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The impact of imported malaria by gold miners in Roraima:
characterizing the spatial dynamics of autochthonous and imported
malaria in an urban region of Boa Vista
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BACKGROUND The number of malaria cases in Roraima nearly tripled from 2016 to 2018. The capital, Boa Vista, considered a
low-risk area for malaria transmission, reported an increasing number of autochthonous and imported cases.

OBJECTIVES This study describes a spatial analysis on malaria cases in an urban region of Boa Vista, which sought to identify
the autochthonous and imported cases and associated them with Anopheles habitats and the potential risk of local transmission.

METHODS In a cross-sectional study at the Polyclinic Cosme e Silva, 520 individuals were interviewed and diagnosed with malaria
by microscopic examination. Using a global positional system, the locations of malaria cases by type and origin and the breeding
sites of anopheline vectors were mapped and the risk of malaria transmission was evaluated by spatial point pattern analysis.

FINDINGS Malaria was detected in 57.5% of the individuals and there was a disproportionate number of imported cases (90.6%)
linked to Brazilian coming from gold mining sites in Venezuela and Guyana.

MAIN CONCLUSIONS The increase in imported malaria cases circulating in the west region of Boa Vista, where there
are positive breeding sites for the main vectors, may represent a potential condition for increased autochthonous malaria
transmission in this space.
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Malaria continues to be a significant public health
problem worldwide, causing about 228 million new
cases, with approximately 405,000 deaths per year, es-
pecially in Africa.’ Although the global incidence rate
decreased by 18% between 2010 and 2016, there was a
substantial increase between 2014 and 2015 in the Amer-
icas, primarily due to a surge of malaria cases in Brazil
and Venezuela.® In Brazil, the number of malaria cases
increased from 143,748 in 2015 to 193,837 in 2018 af-
ter seven years of decline, and in Venezuela (Bolivarian
Republic of Venezuela) increased from 91,918 in 2015
to 414,527 in 2017, mainly in the Bolivar State in the
southeast of the country bordering with Guyana and the
Brazilian State of Roraima.® Also, the region has gold
mining areas where working and living conditions are
considered a problem for malaria control. Indeed, Boli-
var State is a regional hot-spot from which malaria has
spilled over to other neighboring countries overloading
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health care services in border municipalities of Brazil
and Colombia that receive imported cases of malaria, in-
cluding Plasmodium falciparum.®

Roraima is the Brazilian State in the extreme north
of the country that shares international borders with
Guyana and Venezuela. In that space, human mobility
across borders was usually intense but temporary. How-
ever, since 2017, Roraima has experienced the impact of
an unprecedented unidirectional migration of Venezu-
elans due to the economic and political crisis in their
country.® According to UNICEF and migration authori-
ties in Brazil, an estimate of 178,000 Venezuelans has
crossed into Roraima, with at least 32,000 settlings in
Boa Vista, the State capital, located approximately 100
km distant from Guyana and 200 km from Venezuela.®
Certainly, the increase in border population movements
between Brazil, Venezuela, and Guyana have affected
malaria control measures and contributed to the spread
of the disease in Roraima State.©®

Data from the Ministry of Health, SIVEP-Malaria
(Epidemiologic Surveillance Information System —
Malaria), show that the number of reported cases in Ror-
aima nearly tripled from 8,969 cases in 2016 to 23,369 in
2018.7 Malaria is endemic in many municipalities which
have various degree of endemicity. However, 39% of the
cases were imported from other states in Brazil (3,625
cases) and other countries (5,513), mainly from Venezue-

online | memorias.ioc.fiocruz.br



2110  Jaime Louzada et al.

la (4,478 cases) and Guyana (610 cases).'" P. falciparum
infections accounted for 26% of the imported and 9.8%
of the autochthonous case.”

Boa Vista is the municipality reporting most of the
malaria imported cases from neighboring countries. In
2010 the number of reported cases were 5,948 and only
6% were autochthonous.” In 2011, the number of import-
ed cases dropped to 4,354 and the autochthonous to 248
cases. This tendency to fall was maintained until reaching
its lowest value in 2016, with about 2,357 imported cases
and 12 autochthonous. However, in the years 2017 to 2018
there was a new increase in imported cases.”

