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Abstract

Background: Malaria elimination is being pursued in five of seven Central American countries. Military personnel
returning from peacekeeping missions in sub-Saharan Africa could import chloroquine-resistant Plasmodium
falciparum, posing a threat to elimination and to the continued efficacy of first-line chloroquine (CQ) treatment in
these countries. This report describes the importation of P. falciparum from among 150 Guatemalan army special
forces and support staff who spent ten months on a United Nations' peacekeeping mission in the Democratic
Republic of the Congo (DRC) in 2010.

Methods: Investigators reviewed patients’ medical charts and interviewed members of the contingent to identify
malaria cases and risk factors for malaria acquisition. Clinical specimens were tested for malaria; isolated parasites
were characterized molecularly for CQ resistance.

Results: Investigators identified 12 cases (8%) of laboratory-confirmed P. falciparum infection within the contingent;
one case was from a soldier infected with a CQ-resistant pfcrt genotype resulting in his death. None of the
contingent used an insecticide-treated bed net (ITN) or completely adhered to malaria chemoprophylaxis while in
the DRC.

Conclusion: This report highlights the need to promote use of malaria prevention measures, in particular ITNs and
chemoprophylaxis, among peacekeepers stationed in malaria-endemic areas. Countries attempting to eliminate
malaria should consider appropriate methods to screen peacekeepers returning from endemic areas for malaria
infections. Cases of malaria in travellers, immigrants and soldiers returning to Central America from countries with
CQ-resistant malaria should be assumed to be carry resistant parasites and receive appropriate anti-malarial therapy
to prevent severe disease and death.
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Background

Central America has seen a significant decrease in malaria
transmission in the last decade; all seven countries (Belize,
Guatemala, El Salvador, Honduras, Nicaragua, Costa Rica,
and Panama) have experienced >50% decline in the number
of confirmed cases between 2000 and 2010 [1]. As a result,
five countries (Belize, Nicaragua, El Salvador, Panama, and
Costa Rica) are designated as malaria eliminating [2],
although all countries have joined a regional initiative
that aims to eliminate malaria by 2020 [3].

As the incidence of malaria declines in Central America
to near zero, imported malaria cases pose a threat to the
achievement of elimination. Surveillance systems will need
to rapidly detect, classify and treat imported cases be-
fore onward transmission occurs. The potential for
introduction of chloroquine (CQ)-resistant Plasmodium
falciparum from other parts of the globe could further
threaten elimination as most countries in Central America
still rely on CQ, along with primaquine, as first-line treat-
ment for both P. falciparum and Plasmodium vivax [4].

Although civilian travellers and migrants are the popula-
tions most often considered as sources of imported mal-
aria cases to non-endemic countries, military personnel
returning from deployment to malaria-endemic areas also
contribute to malaria importation [5]. Central American
militaries participate in United Nations (UN) missions in
politically troubled areas of Africa. Currently there are
seven UN peacekeeping missions in Africa, and six of
these are in malaria-endemic countries; Central American
soldiers participate in all of these missions [6]. Due to the
large number of soldiers and frequency of deployment,
UN peacekeepers could serve as a significant source of
malaria imported into Central America.

Malaria transmission occurs in rural areas of Guatemala
at altitudes below 1,500 m, excluding the highlands
around Lake Atitlan; approximately 70% of the total area
of the country is considered endemic; Guatemala City is
not within the malaria-endemic area [7]. However, trans-
mission of malaria in Guatemala is low; the Guatemala
Ministry of Public Health and Social Welfare (MOPH)
estimates annual malaria incidence (both P. falciparum
and P. vivax) in endemic areas of the country to be 2.2
cases per 1,000 population per year [8]. In 2010, 7,314
cases of P. vivax and 31 of P. falciparum were reported
nationally. Although no therapeutic efficacy studies have
been conducted, all samples of P. falciparum from cases
in Guatemala in 1998 and 2001 that were tested for CQ
resistance genes presented with the wild type, confirming
CQ susceptibility (pers. comm., N Padilla).

In October 2010, two soldiers from the Guatemalan
Kaibiles (special forces) recently returned from a UN
peacekeeping assignment in the Democratic Republic of
the Congo (DRC) were hospitalized with severe malaria,
and one of them died from his infection. This report
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describes the active investigation of malaria among the
peacekeeping contingent, including molecular charac-
terization of P. falciparum genotypes associated with
CQ resistance.

