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Abstract.

The Amazon is responsible for approximately 40% of the American tegumentary leishmaniasis (ATL) in

Brazil. Herein the sustained presence of ATL in Manaus, the largest settlement in the Amazon, was investigated.
Records of notification of historic cases, and data from cases prospectively enrolled in the Tropical Medicine Foundation
of the Amazonas State were used. Geographic coordinates of prospective patients’ living sites were used to detect inner-
city clusters of ATL. Infecting Leishmania species was determined by polymerase chain reaction. Among prospectively
enrolled subjects, 94.8% were infected with Leishmania (Viannia) guyanensis, 76.7% were male, 30.2% were 0-20 years
old, and 69.8% had an urban residence. Historic cases showed a profile similar to that of prospectively enrolled subjects.
Several clusters of ATL, widely distributed within the city of Manaus, could be detected. In conclusion, there was a high
frequency of disease in young age groups and cases clustered in urban neighborhoods. It cannot be determined from
these data whether transmission of these cases occurred within or outside the city of Manaus.

INTRODUCTION

The burden of leishmaniasis accounts for about 2 million
disability-adjusted life years worldwide.! Of all cases of
tegumentary forms of leishmaniasis, 90% concentrate in five
countries including Brazil,> where the number of new cases
notified per year varied from 18,226 to 28,737 in the decade
of 2004 to 2013.>*

American visceral leishmaniasis (AVL) reportedly is more
likely to occur in urban areas than the tegumentary form of the
disease (ATL).” Major urban centers in Brazil such as the capi-
tal cities of Fortaleza, Natal, and Belo Horizonte have well-
documented endemicity of AVL.°~® It has been assumed that
ATL more commonly affects rural populations, small towns of
the countryside, or the periphery of larger settlements.

The Amazon is responsible for approximately 40% of the
ATL cases in Brazil. In 2013, roughly 12,000 of 18,000 Brazilian
cases of ATL occurred in that region.* Leishmania (Viannia)
guyanensis is the most prevalent parasite in the region.” The
city of Manaus is the largest human settlement located within
the Amazon rain forest, with a population of approximately
1.7 million inhabitants. Early descriptions indicated that ATL is
transmitted to human beings either within or in regions sur-
rounding rain forest' or in the peridomiciles of those individ-
uals living in the outskirts of the city."

In the large population of Manaus, an average of 700-800
cases of ATL are reported every year.'> The purpose of this
study was to investigate the location of ATL cases within
Manaus to determine whether there was localized clustering
that might provide clues to the mode of transmission.

MATERIALS AND METHODS

Study site. The research was conducted at the Tropical
Medicine Foundation of the Amazonas state (FMTAM) in
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Manaus. FMTAM diagnoses and treats 1,000 cases of ATL,
on average, per year.

Patients. A total of 185 consecutive cases of ATL, attend-
ing the outpatient dermatology clinics in FMTAM between
January 2008 and August 2010, were enrolled. ATL was
confirmed in all cases by direct microscopic examination and
histopathology of Giemsa-stained specimens from skin lesions,
followed by parasite identification in biopsies with L. (Viannia)-
specific polymerase chain reaction restriction fragment length
polymorphism (PCR-RFLP).!>!*

Inclusion criteria consisted of any individual that had micro-
scopically confirmed infection with Leishmania spp., who
consented to participate in the study. Subjects with Leish-
mania spp. infection but negative L. (Viannia) PCR-RFLP
were presumed to be infected with an alternate species, and
thus were dropped from the study. After inclusion/exclusion
criteria were applied, the study sample consisted of 172 sub-
jects infected with L. Viannia spp. parasites.

ATL cases were classified into urban or rural according to
their residence (i.e., their home addresses). Cases whose
homes were within the official city limits were defined as
urban, whereas those living outside these borders were defined
as rural.

Discrimination of Leishmania species by PCR-RFLP of the
HSP-70 locus. Discrimination between Leishmania (Viannia)
braziliensis and L. (V.) guyanensis used PCR-RFLP, targeting
the genomic HSP-70 locus. PCR-RFLP was performed on
skin biopsy specimens from all subjects, following previously
reported protocols.'** A representative picture of a gel con-
taining electrophoretic patterns of L. (V.) guyanensis and
L. (V)) braziliensis DNA samples submitted to this PCR-
RFLP protocol is shown in Figure 1.

