course of L. infantum infection and ZVL.

2. Materials and methods
2.1. Ethical considerations

All procedures were conducted in accordance with the Oswaldo
Cruz Foundation guidelines for research in animals (http://
sistemas.cpqgam.fiocruz.br/ceua/hiceuaw000.aspx) and with the
manual for the surveillance and control of visceral leishmaniosis.
All the tests were performed in the animals after authorization by
the Control of Visceral Services of Camacari (Bahia State, Brazil,
an area endemic for ZVL) (1 animal) or by their owners (all the
other infected and control animals). This study was approved by
the ethics committee for the use of animals in research (CPqGM-
FIOCRUZ, Ceua, license N.040/2005).

2.2. Animals

This was a convenience sample of 20 dogs of different breeds,
genders, and estimated ages that were collected either by the
Surveillance and Control of Visceral Services of Camacari (Bahia
State, Brazil) or from the Veterinary School Hospital (Federal Uni-
versity of Bahia). Eight dogs from the hospital and five from
Camacari had clinical signs of ZVL or positive laboratory tests for
Leishmania infection. One animal from the hospital was healthy,
having been admitted for castration, and was enrolled in the control
group. Six other healthy animals were from a non-governmental
animal shelter located in Salvador (Bahia State, Brazil, an area non-
endemic for ZVL). All the animals were subjected to a clinical exam,
serological testing for anti-Leishmania antibodies and culture of
spleen aspirates for Leishmania isolation. These tests are further
detailed below.

2.3. (Clinical data

All animals were subjected to a clinical exam using a standard-
ized form and were considered symptomatic if they had any of
the following clinical signs, which are considered to be indicative
of canine visceral leishmaniosis: alopecia, dermatitis, skin erosion,
ulcerations, anemia (pale, light pink mucous membranes), conjunc-
tivitis, onychogryphosis, weight loss, and lymph nodes larger than
expected for the size of the animal.

2.4. Anti-Leishmania antibody activity in the serum

The presence of anti-Leishmania antibodies in the serum of
all studied dogs was investigated using a classical indirect ELISA
using soluble L. infantum antigens, as previously described [17].
Briefly, 96-well plates were coated with the antigen overnight
at 4°C (incubation with 100 mL per well of 5mg of protein per
mL of 0.1 M carbonate-bicarbonate solution, pH 9.6). Non-specific
antibody binding was blocked with 5% skimmed milk (w/v) in

0.15M phosphate-buffered saline (PBS) solution, pH 7.4, contain-
ing 0.05% Tween 20 (PBS-T) for 1h, at 37°C. Control and test
serum samples were added at a 1:400 dilution in 1% skimmed
milk in PBS-T, with 100 mL/well, and incubated for 1h at 37°C. A
peroxidase-conjugated rabbit anti-dog IgG (Sigma-Aldrich Chemi-
cal Co., St. Louis, Missouri, EUA) was added at a dilution of 1:5000
in 1% skimmed milk in PBS-T, with 100 mL/well, and incubated
for 1h at 37°C. The enzymatic reaction was developed with o-
phenylenediamine (Sigma Chemical Co.) and stopped after 15 min
with 25 mL/well of 4N H,SO4. Absorbance values were read at
490 nm. The cut-off value for IgG antibodies was determined based
on the receiver operating characteristic (ROC) curve using corrected
absorbance values obtained for sera from 30 L. infantum-infected
dogs positive in serological and parasitological tests and from 71
healthy dogs living in non-endemic areas. All determinations were
carried out in duplicate or triplicate, and mean values above the
cut-off for IgG were considered to be positive results.

2.5. Fine-needle spleen biopsy

Fine-needle aspiration spleen biopsies were performed accord-
ing to the technique previously described by Barrouin-Melo et al.
(2006a). Briefly, dogs were sedated through intravenous injection
of 0.5 mg/kg body weight acepromazine in the right lateral decu-
bitus. Asepsis of the area that would be punctured was ensured
using 2% iodized alcohol. A splenic puncture was made in the left
flank of each animal near the caudal border of the last rib using a
40 x 12-mm needle coupled to a 20-mL syringe [17]. Part of each
splenic aspirate was cultivated in a biphasic culture medium for
parasitological diagnosis, and part was dispensed into a 15-mL non-
adhering (propylene) tube containing 10% formalin and was used
for the cell-block technique, as described below.

2.6. Culture for parasitological diagnosis of Leishmania

Samples obtained by spleen aspiration (approximately
100-200 L) were cultured in a biphasic culture medium contain-
ing 1.5 mL of solid medium (blood agar) and 2 mL of Schneider’s
medium supplemented with 20% fetal bovine serum. The samples
were kept in culture at 23°C and examined weekly by optical
microscopy for four weeks or until they became positive [20].