Methods

Study population

A contingent of 144 Guatemalan soldiers and 6 civilian
support staff deployed to the DRC in January 2010 and
returned to Guatemala City on 17 October, 2010. The
contingent was comprised of males between the ages of 19
and 55 and their home base in Guatemala was at Mariscal
Zabala, located in Guatemala City. After returning to
Guatemala City, the contingent was granted leave on 22
October, 2010 and all members returned to their homes
throughout Guatemala.

Case definition

Investigators defined an imported case of malaria as
either microscopy-confirmed P. falciparum in a thick or
thin blood smear or a dried filter-paper blood sample
positive for P. falciparum using nested polymerase chain
reaction (PCR), occurring in a member of the DRC
contingent within three weeks of their return to
Guatemala (between 17 October and 12 November,
2010). Clinical malaria was defined as measured fever
(axillary temperature >38°C) or history of fever from
two weeks before leaving the DRC (1 October, 2010) to
date of interview (5 to 12 November, 2012) in a member
of the contingent with confirmed P. falciparum infection.

Case identification

The first two cases were identified when they presented
with signs of severe malaria and were hospitalized at the
Military Medical Center in Guatemala City. Military med-
ical personnel requested technical assistance from the US
Centers for Disease Control and Prevention (CDC) and
the Center for Health Studies, Universidad del Valle de
Guatemala (CES-UVG) in the management and control of
this malaria importation event. Active case detection was
undertaken by CDC and CES-UVG among the remaining
members of the contingent after they had been recalled to
Guatemala City on 5 November, 2012.

Every member of the contingent was interviewed to de-
termine his history of clinical symptoms from two weeks
before leaving the DRC to the date of interview (a period
ranging between five and six weeks) along with use of
malaria prophylaxis and mosquito avoidance measures, in-
cluding insecticide-treated bed nets (ITNs), travel history
within the DRC and travel upon return to Guatemala. All
members of the contingent had been provided malaria
prophylaxis with mefloquine (MQ) prior to departure.
Correct adherence to MQ prophylaxis was defined as one
dose of MQ every week beginning two weeks before
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arrival in the DRC and ending four weeks after return to
Guatemala [9]. Malaria-endemic areas within Guatemala
were defined by the Ministry of Health as an area with
documented malaria cases and documented presence of
known malaria vectors.

Laboratory testing

Blood smears were stained with Giemsa and examined for
parasites by microscopists at the CES-UVG. During the
active screening, finger-prick blood samples for thick and
thin blood smears and dried blood spots on filter paper
were obtained from all participants; rapid diagnostic tests
(OptiMAL -IT, BioRad Laboratories, Switzerland) were
used for anyone with a history of fever in the previous
48 hours to allow immediate treatment if necessary. Para-
site density was calculated by counting parasites against
1,000 x white blood cells (WBCs) and assuming 8,000
WBCs per pl of blood. A slide was determined to be nega-
tive after reviewing 100 fields without finding parasites.
Patients found positive for malaria during the active inves-
tigation were treated with artemisinin-based combination
therapy according to international guidelines [10].

All dried blood spots, whole blood, and post-mortem
tissue specimens from the case-patient who died were
screened with PCR for P. falciparum. Extraction of
DNA from these samples was accomplished using the
QIAamp DNA Minikit (Qiagen, Inc, Valencia, CA, USA)
following the manufacturer’s instructions. A nested
PCR targeting the 18S small subunit ribosomal RNA
gene of P. falciparum was used [11,12]; positive results
were retested once in Guatemala and then reconfirmed
by the CDC laboratory in Atlanta, GA, USA. The DNA
from the P. falciparum-positive samples was sequenced
to determine the presence of CQ-resistant genotypes,
specifically, polymorphisms in codons 72-76 of the
pfert gene. A semi-nested PCR was used to amplify the
pfert gene in each sample [13-15]. Outer PCR reaction
was diluted 1:100 for positive cases. PCR products were
purified using ExoSap reaction [16] and were sent for
sequencing (Macrogen Inc, USA and Macrogen Inc,
Seoul, Korea). Sequences were aligned with reference
strains using MEGAS5 software [17] to identify the
polymorphisms.