Geographic positioning of ATL cases. High-resolution spa-
tial positioning of urban ATL cases enrolled at FMTAM
was determined by acquisition of geographic coordinates of
patients’ residences, using a Brunton Multi-Navigator global
positioning system apparatus (The Brunton Co., Louisville,
CO). This apparatus has a range of precision of 15 m. Collected
data were plotted onto a high-definition satellite photograph
of Manaus (INPA, Brazil) with the geographic information
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FiGure 1. Representative photograph of an agarose gel showing
electrophoretic patterns of Leishmania (Viannia) guyanensis and
Leishmania (Viannia) braziliensis HSP-70 polymerase chain reaction
restriction fragment length polymorphism (PCR-RFLP). Reactions
were performed as described in references.'*'* MW = molecular
weight markers; Lg = L. (V.) guyanensis; Lb = L. (V.) braziliensis.

system (GIS) ArcInfo Version 8.3 (Environmental Systems
Research Institute Inc., Redlands, CA) for visual inspection.

Clustering of cases within neighborhoods of Manaus was
detected by Kernel analyses with software built into the GIS
package. Kernel analysis was performed overlaying the
shape file containing the population densities of different
neighborhoods onto the raster file with the geo-referenced
photograph of the city, to reflect the diverse population den-
sities found in Manaus.

To compare the frequency of ATL cases occurring close to
forests with the frequency of cases from individuals living in
non-forested areas of the city, we used the GIS measurement
tool. We determined the distance from the living site of each
patient to the closest forest patch. Then the patients were
classified as living within or beyond 500 m from the forest.

Additional ATL case information was derived from historic
data from patients diagnosed with the disease in Manaus
between 2001 and 2009. The age and geographic distribution of
these historic cases of ATL were evaluated from health records
from Manaus between 2001 and 2009. These public health
records are maintained in the Brazilian Ministry of Health
SINAN database.'® Historic cases were classified according to
their rural or urban residence and the age divided into intervals:
01-10, 11-20, 21-30, 31-40, 41-50, 51-60, 61-70, and > 70 years
of age. The number of ATL cases among age intervals was
compared by Student’s ¢ test.

Human study approval. The research was approved by
FMTAM Institutional Review Board.

RESULTS

Characterization of the ATL patients enrolled at FMTAM,
Manaus. Among the 185 enrolled patients, the distribution
of ATL caused by different L. Viannia species (PCR+ plus
PCR-), consisted of 88.6% (N = 163) L. (V.) guyanensis,
49% (N =9) L. (V.) braziliensis, and 6.5% (N = 13) of non-
Viannia infected individuals or individuals with non-detectable
parasites. Liver infusion tryptose/Novy, McNeal and Nicolle (LIT/
NNN) culturing was positive in lesion biopsy specimens from
59% (N = 97) of L. (V) guyanensis, 66% (N = 6) of L. (V)
braziliensis, and 0% of L. (Viannia) PCR-negative patients.
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FIGURE 2. Age distribution of 172 cases of American tegumentary
leishmaniasis (ATL) diagnosed in the dermatology clinic of Tropical
Medicine Foundation of the Amazonas State (FMTAM), Manaus,
between January 2008 and August 2010.

Of the 172 subjects effectively included in the study, nine
(5.2%) were infected with L. (V.) braziliensis and 163 (94.8%)
were infected with L. guyanensis; 132 (76.7%) were male; and
120 (69.8%) lived within the city of Manaus (herein defined
as urban cases). Ages varied from 5 to 65 years (mean 29). Of
note, a large proportion of these ATL cases belonged to the
age stratum 0-20 years (N = 52; 30.2%). About half of these
subjects were 15 years old or younger (N = 24) (Figure 2).

Historic profiles of ATL patients diagnosed in Manaus. To
verify that the cross-section of prospectively enrolled study
subjects reflected the actual profile of tegumentary leishman-
iasis cases seeking health care in the region, we analyzed his-
toric cases of ATL diagnosed in Manaus between 2001 and
2009, reported to the Brazilian Ministry of Health, and listed
in the SINAN database."’

A total of 9,510 cases were reported during this period;
67% lived within the city of Manaus (urban cases) and 76%
were male. Their detailed distribution stratified by age and
place of residence are described in Table 1. Urban and rural
cases had similar age distributions, with 35% (3,344 of 9,510
cases) occurring in the youngest (1-20 year) age group.
Furthermore, the majority of urban residents that were diag-
nosed with ATL were consistently distributed across all
age groups.

