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Comparative analysis of the geographic distribution of the
histopathological spectrum and Leishmania species of American
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Andlise comparativa da distribui¢ao geografica do espectro histopatologico e
espécies de Leishmania da leishmaniose tegumentar americana no Brasil
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Abstract: BackGrROUND: Knowledge of the relationship between specific geographical differences and histopathology of the American cuta-
neous leishmaniasis is limited because host-parasite interactions in space and time are complex.

OpjecTivE: To describe the geographic analysis of the histopathological pattern of localized American cutaneous leishmaniasis and the rela-
tionship with Leishmania species.

METHODS: A cross-sectional, descriptive and analytical study of a sample consisting of 55 patients of municipal districts of Montes Claros and
32 of Caratinga, Minas Gerais, by comparing with other endemic regions in Brazil, assessing historical and microregional data and develo-
ping confidence intervals. Resurrs: A preponderance of cellular exudative reactions in the cutaneous form of American cutaneous leishma-
niasis was found in the municipal districts of Caratinga, east of Minas Gerais, Montes Claros, north of Minas Gerais and Uberlindia, Triangulo
Mineiro, and also in the states of Mato Grosso and Ceara. Necrotic and exudative granulomatous reactions were found to be more frequent
in the northern areas, mainly in the states of Amazonas and Para. Necrotic and exudative reactions were the most frequent form of presen-
tation found throughout Brazil when the predominance of L. braziliensis was below 90% in relation to other species.

Concusion: There is a geographic variation of the immune inflammatory response in American cutaneous leishmaniasis. Geographical cor-
relations between the predominant species of Leishmania and the most frequent forms of histopathological presentation of American cuta-
neous leishmaniasis, which until the present study had not been performed, enables new approaches to the study of Leishmania subpopu-
lations in areas with a predominance of one species and provides evidence of variations in the biological behavior of different species.
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Resumo: Fundamentos: O conhecimento das relacdes entre diferengas geograficas especificas e a histopatologia da leishmaniose tegumen-
tar americana € limitada devido a complexidade espacial e temporal da interacio hospedeiro-parasito.

OpjeTIVOS: Descrever a distribuicdo geogrifica do padrio histopatoldgico da leishmaniose tegumentar americana na forma cutanea localiza-
da e a relagdo com a espécie de Leishmania.

MEtopos: Estudo transversal, descritivo e analitico, de uma amostra de 55 pacientes de Montes Claros e 32 de Caratinga, Minas Gerais, com-
parando com diferentes regioes do Brasil através de avaliagoes historicas, microregionais e da construcio de intervalos de confianga.
Resurtapos: Na forma cutanea da leishmaniose tegumentar americana, foi encontrada uma preponderancia de reagoes exsudativas-celulares
nos municipios de Caratinga, leste de Minas Gerais, Montes Claros, norte de Minas Gerais e Uberlandia, Triingulo mineiro, e também nos
estados de Mato Grosso e Ceara. As reagoes exsudativas-necrdticas-granulomatosas encontradas foram mais freqiientes em areas do norte do
Brasil, principalmente nos estados do Amazonas e Pard. As reacoes exsudativas-necroticas foram as formas mais freqiientes de apresentacio
encontradas em todas as dreas no Brasil quando a predominancia de L. braziliensis foi menor que 90% em relagdo as outras espécies.
Concrusoes: Existe uma variacdo geografica da resposta inflamatéria imune na leishmaniose tegumentar americana. As correlacoes geografi-
cas entre as espécies predominantes de Leishmania e o espectro histopatoldgico da leishmaniose tegumentar americana, que até que o pre-
sente estudo nao tinha sido realizada, permite novas abordagens nos estudos de subpopulacoes de Leishmania em dreas com uma predomi-
nancia de uma espécie e prové evidéncia das variagoes no comportamento bioldgico de diferentes espécies.
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INTRODUCTION

