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Disruption of the splenic histological architecture
associated with severe forms of visceral leishmaniasis

Desestruturacio histoarquitetural do bago e susceptibilidade a formas graves da
leishmaniose visceral

Washington Luis Conrado dos-Santos'?, Joselli Santos Silva'
e Rita Elizabeth Moreira Mascarenhas"?

ABSTRACT

Background: Severe forms of visceral leishmaniasis are associated with atrophy and histological disorganization of spleen compartments in both humans
and dogs. Methods: In this paper, we review the changes observed in the spleens of dogs from an area endemic for visceral leishmaniasis. Results: Dogs
with susceptibility markers for visceral leishmaniasis display disorganization of the splenic tissue more frequently than dogs without these markers ()’-test,
P<0.01). This disorganization was more intense in the marginal zone and the lymphoid follicle than in the periarterial lymphoid sheath. In addition, the
total number of T lymphocytes (Whitney, P < 0.05), B lymphocytes (Whitney, P < 0.01) and $100* dendritic cells (Whitney, P < 0.01) in the follicles and
of B lymphocytes in the marginal zone (Whitney, P < 0.01) in animals with disorganized spleen architecture was lower than in animals with normal spleen
histology. The architectural disorganization of the spleen is associated with lower expressions of LTa and CXCL13 than those observed in normal spleen.
There is also a greater frequency of bacterial skin infections in animals with spleen cultures positive for Leishmania (47%) than in animals with negative
cultures (21%). Conclusion: The architectural disorganization of the splenic tissue in dogs with susceptibility markers of visceral leishmaniasis is associated
with aberrant expression of cytokines involved in the structuring of the follicles and marginal zone of the spleen. These splenic alterations may impair the
Jeukocyte cooperation required for effective immunity against infection by Leishmania and other pathogens.
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RESUMO

Introdugao: Formas graves de leishmaniose visceral estao associadas com atrofia e desorganizagao dos compartimentos do bago em seres humanos e em
cies. Métodos: Nesse artigo nos revimos as alteragdes observadas nos bagos de caes de uma drea endémica de leishmaniose visceral. Resultados: Caes
com marcadores de susceptibilidade a leishmaniose visceral apresentam mais frequentemente desorganizagao do tecido esplénico ()?-test, P<0.01) afetando
mais intensamente a zona marginal e foliculos linfoides a bainha periarteriolar de linfécitos. O nimero total de linfécitos T (Whitney, P < 0.05), linfécitos
B (Whitney, P < 0.01) e células dendriticas S100* (Whitney, P < 0.01) nos foliculos e de células B na zona marginal (Whitney, P < 0.01) dos animais com
aarquitetura do bago desorganizada foi menor que nos animais com a histologia do bago normal. Essa desorganizagao arquitetural do bago estd associada
com menor expressio de LTa e CXCL13 que a observada em bagos normais. Hd maior frequéncia de infecgoes bacterianas de pele em animais com culturas
esplénicas positivas para Leishmania (47%) que em animais com culturas negativas (21 9%). Conclusio: A desorganizagao arquitetural do tecido esplénico em
caes é associada & expressao inadequada de citocinas envolvidas na estruturagio dos foliculos e da zona marginal do bago. Essas alteragoes do bago, presentes
no curso da leishmaniose visceral pode prejudicar com a cooperagao entre leucécitos na defesa contra a infeccao por Leishmania e por outros patogenos.

Palavras-chaves: Leishmaniose visceral canina. Quimiocinas. Histologia do bago. Foliculo linféide. Zona marginal.

The spleen is an organ located in the left subcostal region, distal
to the diaphragm, both in humans and in dogs. Although it can be
removed in the course of treatment for certain diseases or traumatic
injuries, the spleen exerts important functions in the body . It is a
secondary lymphoid organ that serves as the site for the late development
of B lymphocytes ? and for the priming and cooperation of T and B
lymphocytes in producing antibody and mounting a cellular immune
response against circulating pathogens **. The spleen is also the storage
site for inflammatory monocytes, allowing the prompt release of large
quantities of these cells to remote sites in response to acute injury °. The
spleen eliminat~s old or damaged red blood cells in a process known as
hemocateresis; it also recycles iron via a mechanism that is dependent
on members of the natural-resistance-associated macrophage protein
(NRAMP) family, limiting the availability of free iron, which is necessary
for bacterial metabolism °. As a secondary lymphoid organ interposed
in the blood stream, the spleen serves to monitor blood for circulating
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antigens and pathogens '. In dogs, in addition to these functions, the
spleen works as a blood reservoir, allowing release of up to 81% of its
blood volume in conditions of severe hemorrhage ”. Hence, many of
the spleen’s functions converge towards innate and adaptive defense
mechanisms against infection. The function of the spleen in defense
against infection is evident in the fact that asplenic and hyposplenic
individuals are more susceptible to infection and to bacterial, viral and
fungal septicemia '. The cumulative risk of developing serious infection
is almost 33% in the first 10 years after splenectomy performed for a
variety of medical indications .