TaBLE 1
ATL cases notified in the city of Manaus and listed in the SINAN
database of the Brazilian Ministry of Health between 2001 and
2009, stratified by place of residence

Number of ATL cases notified between 2001 and 2009

Age strata Urban Rural
0-10 782 477
11-20 1,416 669
21-30 1,647 771
31-40 1,123 553
41-50 776 401
51-60 410 187
61-70 154 81
> 70 45 18

ATL = American tegumentary leishmaniasis.
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TABLE 2

Urban ATL cases notified in the city of Manaus and listed in the
SINAN database of the Brazilian Ministry of Health between
2001 and 20009, stratified by age groups

Number of ATL cases notified per age group*

Year 0-20 years 21-40 years
2001 333 345
2002 301 349
2003 539 562
2004 185 245
2005 178 274
2006 229 299
2007 226 313
2008 111 207
2009 96 176
Total 2,198 2,770

ATL = American tegumentary leishmaniasis.
*Student’s ¢ test P > 0.05 for the comparison of average number of ATL cases between
the two age groups.

The yearly incidence of urban ATL in Manaus from 2001
to 2009 in the 0-20 or 21-40 age intervals is shown in Table 2.
There were 244 + 45 or 308 + 37 (mean =+ standard deviation)
cases in the 0-20 or 21-40 age groups, respectively. Interest-
ingly, the difference between the two groups was not signifi-
cant (Student’s ¢ test P = 0.3).

Opverall, the profile displayed by historic cases of ATL is
in rough agreement with that of the subjects prospectively
enrolled at FMTAM.

Geographic distribution of ATL in Manaus. The spatial
distribution of ATL within the city of Manaus was evaluated
after acquisition of geographic coordinates of the living sites
of the 120 urban cases enrolled at FMTAM. Positioning of the
cases onto a geo-referenced photograph (Figure 3A) revealed
that ATL is distributed widely throughout several neighbor-
hoods of Manaus (polygons outlined with black lines). Con-
trary to the notion that ATL is a rural disease, it was not
confined to the outskirts adjacent to the Amazon forest.

Kernel analysis identified several clusters of ATL cases,
suggesting that certain areas of the city may expose the resi-
dents to a greater risk of disease acquisition than others
(Figure 3B). Even neighborhoods of older settlement, which
are closer to the Negro river and away from boundaries with
the forest, displayed major aggregates of cases (Figure 3B).

Inspection of the major ATL clusters detected in Manaus
(clusters with red and purple centers in Figure 3B) revealed
that the majority of the patients’ homes were located in close
vicinity to forest patches occurring inside the city. For example,
of the seven patients shown (yellow dots) in the representative
photograph of the major ATL cluster identified (Figure 4,
encircled in Figure 3), five lived right next to forest patches
and the other two lived only two blocks away from these areas.
Reflecting this observation, 76% (N = 91) of all mapped
patients lived within 500 m from forested areas, against only
24% (N = 29) living beyond 500 m of the closest forest.

DISCUSSION

Because of increasing urbanization, 70% of the residents
of the Brazilian Amazon live within cities.'® This study is an
investigation of the positioning of cutaneous leishmaniasis cases
within Manaus, the largest settlement within the Amazon.

Data from prospectively enrolled cases and recorded data-
bases of the Ministry of Health were analyzed. Patients with
ATL were distributed widely throughout Manaus. Their homes
were frequently located close to residual forest inside the city,
and younger age groups were frequently affected. Altogether
these findings suggest that either localized populations within
the city have a higher risk of acquiring vector-borne diseases
outside the borders of Manaus or there may be transmission of
L. (V.) guyanensis occurring close to inhabitants’ homes within
the city of Manaus. To properly address these possibilities,
careful case—control studies comparing affected individuals with
non-affected individuals, and comparing the distribution of
other diseases within the city of Manaus will be required.

Although reports on the sand fly fauna within Manaus are
still scarce, a fairly recent study was performed in the commu-
nity of Sdo Jodo, which is located in the outskirts of the city.'”
The study reported that the local phlebotomine fly population
is composed of almost 50 different species of sand flies. Fewer
than 2% of the species could be found in peridomiciles, in
contrast to 98.5% that could be found within the forested
area. Of note, the predominant species detected, both within
forested areas and peridomiciles, was Lutzomyia (Nyssomyia)
umbratilis. This is the major vector transmitting L. (V)
guyanensis to human beings in the Amazon.'®

We speculate that Lu. (N.) umbratilis is a component of the
phlebotomine fly population within the forest preservation
areas and parks distributed throughout Manaus, as well as of
the peridomiciles and urbanized areas found near to these
green reserves. Thus the local population could be exposed
to this vector, and thus have the risk of acquiring L. (V)
guyanensis infection, particularly at dawn, night, and/or dusk
because of the biting habits of this phlebotomine species.'”