The essential characteristic of the ACL patholo-
gy is the colonization of the mononuclear phagocytic
system cells by amastigotes resulting in a granuloma-
tous inflammatory response. The granuloma is
defined as a compact collection of mature mononu-
clear phagocytes, not necessarily accompanied by
accessory characteristics like necrosis. Although the
histological presentation of the ACL shows a great
variability, a predominant pattern characterized by the
presence of disorganized granuloma without necrosis
is very common and could be related to species and
subspecies of Leishmania."* However, the knowledge
of the relationship between specific geographic differ-
ences and the histopathology of the ACL is limited
due to a complex spatial and temporal host-parasite
interaction. Besides this, another complicating aspect
is the fact that histopathological patterns can be differ-
ent within the same lesion, depending on its dura-
tion.'

The American cutaneous leishmaniasis pres-
ents with a spectrum of clinical and histological man-
ifestations. The value of the histological exam on the
diagnosis of ACT is established and different patterns
of reactions, related to the duration and the clinical
type of the lesion are reported, but the correlation has
not been consistent."? Therefore, the level of hetero-
geneity of Leishmania in the same endemic area and
the association with biologic characteristics require a
more detailed investigation. The literature has shown
evidence that the Leishmania braziliensis is com-
posed by sub-populations of parasites with specific
biochemical and immunologic characteristics, and it is
possible that these subpopulations could cause the
differences in the histopathological spectrum.’

Finding out the Brazilian geographic limits of
the ACL histopathological spectrum facilitates the
assessment of the biologic behavior of the
Leishmania in relation to the hosts’ response.
Geographic correlation through the analysis of the
predominant species of Leishmania and the most fre-
quent histopathological pattern within the ACL spec-
trum, which had not been done until now, will be able
to provide new approaches to the study of subpopu-
lations of the parasite in areas with a predominance of
one species, as well as evidence the variations of the
biologic behavior of different species.

MATERIAL NAD METHODS

Cross-sectional, descriptive and analytical study
of a convenience sample of biopsy cuts, encased in
paraffin and stained by hematoxylin-eosin, from skin
lesions of 55 patients from Montes Claros collected
during the period of 2002 to 2006 and 32 from
Caratinga, Minas Gerais (MG), collected during the
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period of 1996 to 1998, comparing with different
regions of Brazil through historic and micro-regional
evaluations found on the literature, enabling the
construction of maps which observe the variations of
the histopathological pattern correlating factors from
the parasite with the natural dynamics of ACL. For the
historic histological and morphological evaluation
and the comparative geographical analyses of the
species and subspecies of Leishmania (identified by
PCR) research in indexed publications as well as con-
tact with university libraries and research centers in
order to access thesis and dissertations not electroni-
cally available were carried out. Comparative
histopathological and historical evaluations of regions
from the state of de Minas Gerais for the observation
of interactions between the predominant species and
the host response in complex and encompassing geo-
graphical areas were performed. The main limitation
was the historical diversity of the histological and mor-
phological classifications found in the literature and
in order to correct it this study observed the classifica-
tion and comparative analyses of the histopathological
pattern as proposed by Bittencourt & Barral.' The
histopathological alterations found in ACL lesions
were defined in three patterns of inflammatory reac-
tions: 1. Exudative-cellular reaction (ECR) — inflamma-
tory infiltrate with plasmocytes, macrophages and
lymphocytes in the absence of epithelioid or gigantic
cells; 2. Exudative-necrotic reaction (ENR) — disorgan-
ized granulomatous infiltrate with epithelioid cells; 3.
Granulomatous exudative-necrotic reaction (GENR) —
presence of tuberculoid granulomas. Study approved
by the Ethics Committee of the Universidade Estadual
de Montes Claros under the number 2054/10. The sta-
tistical analysis was performed by constructing 95%
confidence intervals for the proportion of patients
with ACL according to the histopathological pattern.

