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Article history: The clinical-immunological spectrum of human Leishmania (L.) infantum chagasi-infection in
Received 4 September 2019 Amazonian Brazil has recently been reviewed based on the combined use of the delayed-
Received in revised form 29 April 2020 type hypersensitivity (DTH) and indirect fluorescence antibody test (IFAT-IgG/IgM), both
Accepted 2 May 2020 with homologous L. (L.) infantum chagasi-antigens, and associated with the clinical evaluation
of infected individuals. This diagnostic approach has allowed to identify the broadest clinical-
immunological spectrum of human L. (L.) infantum chagasi-infection composed by five
Ke}’W"rdsf ) ) clinical-immunological profiles of infection: three asymptomatic, 1) Asymptomatic Infection
f\‘"ni’gg’c‘;'g“vfslci r':lf‘l‘glfsi'&;’;‘l’fs‘i' (Al) [DTH™/+++, I[FAT~], 2) Subclinical Resistant Infection (SRI) [DTH*/**+=, [FAT*/++],
Preclinical diagnosis and 3) Indeterminate Initial Infection (III) [DTH™, IFAT*/**], and two symptomatic ones,
Disease control 4) Symptomatic Infection (SI) [=American visceral leishmaniasis - AVL] and, 5) Subclinical
Amazonian Brazil Oligosymptomatic Infection (SOI), both with the same immune profile [DTH ™, IFAT***/
++++]. Herein, we confirm for the third time the preclinical diagnosis of AVL through IgM-
antibody response in an early asymptomatic case of infection (profile III), a 17-year-old boy
who evolved to AVL (=profile SI) six weeks after the initial infection diagnosis, confirming
that the combined use of DTH and IFAT-(IgG/IgM) assays associated with the clinical evaluation
of infected individuals is potentially useful for monitoring human L. (L.) infantum chagasi-

infection in endemic areas as well as optimizing AVL control.
© 2020 Published by Elsevier Ltd on behalf of World Federation of Parasitologists. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/4.0/).

1. Introduction

American visceral leishmaniasis (AVL) is a non-contagious infectious disease caused by Leishmania (L.) infantum chagasi
Lainson & Shaw 2005 (=Leishmania chagasi Cunha & Chagas 1937), a protozoan parasite of the order Trypanosomatida, family
Trypanosomatidae, and genus Leishmania (Lainson, 2010; Lainson and Shaw, 2010; Marcili et al., 2014), which is principally trans-
mitted by the infected female of the phlebotomine vector, Lutzomyia longipalpis (Lainson and Rangel, 2005). AVL is primarily con-
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sidered a rural zoonosis in Brazil, but has been expanding to medium and large urban areas to become a growing public health
problem in that country (Silveira et al., 2009; Silva et al., 2013). It is considered a dynamic disease, with the circumstances of its
transmission continually changing, largely due to anthropic environmental and demographic impacts (Moreno et al., 2006; de
Aratjo et al., 2013).

AVL principally develops in 1 to 10 year-old children, although it also manifests itself in adults, principally males. Following an
average incubation time of 2 to 3 months, the disease will suddenly (or gradually) make a clinical appearance in the form of a
daily fever lasting up to two months, as well as weakness, indisposition, loss of appetite, weight loss, skin-mucous pallor, diarrhea,
and abdominal distension. The latter symptom is caused by progressive enlargements of the liver and spleen, causing hepato-
splenomegaly due to hyperplasia and hypertrophy of the mononuclear phagocytic system in the parenchyma of those organs.
From an immunopathological point of view, there will be pancytopenia - anemia, leucopenia, and thrombocytopenia -, as well
as the suppression of T-cell immune responses (mainly the CD4"/Th1 subtype). The latter condition is the main cause of inter-
current bronchopulmonary or intestinal infections that, together with hemorrhaging due to coagulation changes, account for
deaths in advanced stages of the disease (Silveira et al.,, 2013, 2016).