In 2018, Boa Vista reported 5,713 cases, 168 (3%)
autochthonous, 2,805 (49%) imported from other mu-
nicipalities/states in Brazil, and 2,740 (48%) from other
countries, mainly Venezuela (n = 2,115) and Guyana
(n = 533). It is also noteworthy that, in 2018, cases of
P. falciparum infection from Venezuela (n = 481) and
Guyana (n = 97) represent 80% of the notifications of P.
Jalciparum registered in Boa Vista (722 cases).”’ Studies
of malaria vectors in Roraima performed more than ten
years ago found that Anopheles albitarsis and An. dar-
lingi were infected with Plasmodium spp.®®

Despite being considered a low-risk area for ma-
laria transmission, the consistent numbers of imported
malaria cases, which are a possible source of infection,
together with the presence of competent vectors in ur-
ban areas, make possible outbreaks and epidemics in
Boa Vista.!”2 A sustained increase in local transmission
would be a significant setback for malaria elimination
efforts in Boa Vista.

Considering the multiple factors that may drive the
increase in malaria observed in Brazil, disentangling
their differential contribution will guide how to better
deploy interventions. Therefore, this study aimed to un-
derstand the epidemiology of the imported malaria cases
and the potential risk of increased transmission in an ur-
ban region of Boa Vista.
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SUBJECTS AND METHODS

Study site - The study was carried out in Boa Vista,
Roraima State, the only Brazilian State capital located
entirely in the northern hemisphere, between Latitude
02°49’12” N and Longitude 60°40°23”W. Boa Vista oc-
cupies an area of 5,687,037 Km?, concentrates 63.4% of
the state’s population and has a demographic density of
49.99 inhabitants per Km? (Instituto Brasileiro de Geo-
grafia e Estatistica - IBGE, 2016). Savanna is the pre-
dominant ecological environment in Boa Vista and the
climate presents two distinct seasons: a rainy season
between April and November with high rainfall indices
during the months of June and July and the dry season
between December and March. The geographical posi-
tion of the municipality allows easy access to interna-
tional borders thus positioned: in the north part of the
state in the municipality of Pacaraima, which borders
Santa Elena do Uairén in Venezuela, 231.5 km from Boa
Vista, a land route (BR- 174). The municipality of Bon-
fim bordering Lethem, Cooperative Republic of Guy-
ana, 133.3 km from Boa Vista via BR-401. To the South,
the State is bordered by Amazonas State and Para, Fig. 1.

Study population and sample collection - Samples
and research data were collected from March 2016 to
September 2018 at the Polyclinic Cosme e Silva. It is a
health unit of the Unified Health System (SUS) that has a
high demand for various medical specialties. This Poly-
clinic is strategically located in the west area of the city
of Boa Vista, which has a population of 152,062 inhabit-
ants (IBGE - 2016), distributed in 33 (thirty-three) neigh-
borhoods. According to data from Ministry of Health,
SIVEP - Malaria, among the 13 health units that offer
malaria diagnosis in Boa Vista, the Polyclinic was the
one that registered the highest number of cases in the last
5 years, as follow: in 2011, 2,354 cases; in 2012, 1,424
cases; in 2013, 1,713 cases; in 2014, 1,384 cases; and 966
cases in 2015.%% Taking in account the total number of re-
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Fig. 1: maps of Brazil and Roraima State in the border of Venezuela and Guyana. The studied site Boa Vista and the border municipalities of

Pacaraima and Bonfim. Source: by the authors themselves.



ported cases in Boa Vista in the same period (2011-2015),
the Polyclinic Cosme e Silva was responsible for 51%,
44%, 42%, 54% and 48.8% of the reported cases, re-
spectively.”” Therefore, all individuals seeking a malaria
diagnosis in the Public Health Unit Polyclinic Cosme e
Silva, were eligible to participate in the study.

A questionnaire, completed by each participant, was
used to collect demographic data, travel history, and
epidemiological data. Blood was drawn from each par-
ticipant by venipuncture and malaria infection was di-
agnosed by microscopic examination of Giemsa stained
blood smears. The parasitological evaluations were per-
formed by examination of 200 fields at 1,000-fold mag-
nification under oil immersion. Parasite densities were
estimated by counting the number of parasites per mi-
croliter of blood (all species and stages) per 200 leuko-
cytes in thick blood films, multiplying this by the num-
ber of individual leukocytes, and dividing this by 200.