2.7. Cell-block preparation and analysis

Spleen aspirates (approximately 100-200 wL) were placed in
non-adherent polypropylene tubes containing 14 mL of 10% forma-
lin and fixed under agitation for 12-24 h at room temperature. The
preparations were then centrifuged for 10 min at 1000g. The super-
natant was removed, and the sediment was carefully placed in a
small parcel made of filter paper wetted with formalin. The spec-
imens were then dehydrated with progressive concentrations of
ethanol and embedded in paraffin. Sections of 3-wm thickness were
obtained for conventional microscopy and immunohistochemistry.
For conventional histology, cell-block sections were stained with
hematoxylin-eosin (H&E), periodic acid-Schiff (PAS), and periodic
acid-silver methenamine (PAS-M). Serial sections of the cell-block
preparations were analyzed without knowledge of the parasitolog-
ical or serological test results according to the following criteria:

2.8. Splenic tissue features

The number of spleen fragments; the sizes of smaller and larger
spleen fragments; spleen compartments (red pulp, white pulp,
periarteriolar lymphoid sheaths, lymphoid follicles, and marginal
zone); trabeculae; blood vessels, including sheathed capillaries;
and pathological structures (granulomas and Leishmania-infected
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Table 1

General characteristics of the dogs used in the study of spleen samples collected by fine-needle aspiration and the cell-block technique.

Evidence of Leishmania infection Symptomatic?

Evidence of Leishmania infection

NO YES
Positive serology, culture, and histology YES 0 3
Positive serology and culture YES 0 2
Positive serology and histology NAP 0 2
Positive serology YES 0 4
Positive serology NA 0 2
Negative serology, culture, and histology NO 7 0

2 Symptomatic - based on the presence or absence of the following clinical signs of ZVL: alopecia, dermatitis, skin erosion, ulcerations, anemia, conjunctivitis, ony-

chogryphosis, weight loss, and lymphadenopathy.
b NA - information not available.

macrophages) were recorded as present or absent. Cells were
characterized morphologically according to previously described
criteria[12]: Lymphocytes — cells with round nuclei containing con-
densed chromatin, inconspicuous nucleoli, and scant cytoplasm.
Plasma cells - cells with eccentric nuclei, heterochromatin dis-
persed around the edge in a pattern similar to that of the numerals
on an analog clock face, and basophilic cytoplasm with clear per-
inuclear vacuoles. Macrophages - large cells with oval or reniform
nuclei containing loosely packed chromatin surrounded by a rim of
eosinophilic cytoplasm with indistinct edges. Granulocytes - cells
with highly lobulated nuclei containing densely packed chromatin.
Megakaryocytes — very large cells with wide and clearly defined
cytoplasm and large, lobulated nuclei containing condensed chro-
matin. The densities of different cell populations present in the red
pulp were scored as follows: 0=no cells, 1 =isolated cells or small
aggregates as a small proportion of the examined x400-magnified
microscopic fields, 2 =single cells or aggregates observed in most
of the examined x400-magnified microscopic fields, and 3 =single
cells or aggregates observed in roughly all of the examined x400-
magnified microscopic fields.

2.9. Antibodies

Spleen cells were immunophenotyped using immunohisto-
chemistry, as described by Silva et al. [21]. Briefly, serial spleen
sections were placed on slides coated with poly-L-lysine (Sigma-
Aldrich, United States) and dewaxed. Antigen retrieval was
performed with citrate buffer at pH 6.0 (for the anti-S100 and anti-
CD3 antibodies) or Tris-EDTA at pH 8.9 (for the anti-Ki67 antibody).
For the remaining steps, the Novolink Max Polymer (Novocastra,
United Kingdom) system was used following the protocol provided
by the manufacturer. The slides were incubated for 1h at 37°C
with primary anti-CD3 (clone F7.2.38), anti-Ki67 (clone MIB-1),
and a polyclonal anti-S100 antibody from Dako (Carpinteria, CA). In
certain experiments, the positive controls consisted of human tis-
sues known to be reactive with each marker. As a negative control,
sections were incubated with buffer only or with an immunoglob-
ulin of the same isotype as the test antibody but with different
specificity. After staining, the sections were counterstained with
hematoxylin, and the immunolabeling was evaluated microscopi-
cally [21].

2.10. Expression and analysis of the results

The data are presented in a figure and a table giving the rela-
tive and absolute values of the different parameters. Fisher’s exact
probability test was used to compare proportions between groups,
and a Mann-Whitney test was used to compare scores between
groups. Differences between groups were considered significant at
P<0.05.

