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Abstract

between the years 2007 and 2018.

than transnational municipalities.

seeking individuals and of Brazilians working in mining.

Background: Cross-border malaria is a major barrier to elimination efforts. Along the Venezuela-Brazil-Guyana bor-
der, intense human mobility fueled primarily by a humanitarian crisis and illegal gold mining activities has increased
the occurrence of cross-border cases in Brazil. Roraima, a Brazilian state situated between Venezuela and Guyana,
bears the greatest burden. This study analyses the current cross-border malaria epidemiology in Northern Brazil

Methods: De-identified data on reported malaria cases in Brazil were obtained from the Malaria Epidemiological Sur-
veillance Information System for the years 2007 to 2018. Pearson’s Chi-Square test of differences was utilized to assess
differences between characteristics of cross-border cases originating from Venezuela and Guyana, and between
border and transnational cases. A logistic regression model was used to predict imported status of cases.

Results: Cross-border cases from Venezuela and Guyana made up the majority of border and transnational cases
since 2012, and Roraima remained the largest receiving state for cross-border cases over this period. There were sig-
nificant differences in the profiles of border and transnational cases originating from Venezuela and Guyana, including
type of movement and nationality of patients. Logistic regression results demonstrated Venezuelan and Guyanese
nationals, Brazilian miners, males, and individuals of working age had heightened odds of being an imported case.
Furthermore, Venezuelan citizens had heightened odds of seeking care in municipalities adjacent Venezuela, rather

Conclusions: Cross-border malaria contributes to the malaria burden at the Venezuela-Guyana-Brazil border. The
identification of distinct profiles of case importation provides evidence on the need to strengthen surveillance at bor-
der areas, and to deploy tailored strategies that recognize different mobility routes, such as the movement of refuge-
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Background

Cross-border malaria is a major barrier to elimination
efforts [1]. It can be of two types. First, transnational
malaria, defined as an internationally imported case to
a location not within a border area (sending and receiv-
ing countries may or may not be adjacent). Second, bor-
der malaria, defined as an internationally imported case
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across or along borders between countries sharing a land
border (the border region can extend up through the
adjacent administrative areas along the international bor-
der, or up to a specified distance from an international
border) [2]. As cross-border malaria cannot be solved
unilaterally, many cross-country collaborations have
been established to enhance surveillance and control at
borders [3, 4]. Yet, those collaborations may be difficult
or impracticable when countries differ widely in their
progress and commitment toward malaria elimination
when one of the countries faces civil or political unrest,
and when national protocols for diagnosis, treatment,
and control are distinct [1].
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Cross-border malaria presents many challenges, such
as the remoteness of border regions, often with limited
access to health services; the varied nature of popula-
tion mobility (seasonal, illegal, driven by economic
opportunities, or resulting from a humanitarian cri-
sis); the difficulty in devising surveillance systems for
mobile populations; and the incomplete adherence to
medication that can trigger drug resistance [2]. Coun-
tries close to malaria elimination may have the last
remaining cases occurring along international borders
(e.g., Bhutan and India), and cross-border malaria is
often a threat to countries that have eliminated malaria
(e.g., the resurgence in Costa Rica and Swaziland) [1] or
are close to elimination (e.g., Suriname [5, 6]).

In the Americas, malaria epidemiology has seen
major changes in the past two decades. From 2000 to
2015, malaria cases declined 61.2% in Latin America,
Brazil launched a Plasmodium falciparum elimination
plan in 2015 [7], Paraguay and Argentina were certi-
fied malaria-free in 2018 and 2019, respectively [8], and
El Salvador has reported zero indigenous cases since
2017 and in 2020 applied for malaria-free certification
[9, 10]. However, during the same period, malaria cases
increased by 359% in Venezuela and reached 411,586 in
2017 (53% of the cases in the Americas) [11-13]. After
recording the lowest level in 36 years in 2016, malaria
cases increased by 56.9% in Brazil in 2017 and again by
2.21% in 2018 [7]. In Guyana, malaria cases increased
25.5% in the same period, though the total number of
confirmed cases annually remains under 15,000 [14].

