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Imported malaria in Rio de Janeiro state between 2007 and 2015:

an epidemiologic approach

Hermano Gomes Albuquerque'?/*, Paulo Cesar Peiter', Luciano Medeiros Toledo?,
Paulo Chagastelles Sabroza?, Rafael dos Santos Pereira', Jefferson Pereira Caldas?,
Jussara Rafael Angelo?, Cristina Giordano Dias®, Martha Cecilia Suarez-Mutis'

"Fundagao Oswaldo Cruz-Fiocruz, Instituto Oswaldo Cruz, Laboratério de Doengas Parasitérias, Rio de Janeiro, R), Brasil
?Fundagao Oswaldo Cruz-Fiocruz, Escola Nacional de Sadde Piblica Sérgio Arouca, Laboratério de Monitoramento Epidemiolégico

de Grandes Empreendimentos, Rio de Janeiro, R}, Brasil

3Secretaria de Estado de Satde do Rio de Janeiro, Rio de Janeiro, R, Brasil

Imported malaria is a malaria infection diagnosed outside the area where it was acquired and is induced by human migration and
mobility. This retrospective study was performed based on secondary data from 2007 to 2015. In total, 736 cases of imported
malaria (79.7% of 923 cases) were recorded in Rio de Janeiro state. Of the imported cases, 55.3% came from abroad, while 44.7%
came from other regions of Brazil. Most cases of imported malaria in Brazil (85.5%) originated in Amazonia Legal, and Burundi
(Africa) accounted for 59% of the cases from abroad. Analyses of the determinants of imported malaria in Rio de Janeiro state
must be continued to understand the relationship between the origin and destination of cases.
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Malaria is one of the most important infectious diseas-
es worldwide, and eliminating it has been on the global
agenda.)’ However, the spread of malaria worldwide is
favoured by migration, which causes disease spread to
nonendemic areas or areas where malaria was previously
eliminated.® Currently, in Brazil, the Amazon Rainforest
is a malaria-endemic region.”) Cases recorded outside of
the Amazon are called extra-Amazonian malaria cases,
and they can be autochthonous (if acquired by local trans-
mission) or imported. The latter is defined as a malaria in-
fection acquired outside the area where it was diagnosed.®

We created a conceptual model of malaria for the
extra-Amazon Region based on receptivity and vulnera-
bility criteria.® In our model, we consider that migration
(migratory or mobility) could be a vulnerability factor
for imported malaria in the extra-Amazon Region.

Imported cases represented most of the Brazilian ex-
tra-Amazonian malaria cases between 2007 and 2014,
with 5,416 recorded cases (88.9% of all cases) and only
676 autochthonous cases.© The fatality rate owing to ma-
laria in this region was 60 times higher than that in the
Amazon,® mainly because of the late diagnosis and treat-
ment of patients, as health professionals in nonendemic
areas lack the expertise to handle such cases.© During a
dengue epidemic, this context tended to be worse.”

doi: 10.1590/0074-02760190064

Financial support: FIOCRUZ, CAPES (Financial support:001),
Faperj (E-26/302.854/2015), CNPg.

+ Corresponding author: hermanofio@gmail.com

® https://orcid.org/0000-0002-8883-2789

Received 14 February 2019

Accepted 28 May 2019

Malaria is reported in all states in the Brazilian
Southeast region, namely Sdo Paulo, Espirito Santo, Mi-
nas Gerais and Rio de Janeiro.®? In these states, except
Espirito Santo, imported malaria cases are more fre-
quent than autochthonous cases. In Rio de Janeiro state,
808 cases were detected from 2002 to 2010, of which
773 (95.6% of the total) were imported cases.” Recently,
Rio de Janeiro state notably had an outbreak of malaria
caused by Plasmodium simium.""

Regarding the elimination of malaria in Rio de Ja-
neiro state, understanding the receptivity of the territory
and the population’s vulnerability to malaria is key for
strengthening the elimination agenda. Anopheles dar-
lingi (Root, 1926), previously the main malaria vector
in this region, was recently found in Rio de JaneiroV
where there are other secondary vectors, which demon-
strates the receptivity of this territory.!® Therefore, this
study aimed to advance the understanding of the epide-
miology of imported malaria in Rio de Janeiro state as a
vulnerability factor.