Human subjects

The investigation was initiated after the hospitalization
of the first two cases to prevent additional cases of
severe disease as well as onward transmission of malaria
within Guatemala; the investigation received human sub-
jects review and was determined to be a public health
response. Verbal consent was obtained for blood sampling
and testing as well as interviews to determine illness
history and use of malaria prevention measures.
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Results

Two cases of severe febrile illness among the DRC con-
tingent members were identified by physicians at the
Military Medical Center. One of the soldiers died after
being treated for two days with CQ and primaquine.
Parasitologic confirmation of P. falciparum as the cause
of the second soldier’s febrile illness was obtained within
six days of the death of the first soldier and prompted
the return of the remaining contingent to base camp.

Thick and thin blood slides, whole blood and filter-
paper blood spots were obtained from 149 (99%) mem-
bers of the contingent, along with three post-mortem
tissue samples from the deceased case-patient. Twelve
cases (8%) had laboratory confirmation of P. falciparum
infection, including the deceased case-patient (Table 1).
Five of the 12 cases (42%) were positive by both micros-
copy and PCR, and seven of 12 (58%) were positive by
PCR alone (Table 1). Four cases had thick smears that
could be used to calculate parasite density, which
ranged from 2,152 to 71,408 parasites per pl; none of
the cases positive by microscopy had detectable game-
tocytes. All of the five cases that had patent parasit-
aemia, but none of the seven subpatent cases that were
PCR-positive only, reported a history of fever. Symptom
onset dates ranged from 12 October, 2010 (five days
before leaving DRC) to 7 November, 2010 (three weeks
after arrival in Guatemala).

All 12 of the malaria-positive samples were tested for
the presence of CQ-resistant P. falciparum pfcrt genotype
(Table 1). One (8%) out of the 12 samples had a triple
mutant haplotype (CVIET) previously reported in DRC
[18]; this sample was obtained from the deceased soldier.
It is worth noting that this patient sample also contained a
minor population of parasite with CQ-sensitive CVMNK,
although CQ-resistant CVIET allele was predominant.
The remaining 11 (92%) samples had the wild type CQ-
sensitive pfcrt genotype CVMNK.

Among the 149 individuals interviewed, 147 (99%)
reported using a bed net while stationed in the DRC
(Table 2). However, none reported using a bed net treated
with an insecticide. A total of 141 (82%) persons reported
using a bed net every night during the last two weeks in
the DRC and 142 (82%) reported using mosquito repellent
at least once a day during their stay in the DRC. Although
all 149 individuals reported taking MQ prophylaxis, none
had adhered completely to the regimen (Table 2). A total
of 17 (11%) persons reported being diagnosed with and
treated for malaria during their time in the DRC; one (6%)
of those reporting a previous malaria diagnosis was
malaria positive at the time of the investigation.

Of the 12 patients with confirmed malaria, eight (67%)
reported visiting at least one area endemic for malaria
within Guatemala after their return from the DRC. Three
of the eight had clinical malaria but the dates of their
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Table 1 Results of laboratory testing for 12 malaria-infected members of the Guatemalan peacekeeping contingent

Px Age, Symptom Sample Laboratory Thin/thick blood smears PCR Pfcrt
year onset collected confirmed® Parasitaemia Parasite density® Gametocytes result haplotypef

18 37 10/23/2010 10/27/2010 11/08/2010 (+) UA UA +) CVIET?
2 28 10/30/2010 11/03/2010 11/04/2010 (+) 71,408 =) (+) CVMNK
3 22 10/13/2010 11/09/2010 11/09/2010 (+) 6,008 =) (+) CVMNK
400 44 11/07/2010 11/09/2010 11/10/2010 (+) 18,200 =) +) CVYMNK
5 22 10/12/2010 11/09/2010 11/12/2010 (+) 2,152 =) ) CVMNK
6 48 Al 11/09/2010 11/29/2010 (=) na na +) CVMNK
7 25 Al 11/09/2010 11/29/2010 =) na na +) CVMNK
8 30 Al 11/09/2010 11/29/2010 (=) na na (+) CVMNK
9 22 Al 11/09/2010 11/29/2010 (=) na na +) CVMNK
10 28 Al 11/12/2010 11/29/2010 =) na na +) CVMNK
" 26 Al 11/09/2010 11/29/2010 C) na na (+) CVMNK
12 25 Al 11/09/2010 11/29/2010 (=) na na ) CVMNK

Px: patient; na: not applicable; Al: asymptomatic infection; UA: data unavailable.