This evolving epidemiology in the Americas brought
attention to cross-border malaria along the Venezuela-
Brazil-Guyana border. Following political changes that
started in 2013, and an economic crisis that escalated
starting in 2016, Venezuela faced major challenges,
including in healthcare, and protests erupted. It is
estimated that 4.6 million people had fled Venezuela
by later 2020 [15]. The crisis also fueled an onrush of
migrants to gold mines in Bolivar State (bordering
Brazil, and where 70—-80% of malaria cases are concen-
trated), boosting incidence locally [13], followed by a
spillover to other areas in Venezuela and across inter-
national borders. Guyana, where artemisinin resistance
is suspected to be emerging [16], has been a hotspot
for illegal gold-mining, and economic activity that has
been historically associated with human migration
and malaria transmission in the Amazon. The type of
gold extraction in the region contributes to the crea-
tion of puddles of stagnant water that favour mosquito
breeding [17-21]. Reduced access to diagnosis, poor
quality treatment, and minimal protection against mos-
quito biting has increased the vulnerability of miners
to malaria. Therefore, the Venezuela-Brazil-Guyana
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border witnesses intense human mobility fueled pri-
marily by a humanitarian crisis and illegal gold mining
activities.

Roraima, a Brazilian state situated between Venezuela
and Guyana, bears the greatest burden among Brazilian
states [22]. Since the beginning of 2016, cross-border
cases imported into Roraima have increased to nearly 500
infections per month, from less than 100 in 2015. Two
municipalities in Roraima, namely Boa Vista (the capi-
tal) and Pacaraima (bordering Venezuela), have recorded
more than half of all cross-border malaria cases into
Brazil between 2007 and 2018. Major concerns emerged
among cases imported from French Guiana [20], Suri-
name [6], Guyana [7, 12], and Venezuela [13, 23, 24].

This study is a comprehensive overview of the current
cross-border malaria epidemiology in Northern Brazil,
specifically along the Venezuela and Guyana borders,
considering the years 2007 to 2018. Spatial and tempo-
ral patterns in both border and transnational malaria are
characterized, contrasting demographic and epidemio-
logical profiles of malaria importation from Guyana and
Venezuela.

Methods

Study location

Brazil is divided into 5570 municipalities, and 756
of those are in the Brazilian Amazon where 99.5% of
national malaria cases are reported. Along the Amazon
region, 53 Brazilian municipalities share physical borders
with six malaria-endemic countries; those are denoted
border municipalities, and comprise the border region
(Fig. 1). Malaria cases imported from adjacent countries
to those 53 municipalities were defined as border malaria
cases. Imported cases to any municipality other than
the border ones, no matter the country of origin, were
defined as transnational cases. Combined, they represent
the number of cross-border malaria cases reported in
Brazil.

The analysis focuses on the Venezuela-Brazil-Guyana
border, particularly in the state of Roraima, which is
divided into 15 municipalities, five of which share a bor-
der with Guyana, and five of which share a border with
Venezuela (Fig. 1). The capital of Roraima, Boa Vista, had
a population of 375,374 people in 2018 (65.1% of the state
population). Between 2007 and 2018, 33% of all cross-
border cases in Brazil were notified in Roraima.

Data

De-identified data on reported malaria cases in Brazil
were obtained from the Malaria Epidemiological Surveil-
lance Information System (SIVEP) for the years 2007 to
2018. In Brazil, all cases are confirmed by microscopy or
a rapid test (no case is reported based solely on clinical
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Fig. 1 Border area in Brazil, study region, and cross-border malaria cases (2007-2018). a Brazil, border countries, border area according to the WHO
definition, and 100 km buffer area from the border of malaria-endemic countries; insert map shows the state of Roraima. b Percentage of border
malaria cases reported in the border municipalities by country origin and year. ¢ Percentage of transnational malaria cases reported in the Amazon
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manifestations). The following variables were extracted:
date of notification (MM/DD/YY); type of diagnosis
(microscopy or rapid test); parasite type; locality (smaller
areas defined by the National Malaria Control Program—
NMCP) and municipality where the case was reported;
locality, municipality, and country where the infection
was likely to have occurred (if imported), given the travel
history information; municipality of residence; age; gen-
der; occupation; and type of case detection (active, pas-
sive). Based on those variables, imported malaria refers
to a case whose most likely place of infection is different
than the place where it was diagnosed [25-27]. Here,
only consider cross-border malaria cases are considered
and, therefore, importation between Brazilian localities
was not analysed.

