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Introduction

Phlebotomine sand flies (Diptera: Psychodidae) are small dipterans of 
medical and veterinary relevance, as they play a role in the transmission 
of pathogens between human and other mammals. These insects have a 
wide geographic distribution and can be found on all continents except 
the poles (Pinto et al., 2015; Silva et al., 2020). In the Amazon region, 
sandflies are the natural vectors of protozoa of the genus Leishmania 
Ross 1903, which is the etiologic agent of American tegumentary 
leishmaniasis (ATL) (Galati, 2019, 2017). Among the parasitic disease 
occurring in humans, leishmaniasis occupy a prominent place, due to 
its medical and economic importance and because it represents one of 
the major public health problems (Brazil et al., 2015; WHO, 2010, 2021).

Phlebotomines have a great diversity of species, but not all of 
them have the vectorial competence to act as vectors of the protozoan 
Leishmania, so it is necessary to identify potential vectors through 
reliable techniques that can point out which species are infected and 
thus better understand medical epidemiology and disease entomology 
involved in the leishmaniasis cycle (Perez et al., 1994). Among the 
phlebotomine infectivity techniques, molecular identification has 
become one of the most used, due to its ability to identify Leishmania 
genetic material in the genomic DNA extracted from the phlebotomine, 
regardless of the amount, stage or location in the phlebotomine 
digestive tract (Carvalho et al., 2017; Zivdari et al., 2018). Recent research 
demonstrates the Polymerase Chain Reaction (PCR) as a highly accurate 
and important molecular technique for identification and infectivity 
research (Sambrook and Russel, 2012).
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A B S T R A C T

Notifications concerning American tegumentary leishmaniasis (ATL) are increasing in the northern areas of Brazil, 
particularly due to the ongoing increase in human settlements inside the Amazon Forest. Notwithstanding the 
economical and sanitary importance of the ATL, the ecological aspects of its potential vectors, the Phlebotomine 
sand flies (Diptera: Psychodidae), remains largely neglected. This study aimed to investigate the diversity of the 
phlebotomine fauna as well as the detection of Leishmania DNA in these insects in the rural settlement Perimetral 
Norte, in the state of Amapá, eastern region of the Amazon, endemic region for tegumentary leishmaniasis. Sand 
flies were collected bimonthly from February 2018 to February 2019, using CDC light traps exposed for three 
consecutive nights in 10 houses of settlement residents. DNA extraction and multiplex PCR were performed to 
detect trypanosomatids. A total of 3,946 sandflies belonging to 37 species were collected. The most abundant 
species were Ty. trichopyga (Floch & Abonnenc, 1945) (21.9%) and Mi. rorotaensis (Floch & Abonnenc, 1944) (16.9%). 
A total of 36 positive pools were found with Leishmania DNA (Kinetoplastida: Trypanosomatidae), representing 
17.9% of the total pools tested (201), those with the highest Minimum infection rates were Mg. migonei (França, 
1920) and Lu. gomezi (Nitzulescu, 1931), Leishmania DNA was also detected in Bi. flaviscutellata (Mangabeira, 
1942), Ny. umbratilis (Ward & Fraiha, 1977), Ny. anduzei (Roseboom, 1942) and Ny. antunesi (Coutinho, 1939). 
These data confirm the probable participation of these four species in the tegumentary leishmaniasis cycle in 
the eastern Amazon.
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In Brazil, ATL has three distinct epidemiological patterns: a) Wild: in 
which man becomes infected when in contact with the wild environment 
of primary vegetation where the enzootic cycle of leishmaniasis is 
taking place, b) Occupational and leisure: which it is associated with 
the disordered exploration of forest areas, such as clearing, road 
construction, hydroelectric power plants, agriculture and livestock, 
etc., and C) Rural and peri-urban: which is related to the colonization 
processes of new areas (Brasil, 2017). Part of the study effort is to try 
to trace the epidemiological profile that occurs in the Eastern Amazon 
region, that remains without much knowledge to the present day.

Despite the diversity of sand flies in the Eastern Amazon and the 
large number of cases of ATL, the state of Amapá continues to be one 
of the Amazon regions with less surveys and sampling of sand fly 
fauna; there are few studies carried out to date to investigate sand fly 
fauna and to a lesser extent number for the detection of Leishmania 
sp.(Forattini, 1959; Brazil et al., 2000; Souza et al., 2001; Saraiva et al., 
2011; Furtado et al., 2016; Souza et al., 2017; Almeida et al., 2020; 
Moreno et al., 2020), and mostly with sampling efforts of a few days 
and in border areas.