Rio de Janeiro has 92 municipalities, with an esti-
mated population by Brazilian Institute of Geography
and Statistics (IBGE) of 17,159,960 in 2018. Its territory
covers 43,780 km?. One of Brazil’s major ports, which
is the third busiest international airport and the seventh
busiest regional airport, is in Rio de Janeiro state; it is
well connected to its neighbouring states by wide high-
ways, allowing huge migration, which is an important
factor affecting the dynamics of imported malaria.

This retrospective study reviewed data from the
Epidemiological Surveillance Program of the Health
Service in Rio de Janeiro. The data refer to cases from
2007 to 2015 and included the number of malaria cas-
es, parasite species, municipality of residence, probable
geographic site where patient was infected, classifica-
tion (autochthonous or imported), sex, and age. Patients’
identifying information was not used. However, not all
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cases confirmed by diagnosis were included because
some relevant information necessary for the analyses
was missing. The study was approved by the Fiocruz
Ethical Committee (process 30606614.2.0000.5248).
Descriptive statistical analyses were performed using
SPSS 23.0 Statistical Software (SPSS Inc., Chicago, MI,
USA) and ArcGIS Desktop 10.0 (Environmental Sys-
tems Research Institute, Redlands, CA, USA).

From 2007 to 2015, 736 cases of imported malaria
(79.7% of total malaria cases) were reported in Rio de
Janeiro state by the Health Department’s Epidemiolog-
ical Surveillance Program (Fig. 1). The survey reported
the highest number of imported cases in 2012 (131/736,
17.8%) and 2011 (90/736, 12.2%), with fewer imported
cases in 2015 (61/736, 8.3%) and 2014 (56/736, 7.6%).
Besides these imported cases, we identified 69 autoch-
thonous cases in Rio de Janeiro state, and 118 cases had
missing data for this outcome (total of 923 malaria cases).

Patients were predominantly men (n = 565/736,
76.5%), with women representing approximately one-
fourth of cases (n = 171/736, 23.2%). This pattern has
been the same over the years with low variability. Patient
age ranged from 1 to 85 years (mean, 36.7 + 13.6; medi-
an, 36.0). During the study period, “traveller” was the
main activity category of the individuals with imported
malaria (n =266/736, 36.1%), and “tourism” was the sec-
ond main activity with 44 cases (6% of the total).

The origin of the imported cases showed that 384
(55.3% of the total) came from abroad, while 352 (44.7%)
came from other regions of Brazil (Fig. 2). International-
ly imported cases came mainly from Central Africa (n =
244/736, 33.1%), America (n = 33/736, 4.4%), and West
Africa (n = 26/736, 3.5%). Notably, 227 cases (30.8%)
came exclusively from Burundi in Central Africa. For
Brazilian cases, Amazonas state was the main place of
origin for malaria (n = 126/736, 17.1% of total), followed
by Rondédnia (n = 64/736, 8.6%) and Para (n = 40/736,
5.4%). The states with the lowest number of malaria cas-
es were Minas Gerais (n = 1), Piaui (n = 1), Parana (n =
1), and Sao Paulo (n = 1). Amazodnia Legal accounted for
85.5% (301 cases) of the national imported malaria cases
in the Rio de Janeiro state.

The origin of Brazilian imported malaria cases was
reported from 78 different municipalities of Rio de Ja-
neiro state. Five municipalities accounted for 43.7% of
the total cases in Brazil. These five municipalities were
Manaus (Amazonas state, n = 81/736, 11%), Porto Velho
(Rondonia state, n = 43/736, 5.8%), Sao Luis (Maranhédo
state, n = 10/736, 1.3%), Belém (Para state, n = 10/736,
1.3%), and Sdo Gabriel da Cachoeira (Amazonas state, n
= 10/736, 1.3%). Moreover, 592 patients with imported
malaria were living in Rio de Janeiro state, of whom 402
(68%) lived in the city of Rio de Janeiro, the state cap-
ital. The remaining 190 cases were distributed among
41 municipalities throughout the state, with the highest
number of diagnosed cases in Macaé (n = 25/736, 4.2%),
Niteréi (n = 23/736, 3.8%), Sao Gongalo (n = 17/736,
2.8%), and Duque de Caxias (n = 17/736, 2.8%).