Parasite density cannot be calculated; PCR results were obtained from post-mortem tissue.

PPatient was initially diagnosed with P. falciparum by the OptiMAL-IT Rapid test.

“Patient reported a previous malaria infection in the DRC; received artequine as treatment.
9Dates corresponds to thin/thick blood smears results for patient 1-5 and PCR results for patients 6-12.

®No of asexual parasites/pl of blood.
fCQ resistance type in the pfcrt gene: CVMNK (wild type); CVIET (CQ resistant).

9Sequencing results showed a major peak for CVIET and minor peak for CVMNK when retested.

symptom onset did not suggest they were infected in
Guatemala. The five remaining persons had subpatent in-
fections with no symptoms and therefore it is feasible that
the infection may have been acquired in Guatemala. How-
ever, due to the low P. falciparum malaria endemicity
levels in Guatemala it is likely the infection was acquired
in the DRC [8].

Discussion
Investigators identified 12 cases of P. falciparum imported
to Guatemala from one contingent of soldiers and civilians

supporting a UN peacekeeping mission in the DRC. More
than half of the malaria cases had no history of fever in
the preceding five to six weeks, and only one reported a
malaria diagnosis while deployed in the DRC. One patient,
who subsequently died, was infected with a typical CQ-
resistant genotype of P. falciparum along with a minor
population of CQ-sensitive CVMNK allele probably
acquired in DRC, which was not recognized in time to
provide appropriate, potentially life-saving treatment. This
finding also suggests that this patient may have acquired
P. falciparum infection more than once in the past as both

Table 2 Reported risk factors associated with malaria among the contingent of Guatemalan peacekeepers, 2010

Characteristics Imported cases, Non-cases,
N =117 N=138
n (%) n %
Use of bed nets
Used a bed net during stay in the DRC 11 (100) 136 (94)
Used a bed net every night for the last two weeks in DRC 10 (91) 131 (90)
Used an insecticide-treated bed net 0 0) 0 0)
Use of mosquito repellent
Used mosquito repellent during stay in the DRC 10 Q1) 132 1)
Used at least once a day 8 (73) 114 (83)
Adherence to malaria chemoprophylaxis
Adhered to MQ prophylaxis while in the DRC? 8 (73) 64 (44)
Adhered to MQ prophylaxis overall® 0 0) 0 0)

“Data unavailable for patient 1.

PMQ = mefloquine. Adherence to chemoprophylaxis in DRC defined as one dose of MQ every week for at least eight months while in the DRC.
“Overall adherence defined as: one dose of MQ every week beginning two weeks before arrival in the DRC and ending four weeks after return to Guatemala.
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CQ-resistant and a minor population of CQ-sensitive
alleles were detected in this patient. Alternatively, this
patient may have been bitten by a mosquito that carried
both CQ-resistant and CQ-sensitive parasites. The pres-
ence of CVIET genotype in the DRC has been docu-
mented previously [19] and this is consistent with the
epidemiologic data that confirm that the soldiers and
support staff acquired these P. falciparum infections in
the DRC. A future publication will compare microsatel-
lite markers on the imported parasites with endemic
strains from both Guatemala and the DRC to further
support the DRC as the source of the infections.

No member of the Guatemalan contingent had com-
pletely adhered to malaria chemoprophylaxis recommen-
dations or used an ITN during deployment in the DRC.
Lack of adherence to chemoprophylaxis is a risk factor for
malaria infection when travelling in malaria-endemic areas
[20]. ITNs have been proven to reduce risk of infection
from malaria in multiple trials [21] and are recommended
for use by travellers to malaria-endemic areas [9]. Malaria
prophylaxis for peacekeepers and support staff should be
directly observed, and soldiers and support staff provided
with ITNs and insect repellent for personal protection.
Most importantly, countries where CQ remains the first-
line therapy should be prepared for CQ-resistant infec-
tions in travellers, immigrants and soldiers who return
from areas where CQ is no longer effective. All malaria
infections acquired in areas with CQ resistance should be
treated with an appropriate anti-malarial to prevent severe
disease and onward transmission.