RESULTS

In the localized cutaneous form of ACL there is
a preponderance of ECR in the cities of Caratinga, east
of MG, Montes Claros, north of MG, Uberlindia, trian-
gulo mineiro, which is similar when compared to the
states of Mato Grosso and Ceara (Figure 1)."°
Exudative-necrotic reaction is more frequent on the
north of Brazil, especially in the states of Amazonas
and Para. >’ Granulomatous reactions (ENR/GENR)
are more frequent in all the states of Brazil, except for
Ceard, Minas Gerais and Mato Grosso (Figure 2). The
analysis found statistically significant differences
among the Brazilian regions with a preponderance of
the diffuse infiltrate histopathological pattern (ECR)
in relation to the regions with a predominance of the
granulomatous infiltrate (Table 1).>*7"
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FIGURE 1: Relative frequency of diffuse infiltrate (DI= exudative-cellular reaction) in patients with American cutaneous leishmaniasis
in micro-regions of the state of Minas Gerais

In Brazil, the predominant species in the local-
ized cutaneous form of ACL is the braziliensis. When
the predominance of this species is over 90%, ECR is the
most frequent histopathological pattern, like in Minas
Gerais, Mato Grosso and Ceara, which indicates a small-
er granulomatogenic activity in these regions.”" When
the predominance is under 90% in relation to other
species, the most frequent pattern is the ENR, as in the
states of Amazonas, Bahia and Sio Paulo (Figure 3).""*"*
“ There is a inversely proportional relationship between
Leishmania braziliensis and the granulomatous
histopathological pattern, demonstrated by a smaller
presence of L. braziliensis and a higher occurrence of
granulomatous infiltrates (disorganized or tuberculoid),
which reflects in a higher frequency of tuberculoid infil-
trate in regions of the Pontal do Paranapanema, Sao
Paulo, with a 75% predominance of L. braziliensis and
in the state of Para, wilg}1 71.8% predominance of the
L. braziliensis complex.

DISCUSSION
It is well known that there is a clinical and his-
tological spectrum in ACL. The spectrum and its vari-

ations are dependent on many factors, such as the
type and the duration of the clinical lesions, the
species and subspecies of the parasite, the geograph-
ic location, the parasite load and the host response. In
a study of the progress of the lesions, the authors con-
firmed that the ECR histological pattern constitutes
both the initial and the final aspects of the lesion,
influencing their regression or progression, and that
the presence of the granulomatous pattern limits the
number of lesions, making them more superficial with
a better prognosis.” However, other authors demon-
strated the presence of more than one histopatholog-
ical pattern in the same lesion and that these patterns
do not represent the stage of the disease which be
correlated with prognosis or therapeutic response.'
On the other hand, there is evidence showing that the
disease caused by the Leishmania braziliensis is dif-
ferent from the one from other complexes due to the
smaller number and higher diameter of the lesions
and the association with adenomegaly, distinct from
the Leishmania guyanensis which causes a clinical
condition characterized by smaller and more numer-
ous lesions.” Besides, it has been reported that a sub-
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GI= ENR/GENR

Codes for the states of Brazil
(AC, Acre; AL, Alagoas; AM,
Amazonas; AP, Amapad; BA,
Bahia; CE, Ceard; DF, Distrito
Federal; ES, Espirito Santo;
GO, Goias; MA, Maranhao;
MS, Mato Grosso do Sul; MT,
Mato Grosso; MG, Minas
Gerais; PA, Pard; PI, Piaui; PR,
Parana; PE, Pernambuco; RJ,
Rio de Janeiro; RN, Rio
Grande do Norte; RO,
Rondoénia; RR, Roraima; RS,
Rio Grande do Sul; SE,
Sergipe; SC, Santa Catarina;
SP, Sao Paulo; TO, Tocantins)
are described
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FIGURE 2: Relative frequency of granulomatous infiltrate (GI) in patients with American cutaneous leishmaniasis
in the various states of Brazil