Therefore, the development of differentiated methods such as PCR, 
for the identification of protozoa in vector insects becomes relevant 
for entomological surveys. Vector control programs, as well as the 
epidemiological understanding of the endemic in the state of Amapá, 
evidence of autochthonous transmission of the disease has been found. 
In this way, this study proposes the identification of the potential insect 
vectors of ATL in the rural settlement called “Perimetral Norte Rural 
Settlement”, located in Pedra Branca do Amapari Municipality, where 
groups of farmers live and work and in which cases of ATL have been 
increasingly identified in recent years (Amapá, 2019).

Material and Methods

Ethic statements

The collection of sand flies was carried out with the authorization 
of the Biodiversity Information and Authorization System (SISBIO) 
with the license Number: 62582. During the period of the study, the 
installation of traps and collections had the authorization and support 
of the residents of the settlement. The slides with the sand flies 
containing the identification of the collected insects were deposited 
in the scientific collection of the Arthropod Laboratory (ArtroLab) of 
the Federal University of Amapá (UNIFAP).

Study area

The study was conducted in the rural area of the state of Amapá, 
northern Brazil, in the Municipality called Pedra Branca do Amapari where 
the Perimetral Rural Settlement Project is located (01 ° 05’ 13.1” N; 52 ° 
28 ‘34.4” W) (Fig.1). The settlement was created on 04/01/1987, having an 
area of 34,000 (ha) with 398 settled families (Filocreão and Silva, 2016), 
and is located 70 km from the seat of the Municipality and 244 km from 
the city of Macapá, capital of the State of Amapá. The climate in the state of 
Amapá is humid tropical, with its classification Am (Köppen classification), 
with an average temperature of 26.6 ° C, and an average annual rainfall of 
3322mm, subject to a wide seasonal variation (Tavares, 2014).

Historically, Pedra Branca do Amapari Municipality has its origins 
linked to the exploration of gold by the Samaracás, a primitive indigenous 
tribe of French Guiana and North of Amapá. The site was chosen for 
study because of its forest area that is home to a great entomofaunistic 

Figure 1 Map of the study area and sand flies collection points, Perimetral Norte Rural Seattlement, Pedra Branca Municipality, Amapá State, Brazil.
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diversity, as it is a type of exploitation of land use that is configured 
in human communities that have their own dynamics between their 
homes and the surrounding forest, according to data from the Health 
Surveillance Center of the state of Amapá, Pedra Branca do Amapari 
Municipality has presented in the last five years an endemic focus for 
ATL, with 528 reported cases of the endemic in the city (Brasil, 2021).

Collection and identification of Phlebotominae Sand Flies.

The sand flies were collected during the period from February / 
2018 to February / 2019. Every two months, during three consecutive 
nights from 5:00 pm. to 7:00 am., 40 CDC light traps (Center for Disease 
Control and Prevention) were arranged in a line towards the nearest 
forest edge from 10 houses used as reference at each fixed collection 
point: Intradomicile (Id), Peridomicile (Pd), and from the edge of the 
forest: area 100m (F100: transition area between occupied area and 
forest) and 400m (F400: forest area). The houses chosen were those that 
were close to the forest around the settlement, and that had chicken 
coops and pig breeding, an aspect that favours the presence of sand flies.

The collected insects were taken to the Arthropoda Laboratory 
(Arthrolab) at the Federal University of Amapá (UNIFAP) for selection 
by sex, clarification, processing and dissection. The specimens were 
dissected by removing the head and the last three segments of the 
abdomen for mounting on slides of glass and Berlese liquid. The rest 
of the specimens’ bodies were stored in microtubes with ethanol in a 
-20º C freezer for subsequent DNA extraction.

Species identification was carried out using external morphological 
characters down to the species level, using the classification developed 
by Galati (Galati, 2003, 2019), and following the abbreviation of the 
genera proposed by Marcondes (Marcondes, 2007).

Extraction and detection of Leishmania DNA

The samples of the specimens preserved in ethanol were subjected 
to extraction in a pool of 10 females of the same species, collection 
point and date. Females with eggs and blood were excluded to avoid 
the possible detection of Leishmania DNA in undigested blood.