Although AVL is recognized as the most severe clinical-immunological manifestation of the interactions between the parasite
L. (L.) infantum chagasi and the human immune responses [with a 98% probability of evolving to death in the absence of adequate
diagnosis and treatment], recent studies carried out in Amazonian Brazil have shown that additional clinical-immunological stages
resulting from those interactions can also make up part of the clinical-immunological spectrum of that infection. As such, the
combined use of semi-quantitative delayed-type hypersensitivity (DTH) and indirect fluorescent antibody test (IFAT-IgG), associ-
ated with the clinical status of infected individuals, have allowed the diagnosis of the broadest clinical-immunological spectrum of
infection composed of five profiles, such as: three asymptomatic, 1) Asymptomatic Infection (Al = DTH/ ™+ [FAT™), 2) Sub-
clinical Resistant Infection (SRI = DTH™/™ "% IFAT™/™"), and 3) Indeterminate Initial Infection (Il = DTH™, IFAT™/*); and
two symptomatic ones, 4) Symptomatic Infection (SI = AVL) and, 5) Subclinical Oligosymptomatic Infection (SOI), both with
the same immune profile (DTH™, IFAT/*++¥) Thus, the three previously established profiles (Al, SI [=AVL] and SOI)
were confirmed (Pearson and Sousa, 1996), as well as two more recent ones (Silveira et al., 2010a, 2010b). This represents the
broadest clinical-immunological spectrum of human L. (L.) infantum chagasi-infection known until then in Latin America.

With regards to the pathophysiology of those clinical-immunological infection profiles, it should be emphasized that the pro-
file Al is characterized by positive DTH reactivity and the absence of an IgG-antibody response [below the IFAT-IgG dilution cut-off
of 1:80] - which seems to be strongly linked to genetic resistance to infection (Jeronimo et al, 2007). The profile SI (=AVL), on
the other hand, is strongly linked to genetic susceptibility to infection, with clear DTH inhibition and high expression of the IgG-
antibody response. The SOI and SRI profiles represent borderline genetic expressions of disease susceptibility and resistance re-
spectively; the former generally evolves into mild clinical signs of susceptibility [such as fever, asthenia, cutaneous pallor, and
moderate enlargement of the spleen], but with spontaneous clinical resolution of infection after one to two months (Gama
et al., 2004); the latter profile presents an asymptomatic stage evolving towards the Al resistant profile. Asymptomatic profile
Il represents the earliest stage of infection [which is not well-defined from an immune-genetic point of view], with the capacity
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Fig. 1. Dynamics of the clinical and immunological evolution of human L. (L) infantum chagasi-infection in Amazonian Brazil. IFAT: indirect fluorescent antibody
test (IgG); IFAT ++++: 5.120-10,240 (IgG); IFAT +++: 1.280-2.560 (IgG); IFAT ++: 320-640 (IgG); IFAT +: 80-160 (IgG); IFAT -: negative reaction
(IgG); DTH: delayed-type hypersensitivity; DTH ++++: exacerbate reaction (> 16 mm); DTH + ++-: strong reaction (13-15 mm); DTH ++: moderate reaction
(9-12 mm); DTH +: weak reaction (5-8 mm); DTH -: negative reaction (< 5 mm); Al: Asymptomatic infection; SI: Symptomatic infection (=AVL); SOI: Subclin-
ical oligosymptomatic infection; SRI: Subclinical resistant infection; IIl: Indeterminate initial infection.
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to evolve to either the Al resistant profile or to the SI susceptible profile (=AVL). Therefore, depending on the genetic background
of the infected individual, an infection can evolve to an Al resistant profile or to a SI susceptible profile (=AVL) after passing first
through either the SRI or SOI profiles respectively (Fig. 1). Two prospective studies in Amazonian Brazil were therefore under-
taken to focus on the dynamics of the clinical and immunological evolution of infection, and estimated that 1-3% of all III cases
will evolve to classical AVL (= profile SI) (Silveira et al., 2010a, 2010b).

In terms of cytokine responses over the entire clinical-immunological spectrum of human L. (L.) infantum chagasi-infection in
Amazonian Brazil, the roles of pro-inflammatory (TNF-a and IL-6) and anti-inflammatory (IL-4 and IL-10) cytokines were recently
examined based on previous observations in the States of Piaui and Maranhdo in northeastern Brazil (Costa et al., 2013; Gama
et al,, 2013), with the conclusion that the association between IL-6 and IL-10 cytokines apparently has a pivotal influence on
the immunopathogenesis of AVL (Ramos et al., 2016).