Excluding the 65 cases (8.8% of total) with missing
data, the most prevalent species in thick smear diagno-
sis was Plasmodium falciparum, found in 368 samples

(54.8% of all imported malaria cases). The proportion of
all P. falciparum cases from abroad was almost 80%. The
second most prevalent species was P. vivax, detected in
279 tests (41.5% of total). Moreover, 15 patients had mixed
malaria (P. vivax and P. falciparum; 2.2% of the total).

The yearly analysis of imported malaria cases exhibits
two tendencies through the years (Fig. 1). First, from 2007
to 2012, we had a regular trend of cases with a median of
81.5 cases per year, where the highest number of cases
was reported in 2012, with almost 50% more cases re-
corded than that in the second highest year. After 2012,
a downward trend was observed in 2014 and 2015, with
less than half of the cases reported in 2012. Until 2012,
the trend of imported malaria cases in Rio de Janeiro state
was contrary to the declining Brazilian malaria trend.!”¥
However, the trend between 2012 and 2015 was decreas-
ing following the national trend of malaria cases.

There was a difference between the trend in import-
ed malaria cases in Rio de Janeiro state and the trend in
the extra-Amazon Region,® which was due to the year
2012. This could be attributed to cases from abroad, of
which Burundi accounted for 59% of imported malaria
cases. Burundi is an African country known for malar-
ia epidemics, with 8.3 million confirmed cases in 2016,
mostly caused by P. falciparum.' This may explain the
proportion of P. falciparum in imported malaria cases
in Rio de Janeiro state (almost 80% of cases), although
autochthonous malaria cases in Brazil were caused by
P. vivax (88.4%).1% Interestingly, Brazil opened the Em-
bassy of Burundi in Brasilia in 2012, which led to the
greatest number of bilateral encounters between both
countries. Furthermore, since 2007, Brazil participates
in events for the Development of Burundi.'® Further in-
vestigation is needed to determine the flow of people be-
tween Brazil and Burundi to understand the distribution
of imported malaria cases. Strengthening an agile and
efficient diagnostic and treatment system, especially for
patients from endemic countries, is a fundamental strat-
egy against severe malaria caused by P. falciparum.®?

The individual profile of imported malaria follows
the classic malaria profile in Brazil.®!"181 The occupa-
tion of these individuals is another important feature.®?
We found that 36.1% of imported cases involved travel-
lers, but we did not consider this in our analysis because
of missing data.

80
60
40
20
0
2007 2008 2009 2010
6 5 6 9
78 77 85 77

m Autochthonous cases

Number of cases

2011 2012 2013 2014
4 9 9
90 131 81
Years

2015
9 12
56 61

mimported cases

Fig. 1: imported malaria cases and percentage per year in Rio de Ja-
neiro from 2007 to 2015. Font: Epidemiological Surveillance Program
of the Health Service of Rio de Janeiro.
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Fig. 2: origin state of imported malaria cases in Rio de Janeiro state from 2007 to 2015.

Cohen et al.?Y reviewed the resurgence of malaria
worldwide. They found 78 events of resurgence from
1930 to 2000, of which 68 cases (91%) were attributed
to the weakening of malaria control programs. Resource
constraints were a cause in 39 of these 68 cases, (57%).
In essence, Brazil was in a large economic and political
recession, which led to resource contingency. It created
a dangerous scenario in Rio de Janeiro state, which de-
spite the interruption of malaria transmission in the past,
remains receptive to malaria in some areas, with envi-
ronmental conditions conducive to vector reproduction
and malaria transmission.®?? Recently, Espirito Santo
had a malaria outbreak of 138 confirmed cases and one
confirmed death probably because of an imported case,
which shows that imported malaria cases can be a major
public health problem.®2

The determinants of imported malaria in Rio de Ja-
neiro state must be further analysed to understand the
relationship between the origin and destination of cases.
On that basis, a surveillance system should be structured
to improve early detection, provide adequate treatment,
or predict chances of outbreaks. Economic and political
relationships between countries, which promote devel-
opment, appear to be an important determinant for mi-
gration and mobility and consequently for the spread of
imported malaria.®>*® We need to understand the main
kinds of industries, companies, and businesses that create
the context of a country’s vulnerability to malaria. The

search to find other databases, which may explain the re-
lationship between the origin and destination of patients,
or the spread of malaria induced by migration and mo-
bility to Rio de Janeiro state could be a methodology in
future investigations. We need to understand the context
of malaria transmission and the local situation of patients
who live in Rio de Janeiro state. Moreover, the many cas-
es reported in 2012, as well as Burundi being the origin of
most cases coming from abroad, must be clarified.