Ironically, an early report in 1989 raised the concern that
there might be urbanization of leishmaniasis in (then) recent
settlements built along the northern edge of Manaus. These
neighborhoods housed the rapidly growing population of
migrants, which were incoming to fulfill the developing
industrial district of Manaus.!" That study described 1) the
presence of Lu. (N.) umbratilis within inhabitants’ domiciles
and nearby primary forests, 2) that five percent of these sand
flies were infected with L. (V.) guyanensis, and 3) that dis-
ease due to this Leishmania species occurred among resi-
dents of these neighborhoods. The authors further concluded
on the possible existence of an intra-domiciliary component
in the local transmission cycle of the parasite, given the
detection of disease among young children.

To a large extent, exposure to Leishmania spp. among indi-
viduals younger than 20 years of age most likely occurs within
or close to the home (i.e., peridomiciliary). Individuals in the
age range of 21-40 years would be at greatest risk of occupa-
tional acquisition of the infection, for example, during farming
or harvesting, since this is one of the most economically active
age groups. In this study, there was no difference in the num-
ber of ATL cases between the 0-20 and 20-40 age groups.
Furthermore, about half of the patients in the 0-20 age group
enrolled at FMTAM were 15 years old or less. Although these
findings are supportive of a local transmission cycle, they do
not represent formal proof.

The use of historic and prospective data to correlate sub-
ject residence with disease acquisition site was certainly a
limitation in this study. A more accurate approach would be
to delineate the “personal activity space” of each enrolled
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Ficure 3. Distribution of American tegumentary leishmaniasis (ATL) cases within the city of Manaus. (A) Composite image showing the dis-
tribution of urban ATL cases diagnosed in the dermatology clinic of Tropical Medicine Foundation of the Amazonas State (FMTAM) between
January 2008 and August 2010. Polygons outlined by black lines in the satellite photograph correspond to neighborhoods of Manaus. Green
areas in color picture and dark gray areas in the black and white geo-referenced image correspond to vegetation. Red, light gray, and white areas
correspond to populated districts. Yellow dots represent the homes of ATL patients. Yellow circle surrounds the major cluster of observed ATL
cases, located in the Cidade Nova neighborhood. (B) Kernel analysis identifying clusters of cases represented by shades of yellow, red, and
purple. Progression of shading from yellow to red to purple represents increasing density of clustered cases. Yellow circle surrounds the major

cluster of ATL cases in the Cidade Nova neighborhood.

subject, then perform the geographic analyses. The estima-
tion of personal activity space is based on questionnaires
administered to the study participants, asking for current and
past place of residence, travel within and outside the city,
work-related and other habitual activities, and the location
of these activities. Acquisition and analysis of these data is a
laborious task that is not routinely performed by the Ministry

of Health. Questionnaires therefore must be designed and
administered as part of a prospective study on a large sample
of individuals to achieve power to detect case clustering, given
the assortment of places each individual will list as possible
Leishmania spp. exposure sites.

An extension of this research would include vector surveil-
lance, both in and surrounding patients’ homes and at nearby
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FiGURe 4. Distribution of seven representative cases found at the center of the major cluster of American tegumentary leishmaniasis (ATL)
patients in Cidade Nova neighborhood within the yellow circle from Figure 3A. Green areas correspond to vegetation. Yellow dots represent

the homes of ATL patients.

forested patches. Such work would use vector capture and
identification of a large sample of collected insects, and spe-
cific molecular methods to assess sand fly infection rates with
Leishmania spp. Such an approach could be designed as part
of a prospective study, based on the findings reported herein.

This report shows the sustained presence of ATL in the
largest human settlement within the Amazon rain forest.
These findings describe the current distribution of this vector-
borne disease in Brazil, in a region where human settlements
encroach upon the Amazon forest; it raises questions that
must be studied in future follow-up research. Such studies
would address whether transmission of ATL occurs within
the city of Manaus itself or, due to exposure of residents to
parasite-infected sand flies outside the city, in the surrounding
forest. It will be also important to identify other risk factors
for ATL detection in Manaus.

Despite the above limitations, this report underscores the
need for local public health authorities to design effective
and/or reinforce measures for residents’ protection against
the sand fly vectors transmitting leishmaniasis in large urban
centers, to control the spread of disease.
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