All positive individuals were treated with antimalari-
al drugs, according to the protocol of the Brazilian Min-
istry of Health. All the questionnaire data were stored in
Epi Info™ 2002 (CDC, Atlanta, GA, USA). This proto-
col was approved by the Federal University of Roraima
Ethical Committee (CAAE: 44055315.0.0000.5302).

Case definition - All malaria cases were classified
as autochthonous or imported depending on the most
likely place of acquisition as per the questionnaire. In
this study, imported malaria was defined as malaria ac-
quired outside the municipality of Boa Vista but diag-
nosed within the municipality. This was determined by
the individual history of staying in an endemic munici-
pality, state or country during the last one month. Au-
tochthonous cases were defined as malaria acquired in
the municipality of Boa Vista in persons without travel
history outside the municipality in the last one month.

Breeding sites and larval collection - Twenty-three
breeding sites were identified and georeferenced using
Garmin GPS by technicians of the entomology service
of the General Coordination of Health Surveillance of
Roraima. The breeding sites were chosen based on the
location of autochthonous cases in previous 3 years
(2014 to 2016). These breeding sites have been moni-
tored by the entomology service of the General Coordi-
nation of Health Surveillance every two months between
2017 and 2018 and only qualitatively classified as posi-
tive or negative for the presence of Anopheles spp larvae.
The larvae collections were performed using standard
entomological scoops (BioQuip, Ranch Dominguez,
CA, USA). At each breeding site, nine scopes were
made, three to the right, three to the front, and three to
the left, following the Ministry of Health standard.!?
Due to the great difficulty in rearing Anopheles larvae
stage in the laboratory, Anopheles larvae from 1st and
2nd was used to determine if the breeding place were
positive for Anopheles spp. Larvae (third and fourth-in-
star) and adults were identified using the keys of Consoli
and Lourengo-de-Oliveira and Forattini.*"*? The larvae
collected were transferred to plastic bags, labeled with
the breeding site code, date and collector. All collected
material was transferred to the state entomology labora-
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tory to be screened and identified. The breeding site was
considered positive if in at least one collection per year
presented Anopheles spp larvae.

Spatial analysis - The spatial dynamics of malaria
in Boa Vista were analysed considering three situations:
mapping of individuals with malaria, positive breeding
sites for Anopheles and circulation time between first
symptoms and treatment initiation. To perform spatial
analysis, the locations of disease occurrence was re-
corded based on the address of malaria patients (Street
and Neighborhood) and geographic coordinates were
obtained, in decimal degrees geographic coordinate sys-
tem, via Google Maps geographic location service.

The data were processed in the QGIS 2.14.17 software,
executed from the Windows platform, to generate maps.

The basic cartography set was georeferenced us-
ing the decimal degrees geographic coordinate system
and the World Geodetic System-1984 reference system
(WGS84). All geographic data were processed in the
Landscape Metrics Laboratory of the Department of Ge-
ography of the Federal University of Roraima (UFRR),
which has available satellite images and cartographic
basis of Boa Vista for the preparation of thematic maps.

Statistical analysis and spatial point pattern analysis
- Demographic, epidemiological and parasitological data
were entered into a database created using the Epi Info
software (Epi Info™, Atlanta, GA, USA). For statistical
purpose, the following variables were taken into consid-
eration: gender, age, residence, nationality, occupation,
place of infection, symptoms, days since first symp-
toms and past and present malaria infections. Propor-
tions were compared using 2x2 contingency tables with
either chi-squared tests, adjusted by Yates’ continuity
correction or Fishers exact tests, as appropriate. Odds
ratios (OR) analysis were used to quantify the strength
of the association between variables. The statistical sig-
nificance threshold was p < 0.05, with 95% confidence
intervals (95% CI) for all hypothesis tests. These analy-
ses were performed using GraphPad InStat, version 3
(GraphPad Software, San Diego, CA, USA).