The DNA extraction was performed using Gentra Puregene® Genomic 
DNA Kit (QIAGEN, USA), following the manufacturer’s instructions. 
For the detection of Leishmania DNA, a multiplex polymerase chain 
reaction (PCR) was used, firstly a mini-circle of kDNA (≅ 116 bp) for 
identification of the Leishmania genus, using the primers: 5’GGG (G 
/ T) AGGGGCGTTCT (G / C) CGAA3’ and 5’ (G / C) (G / C) (G / C) (A / T) 
CTAT (A / T) TTAC CAACCCC3 ‘ (Reale et al., 1999), and to confirm the 
quality of the extracted DNA, a second target was used for sand flies: 
LCO1490 (5’-GGT CAA CAA ATC ATA AAG ATA TTGG-3’) and HCO2198 (5’-
TAA ACT TCA GGG TGA CCAAAA AAT CA3’) (Folmer et al., 1994). The PCR 
had the following protocol performed in two stages: the reaction 
mixture was made by adding 5μL of the DNA extraction reaction, 0.15 μL 
of each primer (0.4 μM), 0.75 μL of MgCl2 (3.5 μM), 0.5 μL of dNTPs 
(0.2 mM), 1U Taq polymerase and Buffer 1 ×, for a total volume of 25μl. 
The multiplex reaction was performed: 1st phase - initial denaturation 
at 94 ºC for five minutes, followed by 30 replicates of: denaturation at 
94 °C for 30 seconds, annealing at 60 °C for 30 seconds and extension 
at 72 °C for 30 seconds; 2nd phase: initial denaturation at 94 °C for 
five minutes, followed by 30 replicates of: denaturation at 94 °C for 
30 seconds, annealing at 65 ºC for 30 seconds and extension of 72 ºC 
for 30 seconds. The final extension was 72 ºC for five minutes in both 
reactions. The amplicons were visualized on a 2% agarose gel stained 
with ethidium bromide, and for comparison a standard molecular 
weight of 100 bp DNA Step Ladder.

Data Analysis

The quantification of the collected specimens was expressed 
through absolute abundance and relative abundance. To assess the most 
abundant species among the collection sites, the Stantardized Index of 
Species Abundance (SISA) (Roberts and Hsi, 1979) was used, in which 
values ≥1 is related to the most abundant species. The distribution of 
species in the study period was calculated using the Constancy Index 
(Silveira Neto et al., 1976), which classifies the species as constant 
(present in more than 50% of collections), accessory (present from 
25 to 50% of collections), or accidental (present in less than 25% of 
collections). Leishmania DNA positive pools were evaluated using 
the Minimum Infection Rate (MIR) (Resadore et al., 2017) which was 
calculated using the formula: number of positive pools x 100 / total 
number of females in pool.

To compare the species richness, diversity and distribution along 
the Intradomicile-Forest gradient, the Shannon (H’) index and species 
evenness by the Pielou’s index for each of the four sampled areas. 
The indices were calculated using the Vegan 2.5.5 package (Oksanen et al., 
2017). The observed species richness, as well as the estimated richness 
by the Bootstrap method with 1000 randomizations (Vegan 2.5.5) 
were also obtained and compared. All comparisons were performed 
using the Analysis of Variance test (ANOVA) followed by peer-to-peer 
comparison by Tukey’s post-hoc test. All analyzes were used in software 
R 3.6.0 (R Core Team).

RESULTS

A total of 3,946 individuals were collected, 1,229 males and 
2,717 females, belonging to 37 species and 15 genera: Psychodopygus (Ps. 
7 spp.), Evandromyia (Ev. 6 spp.), Nyssomyia (Ny. 4 spp.), Psathyromyia 
(Pa. 4 spp.), Trichophoromyia (Th. 3 spp.), Migonemyia (Mg. 2 spp.), 
Sciopemyia (Sc. 2 spp.), Vianamyia (Vi. 2 spp.), Bichromomyia (Bi. 
1 sp.), Brumptomyia (Br. 1 sp.), Lutzomyia (Lu. 1 sp.), Micropygomyia 
(Mi. 1 sp.), Pintomyia (Pi. 1 sp.), Pressatia (Pr. 1 sp), Trichopygomyia 
(Ty. 1 sp.) (Table1).

The most abundant species were Ty. trichopyga (21.9%, 3rd rank 
SISA), followed by Mi. rorotaensis (16.9%, 1st rank SISA), Ny. umbratilis 
(11.5%, 2nd rank SISA), Sc. sordellii (Shannon & Del Ponte, 1927) (7.8%, 
4th rank SISA), Ps. davisi (Root, 1934) (6.0%, 6th rank SISA). The male / 
female ratio was 0.45, with 31.1% males and 68.9% females.

The most abundant environment was the F400m forest environment 
with 2,150 (54.4%) specimens and 37 species were collected. 
The predominant species were Ty. trichopyga (485 specimens, 22.5%), Mi. 
rorotaensis (398 specimens, 18.5%) and Ny. umbratilis (256 specimens, 
11.9%). In the F100m environment, 1,301 (32.9%) specimens and 
35 species were collected, with the predominance of Ty. trichopyga 
(352 specimens, 27%), Mi. rorotaensis (192 specimens, 14.7%) and 
Ny. umbratilis (137 specimens, 11.9%). In the peridomicile, 263 (6.6%) 
specimens and 23 species were collected, predominantly Sc. sordellii 
(60 specimens, 22.8%), Ny. umbratilis (46 specimens, 17.4%) and Mi. 
rorotaensis (23 specimens, 8.7%). In the Intradomicile environment, a 
total of 232 (5.8%) specimens and 13 species, Sc. sordellii (95 specimens, 
40.9%) was the most abundant, followed by Mi. rorotaensis (56 specimens, 
24.1%) and Ty. trichopyga (21 specimens, 9%) (Table 1).