Similar preventive and control measures have been
implemented elsewhere in response to imported malaria
events associated with peacekeeper or humanitarian
missions. In 2000, the US military recommended dir-
ectly observed therapy for malaria chemoprophylaxis
for military personnel stationed in highly malaria endemic
areas [22,23]. Other preventive practices that have been
implemented to reduce the number and impact of malaria
infections occurring during military deployments include:
equipping troops with permethrin-impregnated uniforms
and insect repellent containing DEET; screening military
personnel upon return to their home country; training
health care providers within the home country on
malaria diagnostics and treatment; and administration
of a prophylactic course of primaquine at the end of
deployment [22-25]. All measures include increases in
training of military personnel on the risk of malaria,
and proper use of personal protective gear and chemo-
prophylaxis before, during, and after deployment.

Despite widespread CQ resistance in P. falciparum in
Africa, Asia and South America, P. falciparum parasites
circulating in Central America north of the Panama
Canal retain susceptibility to CQ [26,27]. It is not clear
why CQ-resistant parasites, found from just south of the
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Panama Canal to Brazil, have not yet penetrated Central
America. It has been suggested that the susceptibility of
Anopheles mosquitoes may differ by parasite strain, and
by extension, local vector populations in Central America
may be refractory to foreign Plasmodium strains, limiting
their onward transmission [28,29]. However, this hypoth-
esis has not been proven, and there are examples of drug
resistance spreading from importations of resistant para-
sites [30,31]. Increasing global tourism and frequent travel
of unprotected Central American residents to malaria-
endemic regions may increase the risk of importation of
CQ-resistant parasites into Central America. Military
peacekeeping missions that do not ensure adherence to
malaria prevention measures are at significant risk of
importing resistant parasites from Africa to Central
America due to the frequency of their deployment, the
relatively large numbers of individuals deployed, and
the length of time spent in malaria-endemic areas.

Only eight members of the affected military contingent
travelled to malaria-endemic areas of Guatemala while
infected. October, the month of the soldiers’ return, is at
the end of the rainy season when temperatures begin to
cool, which would limit both the numbers of malaria
vectors present and the development of P. falciparum,
were any anopheline mosquitoes to have been infected.
Therefore, the risk of onward P. falciparum transmission
from this contingent of peacekeepers was likely to have
been low. However, these 12 imported cases comprise
almost 30% of the total number of P. falciparum cases
diagnosed in 2010 in Guatemala. While malaria cases
are under-reported through the health information sys-
tem to the Guatemala MOPH, imported P. falciparum
cases are likely to make up a significant fraction of the
P. falciparum cases treated in Guatemala any given year.

The potential for recall bias to have affected report of
malaria prevention measures by members of the contin-
gent with and without malaria was investigated, but con-
sidered unlikely as most members of the contingent were
interviewed before their malaria status was known, and
use of prophylaxis and personal prevention measures was
uniformly low. This paper reports on the experiences of
one contingent of peacekeeping forces and support staff to
the DRC from Guatemala, and is not necessarily represen-
tative of all contingents from all countries. However, the
recommendations in this paper will be applicable to all
travellers, visitors and military contingents travelling in
malaria-endemic areas of sub-Saharan Africa.

As countries in Central America begin to work towards
malaria elimination, importation of malaria parasites, es-
pecially those resistant to first-line therapy, poses several
challenges to eventual elimination. Population movements
have resulted in setbacks in malaria control in many coun-
tries [30,32]. To avoid the potential impact of malaria
importation on elimination, countries should strengthen
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surveillance systems to be able to rapidly identify imported
cases to prevent onward transmission. Given the potential
for military peacekeeping missions deployed in malaria-
endemic regions to return with infections resistant to
first-line therapy in their home country, thereby posing a
threat to their own health as well as the potential for local
transmission of resistant parasites, it is recommended that
Central American countries consider evaluating strategies
to screen returning peacekeeping missions for malaria.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions

PJ coordinated the epidemiologic investigation of the importation event. PJ,
SS, LD, and KL participated in case identification, survey design and
administration. NP and LO carried out malaria diagnostics on blood and
tissue specimens and NP, LO, VU, and IG conducted CQ resistance
genotyping of the malaria parasite. Both PJ and KL drafted the manuscript.
All authors read and approved the final manuscript.