TasLE 1: Confidence intervals for the proportion of patients with American cutaneous leishmaniasis according
to histopathological pattern in different micro-regions of Brazil

Histopathological Diffuse infiltrate Granulomatous infiltrate Study year
pattern n° % CI95 n° % CI95

Regions

Cariri — CE* 43 (67,2) 0,58 — 0,76 21 (32,8) 0,24 — 0,42 2002
Cuiabd — MT#* 45 (67,2) 0,58 — 0,76 22 (32,8) 0,24 — 0,42 2002
Parati — RJ* 20 (62,5) 0,53 — 0,72 12 (37.,5) 0,28 — 0,47 2008
North of

Minas — MG* 37 (67,3) 0,58 — 0,77 18 (32,7) 0,24 —0,42 2010
Vale do Rio Doce - MG* 23 (71,9) 0,63 - 0,81 09 (28,1) 0,29 - 0,37 2010
Belém — PA** 06 (27,3) 0,19 - 0,36 16 (72,7) 0,64 — 0,81 1982
Maceid — AL** 08 (38,1) 0,29 - 0,48 13 (61,9) 0,52 - 0,71 2006
Manaus — AM## 19 (21,8) 0,14 — 0,30 68 (78,2) 0,70 — 0,86 2007
Ribeirdo Preto — SP#* 26 (48,1) 0,38 - 0,58 28 (51,9) 0,42 - 0,62 2002
Rio de Janeiro — RJ#* 04 (21,1) 0,13 - 0,29 15 (78,9) 0,71 - 0,87 2008
Trés Bragos — BA** 140 (44,0) 0,35 - 0,54 174 (55,4) 0,46 - 0,65 1986

* mid-regions with predominance of diffuse infiltrate

** mid- regions with predominance of granulomatous infiltrate

CI95= 95% confidence interval

Codes for the states of Brazil (AL, Alagoas; AM, Amazonas; BA, Bahia; CE, Ceara; Mato Grosso; MG, Minas Gerais; PA, Pari; PR,
Parand; RJ, Rio de Janeiro; SP, Sio Paulo; CE, Ceard) are described.
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FIGURE 3: Percentage of diffuse infiltrate (DI); and granulomatous infiltrate (GI) in patients with American cutaneous leishmaniasis

in the various states of Brazil

population of L. braziliensis in the state of Ceara
(with almost absolute prevalence of this species and
predominantly ECR) is more pathogenic than the sub-
population found in the state of Bahia (predominant-
ly ENR), causing bigger lesions, high ganglionic
involvement and higher persistence of the parasite.

This study confirms that the main etiological agent, L.
braziliensis, as well as its subpopulations, has a lower
granuloma formation activity, which could be related
to the geographic distribution of ACL, promoting a
predisposition to a variety of histopathological pat-
terns and consequently the different classifications
proposed in the literature. In this context, the study
of the microenvironment of the lesion according to
the cellular pattern, its distribution and inter-rela-
tions, as well as the determination of inflammatory
markers can contribute to the understanding of the
local dynamics of the immune response. > As if the
aggregated assessment of the differences in the geo-
graphic distribution of the histopathological spectrum

of ACL can contemplate the histological variations in a
effective manner, it will be a challenge to be overcome
over the next years. ?*

CONCLUSION

The geographic correlations among the pre-
dominant species of Leishmania and the histopatho-
logical spectrum of ACL, which until the present study
had not been done, enables new approaches to the
study of subpopulations of Leishmania in areas with
a predominance of one species and foresees evidence
of variations of the biological behavior of different
species. This study concludes that there is a geograph-
ic variation of the inflammatory immune response of
ACL, and suggests that new studies might elucidate
the predominance of the exudative-cellular reaction
histopatholohical pattern in some regions in relation
to the preponderance of granulomatous reactions in
others, providing subsides for the understanding of
the performance of granulomatous agents implicated
in pathology of ACL. U
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