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In Response: The letter by Rebelo et al. (1) that ques-
tions our previously described noninvasive malaria diag-
nostics (2,3) misinterprets both articles. The main objec-
tion comes to our alleged call for “large-scale studies in 
humans”; no such statement appeared in our 2014 article 
(2), and in the 2015 article (3), we clearly stated that large-
scale studies will be considered after the optimization of a 
new prototype and improving its sensitivity. The authors’ 
final questioning of our eligibility for resources is a nonsci-
entific opinion.

Concerning the quality of the standard clinical diagno-
sis, both thin blood film analysis and rapid diagnostic test 
results were obtained in a certified US clinical laboratory 
and returned consistent data. The lack of re-evaluation of 
the patient and the diagnostic timing are indeed limitations 
but were caused by the clinical restrictions. Our goal in the 
2015 article (3) was to demonstrate the first noninvasive 
diagnosis of malaria in a human, which was achieved. The 
additional parameters discussed in the letter were not the 

subject of this study. Their letter further misinterprets our 
2014 study, stating that parasitemia was virtual in that ar-
ticle; in fact, we studied actual infections among mice (2).

The criticism of Rebelo et al. might have been fueled 
by their own limited detection of hemozoin with flow cy-
tometry and microscopy (4), in which they used parasite 
cultures and an unspecified number of malaria patients. 
That the methods they used might not have performed well 
does not mean that the novel technology we described, 
based upon a different mechanism, would have the same 
limitations in detecting hemozoin.

In conclusion, we agree with the need for optimization 
of the technology and additional testing. We are currently 
developing and testing our technology in a malaria-endem-
ic country. Nevertheless, the letter by Rebelo et al. does not 
alter the fact that our novel noninvasive malaria diagnostic 
technology worked in a human.
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To the Editor: French Guiana, an overseas territory 
of France and part of the European Union, is located on the 
northeast coast of South America (Figure). During 2008– 
2014, the number of malaria cases reported in French 
Guiana drastically decreased (1). The littoral area (≈30 
km–wide Atlantic Ocean coastal band between the cities 
of Awala-Yalimapo and Ouanary) and the lower part of the 
Maroni River bordering Suriname (between the cities of 
Maripasoula and Saint-Laurent du Maroni) are considered 
malaria free, but this status may not reflect malaria trans-
mission in the inland rainforest (2–4). Since 2008, French 
Armed Forces have been involved in military operations to 
control and reduce illegal gold mining activities in forested 
areas. Soldiers and military policemen usually spend 1–3 
weeks in illegal gold mining sites in remote rainforest areas 
before returning to the littoral area or to bases on rivers 
bordering Suriname and Brazil. Despite malaria prevention 
strategies (5), these deployments have resulted in several 
outbreaks and increased malaria incidence among French 
forces (6). Most malaria episodes occurred during or just 
after deployments, so presumed locations of exposure can 
be easily identified.

Information about malaria cases was collected during 
2008–2014 by the French Armed Forces’ epidemiologic sur-
veillance system by using a mandatory, specific form that 
captured putative place of malaria exposure and biologic 
data for case-patients (6). Geographic coordinates of pre-
sumed places of contamination were uploaded into a geo-
graphic information system (ArcGIS; http://www.esri.com/
software/arcgis/) to produce a malaria distribution map.

During 2008–2014, a total of 1,070 malaria cases 
were reported to the French Armed Forces’ epidemiolog-
ic surveillance system. Plasmodium vivax accounted for 
78.8% (843/1,070), P. falciparum for 18.0% (193/1,070), 
and mixed infection (P. vivax and P. falciparum) for 3.2% 
(34/1,070). Places where malaria exposure occurred were 
identified for 742 cases of single malaria (586 P. vivax and 
156 P. falciparum) infections (Figure). Cases occurring 
along the Maroni and Oyapock Rivers delimiting the fron-
tiers with Suriname and Brazil, respectively, accounted for 
25.3% (188/742). The other cases (74.7%, 554/742) were 
associated with exposures during military operations in il-
legal gold mining sites.

Entomologic investigations were conducted in 2 ma-
laria epidemic locations where French forces were de-
ployed: Eau-Claire and Dagobert. Collected Anopheles 

spp. mosquito specimens were identified by using mor-
phologic keys specific to the Guyana Shield, a geomorpho-
logic formation underlying French Guiana and other areas 
(7). Nonidentifiable Anopheles mosquito specimens were 
further identified molecularly (8). PCR products from the 
internal transcribed spacer 2 gene were sequenced, and 
Anopheles species were identified by comparing sequences 
to those in GenBank (http://www.ncbi.nlm.nih.gov/gen-
bank/) by searching with BLAST (http://blast.ncbi.nlm.
nih.gov/Blast.cgi). Testing for P. falciparum and P. vivax 
infections was conducted for all Anopheles spp. specimens 
by using nested PCR, as described (9). 