Kolmogorov-Smirnov test was used to verify the
hypothesis of risk for malaria transmission in the west-
ern region of Boa Vista due to the existence of breed-
ing sites and individuals with imported malaria, part of
which with gametocytes. This test was applied in order
to assess whether the distribution of the points follows
a homogeneous Poisson process or whether the points
are distributed according to a clustering model. For the
interpretation of the values, consider a 5% level of sig-
nificance in the results (95% CI). In summary, the null
hypothesis to be tested is that the distribution of points
throughout the region under study follows a homoge-
neous Poisson process.(314

In order to verify the hypothesis of complete spatial
randomness, the analysis of specific processes was car-
ried out by evaluating the graph of the G, F, K and L
functions, to verify whether the points are distributed
randomly or in the form of grouping throughout the re-
gion under study. The G function represents the distance
from the nearest event (breeding sites, malaria and ga-
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metocytes cases), the plotted results of this function can
be used as an exploratory method to check if there is evi-
dence of interaction between the events; F function aims
to check the risk rate, since it measures the distribution
of all distances from an arbitrary point (cases, breeding
sites and gametocytes) to the point closest to it; the K
function represents the Ripley’s function, that allows
the detection of the spatial pattern at different distance
scales simultaneously; while the L function consists of
the Besag transformation function of the Ripley’s func-
tion." In the horizontal axis of the graphs it is shown
distances between the points (individuals with malaria,
breeding sites and gametocytes), so that in the vertical
axis we have the density values based on the estimators
of the functions G, F, K and L, respectively. The black
lines mean the observed values, while the red lines cor-

respond to the theoretical values of the function. The
gray value range consists of the 95% CI, considering
99 simulations. The analyzes were performed using the
software R v. 3.6.2.

RESULTS

Characteristic of the studied population - During the
study period, 520 individuals participated in the study,
299 (57.5%) were positive for Plasmodium in the thick
blood smear. The characteristics of the study population
are presented in Table I. The majority of the individuals
were male (74.6%), the mean age was 36 years and the
nationality was predominantly Brazilians with permanent
residence in Boa Vista, Roraima State. However, their
main occupation was gold mining or mining activities
in Venezuela and Guyana. Overall, 468 individuals de-

TABLE I

Characteristics of the study population according to malaria diagnosis in Boa Vista, Roraima State during 2016 to 2018

Malaria diagnosis

Odds ratios

Variables Positive 299 Negative 221 Total 520 (95% CI) p-value
Gender n (%)

Male 225 (75.2) 163 (73.7) 388 (74.6) 1.08 (0.73-1.61) 0.7

Female 74 (24.8) 58 (26.3) 132 (25.4) 1 -
Age n (%)

<28 92 (30.8) 41 (18.5) 133 (25.6) 1 -

28 -35 83 (27.7) 60 (27.1) 143 (27.5) 0.62 (0.38-1.01) 0.06

36 -44 70 (23.4) 53 (24.0) 123 (23.6) 0.59 (0.35-0.98) 0.04

> 44 54 (18.1) 67 (30.4) 121 (23.3) 0.36 (0.21-0.6) <0.01
Nationality n (%)

Brazilian 282 (94.3) 215 (97.3) 497 (95.6) 1 -

Venezuelan 15 (5.0) 6(2.7) 21 (4.0) 1.9 (0.72-4.98) 0.19

Guyanese 2(0.7) 0(0) 2(0.4) - -
Occupation n (%)

Gold mining 186 (62.2) 150 (67.9) 336 (64.6) 1 -

Other occupation 113 (37.8) 71 (32.1) 184 (35.4) 1.28 (0.89-1.85) 0.18
Residence n (%)

Boa Vista 293 (98.0) 218 (98.7) 511 (98.2) - -

Other municipalities/state 6(2.0) 3(1.3) 9 (1.8) 1.49 (0.37-6.02) 0.58
Past ME n (%)