We decided to study the spleen in visceral leishmaniasis because
(1) this organ is involved in all cases of the disease; (2) it is affected
throughout the whole course of visceral leishmaniasis *; and (3)
the main components involved in the immune response against the
parasite are present in the spleen: infected cells and parasite antigens,
antigen-presenting cells and T and B lymphocytes responding
against Leishmania antigens. The importance of the spleen in clinical
visceral leishmaniasis is highlighted by the fact that spleen regression
is used as indicative of control of human infection in response to
treatment °. Finally, we work with the hypothesis that severe forms
of leishmaniasis generate a pattern of atrophy and disorganization
of splenic tissue that may reproduce aspects of a hyposplenic or
asplenic syndrome.




Since the initial autopsy reports on patients who died of visceral
leishmaniasis, an association has emerged between severe forms of the
disease and atrophy of the white pulp of the spleen '°. Experimental
models have revealed a more complex pattern of changes, varying from
hyperplasia to atrophy according to the susceptibility of the host and the
stage of disease '3, In 1977, Veres and collaborators (1977) considered
the possibility that the disruption of the architecture of lymphoid organs
impairs leukocyte cooperation against Leishmania infection. These
alterations in the architecture of splenic tissue have been associated
with loss or change in the distribution of cell populations in the spleen,
including plasma cells, replacement of lymphoid and red pulp areas, loss
of marginal zone macrophages and follicular dendritic cells, and changes
in the distribution pattern of B and dendritic cells '*'*'* 'S, Furthermore,
similar disruption of splenic lymphoid tissue architecture has been
described in viral infections '°. Along with chemokines, TNF and IL-10
are the main cytokines implicated in the changes in spleen structure in
experimental models of murine visceral leishmaniasis ' .

A few years ago, we examined the distribution of results for the
laboratory tests most commonly used in diagnosis and the study of
host immune response to L. chagasi (serology, parasite identification
in tissues and leishmanin skin test). We examined these parameters in a
population of stray dogs collected from the streets of Jequié (a visceral
leishmaniasis-endemic area in the state of Bahia, Brazil) '*. As shown in
Figure 1, more than half (51%) of the animals were positive for only
one of these tests. Among the animals with more than one positive test,
most had both positive serology and positive spleen culture. Althoughit
is anon-specific symptom, as most of the clinical signs of canine visceral
leishmaniasis are, emaciation is one of the most frequent clinical signs
of visceral leishmaniasis in dogs '**. Therefore, we compared the
distribution of emaciation in this group of animals according to the
positivity of the different tests. As can be seen in the Figure 2, the
proportion of animals with emaciation was greater in animals with
positive spleen culture and with positive serology against Leishmania
than in animals with negative results for these tests '*. Conversely, the
frequency of emaciation was lower in animals with a positive reaction
to the leishmanin skin test (LST) than in animals with negative results.
These data confirmed observations by other authors that positive
spleen parasitism and positive serology are indicative of susceptibility
to visceral leishmaniasis, and that positive LST used in association
with other parameters is indicative of protection against the disease
2123, Using these parameters, we distributed the animals into four
working groups according to their potential susceptibility to visceral
leishmaniasis and compared the frequency of spleen histological
changes in these groups. Because parasite identification in tissues
is the most reliable sign of active infection, we used this parameter
together with the LST in the definition of these groups, as follows: (a)
Potentially resistant to visceral leishmaniasis: animals with a positive
LST and spleen culture negative for Leishmania; (b) Potentially
susceptible to visceral leishmaniasis: animals with a negative LST and
spleen culture positive for Leishmania; (c) Infected with undefined
susceptibility status, animals with both a positive LST and spleen
culture positive for Leishmania; and (d) Non-infected: animals with
negative spleen cultures, a negative LST, and without anti-Leishmania
antibody activity in the serum as measured by ELISA *. The animals
in the potentially susceptible group were more frequently emaciated
(60%) than the animals in the other groups (27%, x*-test, P = 0-02).
Only this group of animals had anti-Leishmania antibody activity in the
serum significantly higher than that observed in the control group #
The animals in this potentially susceptible group also had a greater
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FIGURE 1 - Distribution of positive results on commonly used visceral
leishmaniasis tests in a population of stray dogs from an endemic area of the
disease (LST = leishmanin skin test).
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FIGURE 2 - Association between emaciation and positive results on tests
commonly used to detect infection and susceptibility to visceral leishmaniasis
in dogs (LST = leishmanin skin test).