The collection site with the highest diversity index was F400 (H’= 2.73), 
followed by peridomicile (H’ = 2.67). The analysis of variance showed 
that, in general, the diversity indices differ significantly between the 
sampled environments (F = 448.2, df = 3, P <0.001). The only exception, 
according to Tukey’s post-hoc test, was between the areas of Peridomicile 
and F400 (Tukey = 0.411). In the comparison between the diversity index 
applying the Analysis of Variance followed by the Tukey test between 
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Table 1  
Species of sandflies from Perimetral Norte Settlement, Pedra Branca Municipality, Amapá State, Brazil, collected with CDC light traps from February 2018 to February 2019.

Species
ID PD 100M 400M

Total % Ratio M/F SISA Rank
M♂ F♀ M♂ F♀ M♂ F♀ M♂ F♀

Ty. trichopyga Floch & 
Abonnenc, 1945 8 13 3 7 150 202 180 305 868 21.9 0.64 0.9 3

Mi. rorotaensis Floch 
& Abonnenc, 1944 7 49 5 18 37 155 55 343 669 16.9 0.18 1.0 1

Ny. umbratilis Ward 
& Fraiha, 1977 5 11 34 12 35 102 46 210 455 11.5 0.35 1.0 2

Sc. sordellii Shannon 
& Del Ponte, 1927 12 83 5 55 14 26 36 78 309 7.8 0.27 0.9 4