Taking into account the above considerations, we present here our findings concerning the preclinical diagnosis of an early
asymptomatic infection (profile IIl) that evolved to AVL (=profile SI) six weeks after an initial diagnosis. That observation was
made during a prospective study (April/ 2017-June /2018) to evaluate by gene expression the innate and adaptive immune re-
sponses of human L. (L.) infantum chagasi-infection in the municipality of Bujar(, northeastern Pard State, in Amazonian Brazil.
It represents the third such case study in the last 10 years - but of significant importance in terms of prospects for optimizing
disease control. Systematic investigations of I[gM-antibody responses in asymptomatic cases of profile III have allowed the preclin-
ical diagnosis of human L. (L.) infantum chagasi-infection with genetic predisposition that would otherwise rapidly progress to AVL
- allowing its early treatment and the prevention of the severe effects of its morbidity.

2. Methods
2.1. Study area

This study was carried out in a rural area [Tracuateua village] of the municipality of BujarG (01° 30’ 54“ S: 48° 02’ 41" W),
northeastern Pard State, in Amazonian Brazil [along the Guama River, and about 72 km from the state capital at Belém]. The cli-
mate is typically equatorial, with a mean temperature of 28 °C and high humidity. The Tracuateua village currently has a signif-
icant number of AVL cases (= profile SI) that were diagnosed based on specific serological assays (IFAT-IgG/IgM) performed at
the “Ralph Lainson Leishmaniasis Lab” in the Evandro Chagas Institute. Six cases were confirmed in 2010, fourteen in 2011,
four in 2012, thirty four in 2013, and four cases in 2014 (Silveira et al., unpublished data).

2.2. Study population

The total population of the municipality of Bujard is approximately 28.016 people, with 10.420 (37.2%) in urban areas and
17.596 (62.8%) in rural ones (IBGE, 2017). In the present work there were examined approximately 7.5% (1.320) of the rural pop-
ulation of the municipality of Bujar(, being 792 (60%) males and 528 (40%) females aged between 1 (minimum) and 76 (max-
imum) years old, with a median age of 20 years old.

2.3. Study design

As stated earlier, this was a prospective study (April/ 2017-June/2018) aimed to evaluate by gene expression the innate and
adaptive immune responses of human L. (L.) infantum chagasi-infection in the municipality of Bujar(, northeastern Para State, in
Amazonian Brazil. For this reason, it was necessary to discriminate between the clinical-immunological infection profiles, mainly
the profile Il due to the high significance of its evolution towards the resistance pole of the infection [profile Al] or the suscep-
tibility pole [profile SI = AVL]. In this sense, it seems critical to evaluate the innate and adaptive immune responses of the infec-
tion cases of profile IIl in order to better understanding the genetics of the immune response that evolves to the resistance or
susceptibility poles of the infection. The criteria for discriminating between these clinical-immunological infection profiles, as
well as the susceptible and resistant cases of profile IIl, can be seen in previous studies respectively (Crescente et al., 2009;
Silveira et al., 2010a, 2010b, 2011; Lima et al., 2014).

24. Ethical approval

This study was approved by the Research Programs Evaluating Committee of the Faculty of Medicine, University of Sdo Paulo,
Sdo Paulo State, Brazil, with the protocol number 127115/2016 and the approval number 3.156.918.

3. Results

Based on the criteria (DTH/IFAT-IgG/clinical evaluation of infected individuals) for the diagnosis of human, symptomatic (SI =
AVL and SOI profiles) and asymptomatic (III, SRI and Al profiles), L. (L.) infantum chagasi-infection there was identified a total of
42 cases of profile III (30 in the first year [2017] of the study and 12 in the second [2018]), being 22 (52.4%) males and 20 (47.6%)
females aged between 3 (minimum) and 56 (maximum) years old, with a median age of 26.2 years old.
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Following the above diagnosis, all 42 cases of profile Ill underwent IFAT-IgM serological evaluation, revealing that all 30 cases
from the first year (April-June/2017) were negative, while one (an 17-year-old boy) of the twelve new cases diagnosed in the
second year (April-June/2018) showed a positive serological reaction with a titer of 80. However, there were not detect, a year
earlier, any clinical signs and/or symptoms of AVL in any of the household members during our first visit to the boy's home
(May 18, 2017), but nonetheless performed specific DTH and IFAT-IgG assays on four individuals (the 17-year-old boy, his 19-
year-old brother, his 39-year-old mother, and his 50 year-old father). Their results were all negative at that time.