SIVEP includes cases reported through both passive
and active detection (about 75% of cases are passively
detected). One could argue that some infections may
be missed due to precarious access to a health facility.
However, in Brazil, this is expected to be minimal among
individuals that are symptomatic because: (i) health care
is universal and freely available, and malaria drugs are
only available through the government (they are not sold
in drugstores), so people traditionally search for care in

the vast network of health posts and laboratories; and (ii)
active case detection is regularly conducted by commu-
nity agents in isolated areas with difficult access (e.g., riv-
erine communities).

Map files were obtained from the Brazilian Institute
of Geography and Statistics, projected using SIRGAS
2000-Mercator, and mapped in ArcGIS 10.6 (ESRI; Red-
lands, CA).

Analytical methods

Characteristics of cross-border cases were summarized
based on SIVEP variables. Pearson’s Chi-Square test of
differences was utilized to assess differences between
characteristics of cross-border cases originating from
Venezuela and Guyana, and between border and transna-
tional cases. Temporal trends were described from 2007
to 2018, considering cases reported weekly. A 60-day
moving average was used to smooth the time series of
malaria cases.

Since 2016 marked the intensification of the crisis in
Venezuela, individual records of malaria cases aggre-
gated for the period from 2016 to 2018 were used to
assess factors associated with the occurrence of cross-
border malaria in Roraima (n=58,536). A total of
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4,018 observations were missing data on occupation
and were thus excluded from the regression model,
amounting to a final sample size of 54,518 individu-
als. A logistic regression model with an indicator for
imported cases as the outcome was used, including the
following explanatory variables: nationality (Brazilian,
Venezuelan, Guyanese, other), cross-border malaria
type (transnational, border), gender (male, female), age
group (<5 years, 5-15, 16-24, 25-40, 41-64, 65+),
activity (agriculture, domestic, forestry, hunter/fish-
erman, miner, tourist, travelling, and other), parasite
species (Plasmodium vivax, Plasmodium falciparum,
mixed/other), type of detection (passive, active), and an
interaction term between nationality and cross-border
malaria type. The interaction term was added to capture
possible differences in malaria importation driven by a
humanitarian crisis (Venezuela) and economic activity
(Guyana). The goodness of fit was assessed the Akaike
information criterion, which presented a lower value
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for the model including the interaction signifying bet-
ter model fit. Models were run in R version 3.4.2 [28];
data and trends were assessed using the dplyr package,
and graphics were made using the ggplot2 package.

Results

Between 2007 and 2016, the number of malaria cases
reported in Brazil dropped 72.9%; the decline for
autochthonous cases was 73.4%, and for cross-bor-
der cases it was 47.6% (Table 1). However, between
2016 and 2018, autochthonous and cross-border cases
increased by 60.9% and 147.0%, respectively. While
cross-border cases represented, on average, around 3%
of all reported cases in Brazil, the origin of those cases
changed between 2007 and 2018, and four issues stand
out (Table 1, Fig. 1). First, less than 1% of cross-border
cases originate in countries that do not share a bor-
der with the Brazilian Amazon. Second, about 41% of
the cross-border cases, on average, were border cases,

Table 1 Annual number of total, autochthonous, and cross-border malaria cases in Brazil. Cross-border cases reported in the Amazon
region are detailed by type and by country of origin (considering only countries that share an international border with the Amazon)

Category Year
2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

Malaria cases in Brazil
Total 558,598 376,977 370558 414,849 317207 280,995 205432 163,697 165828 151,622 237,885 243,143
Autochthonous 547,405 369,013 361,810 404,761 310,732 272576 195031 158015 160,159 145760 231,897 234,525
Cross-border 11,193 7964 8748 10,088 6475 8419 10401 5682 669 5862 5988 8618