>5 222 (74.2) 165 (74.7) 387 (74.4) 1 -

>5 40 (13.4) 41 (18.6) 81 (15.6) 0.8 (0.5-1.29) 0.37

Never had 37 (12.4) 15 (6.7) 52 (10.0) 1.72 (0.87-3.39) 0.12

ME last 3 years median (IQR) 0(0.1) 1(0.1) 1(0.1) 1.1 (0.88-1.38) 0.41

Days since last ME median (IQR) 60 (30.180) 60 (30.180) 60 (30.180) 1(1.1) 0.76
Symptoms n(%)

Yes 286 (95.6) 215 (97.2) 501 (96.3) 1.36 (0.43-4.28) 0.6

No 13 (4.4) 6(2.8) 19 (3.7) 1 -

m + sd: mean + standard deviation; ME: malaria episodes. Odds ratios analysis were used to quantify the strength of the association
between variables. P value < 0.05 were significative. IQR: interquartile range.



clared a history of malaria episodes (90%); the majority
reported more than five episodes (74.4%) and 10% did not
recall past infection in their lifetime. Ninety-six percent of
the asymptomatic individuals (n = 19), 68.4% had a posi-
tive diagnosis for malaria while 31.6% were negative. No
difference was observed in the nationality, place of resi-
dence, occupation, and number of malaria episodes in the
last three years between positive and negative individuals.
However, proportion of malaria positives individuals de-
creases in the age groups 36-44 (OR = 0.59, 95% CI 0.35
- 0.98; p=0.04) and > 44 (OR = 0.36, 95% C1 0.21 - 0.6; p
< 0.01), as compared to groups of younger ages.

Breeding sites - Boa Vista is located in an area with
large rivers, streams and lakes, characteristics that favors
the existence of breeding sites, in addition to the climate
favorable to the presence of the main malaria vectors.
The breeding sites were lakes, streams and natural per-
manent rivers, partially shaded and sunny with the pres-
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ence of marginal vegetation, mainly in the dark and still
waters. All 23 breeding sites mapped mostly murky and
standing waters. All 23 were larval habitats for Anoph-
eles spp larvae. An. darlingi and An. albitarsis were the
species found in all investigated breeding sites, however,
other species were as also found, An. Nuneztovari s.l., An.
Mattogrossensis, An. Triannulatus and An. Evansae.

Autochthonous and imported malaria cases - Of the
299 individuals positive for malaria infection during the
studied period, 294 (98.3%) were imported and only five
(1.7%) were autochthonous from the municipality of Boa
Vista. Among these 172 were infected with P. vivax, 109
with P. falciparum, and 13 with mixed (P. falciparum +
P. vivax). P. vivax was the most prevalent Plasmodium
species found in 100% of the autochthonous cases and
57.5% of the imported cases. The observed P. falci-
parum and mixed (P. falciparum + P. vivax) infections
were imported, Table II.

TABLE 11

Characteristics of imported and autochthonous malaria infection diagnosed in Boa Vista, Roraima State during 2016 to 2018

Variables Autochthonous Imported Total
Malaria infection n (%) 5(1.7) 294 (98.3) 299 (57.5)
Age n(%)
<28 3 (60) 89 (30.3) 92 (30.8)
> 44 0(0) 54 (18.4) 54 (18.1)
28-35 1(20) 82 (27.9) 83 (27.8)
36-44 1(20) 69 (23.5) 70 (23.4)
Gender, Male n (%) 4 (80) 221 (75.2) 225 (75.3)
Plasmodium species n (%)
P. falciparum 0(0) 109 (37.1) 109 (36.5)
P. vivax 5(100) 172 (58.5) 177 (59.2)
P. falciparum + P. vivax 0(0) 13 (4.4) 13 4.3)
Nationality n (%)
Brazilian 5(100) 278 (94.6) 283 (94.6)
Guyanese 0 (0) 1(0.3) 1(0.3)
Venezuelan 0 (0) 15(5.1) 15(5)
Place of infection n (%)
Boa Vista 5 (100) 0 (0) 5(1.7)
Guyana 0 (0) 95 (32.3) 95 (31.8)
Other countries 0 (0) 3 3
Other municipalities/states 0 (0) 23 (7.8) 23(7.7)
Venezuela 0(0) 173 (58.8) 173 (57.9)
Parasitemia median (IQR)
P. falciparum - 503 (280,900) 503 (280,900)
P. vivax 800 (463,1200) 462 (287.2,900.8) 468 (298,903)
P. falciparum + P. vivax - 534 (410,761) 534 (410,761)
Days since first symptoms median (IQR) 6 (6,13) 4 (3,6) 4 (3,6)

m =+ sd: means + standard deviation; days since first symptoms: time interval between first symptoms and diagnosis and treatment.