When we visited the same household for the second time in the following year (May 29, 2018), two of the four individuals
were found to have anti-L. (L.) infantum chagasi IgG-antibody responses: the 17-year-old boy and his mother, with serological ti-
ters of 320 and 160 respectively. Neither showed any reactivity to DHT, which assigned them a status of profile Il (Table 1). The
other two individuals in the household did not show any reactivity to IFAT-IgG or DTH. Accordingly, we also performed an IFAT-
IgM assay on the two IgG-antibody responding individuals, but only the boy showed an anti-L. (L.) infantum chagasi IgM-antibody
response, with a serological titer of 80. The boy was then monitored on a weekly basis by local health care agents to detect any
clinical signs and/or symptoms of AVL. After a six-week period, we were notified that the boy had had a fever with chills for seven
days, as well as asthenia, weakness, and a loss of appetite. Another IFAT-IgG/IgM assays were then performed, revealing a quick
up-tick of his serological titers to 1280 for both IgG and IgM antibodies, confirming the preclinical diagnosis of AVL predicted by
the previous presence of an anti-L. (L.) infantum chagasi IgM-antibody response. Additional laboratory analysis indicated pancyto-
penia (3,150,000/mm? red blood cells, hemoglobin 9.3 g/dL, 2900/mm?* white blood cells, and 92,000/mm? platelets), while a
physical examination of the patient likewise confirmed spleen enlargement (~3 cm below the left costal border). After the diag-
nostic confirmation of AVL, the boy was then hospitalized and received antimony therapy (15 mg/Sb"/kg) for twenty-five days -
which resulted in the successful remission of all clinical signs and symptoms of the disease.

4. Discussion

We confirm here the preclinical diagnosis of AVL in a 17 year-old boy with an early asymptomatic infection (profile III) by an
IgM-antibody response to L. (L.) infantum chagasi-infection, who six weeks later developed clinical signs and/or symptoms of the
disease. This represents the third preclinical diagnosis of AVL in an asymptomatic case of L. (L.) infantum chagasi-infection dem-
onstrating clinical-immunological profile III that progressed to AVL (=profile SI) six weeks after the initial diagnosis of infection in
our study area in northeastern of Para State, in Amazonian Brazil. The first two cases were diagnosed in two girls, the youngest
being three years old (Silveira et al,, 2010a; Lima et al.,, 2014), while the present case was diagnosed in an 17-year-old boy native
to the region - suggesting that under certain circumstances, not fully understood, some individuals residing in areas known to
transmit the infection are not infected in their early childhood. Corroborating that observation, it should also be highlighted
that among the four individuals residing in the home, only the boy and his mother were diagnosed as infected in 2018 (when
he was 17 and his mother 40), as indicated by anti-L. (L.) infantum chagasi IgG-antibody responses, with serological titers of
320 and 160 respectively, although neither showed any reactivity to DHT. The other two household members, his 20-year-old
brother and his 51-year-old father, had remained uninfected - indicating that infection transmission in the rural endemic area
is not uniform, but rather sporadically dispersed or opportunist, possibly depending on environmental and/or social factors that
include the densities of the main phlebotomine vector, Lutzomyia longipalpis (Laison & Rangel, 2005), the domestic infection res-
ervoir (dogs) [Silveira et al., 2012], and the degree of individual exposure to the infection transmission in the home environment
as was shown in previous research in that region (Silveira et al., 2009, 2010a, 2010b). Interestingly, even if this profile III case
received a homologous L. (L.) infantum chagasi-antigenic stimulus for DTH a year earlier, it was not sufficient to develop any pro-
tective immune response against infection.