Total Cross-border cases in the Amazon (by country of origin)
Venezuela 648 534 1007 1994 1070 1570 3042 1811 1845 3358 3491 6,61
Border 122 76 202 515 166 321 618 301 577 1670 1629 3370
Transnational 526 458 805 1479 904 1249 2424 1510 1268 1688 1862 3091
Guyana 1189 1121 1416 2051 1713 1926 2457 1172 775 1130 1099 1139
Border 72 47 53 133 90 126 176 80 66 61 47 53
Transnational 1117 1074 1363 1918 1623 1800 2281 1092 709 1069 1052 1086
Colombia 5 7 29 36 17 67 60 43 61 50 33 18
Border 2 2 15 20 8 56 43 28 42 37 24 10
Transnational 3 5 14 16 9 11 17 15 19 13 9 8
Suriname 392 260 330 320 155 119 146 84 42 38 38 35
Border 1 2 2 - 2 1 5 - 1 3 - 1
Transnational 391 258 328 320 153 118 141 84 41 35 38 34
French Guiana 7550 4999 4695 4224 2792 2829 2867 1207 717 600 650 538
Border 4047 2364 1596 1727 1151 1189 1063 305 220 160 221 211
Transnational 3503 2635 3099 2497 1641 1640 1804 902 497 440 429 327
Peru 401 280 904 9N 448 1693 1563 1198 2046 572 51 299
Border 354 252 847 842 422 1590 1468 1131 1942 549 484 259
Transnational 47 28 57 69 26 103 95 67 104 23 27 40
Bolivia 901 709 290 475 250 153 186 123 157 % 139 113
Border 838 665 271 445 243 130 170 114 143 85 120 101
Transnational 63 44 19 30 7 23 16 9 14 119 12
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and thus were reported in Brazilian municipalities
that share an international border. Third, the majority
of cross-border cases originated from French Guiana
in the first half of the study period (2007-2012), with
a peak of 68% in 2007, while Venezuela was the main
source in the second half of the period (2013-2018),
with a peak of 75% in 2018. Fourth, considering the
types of cross-border malaria (i) French Guiana was
the most important source of both border and transna-
tional cases between 2007 to 2011, (ii) the majority of
border cases between 2012 and 2015 originated from
Peru, (iii) Guyana was the main source of transnational
cases from 2012 to 2014, and (iv) Venezuela was the
origin of the majority of border and transnational cases
from 2016 to 2018 (in 2018, 67% and 84% of transna-
tional and border malaria cases, respectively, originated
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from Venezuela). Roraima state was the recipient of
most cross-border cases (70.7%), especially those origi-
nating from Venezuela (91.4%) and Guyana (67%).
Among cross-border cases from Venezuela, 50.1% were
notified in border municipalities, against only 4.8% of
those from Guyana.

Among states in the Brazilian Amazon that share an
international border, the percentage contribution of
cross-border malaria cases among all cases reported
varied spatially and temporally. Between 2007 and 2018,
Roraima had the highest share of cross-border cases
among all malaria cases reported in the state, while in
Amapa the contribution never surpassed 1% (Fig. 2).
However, during the same period, the distribution of
autochthonous (Fig. 3a) and cross-border (Fig. 3b) cases
largely varied by municipality.
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Considering the years 2016 and 2018, character-
istics of autochthonous and cross-border border
malaria cases showed statistically significant differ-
ences (Table 2). The number of Venezuelan citizens
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infected abroad was more than 200 times the number
of those infected in Brazil. Mining was by far the domi-
nant occupation among cross-border cases, while agri-
culture was the most common among autochthonous
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Table 2 Characteristics of autochthonous and cross-border malaria cases, Brazil, 2016-18
Variable Total autoch- Total cross- X’ p-value Cross-border Cross-border Cross-border cases X p-value
thonous cases border cases cases Venezuela  cases Guyana Other Countries
Sex <0.001 <0.001
Female 245,245 6619 4435 1034 1150
Male 366,783 13,849 8875 2334 2640
Age group <0.001 <0.001
Under 5 67,788 739 424 54 261
5t0 15 162,305 1239 696 58 485
16t0 24 116,944 4442 3013 656 773
25t0 40 146,951 9186 5827 1830 1529
41to 64 102,175 639 3192 754 693
Over 65 15,865 223 158 15 50
Nationality <0.001 <0.001
Brazil 611,966 13,467 7157 3331 2979
Venezuela 30 6157 6149 6 2
Guyana 10 32 3 29 -
Others 22 812 1 1 810
Occupation <0.001 <0.001
Agriculture 137,227 1166 316 131 719
Domestic 59,161 738 459 67 212
Forestry 5713 154 57 15 82
Hunter/Fisherman 16,076 152 36 3 113
Miner 16,392 13,485 9789 2518 1178
Tourist 3137 161 112 26 23
Travelling 8506 454 296 48 110
Other 365,816 4158 2245 559 1354
Detection method <0.001 <0.001
Active 153,133 911 230 145 536
Passive 457,235 19,520 13,051 3216 3253
Parasite species <0.001 <0.001
P, falciparum 40,348 3349 2513 416 420
P vivax 547,714 15,395 9576 2701 3118
Mixed/other 23,966 1724 1,221 250 253
State <0.001 <0.001
Acre 110,081 182 2 - 180
Amapé 46,965 839 9 2 828
Amazonas 248,386 2111 496 107 1,508
Para 129,519 587 194 203 190
Rondodnia 30,527 207 6 1 190
Roraima 42,201 14,468 12,166 2257 45
Others 4349 2074 437 788 849
Type of cross-border <0.001 <0.001
Border 246,471 9098 77 2523 77
Transnational 365,557 11,370 3290 1267 3290

