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Historically, infectious diseases have caused more casualties than battle. The French military health service therefore developed a range of
research on vector-borne diseases such as malaria and arboviruses, antibiotic resistance, infectious agents that can be used as biological
weapons and vaccines. The main objective is to control naturally acquired or provoked infectious diseases and limit their impact on
armed forces as well as on civilian populations in France or abroad, particularly in Africa and anywhere French armies may be deployed.
The expertise of the military health service teams in manipulating agents requiring high level of biosafety precautions and in organizing
and providing medical care in unnatural conditions, including the battlefield, associated with complementarity staff experience (physicians,
biologists, epidemiologists, researchers, pharmacists, logisticians), has been used in the management of the Ebola outbreak in Guinea.
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significant logistics burden. In a recent multicentre prospective
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survey in military primary care units deployed abroad in
operation, infectious diseases represented 41% of all health
problems for which soldiers consulted general practitioners,
while combat-related injuries only represented 0.65% of them
[I]. In response to this threat, the French military health service
is developing a range of research. Their objective is to control
naturally acquired or provoked infectious diseases and limit
their impact on armed forces as well as on civilian populations
in France or abroad, particularly in Africa and anywhere French
armies may be deployed.

Infectious diseases historically cause more casualties than
fighting. As an example of the potential burden of infectious
diseases during military expeditions, in 1894—1895 in
Madagascar, about a third of |5 000 French soldiers died,
mainly of malaria, dysentery and typhoid fever; only 25 of them

died from enemy fire. The infectious threat still remains high, is
responsible for loss of duty days and deaths, may greatly affect
the military operational capacity and justifies medical measures

for prevention, diagnosis, treatment and evacuation that have a
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Vector-borne diseases constitute a major threat to the opera-
tional capacity of armed forces personnel operating outside or
stationed overseas. In past years, the military health service

participated in monitoring the entomologic status of French
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military bases in sub-Saharan Africa (Gabon, Ivory Coast, Re-
public of Central Africa, Senegal, Djibouti) and focused on
French Guiana [2—-8]. This surveillance included the identifica-
tion of vectors, the study of behaviour and the evaluation of
insecticide resistance and enabled the development or
improvement of new tools for vector trapping [9,10], vector
identification such as molecular and proteomic methods
[I'1,12], pathogen identification in vectors [|3,14] or identifi-
cation of markers of resistance to insecticides [2,3]. New tools
to map vector distribution by using remote sensing or mete-
orologic data have also been developed [I5,16].

Among infectious diseases, malaria remains the first cause of
aeromedical evacuation of French soldiers and the first cause of
death by infection. The parasitology unit of the military health
service, involved also as laboratories associated with the French
reference centre for malaria, conducts epidemiologic, biological
and clinical studies on imported malaria cases and in malaria-
endemic areas where French soldiers are staying or may stay
in future, particularly in Africa and French Guiana. Its research on
the in vitro susceptibility of Plasmodium falciparum (ex vivo and
molecular markers) and on clinical efficacy in patients have led to
the adaptation of chemoprophylaxis and malaria treatment for
the French armed forces and civilian travelers [I7-21]. Addi-
tionally, a traveler database can be used as a surveillance system
to assess and monitor the emergence of drug resistance in
endemic African areas where information is limited [22]. The
resistance of malaria to most antimalarial drugs has developed in
Southeast Asia and has spread to Africa. The parasitology unit has
identified new molecular markers of resistance to doxycycline
(pfmdt and pftetQ) [23] and participates in identification, devel-
opment and/or validation of resistance markers to quinine,
quinolones and artemisinin [24—-27]. It also participates in the
identification of new antimalarial drugs by in vitro screening in
collaboration with several international departments of medical
chemistry and international pharmaceutical laboratories. The
development of these antimalarial drugs is based on evaluation of
in vitro activity against P. falciparum clones, evaluation of ex vivo
activity against field isolates from several areas, evaluation of
in vivo activity in experimental models and identification of the
mode of action and potential resistance mechanisms [28—30].

Arboviroses are other major threats for soldiers. A team of
the military health service coordinates the French reference
centre for arboviruses. It conducts a large number of studies in
collaboration with clinicians, entomologists and epidemiologists
[31-35]. For example, it detected for the first time the
emergence of chikungunya in the Americas at the end of 2013
with the Asian lineage, enabling public health authorities at the
international level to be alerted [36]. As early as 2013, with the
emergence of Zika virus in French Polynesia, it was also

involved in the development of fundamental data for public

health on genomic, clinical and transmission aspects of Zika
virus infection [37—41]. French military physicians have also
conducted retrospective and prospective studies on continuous
rheumatic or musculoskeletal pains that persist after chi-
kungunya infection. They allowed a better understanding of
their clinical evolution, their prognostic factors and their
pathophysiologic basis. Their results enabled the design of a
diagnostic and therapeutic algorithm to help physicians deal
with chronically infected patients and to limit both functional
and economic impacts, which is useful both for militaries and
civilians [42].