Ps. davisi Root, 1934 1 3 2 9 16 85 20 102 238 6.0 0.19 0.8 6

Th. brachypiga 
Mangabeira, 1942 - - - - 65 - 112 - 177 4.4 - 0.8 8

Ny. anduzei 
Rozeboom, 1942 2 10 1 6 6 77 7 36 145 3.6 0.12 0.8 5

Ny. yuilli pajoti 
Abonnenc, Léger& 

Fauran, 1979
- - - 10 10 35 22 62 139 3.5 0.29 0.5 17

Br. pintoi Costa Lima, 
1932 - - 5 10 8 27 28 49 127 3.2 0.47 0.7 10

Ps. geniculatus 
Mangabeira, 1941 - - 8 3 4 36 15 58 124 3.1 0.27 0.8 7

Th. ubiquitalis 
Mangabeira, 1942 - - - - 22 13 35 24 94 2.3 1.54 0.7 9

Bi. flaviscutellata 
Mangabeira, 1942 - - 5 11 17 33 11 8 85 2.1 0.63 0.6 13

Ev. monstruosa 
Martins, Falcão & 

Silva, 1965
1 3 2 6 10 2 15 31 70 1.7 0.66 0.6 12

Ps. sq. squamiventris 
Floch & Abonnenc, 

1944
2 3 2 8 5 1 12 32 65 1.6 0.47 0.3 21

Ev. brachyphalla 
Mangabeira, 1941 - - - 2 6 10 15 21 54 1.3 0.63 0.5 15

Vi. tuberculata 
Mangabeira, 1941 - - 2 - 5 - 19 22 48 1.2 1.18 0.5 16

Pa. aragaoi Costa 
Lima, 1932 - 1 3 - 6 9 6 12 37 0.9 0.68 0.7 11

Vi. furcata 
Mangabeira, 1941 2 - 1 2 2 5 5 12 29 0.7 0.52 0.6 14

Ev. andersoni Le Pont 
& Desjeux, 1988 - 2 4 3 6 8 3 26 0.6 1 0.3 22

Ny. antunesi 
Coutinho, 1939 - 6 - 9 - 6 - 4 25 0.6 - 0.4 19

Ev. infraspinosa 
Mangabeira, 1941 - - - - 3 3 4 9 19 0.4 0.58 0.4 20

Sc. fluviatilis Floch & 
Abonnenc, 1944 - - - - 6 - 10 16 0.4 - 0.5 18

Pa. dreisbachi Causey 
& Damasceno, 1945 3 5 - 2 1 - 4 - 15 0.3 1.14 0.3 24

Ps. hirsutus Causey & 
Damasceno, 1945 - - - 2 - 3 - 7 12 0.3 0 0.2 28

Th. depaquiti Gantier, 
Gaborit & Rabarison, 

2006
- - - - - 5 7 - 12 0.3 1.4 0.3 23

Ps. paraensis Costa 
Lima, 1941 - - - 2 1 5 - 3 11 0.2 0.1 0.2 27

Ev. pinotti 
Damasceno & Arouck, 

1956
- - - - - 3 6 - 9 0.2 - 0.3 25

Lu. gomezi 
Nitzulescu, 1931 - - - - 1 3 3 2 9 0.2 0.8 0.2 32

Mg. migonei França, 
1920 - - - - 2 3 2 2 9 0.2 0.8 0.3 26

Ps. corossoniensis Le 
Pont & Pajot, 1978 - - - - - 2 - 7 9 0.2 - 0.2 31

Ev. bacula Martins, 
Falcão & Silva, 1965 - - - - - 3 - 5 8 0.2 - 0.2 29

Mg. bursiformis 
Martins, Falcão & 

Silva, 1965
- - - - - 2 - 6 8 0.2 - 0.1 33

Abbreviations: ID intradomicile, PD peridomicile, F100m forest 100m from edge, F400m forest from edge, M male, F female, SISA Standardized Index of Species Abundance.
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all ecotopes there was a significant difference (P = 0.0000046), between 
the closest collection points there was no significant difference F400 and 
F100 (P = 0 .0009), and Pd and Id (P = 0.0007), already between Id 
and F100 (P = 0.000058), Pd and F100 (P = 0.00025), Id and F400 (P = 
0.000392), Pd and F400 (P = 0.001356) there was a significant difference 
(Fig.2). The collection area with the highest Pielou index was in the 
F400 forest area (J = 0.89), with a small difference between the Pd (J 
= 0.88) and the F100 forest area (J = 0.87), and the smallest was the 
Intradomicile (J = 0.61).

The comparison between the mean abundances among all sand 
fly collection sites was significant (F = 5129.8, df = 3, P <0.001). In the 
comparison between the collection sites, there was a significant 
difference between Intradomicile and F100m (P <0.001), Peridomicile 
and F100 (P <0.001), Intradomicile and F400 (P <0.001) and Peridomicile 
and F400 (P <0.001) (Fig.3). The similarity was greater between the 
collection areas F100 and F400 (forest areas) and Id and Pd (domestic 
areas), and less between Id and F400m.

Leishmania DNA was found in 37 of the 211 pools of females 
analyzed (infection rate: 1.75%), in the four collection environments 
positive samples belonging to 14 species of sand flies were found: 
Bi. flaviscutellata, Ev. monstruosa (Martins, Falcão & Silva, 1965), 
Lu. gomezi, Mg. migonei, Ny. anduzei, Ny. antunesi, Ny. umbratilis, 
Pa. aragaoi (Costa Lima, 1932), Pa. dreisbachi (Causey & Damasceno, 
1945), Ps. corossoniensis (Le Pont & Pajot, 1978), Ps. davisi, Ps. hirsutus 

(Causey & Damasceno, 1945), Ps. sq. squamiventris (Floch & Abonnenc, 
1944) and Sc. sordellii (Table 2).

Suspected or proven vector species of the protozoan Leishmania spp. 
Ny. umbratilis, Ny. anduzei, Ny. antunesi, Ps. squamiventris squamiventris 
were found in all collection areas (Pd, Id, F100 and F400), however the 
only species classified as Constant in the Contancy Index (CI) (Table 3) 
was Ny. umbratilis. The species Bi. flaviscutellata, Lu. gomezi and Mg. 
migonei were not found in the intradomicile (Id) and their classification 
in the CI was Acessory, Acidental and Acidental respectively.

Discussion

In the Amazon region, advances in changes in the dynamics of 
land use by man, such as the construction of roads, the establishment 
of settlements and the advancement of agricultural activities, have 
brought consequences such as deforestation, loss of biodiversity and 
adaptation of vectors to peridomicile environments (Rosário et al., 2017; 
Tadei et al., 2017; Ávila et al., 2018) and the increase in human ATL cases 
registered in northern Brazil demonstrate a possible collaboration of 
this process of adaptation of the leishmaniasis cycle vectors (Silva and 
Muniz, 2009). The results of our study demonstrated a high diversity 
of the phlebotomine fauna and a structuring of this community in the 
intradomicile - forest gradient. In addition, our results also demonstrate 

Table 1  
Continued...

Figure 2 Shannon’s Index of Phlebotominae Sand Flies from Perimetral Norte Rural Settlement, Pedra Branca Municipality, Amapá State, Brazil, collected from February 2018 to 
February 2019, at the collection- sites: ID intradomicile, PD peridomicile, F100m forest 100m from edge, F400m forest from edge. The letters “a” and “b” represent the significant 
difference.