cases. The age distribution of autochthonous and
cross-border cases showed distinct patterns (Fig. 4a).
Autochthonous cases peaked early, had a median age
of 21 years, and consistently declined across adult
ages. Cross-border cases had a delayed pattern, with a

median age of 30, and two peaks: a small one at young
children’s ages, and a more pronounced one around age

30.

Similarly, cross-border cases originating from Ven-
ezuela, Guyana, and other countries differed in the



Arisco et al. Malar J (2021) 20:135

a
0.03
0.02
2
‘®
C
©
o
0.01 |:] Autochthonous
|:] Cross-Border
0.00
0 30 60 90
Age
b
0.03
>
= 0.02
C
[
o
0.01 [] cuyana
] venezuela
0.00
0 25 50 75 100
Age
Fig. 4 Proportion of malaria cases comprising each age. Density
plots of age distribution of cases broken down by case type: a
autochthonous and cross-border cases, b cross-border cases
originated from Venezuela and Guyana

composition of every categorical variable that was
analysed (Table 2). An important difference was in the
nationality of cases: 98.9% of cross-border cases origi-
nating from Guyana were Brazilian nationals, while
slightly over half (53.8%) originating from Venezuela
were Brazilians. The type of occupation of most cross-
border cases from Venezuela and Guyana was mining,
while less than a third of cases originating in other
countries declared this type of activity. With regards
to parasite type, 75.2% of all cross-border cases were P
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vivax, which is lower than the share of P. vivax among
all malaria cases recorded in Brazil during the same
period, 89.02%. Of the cross-border cases originating
from Venezuela and Guyana, the percentage of P. falci-
parum cases were, respectively, 18.9% and 12.4%. Most
cross-border malaria cases were passively detected
(95.3%). With regards to age, 66.6% of cross-border
cases were between 16 and 40 years; 73.8% of those
originating from Guyana were in that age range. Also,
8.4% of the cross-border cases from Venezuela had ages
under 15 years, against only 3.3% of those from Guyana
(Fig. 4b).

Characteristics of malaria cases also varied by type of
cross-border case, considering Venezuela and Guyana
aggregated from 2016 to 2018 (Table 3). In the case of
Venezuela, three important issues stand out. First, most
transnational cases (95.6%) were Brazilians, while 87.8%
of the border cases were Venezuelans. Second, 81.2% of
border cases were individuals working on mining activi-
ties, against 65.8% of the transnational cases. Third, while
the share of P. vivax cases was similar, 21.2% and 16.7%
of the border and transnational cases, respectively, were
P, falciparum. Among cross-border cases from Guyana,
two distinctions are important. First, and in contrast
with Venezuela, working on mining was more prevalent
among transnational cases from Guyana (78.8%, against
55.3% in border cases). Second, 18.1% of border cases
originating from Guyana were detected via active sur-
veillance, a higher percentage than transnational cases
(3.9%). Comparatively, 1% of the border cases and 2.6% of
transnational cases with infections originating from Ven-
ezuela were diagnosed through active case detection.