IQR: interquartile range.
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Brazilian were the majority of the cases (94.6%) fol-
lowed by Venezuelan (5.1%) and Guyanese (0.3%). A
large number of the imported cases were acquired in
Venezuela (58.8%) and Guyana (32.3%). The cases from
French Guyana and Suriname corresponded to 1%) and
7.7% came from other municipalities of Roraima or other
states in Brazil. Individuals with P. falciparum had, on
average, a greater parasitemia than individuals affected
by P. vivax and mixed infections. On average patients in-
fected with P. falciparum and/or mixed infections sought
diagnosis after about five days of onset of symptoms.

Spatial distribution of infecting malaria species and
vectors - The available addresses of 271 imported and
five autochthonous cases were used to plot the spatial
distribution of the cases by species, Fig. 2. Only two out
of five autochthonous P. vivax cases reported their resi-
dence; the other three reported the place of infection as
the neighborhood where they work. All individuals re-
ported not leaving the municipality in the last 1 month.

A radius of 1 km was established from the identi-
fied breeding sites as the mosquito’s flight coverage area
(green region of the map).!%!” An area at risk of malaria
transmission was delimited on the map (pink region of
the map) considering the location of autochthonous and
imported cases and their spatial relations with the breed-
ing sites. In Fig. 2, the majority plotted points were of
P. vivax malaria (151 imported and five autochthonous),
P. falciparum malaria corresponds to 88 georeferenced
points, while 32 points on the map represent mixed ma-
laria. The map includes the 23 georeferenced breeding
sites in the city. We observed that the majority of cases
were concentrated in the west of the city. Several breed-
ing sites were also observed in the east side of the city
(green area in Fig. 2).

Spatial distribution of gametocytes carriers and
breeding sites - The residence of individuals positive

for gametocyte forms of P. falciparum and P. vivax and
their relationship with breeding sites was plotted, Fig. 3.
We observed that gametocyte positive individuals were
found within the radius of action of the Anopheles es-
tablished at 1 km (green area) from the larval collec-
tion points in the streams and rivers positive for both
An. darlingi and An. albitarsis. The highest concentra-
tion of these individuals was in the south and west of the
municipality. The latter has the largest number of neigh-
borhoods, 33, and it is the most populous with 152,062
inhabitants. Most of these neighborhoods are in the
city outskirts and are within the breeding places range
(pink color on the map of Fig. 3). Noteworthy, 73% of
the gametocyte’s carriers sought treatment 48 h after the
symptoms had started and these individuals were living
in areas at risk of malaria transmission (pink color on the
map) in several districts of Boa Vista, including the most
populous zone of the municipality.

Risk of local malaria transmission - According to the
test results [Kolmogorov-Smirnov = 0.2376 (p-value <
0.001 in 95% CI)], there are specific locations that tend
to have a higher frequency of malaria cases. It is to say
that the circulation of individuals with malaria along the
west zone of the municipality of Boa Vista increases the
risk of malaria transmission.

Results in Fig. 4 (G function) show that the observed
values, that is, the distance between the cases of malaria
and individuals carrying gametocytes from breeding sites
(black line), are outside and above the confidence interval
given by the gray area. Therefore, the circulation of indi-
viduals with the disease close to breeding sites is a risk
factor for local malaria transmission. Analysis in a wider
area, Fig. 4 (function F), the observed values, that is, the
risk rate (black line), are outside and below the confidence
interval given by the gray area. Thus, by the behavior of
the function graph, the presence of individuals with ma-
laria in this part of the municipality poses risk of local
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Fig. 2: distribution of malaria cases by species, origin and breeding sites positive for Anopheles spp immature forms in urban environment of

Boa Vista.
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Fig. 3: distribution of gametocytes and vectors in the urban environment of Boa vista. F+FG: individuals with thick blood smear positive for
Plasmodium falciparum blood stages including P. falciparum gametocytes; V+FG: individuals with positive thick blood smear for P. vivax

blood stages including P. vivax gametocytes.

malaria transmission. Indeed, in Fig. 4. The reduced sec-
ond order measures (K and L functions), endorse risk of
local malaria transmission indicated in function G and K.
Therefore, the spatial distribution and proximity of ma-
laria cases, individuals carrying gametocytes and malaria
vector breeding sites favors local malaria transmission.