Our results reveal the spatial and temporal hetero-
geneity of the origin and destination of imported malar-
ia cases. The main determinants behind these patterns
should be understood.

ACKNOWLEDGEMENTS

To the Health Secretary of Rio de Janeiro state, the Laveran
& Deane Seminar, Fiocruz, and all the development agencies.

AUTHORS’ CONTRIBUTION

HGA, LMT, PCS and MCSM conceived the study; HGA,
PCP, RSP, JRA and MCSM wrote the manuscript; HGA, JPCS
and CGD processed the data; HGA and MCSM managed the
resources.

REFERENCES

1. Tatem AlJ, Jia P, Ordanovich D, Falkner M, Huang Z, Howes R, et
al. The geography of imported malaria to non-endemic countries:
ameta-analysis of nationally reported statistics. Lancet Infect Dis.
2017; 17(1): 98-107.



4

—_

12.

14.

4 Hermano Gomes Albuquerque et al.

. D’Ortenzio E, Godineau N, Fontanet A, Houze S, Bouchaud O,

Matheron S, et al. Prolonged Plasmodium falciparum infection in
immigrants, Paris. Emerg Infect Dis. 2008; 14(2): 323-6.

. de Pina-Costa A, Brasil P, Di Santi SM, de Araujo MP, Suarez-

Mutis MC, Santelli ACFS, et al. Malaria in Brazil: what happens
outside the Amazonian endemic region. Mem Inst Oswaldo Cruz.
2014; 109(5): 618-34.

. WHO - World Health Organization. Malaria terminology. Geneva:

WHO; 2016.

. Albuquerque HG, Peiter PC, Toledo LM, Alencar JA, Sabroza PC,

Dias CG, et al. Geographical information system (GIS) modeling
territory receptivity to strengthen entomological surveillance:
Anopheles (Nyssorhynchus) case study in Rio de Janeiro state,
Brazil. Parasit Vectors. 2018; 11(1): 256-62.

. Lorenz C, Virginio F, Aguiar BS, Suesdek L, Chiaravalloti-Neto F.

Spatial and temporal epidemiology of malaria in extra-Amazoni-
an regions of Brazil. Malar J. 2015; 14: 408.

. Pina-Costa A, Bressan CS, Pedro RS, Valls-de-Souza R, Silva S,

Souza PR, et al. Diagnostico tardio de malaria em area endémica
de dengue na extra-Amazonia brasileira: experiéncia recente de
uma unidade sentinela no estado do Rio de Janeiro. Rev Soc Bras
Med Trop. 2010; 43(5): 571-4.

. Oliveira-Ferreira J, Lacerda MVG, Brasil P, Ladislau JLB, Tauil

PL, Daniel-Ribeiro CT. Malaria in Brazil: an overview. Malar J.
2010; 9: 115.

. Miguel RB, Peiter PC, de Albuquerque H, Coura JR, Moza PG,

Pina Costa A, et al. Malaria in the state of Rio de Janeiro, Brazil,
an Atlantic Forest area: an assessment using the health surveil-
lance service. Mem Inst Oswaldo Cruz. 2014; 109(5): 634-40.

. Brasil P, Zalis MG, de Pina-Costa A, Siqueira AM, Bianco Jr C,
Silva S, et al. Outbreak of human malaria caused by Plasmodium si-
mium in the Atlantic Forest in Rio de Janeiro: a molecular epidemio-
logical investigation. Lancet Global Health. 2017; 5(10): e1038-46.