With respect to the clinical evolution of these cases, it is interesting to note that the incubation periods of the disease
(counting from the initial diagnosis of infection, when the clinical-immunological diagnosis of profile IIl was established) were
very similar in all three cases studied (ranging from six to eight weeks), which is absolutely compatible with the time frames

Table 1

Personal characteristics (age and gender) and laboratory results (IFAT/DTH) in an early asymptomatic case of L. (L.) infantum chagasi-Indeterminate Initial Infection
(profile III) that evolved to American visceral leishmaniasis (AVL) [Symptomatic Infection = profile SI] and its family contacts (mother, father and brother), in the mu-
nicipality of Bujard, Para State, Amazonian Brazil.

Cases Gender Age 2017 (May) 2018 (May) 2018 (July)
DTH IFAT(IgG) DTH IFAT DTH IFAT (IgG/IgM)
(IgG/1gM)
1 Male® (patient) 17 Neg Neg Neg 320/80 - 1280/1280
2 Female (mother) 39 Neg Neg Neg 160/Neg -
3 Male (father) 50 Neg Neg Neg Neg/ - - -
4 Male (brother) 19 Neg Neg Neg Neg/ - - -

DTH = Delayed-type hypersensitivity.
IFAT = Indirect fluorescent antibody test.
IgG = Immunoglobulin G.
IgM = Immunoglobulin M.
2 = The case of profile Il who developed to AVL.
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referred to in basic texts on AVL (Pearson and Sousa, 1996; Lainson and Shaw, 2010; Silveira et al., 2013). The marked significance
of that incubation period in those three profile III cases should be noted in terms of the accuracy of the diagnosis of human
asymptomatic L. (L.) infantum chagasi-infection (profile IIl) in the endemic areas, allowing detection and monitoring of the
clinical-immunological evolution of those profile III cases.

While those occurrences may appear to have inexpressive epidemiological significance in light of the high prevalence (12.7%
to 17%) of human L. (L) infantum chagasi-infection in that region (Silveira et al., 2010*"1), it should not be forgotten that this
finding resulted from the examination of only about 7.5% (1.320) of the rural population (17.596) of Bujara (IBGE, 2017). A pro-
jection could thus be made that up to 13.3 cases (almost 15) of profile IIl with susceptibility to develop AVL (=profile SI) could be
expected to be diagnosed in the study area. It would therefore also be possible to project that if this diagnostic approach was ap-
plied on a wide or even medium scale, it would be a valuable tool for optimizing AVL control through the early diagnosis of a
significant number of asymptomatic cases of infection (profile III) with a genetic predisposition to evolve to AVL. Unfortunately,
however, that diagnostic approach would be difficult to apply in Brazil at the moment - and not only for technical reasons - but
because of an unjust political system that prioritizes the business class and makes a Single Health System (Ministry of Health,
Brazil) based on the municipalization of health care unviable, and the surveillance and control of the serious endemic diseases
such as AVL nearly impossible. Within that scenario, it is difficult to control endemic diseases due to the misuse of financial re-
sources and the lack of trained personnel. In northeastern of Pard State, in Amazonian Brazil (which represents the largest
focal area of AVL in the region today), for example, there is no laboratory infrastructure in any of the 49 municipalities there
with the capacity to perform serological tests for AVL (IFAT or ELISA). In these situations, the diagnosis of the disease has been
based mainly on the “immunochromatographic rapid test” (OnSit™ - Bio Advance Diagnéstico), but with some diagnostic limita-
tions which has required further confirmation (Brasil, 2018).

Furthermore, considering that there is currently no efficient vaccine available in Brazil that could be used to protect humans
against L. (L.) infantum chagasi-infection, this diagnostic approach may prove useful for monitoring human infections and identi-
fying profile III cases with a propensity for evolving towards full AVL. Additionally, the preclinical diagnosis of AVL in cases of the
appearance of profile IIl by an IgM-antibody response to L. (L.) infantum chagasi-infection (Silveira et al., 2011; Lima et al., 2014)
could help prevent the severe morbidity of this disease and the necessity of long-duration treatments.
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