In order to better characterize the risk of naturally acquired
infections, epidemiologic studies are conducted in French
armies and their neighbourhood. For example, investigations
have been conducted after the occurrence of malaria outbreaks
among French forces involved in missions to control illegal gold
mining in French Guiana [7]. The epidemiologic and entomo-
logic studies conducted in these remote and dangerous areas
have demonstrated that illegal gold mining sites must be
considered to be high-level malaria transmission areas. This
challenges the present organization and the effectiveness of the
malaria control programme in French Guiana and in neigh-
bouring countries because of the huge mobility of the gold
miners [43,44].

With more than 500 000 injections per year, armies are the
main vaccination operator in France. Their health service is
conducting numerous studies as well as extensive research and
development in order to improve the immune protection of
soldiers and the quality of the vaccination process. Because data
arising from the surveillance of pertussis in the French armed
forces had shown a shift of pertussis to young adults, and
because military personnel are highly exposed because of their
collective lifestyle, the military vaccination schedule has been
adapted to more appropriately prevent this infectious disease.
A subsequent study has demonstrated the effectiveness of the
new vaccination practice [45]. New electronic communication
technologies have a disruptive potential in public health,
including against infectious diseases and in the vaccination
process. With the help of collaborators, a military medical
doctor has developed MesVaccins.net, a new immunization in-
formation system approved by the World Health Organization
[46]. It will be part of the information system of the French
military health service. It aims at creating an immunization
registry, at collecting factual data in real time, at aiding decisions
of health professionals, at focusing on the patient’s active role
and responsibility and at fighting vaccine hesitancy through a
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holistic approach to personalizing and synchronizing health
information.

In the face of rising antibiotic resistance, a team of the French
military health service coordinates a multicentre European
phase 1/2 clinical trial known as PhagoBurn, which is the first
large-scale test of phages under modern regulatory standards
[47]. Phages are bacteria-killing viruses discovered a century
ago which are possible alternatives to conventional antibiotic
treatments for drug-resistant bacterial infections. This project,
funded by the European Commission under the 7th Framework
Program for Research and Development, aims at evaluating
phage therapy for the treatment of burn wounds that are
infected with bacteria. Despite many obstacles, the study has
attempted to demonstrate the safety and efficacy of phages and
to provide a basis for the optimization of current regulatory

guidelines in phage therapy.

Biological toxins or infectious agents such as bacteria, viruses
and fungi can be used with the intent to kill or incapacitate
humans as an act of war. The military health service is con-
ducting research aimed at preventing or controlling diseases
that could be provoked by such weapons. For example, it has
developed monoclonal antibodies against some toxins and has
conducted research on some bacteria, like Burkholderia pseu-
domallei and Bacillus anthracis, which cause melioidosis [48] and
anthrax, respectively. Some of this research work explores the
pathophysiology of the disease [49—51] and the potential ways
for improving its prevention or treatment [52,53]. Research is
also being conducted on poxvirus for improving or developing
new vaccines against smallpox [54—-56] and on viruses that
cause haemorrhagic fever, particularly for the development of
treatments [57].

The expertise of military health service teams in manipulating
agents requiring high levels of biosafety precautions and in
organizing and providing medical cares in constrained conditions,
including the battlefield, associated with complementarity
experience of staff (physicians, biologists, epidemiologists,

© 2018 Published by Elsevier Ltd, NMNI, 26, S78-582

researchers, pharmacists, logisticians), has been used for the
deployment in Guinea of a new type of hospital for treating
caregivers infected by Ebola virus, a caregiver treatment centre.
Within a few weeks, the structure, organization, training and
several technical innovations were developed by the military
team and made possible the provision of intensive medical care
to highly contagious patients in single-patient rooms despite the
context of an epidemic in a low-income country. All patients
were monitored by continuous video surveillance and through
the use of radios. A specific protocol was developed to stan-
dardize Ebola virus disease therapy, with particular emphasis on
rehydration, including by central venous catheter. Supportive
critical care interventions were delivered according to the
medical team’s collective clinical judgement, available resources
and workload. The objective was to maximize the utility of the
interventions while not putting the healthcare workers at
increased risk. Laboratory facilities enabled the diagnosis of Ebola
virus infection and the measurement of a panel of biological and
biochemical parameters [58]. The caregiver treatment centre
offered conditions for the care and study of Ebola virus—infected
patients never previously available in developing countries or in
an epidemic context. That has allowed a number of clinical,
pathophysiologic, therapeutic, diagnostic and epidemiologic
studies to provide original and valuable results [59—-62].

This experience of the French military health service in
building from nothing the capacity of diagnosing, isolating and
treating patients with highly contagious diseases in conditions
preserving the security of the caregivers and allowing a high
quality of care may also be valuable in developed countries. For
example, under the exceptional conditions of an epidemic of a
severe, highly contagious airborne infectious disease, specially
equipped transportable structures might be useful for perma-
nent hospitals that are overwhelmed or that appear to be
inappropriate for the management of such patients.
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[11 Aoun O, Roqueplo C, Rapp C. Spectrum and impact of health prob-
lems during deployment: a prospective, multicenter study of French
soldiers operating in Afghanistan, Lebanon and Coéte d’lvoire. Travel
Med Infect Dis 2014;12:378-84.