Species
ID PD 100M 400M

Total % Ratio M/F SISA Rank
M♂ F♀ M♂ F♀ M♂ F♀ M♂ F♀

Pa. inflata Floch & 
Abonnenc, 1944 2 - - 3 2 - 1 0 8 0.2 1.66 0.2 30

Pa. lutziana Costa 
Lima, 1932 - - - 2 - 1 2 - 5 0.1 0.66 0.1 34

Pi. damascenoi 
Mangabeira, 1941 - - - - - - - 5 5 0.1 - 0.0 35

Ps. sq. maripaensis 
Floch & Abonnenc, 

1946
- - - - - 1 - 3 4 0.1 - 0.0 36

Pr. trispinosa 
Mangabeira, 1942 - - - - - - - 3 3 0.0 - 0.0 37

Total 45 187 80 183 431 870 673 1477 3946 100 0.45

Abbreviations: ID intradomicile, PD peridomicile, F100m forest 100m from edge, F400m forest from edge, M male, F female, SISA Standardized Index of Species Abundance.
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high rates of infection by Leishmania spp. in sand flies. In contrast to 
these results, only a portion of less abundant species were found to be 
active vectors in the region, except for Ny. umbratilis that in addition 
to being found infected with Leishmania spp. was the only species that 
obtained Constant status in the Constancy Index, as well as a marked 
concentration of these potential vectors in forest environments and 
their immediate surroundings. These results highlight the wild cycle of 
the disease, which is mostly associated with the entry of man into the 
wild environment where the enzootic cycle of leishmaniasis is taking 
place. Below we detail other important aspects for the knowledge of the 
ecological aspects of sand flies and the epidemiological of leishmaniasis 
in the eastern region of the Amazon.

In our study, 61.7% (N = 37) of all species registered in the state of 
Amapá, eastern Amazon (N = 60) were identified (Souza et al., 2017; 
Galati, 2018). Of these, 24.3% (N = 9) are considered suspicious or proven 
vectors for ATL in Brazil, some of which are Ny. umbratilis and Ps. davisi 
- recognized ATL vectors in the Amazon region (Brazil et al., 2015), part 
of the six most abundant species in the present study. Despite this, the 
infection rate values among Ny. umbratilis and Ps. davisi were two of 
the lowest infectivity rates recorded in the analysis.

The Minimum Infection Rate (MIR) of the sand flies studied was 
1.75%, a rate much higher than that of studies conducted in the Amazon 

region as in Rondônia (0.23%) (Resadore et al., 2017) and (0.28%) 
(Resadore et al., 2019), Amazonas (0.83%) (Pereira Júnior et al., 2015) 
and Acre (0.99%) (Teles et al., 2016), in contrast in comparison with 
studies carried out in the border region in the Colombian Amazon the 

Table 2  
Distribution of positive sand flies samples for Leishmania spp. DNA (Kinetoplastida: Trypanosomatidade) from Perimetral Norte Settlement, Pedra Branca Municipality, Amapá 
State, Brazil, collected with CDC light traps from February 2018 to February 2019, according to collection site.

Species
Positive pools Total of pools by 

examined
Minimum infection 

rateID PD F100m F400m

Bi. flaviscutellata* - 1 1 2 5 10

Ev. monstruosa - - 2 1 5 7.3

Lu. gomezi - - - 1 2 20

Mg. migonei* - 1 - 1 3 23

Ny. anduzei* - 3 - 4 14 5.4

Ny. antunesi* - 1 - 1 4 10.5

Ny. umbratilis* 1 - - 2 30 1

Pa. aragaoi - 1 - - 3 5

Pa. dreisbachi - - 1 - 2 14.2

Ps. corossoniensis - - - 1 2 12.5

Ps. davisi* 1 - 1 2 20 2.1

Ps. hirsutus* - - 1 1 3 18.1

Ps. sq. squamiventris* - - - 2 4 5

Sc. sordellii 1 - - 2 23 1.31

* Species that are proven vectors or suspected.

Figure 3 Abundance of Phlebotominae Sand flies from Perimetral Norte Rural Settlement, Pedra Branca Municipality, Amapá State, Brazil, collected from February 2018 to February 
2019, at the collection sites: ID intradomicile, PD peridomicile, F100m forest 100m from edge, F400m forest from edge. The letters “a” and “b” represent the significant difference.

Table 3  
Constancy Index (CI) for species suspected or incriminated vectors from Perimetral 
Norte Settlement, Pedra Branca Municipality, Amapá State, Brazil, collected with 
CDC light traps from February 2018 to February 2019.