There were 58,532 cases of malaria notified in the state
of Roraima between 2016 and 2018. Of these, 14,467
were cross-border cases (99.7% from Venezuela and
Guyana). Table 4 shows the results of the multivariable
model. All variables, except The P. falciparum category,
and the interactions between Guyanese nationality and
the border indicator were statistically significant with
p<0.05. Guyanese and Venezuelan nationals had a 49.03-
fold (95% CIL: 7.95, 302.20) and 233.76-fold (95% CI:
109.41, 499.43) odds of being an imported case, respec-
tively, as compared to individuals of Brazilian national-
ity. The estimate for cases with nationalities other than
these three as compared to Brazil was high, but unstable
and not statistically significant. Cases notifying in border
municipalities had 0.56-fold (95% CI: 0.50, 0.62) odds of
being imported as compared to transnational municipali-
ties. However, the fitted interaction term demonstrates
that among cases notifying at the border, imported cases
have a 9.48-fold higher odds of being Venezuelan nation-
als as compared to cases notifying transnationally, above
their baseline estimate of 233.76.
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Table 3 Characteristics of cross-border malaria cases originating from Venezuela and Guyana into Brazil, by type, 2016-18

Variable From Venezuela From Guyana
Border Transna-tional X’ p-value Border Transna-tional X’ p-value
Sex 0012 0.126
Female 2234 2201 17 1016
Male 4264 4611 60 2274
Age group < 0.001 0.071
Under 5 226 198 1 53
5to15 442 254 2 56
16to 24 1524 1,489 21 635
25t040 2666 3,161 29 1801
41 to 64 1533 1659 23 731
Over 65 107 51 1 14
Nationality <0.001 <0.001
Brazil 671 6486 73 3,258
Venezuela 5827 322 0 6
Guyana 0 3 4 25
Others 0 1 0 1
Occupation <0.001 <0.001
Agriculture 126 190 9 122
Domestic 370 89 1 66
Forestry 13 44 1 14
Hunter/fisherman 20 16 0 3
Miner 5370 4419 46 2472
Tourist 21 91 1 25
Travelling 87 209 2 46
Other 491 1754 36 542
Detection method <0.001 <0.001
Active detection 57 171 18 127
Passive detection 6439 6612 81 3136
Parasite species < 0.001 0.930
P, falciparum 1384 1129 9 407
P vivax 4606 4970 63 2638
Mixed/other 508 713 5 245
State <0.001 < 0.001
Acre 0 2 0 0
Amapad 0 7 0 2
Amazonas 28 468 0 107
Para 0 186 0 203
Rondénia 0 6 0 11
Roraima 6470 5696 77 2179
Others 0 437 0 788

Other variables associated with an increased odds of of 5 and 15 or 65+, being infected with P vivax, and
being an imported case were being between the ages of  working in agriculture, living domestically, or being
16 and 64, being infected with P. falciparum, and hav-  either a hunter or fisherman.
ing either forestry, mining, tourism, or travelling as an
occupation. Variables associated with decreased odds
of being an imported case were being between the ages
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Table 4 Correlates of cross-border malaria reported in Roraima
and originating from Venezuela and Guyana, 2016-2018

Variable name Odds Lower 95% Cl Upper 95% Cl P-value
ratio
Intercept 0.07 0.05 0.09 <0.001
Nationality (Ref.=Brazilian)
Guyanese 49.03 7.95 302.20 <0.001
Venezuelan 233.76 10941 499.43
Type of cross-border (Ref. =Transnational)
Border 0.56 0.50 0.62 <0.001
Sex (Ref. Female)
Male 0.90 0.82 097 0.010
Age group (Ref. <5 years)
5to15 0.57 046 0.71 <0.001
1610 24 2.28 1.89 275 <0.001
251040 263 2.20 3.16 <0.001
41 to 64 1.78 147 215 <0.001
65+ 0.67 0.46 0.98 0.038
Occupation (Ref.=Other)
Agriculture 0.22 0.19 0.25 <0.001
Domestic 0.58 048 0.71 <0.001
Forestry 2.66 1.95 3.62 <0.001
Hunting/Fishing 0.10 0.06 0.16 <0.001
Mining 55.76 50.59 61.46 <0.001
Tourism 460 3.50 6.04 <0.001
Traveling 1.62 1.37 1.92 <0.001
Parasite (Ref.= Mixed/Other)
P, falciparum 0.93 0.73 1.19 <0.560
P vivax 0.18 0.15 0.22 <0.001
Interaction terms
Guyana:Border 0.74 0.09 6.25 0.783
Venezuela:Border 948 368 2443 <0.001
Detection type (Ref.=active)
Passive 530 4.24 6.61 <0.001
Discussion