. Emerson KJ, Conn JE, Bergo ES, Randel MA, Sallum MAM.
Brazilian Anopheles darlingi Root (Diptera: Culicidae) clusters
by major biogeographical region. PLoS One. 2015; 10(7): 1-15.

Jules JR, Albuquerque HG, Suarez-Mutis MC, de Oliveira SMP,
Gil-Santana HR, Rodrigues W, et al. Species diversity and abun-
dance of Anopheles (Nyssorhynchus)(Diptera: Culicidae) in Cach-
oeiras de Macacu municipality, Rio de Janeiro state: an area of the
Atlantic Forest receptive and vulnerable to malaria. J Med Ento-
mol. 2019; 56(3): 849-58.

. Ferreira MU, Castro MC. Challenges for malaria elimination in
Brazil. Malar J. 2016; 15(1): 284.

WHO - World Health Organization. World malaria report 2017.
Geneva: WHO; 2017.

15.

16.

18.

19.

20.

2

—_

22

23.

24.

25.

26.

Siqueira AM, Mesones-Lapouble O, Marchesini P, Sampaio VS,
Brasil P, Tauil PL, et al. Plasmodium vivax landscape in Brazil:
scenario and challenges. Am J Trop Med Hyg. 2016; 95 (Suppl.
6): 87-96.

Ministério das Relagdes Exteriores - Bilateral relations - Burundi.
[cited 2019 mar 21]. Available from: http://www.itamaraty.gov.br/
index.php?option=com_content&view=article&id=7451&Itemid
=478&cod_pais=BDI&tipo=ficha_ pais&lang=en.

. dos-Santos JC, Angerami RN, Castineiras CM, Lopes SC, Al-

brecht L, Garcia MT, et al. Imported malaria in a non-endemic
area: the experience of the university of Campinas hospital in the
Brazilian Southeast. Malar J. 2014; 13: 280.

Lapouble OMM, Santelli ACFS, Muniz-Junqueira MI. Situagao
epidemioldgica da malaria na regido amazonica brasileira, 2003 a
2012. Rev Panam Salud Publica. 2015; 38(4): 300-6.

Lima ISF, Lapouble OMM, Duarte EC. Time trends and changes
in the distribution of malaria cases in the Brazilian Amazon Re-
gion, 2004-2013. Mem Inst Oswaldo Cruz. 2017; 112(1): 8-18.

Cotter C, Sturrock HJ, Hsiang MS, Liu J, Phillips AA, Hwang J, et
al. The changing epidemiology of malaria elimination: new strate-
gies for new challenges. Lancet. 2013; 382(9895): 900-11.

. Cohen JM, Smith DL, Cotter C, Ward A, Yamey G, Sabot OJ, et

al. Malaria resurgence: a systematic review and assessment of its
causes. Malar J. 2012; 11: 122.

. Limongi JE, Chaves KM, Paula MBC, Costa FC, Silva AA, Lopes

IS, et al. Malaria outbreaks in a non-endemic area of Brazil, 2005.
Rev Soc Bras Med Trop. 2008; 41(3): 232-7.

Portal G1 [homepage on internet]. ES registra 138 casos confirma-
dos de malaria, segundo o governo. [updated 2018 Aug 21; cited
2019 Jan 31]. Available from: https:/gl.globo.com/es/espirito-
santo/noticia/2018/08/21/es-regista-138-casos-confirmados-de-
malaria-segundo-o-governo.ghtml.

SES/ES - Secretaria de Estado de Saude do Espirito Santo. Malar-
ia: surto. [updated 2018 Aug 10; cited 2019 Jan 31]. Available from:
https://saude.es.gov.br/Not%C3%A Dcia/malaria.

Lupi O, Vidigal AC, Longo C, Costa ADP, Saraiva RP, Ribeiro
CTD, et al. Estudo dos casos suspeitos de malaria importada,
um Centro de Referéncia na regido extra-Amazonica. Research.
2014; 1: 613.

Sampaio VS, Siqueira AM, Alecrim MDGC, Mourdo MPG,
Marchesini PB, Albuquerque BC, et al. Malaria in the state of
Amazonas: a typical Brazilian tropical disease influenced by
waves of economic development. Rev Soc Bras Med Trop. 2015;
48(Suppl. 1): 4-11.