Suspected or proven vectors Constancy Index Status

Bichromomyia 
flaviscutellata 38.75 Acessory

Lutzomyia gomezi 5 Acidental

Migonemyia migonei 5 Acidental

Nyssomyia anduzei 42.5 Acessory

Nyssomyia antunesi 12.6 Acidental

Nyssomyia umbratilis 81.25 Constant

Psychodopygus davisi 35 Acessory

Psychodopygus hirsutus 10 Acidental

Psychodopygus paraensis 7.5 Acidental

Psychodopygus sq. 
squamiventris 27.5 Acessory
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index was lower (4.75%) (Trujillo et al., 2013). High rates of infectivity 
demonstrate the ability of vectors to maintain the leishmaniasis cycle 
in the region, which directly affects the number of cases of ATL in the 
Perimetral Norte rural settlement region that has remained on the rise 
for the past five years (Amapá, 2019). The detection of Leishmania DNA 
in sand flies that are not considered to be of medical importance does 
not necessarily indicate that these species are part of the ATL cycle 
in human cases but demonstrates that protozoa are circulating in all 
environments in which samples were collected in the rural Settlement.

In our findings, Lu. gomezi obtained the highest MIR (20%), the 
species has a wide geographical distribution that encompasses the 
entire Amazon region including countries bordering Brazil such as 
Colombia, Venezuela, Bolivia, and French Guiana (Trujillo et al., 2013; 
Valderrama et al., 2014). The high MIR and the wide geographic 
distribution of Lu. gomezi point to this species as a potential vector of 
high epidemiological importance although it is often considered the 
opposite (Brasil, 2017). In Panama, this species is considered one of the 
main vectors of Leishmania (V.) panamensis (Lainson & Shaw, 1972), the 
main cause of cases of ATL (Valderrama et al., 2014), which reinforces 
the results found in this study, however it is not considered a vector 
with epidemiological importance for ATL in Brazil (Brasil, 2017). Thus, 
even at low densities, as recorded here, our results point to a possible 
importance and greater epidemiological attention for future studies.

In our analysis, Ps. hirsutus had the second highest rate of infectivity 
(18.1%), this species has distribution throughout the Amazon region 
and is considered a suspected vector of Leishmania in the Eastern 
Amazon as it has already been found infected with Leishmania (V.) 
naiffi (Lainson & Shaw, 1989) in the state of Pará (Souza et al., 2016) 
and Rondônia (Gil et al., 2003). The use of molecular techniques with 
greater accuracy, such as DNA sequencing, would be alternatives for 
the study of infectivity to point out which species of Leishmania are 
circulating in the state of Amapá.

The abundance, richness and composition of the species in the 
forest area, represented by F100 and F400, were those that registered 
the greatest richness and abundance in our study, the finding 
demonstrates that the species of phlebotomine fauna has a preference 
for areas with greater vegetation cover and with less anthropic action, 
the data of the present study are corroborated by others conducted in 
Amapá (Souza et al., 2001; Saraiva et al., 2011; Souza et al., 2017) and 
in the Amazon region (Chagas et al., 2018; Pereira Júnior et al., 2019). 
In F400 the greatest diversity was found with a Shannon index (H ‘) of 
2.62, while F100 presented a lower index (H’ = 2.55) but very similar to 
peridomicile (H ‘= 2.60). The intradomicile showed the lowest diversity 
(H ‘= 1.80) This is because the predominance of Mi. rorotaensis and 
Sc. sordellii in the area influence the decrease in the diversity index. 
The lower richness found in the intradomicile shows that there are still 
few species domiciled in the region.

The most abundant species found in the current study were Ty. 
trichopyga, Mi. rorotaensis, Ny. umbratilis, Sc. sordellii, Ps. davisi and 
Th. brachypyga (Mangabeira, 1942). Trichopygomyia trichopyga was 
also found as the most abundant species in a study carried out in a 
rural settlement in central Amazon (Chagas et al., 2018). Among the 
six species with greater abundance, the species Ny. umbratilis and Ps. 
davisi have already been found infected with Leishmania sp. in a study 
conducted in the eastern Amazon region (Souza et al., 2017)

The Ny. umbratilis species is considered one of the main vectors 
of L. (V.) guyanensis in the Amazon (Ready et al., 1986; Scarpassa and 
Alencar, 2012; Brasil, 2017), other studies conducted in the region 
demonstrate the constant presence of this species in endemic areas for 
ATL (Lainson et al., 1981; Pinheiro et al., 2008). In the present study, the 
species was found in all collection environments, the most abundant 
after the forest edge (F100 and F400), the third most abundant species 

and the second placed in SISA/RANK. In endemic areas the presence 
of Ny. umbratilis in intradomicile and peridomicile areas, can be 
misinterpreted as an adaptation of this species to these environments, 
but its presence is due to more attraction by the lights of the houses 
(Rangel and Lainson, 2009), its preferred habitat is the forest areas as 
confirmed by the collections of the present study. Three pools of the 
species were found infected with Leishmania DNA, which is in line 
with studies carried out in other regions of the Amazon and the Guiana 
shield (Ward and Fraiha, 1977; Ready et al., 1986; Souza et al., 2017).