DISCUSSION

Roraima State has suffered an increase in the number
of malaria cases. Its capital, Boa Vista, is the municipality
with the highest number of imported cases in the State.®)
Imported malaria is considered a critical impediment to
elimination in many countries including Brazil. Indeed,
this study shows that most of the cases reported in the
Health Unit in the urban area of Boa Vista, during the
time of this study, were imported from Venezuela (58.8%)
and Guyana (32.3%) with only few autochthonous cases
(1.7%), as previously observed.” Autochthonous infec-
tions were all P. vivax while imported infections were
attributed mainly to P. vivax and to a lesser extent to P.
falciparum. Despite its relatively low number, falciparum/
vivax mixed infections were detected in the study’s site.
Moreover, the vast majority of these imported cases
(90.4%) were Brazilians coming from gold mining sites
(90.4%) in Venezuela and Guyana rather than migrants
from these countries. Overall, gold miners are at higher
risk of contracting malaria making them a “hot pop” or
subpopulation at higher risk of Plasmodium infection.'®

Brazilian miners spend part of their time between
the gold mines abroad and Boa Vista, where they live
(98.3%) and sell the products of this labor, generating
high mobility between endemic areas in Venezuela and
Guyana to Boa Vista. Indeed, the massive flow of min-
ers in this health unit reflects the high risk of malaria in
the mining sites.”” Consistent with these observations,
imported malaria in recent years has increased exponen-

tially as gold mining activities increase in 2018 and gold
was the second most exported product in the state.-2-2)
There are currently 1,097 illegal mining points located
in Venezuela, Guyana and Brazil (Yanomami indig-
enous lands) producing high mobility of job seekers.??
Although these mining regions are generally unhealthy
and dangerous, it provides an economic incentive that
motivates the return of these individuals in search of sur-
vival, while still at risk of malaria. Overall, the situation
observed in Roraima is consistent with reports emerging
from other endemic areas in the Americas.?*>%

Results from our study indicate that there are several
positive breeding sites for An. darlingi and An. albitarsis
in Boa Vista. Also, we found asymptomatic individuals
(4.3%) and the “time to start treatment of patients after the
date of first symptoms” was over 48 h for 60% of patients.
These factors could increase the risk of local transmission
after malaria has been introduced. This situation requires
increasing surveillance as evidenced by an increase of
1.300% in autochthonous cases in Boa Vista in 2018.

Importantly, the Boa Vista health services attract mi-
grants from other municipalities and border cities seek-
ing malaria treatment and the location of the city favors
the movement of people and goods. These characteristics
create a continuous flow between the mining areas and
Boa Vista. The relationship between people’s mobility
and imported malaria has been pointed out in several
studies as a concern for malaria control and elimination.
In this case, mobility is linked to gold miners.

The risk of local malaria transmission observed by
the spatial point pattern analysis, even if it is limited to an
area of Boa Vista, deserves attention from health surveil-
lance agencies, as it is a populous area where most neigh-
borhoods are concentrated, in addition to housing farms
and water collection. It is possible that this risk may ex-
tend to other areas of the city given the similarity of the



8|10 Jaime Louzada et al.
Function G graph Function F graph
e |
ol | = bad
R ] ® |
A (-]
Gulr)
g 1 éh(f) °
©
=
. 2
g -
S S
e | < |
o o
T T T T T T T T T T T T T
0.0000 0.0005 0.0010 00015 0.0020 0.0025 0.0030 0.000 0.002 0.004 0.006 0.008 0.010
Distance Distance
. Function K graph Function L graph
g g 4
- f-u(’)
g 4 . = Lunaelt)
- [N
3 | Lalt)
o
g - E g -
8_ u
o
g 81
o
8. g .
< T T T T T T e T T T T T T
0.000 0.005 0010 0015 0.020 0025 0.000 0.005 0010 0015 0020 0025
Distance Distance