Acknowledgements

We would like to thank the Military Health Services from the Guatemalan
Army (Fabiola Enriquez, Mario Roberto Perez Franco, and Harold Garcia),
the Guatemala Military Medical Center (Sergio Fernando Nitsch Montiel
and Mario Luis Ovalle Figuero), the Vectors Program of the Ministry of
Public Health and Social Welfare of Guatemala (I Gongora and A Sanchez),
the National Center of Epidemiology of Guatemala (A Miranda), and the
National Health Laboratory of Guatemala (S Diaz). Control of this outbreak
would not have been possible without the investigative team from the
Center for Health Studies, Universidad del Valle de Guatemala (G Abdala,
A Estevez, J Garcia, S Herndndez, G Lopez, M Lopez, A Paniagua, O
Paniagua, J Paniagua, L Pilofia, B Molina, E Molina, A Morales, D Mozén,

F Mufoz, M Castellanos, G Rivera). S Patrick Kachur and Laurence Slutsker
from the CDC Malaria Branch provided important advice on treatment
and the investigation. We thank A Primeau for her editorial help with this
manuscript. We are especially grateful to the patients, family members
and the health care professionals involved in their care. This work was
supported in part by Cooperative Agreement Number UO1 GH000028-02
from the US Centers for Disease Control and Prevention.

Disclaimer

The findings and conclusions in this report are those of the authors and do
not necessarily represent the views of the US Centers for Disease Control
and Prevention or other participating agencies.

Author details

'International Emerging Infections Program, US Centers for Disease Control
and Prevention Regional Office for Central America and Panama, 18 Avenida
11-95 zona 15, Vista Hermosa Ill, 01015 Guatemala, Guatemala. *Center for
Health Studies, Universidad del Valle de Guatemala, 18 Avenida 11-95 zona
15, Vista Hermosa lll, 01015 Guatemala, Guatemala. 3Military Medical Center
of Guatemala, Finca El Palomar, Acatan, Sta. Rosita Zona 16, Guatemala City,
Guatemala. “Division of Parasitic Diseases and Malaria, Malaria Branch, Center
for Global Health, US Centers for Disease Control and Prevention, 1600
Clifton Rd NE, 30030 Atlanta, Georgia, USA.

Received: 1 April 2013 Accepted: 9 September 2013
Published: 23 September 2013

References

1. World Health Organization: World malaria report 2011: global malaria
programme. http://www.who.int/malaria/world_malaria_report_2011/en.

2. The Global Health Group and the Malaria Atlas Project: Atlas of malaria-
eliminating countries. San Francisco: The Global Health Group, Global Health
Sciences, University of California; 2011.

3. Mesoamerican health initiative 2015. http://www.theglobalfund.org/en/
mediacenter/newsreleases/2013-06-28_Ten_Countries_Rally_to_Eliminate_
Malaria_in_Central_America_and_the_Caribbean/.

20.

21.

22.

23.

24.

25.

Page 6 of 7

Global malaria action plan: roll back malaria option plan.
http://www.rbm.who.int/gmap/3-3.html.

Mali S, Kachur SP, Arguin PM: Malaria surveillance-United States, 2010.
MMWR Surveill Summ 2012, 61:1-17.

United nation peacekeeping. http://www.un.org/en/peacekeeping/
operations/current.shtml.

World Health Organization: Report on the situation of malaria in the
Americas: chapter 10 Guatemala 2008. [http://new.paho.org/hg/index.php?
option=com_content&view=article&id=2459&Itemid=2000&lang=en]
Ministry of Public Health, National Center for Epidemiology and Social
Welfare Guatemala: Vital statistics, Guatemala 2010. http://epidemiologia.
mspas.gob.gt/vigepi/2010/MEMORIA%20REPUBLICA%20DE%20GUATEMALA
9202010.pdf.