The genus Psychodopygus was the one that presented the greatest 
representativeness in number of species in our collections (18.9%), with 
a total of seven species: Ps. davisi, Ps. geniculatus (Mangabeira, 1941), 
Ps. squamiventris squamiventris, Ps. hirsutus, Ps. paraensis (Costa Lima, 
1941), Ps. corossoniensis and Ps. sq. maripaensis (Floch & Abonnenc, 
1946), all species had already been registered for the state. The genus 
has records in most of the Amazon region and has a greater number of 
species in the region than in the rest of the American continent (Gil et al., 
2003). Psychodopygus davisi is considered one of the main vectors of 
protozoa that cause ATL, as it has characteristics that increase its vectorial 
capacity, such as being extremely anthropophilic (Castellón et al., 1994; 
Ferreira et al., 2014), and has been found infected with the main ATL-
causing species in several states in the Amazon region and northern 
Brazil as: Le. (V.) braziliensis in Acre (Ávila et al., 2018), Rondônia 
(Grimaldi et al., 1991) and Pará (Souza et al. 2010), Le. (L.) amazonensis 
in Amazonas and Rondônia (Resadore et al., 2019), besides being also 
considered one of the potential vectors of Leishmania (V.) naiffi in the 
Amazon region (Castellón et al., 1994; Gontijo and Carvalho, 2003; 
Gonçalves et al., 2016). This species has already been found as the most 
abundant in studies carried out in the Eastern Amazon (18.2%) (Pereira 
Júnior et al., 2019), in our study, it was the fifth most collected species 
(6.0%), and was found infected with DNA from Leishmania spp. in the 
intradomicile and forest areas of the Perimetral Norte rural settlement, 
which demonstrates that the species can be one of the probable active 
vectors in the area.

Other species with medical importance as Bi. flaviscutellata, 
Ny. anduzei and Ny. antunesi, were found in the intradomicile and 
peridomicile areas, which shows an alert because finding females of 
these species close to the dwellings indicates the search for sources 
for blood meal making the risk of cases of ATL increase drastically 
(Tanure et al., 2015; Gonçalves et al., 2016). Bi. flaviscutellata was 
found in low density (2.1%) in collections, corroborating with data from 
previous studies in the region (Souza et al., 2017), even in low density 
the species is of great medical importance as it is a proven vector of 
species of the subgenus Leishmania such as Le. (L.) amazonensis, and 
also Le. (V.) guyanensis, which can cause lesions in the region of the 
human mucosa that are similar to those caused by Le. (V.) braziliensis 
(Guerra et al., 2011), the species has already been found infected in 
the region of French Guiana (Fouque et al., 2007), region adjacent to 
the state of Amapá. Just as the finding of the Ny. anduzei species is 
relevant, that is considered the secondary vector of Le. (V.) guyanensis 
in the state of Amazonas (Gonçalves et al., 2016; Chagas et al., 2018) 
and Ny. antunesi which is identified as the putative vector of Le. (V.) 
lindenbergi in the state of Pará (Silveira et al., 2002), it is important 
to note that this species has developed household habits registered in 
studies in the state of Amazonas (Figueira et al., 2013) and in Colombia 
(Ferro et al., 2015), which, due to its highly anthropophilic habit, is one 
of the main vectors of ATL in the Amazon region.

There are few studies that describe the phlebotomine fauna in 
the easterm of the Amazon region, mainly in the state of Amapá. 
The Amazonian biome in the state has a great biodiversity and all the 
characteristics conducive to the reproduction of sand flies (vectors), 
mammals (reservoirs) and thus the maintenance of the cycle of tegumentary 
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leishmaniasis. The present study demonstrated that in the Perimetral 
Norte Rural Settlement are found the three epidemiological patterns 
(Wild, Occupational / Leisure and Rural / Periurban) acting in synergy and 
resulting in the increase in cases of tegumentary leishmaniasis. Our data 
demonstrate that the presence of Leishmania vectors in the intra and 
peridomicile region may indicate serious risks for domestic animals and 
humans residing in the settlement. The present study demonstrates the 
importance of vector surveillance, which, by demonstrating the great 
diversity of sand flies and identifying those that are of medical and 
veterinary importance, especially in the intradomicile and peridomicile 
areas, as it indicates which vectors may be in the process of adapting to 
the domestic environment and so on. making vectors more competent, 
and thus contributing to the implementation of measures to control 
and prevent cases of ATL in rural areas.
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