frequency of perisplenitis (72%, x*test, P < 0.01), granuloma
(28, y-test, P = 0.01), and amastigotes in the spleen (40%, y*-test,
P<0.01) than the other groups. Furthermore, a variety of changes
in the white pulp of the spleen, ranging from hyperplasia to atrophy,
were observed in association with disorganization of the splenic
histological architecture. Hyperplasia was more frequent in the
animals of the potentially resistant group. Atrophy of the lymphoid
follicles (20/25, x>-test, P<0.01) and of the marginal zone (15/25,
x>-test, P<0.01) associated with architectural disorganization of
the spleen histology (14/25, x*-test, P<0-01), which included loss
of definition of the compartments of the white pulp and partial
replacement of the usual leukocytes present in the white and red
pulp of the spleen by plasmacytoid and plasma cells, was more
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frequent in the animals of the potentially susceptible group than in
the other groups *. A comparative morphometrical estimate of the
area represented by the different compartments of the spleen between
animals with disorganized versus organized splenic histology revealed
a significant decrease in follicle size in the group with disorganized
spleen architecture, to 36% of the size observed in the animals with
intact spleen architecture (x*-test, P<0-01); the size of the marginal
zone in animals with disorganized splenic architecture was 48%
of the size observed in animals with intact spleen architecture (x*-
test, P<0.01). The periarteriolar lymphoid sheath (PALS) was not
significantly affected in the animals with disorganized splenic tissue
architecture. The usual steady-state histological architecture of the
spleen is maintained by a network of signals mediated by cell contact
and the expression of regulatory cytokines and chemokines. Entry
of B lymphocytes into the lymphoid follicles requires CXCL13
expression by CD35" follicular dendritic cells (DCs). CXCL13
production by these follicular DCs depends upon stimulation of
TNFR1 and LT-BR by TNF and LT-alp2-expressing B cells during
the formation of lymphoid follicles. A similar signaling pathway
mediated by CCL19 and CCL21 produced by LT-a1p2-expressing
B cells and stromal cells, and to a lesser extent CCL21 produced
by DCs, is involved the recruitment of T lymphocyte to the T cell
areas of the spleen (reviewed by ®). To see which signaling pathways
were involved in the structural disorganization of the spleen in dogs
with severe forms of visceral leishmaniasis, we studied the pattern
of leukocyte distribution and cytokine expression in animals with
organized or disorganized splenic histology. For this study, we
selected two groups of animals with opposite patterns of structural
organization of the spleen: animals with well-organized splenic
structure and animals with moderately to extensively disorganized
splenic structure **. ‘

We used conventional histology as the main criterion to assign
animals to the groups. Using this approach, we observed that 60%
of the animals with disorganized splenic architecture and 33% of the
animals with organized spleen histology had laboratory tests (ELISA
and splenic culture) positive for Leishmania infection. The group of
animals with disorganized spleen architecture had a greater frequency
of alopecia, conjunctivitis, dermatitis, emaciation, lymphadenopathy,
onychogryphosis and any combination of these clinical signs of
disease compared to the animals with intact spleen architecture. The
overall distribution of T cells, B cells and S100* dendritic cells was
similar in both groups of animals (Figure 3). The density of B cells
was lower in the lymphoid follicles and marginal zone of animals
with disorganized splenic architecture (13931 + 7790 cells/mm? and
11876 + 2145 cells/mm?, respectively) than in the animals with intact
splenic architecture (37651 + 8694 cells/mm® and 16552+3583
cells/mm?, Mann-Whitney, P < 0.001 and P < 0.05, respectively). The
density of DCs was greater in the lymphoid follicles of animals with
disorganized splenic architecture (1994 + 533 cells/mm?) than in
the animals with intact splenic architecture (1364 + 533 cells/mm?,
Mann-Whitney, P < 0.04). The estimated total number of cells was
lower for T lymphocytes (360 + 295 cells), B lymphocytes (618 +
519 cells) and S100* DCs (97 + 56 cells) in the follicles and for B