Fig. 4: analysis of the specific process functions G, F, K, L. Function: G (Distance function from the nearest event); Function: F (Risk rate func-
tion); Function: K (Ripley function); Function: L (Besag transformation function of Ripley function). Horizontal axis of the graphs: distances
between the points (individuals with malaria, breeding sites and gametocytes); vertical axis: density values based on the estimators of the func-
tions G, F, K and L, respectively. Black lines: observed values; red lines: theoretical values of the function; gray value range: 95% confidence

interval, considering 99 simulations.

characteristics observed in the urban and peri-urban pe-
rimeter of the municipality. Therefore, the expansion of
this study to other areas of the city is important in order
to assess this risk for the city of Boa Vista as a whole.

In Boa Vista, during the study period, the main ma-
laria control measures were passive case detection and
treatment and other measures follow a specific demand
focused on the occurrence of autochthonous cases. Ac-
tive case detection of infected individual’s, insecticide
spraying of households and health education are limited
to the probable place of infection of confirmed autoch-
thonous case and neighborhood. Occasionally, identifi-
cation of breeding sites and Anopheles larvae collection
are performed. Therefore, implementation of control
measures to reduce the risk of autochthonous trans-
mission such as continuous surveillance of active case
detection, monitoring Anopheles breeding sites associ-
ated with insecticide spraying of households and health
education targeting the hot pop, especially gold miners
should be strongly considered in Boa Vista.2>29

It is worth noting that we did not observe any autoch-
thonous P. falciparum infections, although our number
was low (n = 5). However, data from the Ministry of

Health, SIVEP-Malaria have indicated 14 P. falciparum
imported cases in Boa Vista in the last three years.”
Imported P. falciparum cases present an unusual distri-
bution in other studies, affecting about two out of five
individuals examined, a cause for concern as there is a
risk of introducing and spreading P. falciparum resis-
tant strains from neighboring countries in Brazil.?7*
In a macro-policy scenario, advocated by the Ministry
of Health, through the elimination plan, Brazil aims to
eliminate falciparum malaria by 2022.29

There is no bilateral cooperation between Brazil and
Venezuela such as that between Andean countries (Ven-
ezuela, Peru, Colombia, and Ecuador) for malaria con-
tainment.®® However, since Brazilians miners are the
ones introducing malaria, this may reveal weaknesses in
border control measures, and poses a challenge for ma-
laria control and, particularly, for P. falciparum elimi-
nation goals. Given the relatively good communication
between Bolivar State and Roraima, and the gold min-
ing activities in Bolivar State, the Brazilian-Venezuelan
border could be regarded as a malaria corridor where
the disease will likely remain resilient to uncoordinated
control efforts across international borders.®”



The data reported in this research are important,
however limited, as they represent only a certain area of
the city of Boa Vista. In this study, participation of Bra-
zilians with malaria was significantly higher than Ven-
ezuelans, with the majority of imported malaria coming
from the mining region. As this study was limited to just
one health unit, it is possible that other health centers
provided assistance to Venezuelans with malaria.

Despite this limitation, it is important to note that in
regions with low malaria transmission, the distribution
of autochthonous cases has become more and more ir-
regular and heterogeneous, capable of modifying local
epidemiology, as observed by the increase of autochtho-
nous cases in Boa Vista (1.300%).

In conclusion - Imported malaria in an urban area
of Boa Vista is driven by Brazilians working on gold
mines traveling across international borders. It seems
that the origin of imported malaria in the west region of
Boa Vista is related to mining and not to the migratory
movement. Regardless of the motivation, malaria repre-
sents the universe of individuals at social risk. Despite
the low number of autochthonous cases, the influx of
imported infected travelers into areas with suitable vec-
tors breeding sites, there is a potential risk for an increase
in autochthonous malaria in the studied area, including
the risk of introducing P. falciparum malaria. Therefore,
early detection of malaria cases is necessary to limit their
potential negative impact in achieving the goals of elimi-
nation plan proposed by the Brazilian Ministry of Health.
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