In May 2013, a malaria outbreak occurred 1 month 
after military deployment of 100 soldiers at Eau Claire 
(3.56075°N, –53.21268°E; Figure), where 1 Mosquito Mag-
net trap (Woodstream Corporation, Lititz, PA, USA) baited 
with octenol was used to sample Anopheles mosquitoes 
during April 22–May 12, 2013 (10). The attack rate among 
the soldiers was 5.0% (5/100): 4 P. vivax and 1 P. falci-
parum malaria cases. Fifty-three Anopheles mosquito spec-
imens were caught during the 20 days before the outbreak  
and identified as comprising 4 species (online Technical  
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Figure. Geographic distribution of presumed places of exposure 
for 742 single-infection Plasmodium vivax (586) and P. falciparum 
(156) malaria cases reported among French Armed Forces in 
French Guiana, 2008–2014. Numbers on map show illegal gold 
mining sites where entomologic investigations were conducted; 1 
indicates Eau Claire; 2 indicates Dagobert.



Appendix Table, http://wwwnc.cdc.gov/EID/article/22/2/ 
15-1292-Techapp1.pdf).). P. falciparum infection was de-
tected in 2 Anopheles species: 1 (12.5%) of 8 An. ininii and 
1 (5.0%) of 19 An. nuneztovari s.l. mosquitoes collected;  
P. vivax infection was found in 1 (5.5%) of 19 An. nunezt-
ovari s.l. mosquitoes.

In September 2013, another malaria outbreak occurred 
3 weeks after the deployment of 15 soldiers in Dagobert 
(4.06028°N, -53.70667°E; Figure). The attack rate among 
these soldiers was 53.3% (8/15): 7 P. vivax infections and 
1 co-infection with P. vivax and P. falciparum. Mosqui-
toes were collected 3 months later by using human landing 
catches during 5 consecutive days. The area had been free 
of illegal gold mining activities since the 15 soldiers were 
deployed. A total of 321 Anopheles mosquitoes were col-
lected in this location; 95.6% were identified as the same 
4 species as in the Eau Claire mosquito collection (on-
line Technical Appendix Table). Only 1 specimen (0.4%, 
1/282), An. darlingi mosquito, was infected with P. vivax.

These results suggest a high level of malaria transmis-
sion involving An. darlingi and other Anopheles species as 
primary vectors of malaria in the rainforest. The findings 
probably highlight malaria hyperendemicity in communi-
ties of undocumented gold miners, who are often mobile 
and pose a challenge for controlling malaria and other in-
fectious diseases in the region. Indeed, these gold miners 
could reintroduce malaria in areas where competent vectors 
exist in the coastal part of French Guiana and in Surinam 
and Brazil, which border French Guiana. This potential for 
transmission could seriously threaten the success of ma-
laria elimination programs in the Guiana Shield. Further 
studies are needed to better evaluate malaria epidemiology 
in these undocumented populations to determine how best 
to adapt strategies to control malaria transmission in this 
subregion of South America.
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To the Editor: The wide spread of Enterobacteriaceae  
resistant to last-resource therapeutic options, including 
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Technical Appendix Table. Distribution of mosquitoes sampled by sampling sites and Plasmodium infection rates of the 374 
Anopheles mosquitoes caught in the French Guiana forest, 2013 

Anopheles species 

Dagobert* Eau Claire† 

Collected 
mosquitoes, 

no. (%) 

Plasmodium species, no. 
infected (infection rate, %) 

Collected 
mosquitoes, 

no. (%) 

Plasmodium species, no. 
infected (infection rate, %) 

P. vivax P. falciparum P. vivax P. falciparum 

An. darlingi 282 (87.8) 1 (0.4) – 2 (4.0) 0 0 

An. nuneztovari s.l. 17 (5.3) 0 – 19 (36.0) 1 (5.0%) 1 (5.0) 

An. triannulatus s.l. 7 (2.2) 0 – 24 (45.0) 0 0 

A. ininii 1 (0.3) 0 – 8 (15.0) 0 1 (12.5) 

An. spp.‡ 14 (4.4) 0 – 0 0 0 

Total 321 (100.0) 1 (0.3) – 53 (100.0) 1 (2.0) 2 (4.0) 

*Human-baited landing 3 months after a malaria outbreak among French military personnel. 
†Anopheles mosquitoes sampling 1 month before a malaria outbreak among French military personnel. 
‡Species unidentified by morphologic or molecular tests.  
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