" lymphocytes in the marginal zone (1774 + 1013 cells) in animals

with disorganized spleen architecture, compared to animals with
undisturbed spleen histology (773 + 469 cells; 5083 + 2356 cells;
183 £91 cells; 3687 + 1188 cells, Mann-Whitney, P < 0.05; P < 0.01;
P < 0.05; P < 0.01, respectively). Among the tested cytokines, only
LTa (1.4 £ 1.3) and CXCL13 (0.5 + 0.3) showed lower expression
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FIGURE 3 - Distribution of leukocyte populations in the spleen of dogs with
organized and disorganized histological architecture.

(relative to constitutive 18S ribosomal RNA expression) in the
spleens of animals with disorganized splenic architecture compared
to animals with normal splenic architecture (2.7 2.2 and 2.4 £ 2.4,
P < 0.05 and P < 0.01, respectively). The expression of other tested
cytokines such as TNF, IL-10, IFNy, TGFf, CCL21 and CCL19 did
not differ between the groups.

Taken together, the data that we present here support the
following conclusions: (1) dogs with markers of susceptibility to
LV have architectural disorganization of the splenic tissue; (2) other,
possibly infectious conditions, besides visceral leishmaniasis also
induce architectural disorganization of the splenic tissue in dogs
from an endemic area of visceral leishmaniasis; (3) the architectural
disorganization of the splenic tissue is uneven among the different
compartments of the spleen, affecting mainly the marginal zone
and lymphoid follicles; (4) there is a redistribution of leukocyte
populations associated with architectural disorganization of the
splenic tissue; and (5) the architectural disorganization of the splenic
tissue in dogs is associated with aberrant expression of cytokines
involved in the structuring of the follicles and marginal zone of
the spleen, such as LTa and CXCL13. As we reviewed above, in
an experimental model of murine visceral leishmaniasis, infection
with Leishmania by itself could result in disorganization of spleen
histological architecture. In stray dogs from an endemic area of
visceral leishmaniasis, other infections can further contribute to
structural changes in the spleen.




We are now interested in the potential consequences of such
 disorganization of spleen microenvironments in the course of visceral
eishmaniasis. It has been shown that human beings with visceral
 leishmaniasis have a greater frequency of bacterial infections of the
skin, respiratory tract, oral cavity and middle ear compared to the
general population >*?7. As we reviewed above, the spleen plays an
- important role in the defense against systemic viral and bacterial
; infection. Much of the role played by the spleen in the defense
~ against infections is dependent upon cell interactions that occur
in the microenvironments of the marginal zone and the lymphoid
follicles. Our study and research by other groups show that these
microenvironments are disrupted in dogs with severe forms of
visceral leishmaniasis. In order to investigate the potential association
between changes in splenic architecture and the course of visceral
leishmaniasis, we initiated a study of the frequency of co-infections
in dogs with natural infection with L. chagasi, and the association
of these infections with the presence of structural disorganization
of the spleen. Preliminary data from this study show that bacterial
infection is frequent in the population of stray dogs in an endemic
area of visceral leishmaniasis. Streptococcus and Staphylococcus are the
main microorganisms infecting the skin and eyes of these animals
(Table 1). There is a greater frequency of bacterial skin infections
in animals with spleen cultures positive for Leishmania (9/19,47%)
than in animals with negative cultures (7/34,21%) (Table. 2). It is
interesting to note that, although eye infection also tends to be more
frequent in animals with Leishmania-positive spleen cultures than
in animals with negative cultures, the frequency (26%) of blood
infection with different bacteria (Table 1) was similarly high in
both animal groups (Table 2). The analysis of these observations on
bacterial infection together with the data on clinical signs of disease
and the study of spleen histology in these animals are now under
way in our laboratory.

TABLE 1 - Leishmania and bacterial infections in different tissue of dogs from
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