US Centers for Disease Control and Prevention: Infectious diseases related
to travel, malaria. In CDC health information for international travel 2012.
Edited by Brunette G. New York: Oxford University Press; 2012:223-243.
World Health Organization: Guidelines for the treatment of malaria. 2010.
http.//www.who.int/malaria/publications/atoz/9789241547925/en/indexhtml.
Singh B, Bobogare A, Cox-Singh J, Snounou G, Abdullah MS, Rahman HA: A
genus- and species-specific nested polymerase chain reaction malaria
detection assay for epidemiologic studies. Am J Trop Med Hyg 1999,
60:687-692.

Snounou G, Viriyakosol S, Zhu XP, Jarra W, Pinheiro L, do Rosario VE,
Thaithong S, Brown KN: High sensitivity of detection of human malaria
parasites by the use of nested polymerase chain reaction. Mol Biochem
Parasitol 1993, 61:315-320.

Fidock DA, Nomura T, Talley AK, Cooper RA, Dzekunov SM, Ferdig MT, Ursos
LM, Sidhu AB, Naudé B, Deitsch KW, Su XZ, Wootton JC, Roepe PD, Wellems
TE: Mutations in the P. falciparum digestive vacuole transmembrane
protein PfCRT and evidence for their role in chloroquine resistance. Mol
Cell 2000, 6:861-871.

Griffing S, Syphard L, Sridaran S, McCollum AM, Mixson-Hayden T,
Vinayak S, Villegas L, Barnwell JW, Escalante AA, Udhayakumar V: pfmdr1
amplification and fixation of pfcrt chloroquine resistance alleles in
Plasmodium falciparum in Venezuela. Antimicrob Agents Chemother
2010, 54:1572-1579.

Sidhu AB, Verdier-Pinard D, Fidock DA: Chloroquine resistance in
Plasmodium falciparum malaria parasites conferred by pfcrt mutations.
Science 2002, 298:210-213.

Bell J: A simple way to treat PCR products prior to sequencing using
ExoSAP-IT. Biotechniques 2008, 44:834.

Tamura K, Peterson D, Peterson N, Stecher G, Nei M, Kumar S: MEGAS5:
molecular evolutionary genetics analysis using maximum likelihood,
evolutionary distance, and maximum parsimony methods. Mol Biol Evol
2011, 28:2731-2739.

Ariey F, Fandeur T, Durand R, Randrianarivelojosia M, Jambou R, Legrand E,
Ekala MT, Bouchier C, Cojean S, Duchemin JB, Robert V, Le Bras J,
Mercereau-Puijalon O: Invasion of Africa by a single pfcrt allele of south
east Asian type. Malar J 2006, 5:34.

Tsumori Y, Ndounga M, Sunahara T, Hayashida N, Inoue M, Nakazawa S,
Casimiro P, Isozumi R, Uemura H, Tanabe K, Kaneko O, Culleton R:
Plasmodium falciparum: differential selection of drug resistance alleles in
contiguous urban and peri-urban areas of Brazzaville, republic of Congo.
PLoS One 2011, 6:223430.

Nilles EJ, Arguin PM: Imported malaria: an update. Am J Emerg Med 2012,
30:972-980.

Lengeler C: Insecticide-treated bed nets and curtains for preventing
malaria. Cochrane Database Syst Rev 2004, 2:CD000363.

Lamar JE: Navy medical department pocket guide to malaria prevention and
control, Technical manual NEHC-TM PM 6250.1. Norfolk, VA: Navy
Environmental Health Center; 2000.

Brisson M, Brisson P: Compliance with antimalaria chemoprophylaxis in a
combat zone. Am J Trop Med Hyg 2012, 86:587-590.

Lederman ER, Sutanto |, Wibudi A, Ratulangie L, Rudiansyah I, Fatmi A,
Kurniawan L, Nelwan RH, Maguire JD: Imported malaria in Jakarta,
Indonesia: passive surveillance of returned travellers and military
members postdeployment. J Travel Med 2006, 13:153-160.