This study comprehensively analysed the spatial and
temporal dynamics of cross-border malaria in northern
Brazil, particularly along the Brazil-Venezuela-Guyana
border, and identified the correlates of cross-border
cases in Roraima. Results show that cross-border cases
from Venezuela and Guyana made up the majority of
border and transnational cases since 2012, and that
Roraima has remained the largest receiving state for
cross-border cases over this period. There were sig-
nificant differences in the profiles of cross-border and
autochthonous cases as well as border and transna-
tional cases originating from Venezuela and Guyana.
The results of this study bring about four impor-
tant points relevant to malaria control and elimina-
tion in Brazil. First, border areas are highly vulnerable
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to remaining malaria hotspots despite country-wide
elimination efforts. Since 2016, cross-border cases
in the state of Roraima have been on the rise, mainly
originating in Venezuela and Guyana. Within the state
of Roraima, border municipalities tend to be isolated,
with weaker surveillance and treatment capabilities
than more internal municipalities [2, 22]. While active
case detection is higher in border municipalities,
the share of cases actively detected is still quite low.
Also, civil strife and humanitarian crisis, resulting in
moment across international borders, may happen sud-
denly. In the state of Roraima, cases imported from
Venezuela increased quickly in a short period as the
crisis in the country intensified [13, 22, 29]. The com-
bination of limited resources and governance, unpre-
dictable mobility, and some economic activities (such
as mining) situate border regions as areas vulnerable to
outbreaks of malaria that may challenge country-wide
elimination efforts. This is true for other diseases; in
2018 Roraima reported over 300 measles cases (a dis-
ease that had been eliminated), traced back to predomi-
nantly Venezuelan migrants [22, 30]. The example of
measles demonstrates the fragility of sustained disease
elimination in Brazil’s border regions and illuminates
the importance of understanding dynamics at the bor-
der and stratifying interventions accordingly [31].
Second, these results demonstrate the importance of
recognizing vulnerable border areas and implementing
surveillance as an intervention in line with the World
Health Organization (WHO) Global Technical Strat-
egy for malaria [32]. The third pillar of the WHO Global
Technical Strategy for malaria 2016-2030 focuses on
strengthening surveillance efforts to become a core inter-
vention, as data collection and detection of cases is of
paramount importance when planning the stratification
of control efforts and resource distribution. Data-driven
approaches to malaria stratification, particularly those
that include cross-country collaboration with intense
surveillance, are effective in combatting cross-border
malaria [33-35], although cross-country collaboration
may be impracticable in some cases due to incongruent
surveillance efforts or poor international relations across
country borders [4]. Genetic and molecular techniques
have the potential to monitor drug-resistant malaria
parasites entering from neighboring countries [36]. This
is particularly important as artemisinin resistance is sus-
pected in Guyana [37, 38]. Implementation of genetic and
molecular screening techniques in regions of the world
with the infrastructure and economic capabilities of scal-
ing these methods has proven invaluable when trans-
mission is low and elimination is in sight [39—41]. These
methods may prove useful in certain contexts within the



Arisco et al. Malar J (2021) 20:135

Brazilian Amazon, particularly in the state of Roraima,
for the monitoring of drug resistance.