3. Results
3.1. Diagnosis of infection and disease

Clinical and laboratory data regarding infection and disease
(ZVL) are presented in Table 1. All the animals in the infected group
had positive serology. Leishmania was isolated from cultures of
spleen aspirates from 5 animals. Amastigotes were visualized by
histology of the spleen aspirates from 5 animals. Nine animals in
the Leishmania-infected group had clinical signs of ZVL. Unfortu-
nately, clinical information was not available for 4 animals in this
group, all with serology or both serology and histology positive for
Leishmania infection. The laboratory tests for detection of Leishma-
nia infection were negative for the animals in the control group,
and these animals did not present clinical signs of ZVL (Table 1).

3.2. Spleen fragment features in cell-block preparations

The 100-200 L of spleen aspirate collected from each dog
provided an average of 18 slides suitable for histological anal-
ysis. The cell-block sections from the aspirates collected from
uninfected dogs contained 33 [23-158] (median [1st quartile-3rd
quartile]) spleen fragments, whereas those from infected animals
contained 68 [23-254]| spleen fragments (Table 2). The spleen
fragment size varied from 22,945 [6040-60,261] wm to 310,646
[163,497-1,926,099] wm in the aspirates from the uninfected dogs
and from 6890[1499-22,862] umto311,641[17,276-749,743] pm
in the aspirates from the Leishmania-infected dogs. Smaller-sized
fragments predominated in the aspirates from the infected dogs
(Mann-Whitney test, P<0.02, Table 2). These spleen tissue frag-
ments were dispersed among blood elements and isolated spleen
cells (Fig. 1a).

3.3. Qualitative and semi-quantitative analyses of cell-block
preparations

The red pulp and white pulp compartments were morpho-
logically identified in the spleen aspirates (Fig. 1b-d). Red pulp
and blood vessels were present in the cell-block preparations
obtained from all sampled dogs (Table 2). The white pulp com-
partment was identified in all animals in the uninfected group
and in 11 of the 13 animals in the infected group, which was a
non-significant difference (Table 2). However, lymphoid follicles
(Fig. 1c-d) were identified in 5 of 7 (71%) uninfected specimens
but only in 2 of 13 (15%) specimens from Leishmania-infected dogs,
which did represent a statistically significant difference (Fisher’s
test, P<0.02, Table 2). The usual cell constituents of the spleen (lym-
phocytes, macrophages, plasma cells, polymorphonuclear cells, and
megakaryocytes) were easily identified in the tissue fragments and
were also dispersed among the red blood cells. Granulomas were
observed in 8 of 13 infected dogs and in none of the uninfected dogs
(Fig. 1e). Leishmania amastigotes were observed in four samples,
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Table 2
Qualitative analysis of the presence of structures in samples drawn from the spleens of healthy dogs (uninfected) and Leishmania-infected dogs using the cell-block technique.
Parameter Evidence of Leishmania infection P
NO YES
Spleen fragments
N 33 [23-158]* 68 [23-254] 0.55
Smaller fragment size (wm?) 22,945 [6,040-60,261] 6,890 [1,499-22,862] <0.02°
Largest fragment size (um?) 310,646 [163,497-1,926,099] 311,641 [17,276-749,743] 0.53
Red pulp?
Frequency 717 (100%) 13/13 (100%) 1.00
Macrophage score 2.0 [2.0-2.0] 2.0 [1.5-2.5] 0.71
Lymphocyte score 20 [1.0-2.0] 1.0 [1.0-2.0] 0.24
Plasma cell score 1.0 [1.0-1.0] 3.0 [1.5-3.0] <0.02¢
Neutrophil score 2.0 [1.0-2.0] 2.0 [1.0-2.0] 0.83
Megakaryocytes 6/7 (86%) 12/13 (92%) 1.00
Infected macrophages 0/7 (0%) 5/13 (38%) 0.11
Granuloma 0/7 (0%) 8/13 (62%) <0.02
Trabecle frequency 5/7 (71%) 3/13 (23%) 0.06
Blood vessel frequency 717 (100%) 13/13 (100%) 1.00
Sheathed capillaries 4/7 (57%) 12/13 (92%) 0.10
White pulp
Frequency 77 (100%) 11/13 (85%) 0.52
PALS 2[7 (27%) 10/13 (77%) 0.06
Lymphoid follicle/Marginal zone 717 (100%) 8/13 (62%) 0.11
Lymphoid follicle 5/7 (71%) 2/13 (15%) 0.02
Marginal zone 3/7 (43%) 1/13 (8%) 0.10

o

Inside brackets: first and third quartiles.
Mann-Whitney test.

o

n

density.

all from dogs with positive spleen cultures (Fig. 1f). The plasma
cell density score was higher in the spleens of infected dogs (3.0
[1.5-3.0]) than in those of uninfected dogs (1.0 [1.0-1.0]) (Mann-
Whitney, P<0.02, Table 2, Fig. 1g). Furthermore, the combination of
PAS and PAS-M staining allowed for differentiation between blood
vessel- and muscle cell-associated basement membranes and the
splenic reticular framework (Fig. 1h), occasionally disrupted by the
presence of granulomas (Fig. 1i).