Ajili F, Battikh R, Laabidi J, Abid R, Bousetta N, Jemli B, Ben abdelhafidh N,
Bassem L, Gargouri S, Othmani S: Malaria in Tunisian military personnel
after returning from external operation. Malar Res Treat 2013,
2013:359192.


http://www.who.int/malaria/world_malaria_report_2011/en
http://www.theglobalfund.org/en/mediacenter/newsreleases/2013-06-28_Ten_Countries_Rally_to_Eliminate_Malaria_in_Central_America_and_the_Caribbean/
http://www.theglobalfund.org/en/mediacenter/newsreleases/2013-06-28_Ten_Countries_Rally_to_Eliminate_Malaria_in_Central_America_and_the_Caribbean/
http://www.theglobalfund.org/en/mediacenter/newsreleases/2013-06-28_Ten_Countries_Rally_to_Eliminate_Malaria_in_Central_America_and_the_Caribbean/
http://www.rbm.who.int/gmap/3-3.html
http://www.un.org/en/peacekeeping/operations/current.shtml
http://www.un.org/en/peacekeeping/operations/current.shtml
http://new.paho.org/hq/index.php?option=com_content&view=article&id=2459&Itemid=2000&lang=en
http://new.paho.org/hq/index.php?option=com_content&view=article&id=2459&Itemid=2000&lang=en
http://epidemiologia.mspas.gob.gt/vigepi/2010/MEMORIA%20REPUBLICA%20DE%20GUATEMALA%202010.pdf
http://epidemiologia.mspas.gob.gt/vigepi/2010/MEMORIA%20REPUBLICA%20DE%20GUATEMALA%202010.pdf
http://epidemiologia.mspas.gob.gt/vigepi/2010/MEMORIA%20REPUBLICA%20DE%20GUATEMALA%202010.pdf
http://www.who.int/malaria/publications/atoz/9789241547925/en/index.html

Juliao et al. Malaria Journal 2013, 12:344
http://www.malariajournal.com/content/12/1/344

26.  Samudio F, Santamaria AM, Obaldia N 3rd, Pascale JM, Bayard V, Calzada JE:
Prevalence of plasmodium falciparum mutations associated with
antimalarial drug resistance during an epidemic in Kuna Yala, Panama,
central America. Am J Trop Med Hyg 2005, 73:839-841.

27. Jovel IT, Mejia RE, Banegas E, Piedade R, Alger J, Fontecha G, Ferreira PE,
Veiga MI, Enamorado |G, Bjorkman A, Ursing J: Drug resistance associated
genetic polymorphisms in Plasmodium falciparum and Plasmodium vivax
collected in Honduras, central America. Malar J 2011, 10:376.

28. Warren M, Collins WE, Richardson BB, Skinner JC: Morphologic variants of
Anopheles albimanus and susceptibility to Plasmodium vivax and
P. falciparum. Am J Trop Med Hyg 1977, 26:607-611.

29. Baton LA, Ranford-Cartwright LC: Ookinete destruction within the
mosquito midgut lumen explains Anopheles albimanus refractoriness to
Plasmodium falciparum (3D7A) oocyst infection. Int J Parasitol 2012,
42:249-258.

30. Tatem AJ, Smith DL: International population movements and regional
Plasmodium falciparum malaria elimination strategies. Proc Natl Acad Sci
US A 2010, 107:12222-12227.

31. Wootton JC, Feng X, Ferdig MT, Cooper RA, Mu J, Baruch DI, Magill AJ, Su
XZ: Genetic diversity and chloroquine selective sweeps in Plasmodium
falciparum. Nature 2002, 418:320-323.

32. Martens P, Hall L: Malaria on the move: human population movement
and malaria transmission. Emerg Infect Dis 2000, 6:103-109.

doi:10.1186/1475-2875-12-344

Cite this article as: Juliao et al.: Importation of chloroquine-resistant
Plasmodium falciparum by Guatemalan peacekeepers returning from
the Democratic Republic of the Congo. Malaria Journal 2013 12:344.

Page 7 of 7

Submit your next manuscript to BioMed Central
and take full advantage of:

¢ Convenient online submission

¢ Thorough peer review

* No space constraints or color figure charges

¢ Immediate publication on acceptance

¢ Inclusion in PubMed, CAS, Scopus and Google Scholar

* Research which is freely available for redistribution

Submit your manuscript at ( -
www.biomedcentral.com/submit BiolVed Central




	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Study population
	Case definition
	Case identification
	Laboratory testing
	Human subjects

	Results
	Discussion
	Competing interests
	Authors’ contributions
	Disclaimer
	Author details
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