Third, the importance of understanding the profiles of
different types of cross-border malaria cases was dem-
onstrated. As opposed to the Venezuelan case, most of
the cross-border malaria cases originating in Guyana
are Brazilians who cross the border back-and-forth to
work on gold mining. This dynamic is supported in the
literature, and the results from this study corroborate
the importance of Boa Vista as a hub for mobile min-
ing populations seeking medical care [42]. Ultimately,
the response to cross-border cases is inextricably linked
to the demographic profiles of each population. For
example, Venezuelan migrants seeking medical care and
refuge in Brazil may be more likely to remain in the Bra-
zilian Amazon if they receive refugee status [13, 22, 29].
Strengthening surveillance at the border among Ven-
ezuelan migrants, as well as treatment capacity along
common routes of travel for these groups, contrast the
need for targeted care, prophylactic measures, and active
surveillance of Brazilian miners working in Guyana and
seeking care in Boa Vista.

Two distinct movement patterns of cross-border cases
travelling from Venezuela and Guyana into Roraima were
hypothesized (Fig. 5). In the case of Venezuela (Fig. 5a),
individuals fleeing the country cross the border into
Roraima, making their first point of contact in the munic-
ipality of Pacaraima [22]. While many may settle there,
others seek better conditions or apply for refugee status,
eventually getting settled in other municipalities in Brazil
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[43]. In the case of Guyana (Fig. 5b), cross-border cases
are predominantly Brazilian nationals travelling for eco-
nomic opportunity (mainly gold mining, mostly illegal)
[44]. These movements are likely to occur repeatedly
and present a challenge to both Brazil and Guyana [42,
44]. In Guyana, 94% of malaria cases reported occurred
in major gold mining regions, and the malaria scenario
in Venezuela demonstrates the potential for small, iso-
lated, malaria-dense populations with minimal resources
to spur outbreaks of the disease and reverse progress
toward elimination.

Fourth, the isolation of border regions and caseloads
depending on two country’s malaria policies rather than
one present major challenges for the implementation of
control measures. The border of Roraima with Venezuela
and Guyana are forested and porous. The potential for
these regions to sustain malaria control without the abil-
ity to directly target at-risk populations may come from
the introduction of novel interventions. Currently, Brazil-
ians mining in Guyana travel back to Boa Vista to seek
health care. Prophylactic interventions and more readily
accessible treatment can be distributed far closer to gold
mining sites, allowing individuals to increase economic
productivity while preventing further infections and risk
of cross-border cases. Malakit, a personal prophylactic
and treatment kit, is one such example of an interven-
tion that brings necessary services closer to the at-risk
populations [45]. The borders of Venezuela and Guy-
ana may be locations where interventions like Malakit,
coupled with widespread active surveillance, could be

Venezuela

Pacaraima

$ n &
{
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X

Guyana
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N

Fig. 5 Likely routes of malaria cases imported from Venezuela and Guyana. a Represents the pattern of migration from Venezuelan migrants, while
b represents the pattern of migration from Guyanese migrants. Red arrows signify hypothesized migration flow patterns
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highly effective. However, maximizing the efficiency and
utility of this intervention will depend on knowledge of
specific travel routes taken between neighbouring coun-
tries by high-risk individuals. Furthermore, efficacy will
depend on neighbouring countries’ ability to collaborate.
If efforts to curb malaria transmission are uneven across
international borders, malaria elimination efforts are
threatened [2].

This study has some limitations. Asymptomatic malaria
infections are largely not captured by the NMCP in Bra-
zil (similar to other countries), as individuals without
symptoms do not seek medical care. Also, foreigners may
report their nationality incorrectly (as Brazilians) when
they seek medical care. Both limitations imply that these
study results could be an underestimation of cross-bor-
der cases. Yet, data utilized in the analysis are the most
comprehensive available.

Conclusion

Cross-border malaria is a major challenge to elimi-
nation along the northern border of Brazil. Distinct
demographic and socioeconomic profiles are unique to
both border and transnational cases, which is critical
to understand if malaria stratification measures are to
be implemented effectively. Brazil’s goal of Plasmodium
falciparum elimination by 2030 is intimately tied to the
ability of the NMCP to stratify interventions based on
risk. The third pillar of the WHO Global Technical Strat-
egy for Malaria is to transform malaria surveillance into
a core intervention as a means to achieve elimination.
The results of this study demonstrate unique risk profiles
for cross-border cases from Venezuela and Guyana in a
mobility hotspot in the Brazilian Amazon, and speak to
the importance of surveillance systems that quickly cap-
ture importation and thus inform mitigation strategies.
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