3.4. Immunohistochemical staining for leukocyte subpopulation
identification in cell blocks

Immunohistochemical staining with monoclonal antibodies
against CD3 (a T lymphocyte marker), S100 (a dendritic cell
marker), and KI-67 (a cell proliferation marker) provided cleariden-
tification of cell subpopulations and allowed us to define their
distributions in the spleen compartments (Fig. 1j-1). T lympho-
cytes predominated around arterioles (Fig. 1j). S100-positive cells
formed a network around certain blood vessels (Fig. 1k). KI-67-
positive cells revealed proliferating cells distributed in the red and
white pulp (Fig. 11).

4. Discussion

The cell-block technique described in the present report allows
details of the spleen structure, such as blood vessels and spleen
compartments, to be examined. This method also facilitates anal-
ysis of the distributions of leukocyte populations in these spleen
compartments, without the confounding interference of circulat-
ing blood cells, which aids in the identification of pathological
structures such as granulomas. Such spleen structure details may
be further characterized using histochemical staining of the con-
nective matrix scaffolding, such as with PAS and PAS-M, and
immunohistochemistry for cell phenotyping. The presence of white
pulp, though less frequent in the Leishmania-infected dogs, did not
differ significantly between the infected and the uninfected groups.
It is noteworthy that the presence of lymphoid follicles was less
frequent in the Leishmania-infected group, which may correspond

Fractional numbers represent the number of animals with the given parameter over the total. Whole numbers represent semi-quantitative scores attributed to cell

to an increased spleen size due to a relative increase in red pulp
as well as lymphoid follicle atrophy and disruption, both of which
are observed in dogs with ZVL [12,21,22]. Furthermore, disrupted
lymphoid follicles may be overlooked in the cell-block analysis, as
may also occur when analyzing conventional histological spleen
sections. The increased presence of small spleen fragments in the
aspirates collected from the infected group may correspond to a
change in the consistency of the spleen, which may become fri-
able in dogs with ZVL. In fact, inflammation and an increase in
spleen size may also disrupt the relationship between the cell and
the extracellular matrix, altering spleen consistency. For instance,
the presence of trabeculae was less frequent in Leishmania-infected
dogs’ aspirates than in uninfected dogs’ aspirates, and the frame-
work of the PAS-M-positive reticulum was altered by the presence
of granulomas.

A striking finding of this study was the presence of granulo-
mas and clumps of infected macrophages in the red pulp of certain
infected dogs. These observations would not have been possible
using conventional cytology. This finding is relevant to the nature
of the dog immune response to Leishmania infection [12,22]. In
fact, a variety of disturbances to the host immune response to
Leishmania and other intracellular pathogens may cause different
patterns of macrophage aggregation and granuloma characteristics
[10,23-25].

Using this cell-block technique, we were able to access the
cellular constitution of spleen compartments using conventional
histology or immunohistochemistry. We confirmed an increase in
plasma cell density in the spleens of Leishmania-infected dogs. In
fact, splenic white pulp disruption and plasmacytosis are present
indogs with severe ZVL[12-14]. These changes are associated with
the abnormal expression of cytokines that are responsible for lym-
phoid follicle organization and plasma cell homing and survival,
such as CXCL-13, BAFF, and APRIL [21] (Silva, unpublished data).

Finally, the cell-block technique presented here may be used
to build a panel of tests to be employed in the follow-up care and
study of dogs with ZVL and other diseases affecting the spleen in
both veterinary clinics and research settings. Using the cell-block
technique together with immunohistochemistry, laser microdis-
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Fig.1. (a-1): Spleen tissue in cell-block preparations: Spleen tissue fragments among blood cells (a) representing red and white pulp (b-c). Lymphoid follicle with lymphocytes
and apoptotic cells (c and d). Granuloma with epithelioid macrophages (e), some of them containing amastigotes (f) and disrupting the spleen matrix network (i). Spleen red
pulp with increased plasma cell density (g). Splenic sinusoids delineated by a connective matrix scaffolding stained with periodic acid (PAS or PAS-M) (h). Spleen cell-block
preparations stained by immunohistochemistry with antibodies against CD3 (T-lymphocyte marker, j), S100 protein (dendritic cell marker, k), or KI-67 (proliferating cell
marker, 1). (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)

section, and genetic analysis may provide a better understanding
of the pathogenesis of ZVL and other diseases in which the spleen
plays a central role.

5. Conclusions

The cell-block technique described herein allows details of
spleen histology to be studied;

The method also allows comparative studies between healthy
dogs and those with diseases affecting the spleen, without needing
to euthanize the animals or to subject them to splenectomies; and

Given its minimally invasive characteristic, this technique can
be used in follow-up studies of diseases affecting the spleen in both
research and veterinary practice.
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