Girod R, Orlandi-Pradines E, Rogier C, Pagés F. Malaria transmission
and insecticide resistance of Anopheles gambiae (Diptera: Culicidae) in

[2

—

the French military camp of Port-Bouét, Abidjan (Céte d’lvoire): im-
plications for vector control. | Med Entomol 2006;43:1082-7.

This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).


http://refhub.elsevier.com/S2052-2975(18)30043-X/sref1
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref1
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref1
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref1
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref2
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref2
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref2
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref2
http://creativecommons.org/licenses/by-nc-nd/4.0/

NMNI

Pradines and Rogier French army health service in Africa

S8l

31

[4

=

[5

—

6

—

71

[8

—

[9

—

[1a]

[

[12]

[13]

[14]

[15]

[1e]

7]

[18]

[19]

[20]

Mourou JR, Coffinet T, Jarjaval F, Pradines B, Amalvict R, Rogier C,
et al. Malaria transmission and insecticide resistance of Anopheles
gambiae in Libreville and Port-Gentil, Gabon. Malar | 2010;9:321.
Mourou R, Coffinet T, Jarjaval F, Cotteaux C, Pradines E, Godefroy L,
et al. Malaria transmission in Libreville: results of a one year survey.
Malar ] 2012;11:40.

Pagés F, Peyrefitte CN, Mve MT, Jarjaval F, Brisse S, Iteman |, et al.
Aedes albopictus mosquito: the main vector of the 2007 chikungunya
outbreak in Gabon. PLoS One 2009;4:e4691.

Gadiaga L, Machault V, Pagés F, Gaye A, Jarjaval F, Godefroy L, et al.
Conditions of malaria transmission in Dakar from 2007 to 2010. Malar
J2011;10:312.

Pommier de Santi V, Girod R, Mura M, Dia A, Briolant S, Djossou F,
et al. Epidemiological and entomological studies of a malaria outbreak
among French armed forces deployed at illegal gold mining sites reveal
new aspects of the disease’s transmission in French Guiana. Malar |
2016;15:35.

Vezenegho SB, Adde A, Pommier de Santi V, Issaly ], Carinci R, Gaborit P,
et al. High malaria transmission in a forested malaria focus in French
Guiana: how can exophagic Anopheles darlingi thwart vector control and
prevention measures! Mem Inst Oswaldo Cruz 2016;111:561-9.
Vezenegho SB, Adde A, Gaborit P, Carinci R, Issaly J, Pommier de
Santi V, et al. Mosquito Magnet® liberty plus trap baited with octenol
confirmed best candidate for Anopheles surveillance and proved
promising in predicting risk of malaria transmission in French Guiana.
Malar | 2014;13:384.

Girod R, Guidez A, Carinci R, Issaly ], Gaborit P, Ferrero E, et al.
Detection of chikungunya virus circulation using sugar-baited traps
during a major outbreak in French Guiana. PLoS Negl Trop Dis
2016;10:€0004876.

Lafri I, Almeras L, Bitam |, Caputo A, Yssouf A, Forestier CL, et al.
Identification of Algerian field-caught phlebotomine sand fly vectors by
MALDI-TOF MS. PLoS Negl Trop Dis 2016;10:e¢0004351.

Nebbak A, Koumare S, Willcox AC, Beranger JM, Raoult D, Almeras L,
et al. Field application of MALDI-TOF MS on mosquito larvae identi-
fication. Parasitol 2017;3:1-11.

Diarra AZ, Almeras L, Laroche M, Berenger JM, Koné AK, Bocoum Z,
et al. Molecular and MALDI-TOF identification of ticks and tick-
associated bacteria in Mali. PLoS Negl Trop Dis 2017;11, e0005762.
Laroche M, Almeras L, Pecchi E, Bechah Y, Raoult D, Viola A, et al.
MALDI-TOF MS as an innovative tool for detection of Plasmodium
parasites in Anopheles mosquitoes. Malar ] 2017;16:5.

Machault V, Vignolles C, Pages F, Gadiaga L, Tourre YM, Gaye A, et al.
Risk mapping of Anopheles gambiae S| densities using remotely-sensed
environmental and meteorological data in a urban area: Dakar, Senegal.
PLoS One 2012;7:50674.

Adde A, Roux E, Mangeas M, Dessay N, Nacher M, Dusfour |, et al.
Dynamical mapping of Anopheles darlingi densities in a residual malaria
transmission area of French Guiana by using remote sensing and
meteorological data. PLoS One 2016;11:e0164685.

Madamet M, Gaillard T, Velut G, Ficko C, Houze P, Bylicki C, et al.
Malaria prophylaxis failure with doxycycline, Central African Republic,
2014. Emerg Infect Dis 2015;21:1485-6.

De Laval F, Simon F, Bogreau H, Rapp C, Wurtz N, Oliver M, et al.
Emergence of Plasmodium ovale malaria among the French armed
forces in the Republic of Ivory Coast: 20 years of clinical and biological
experiences. Clin Infect Dis 2014;58:122-8.

Javelle E, Madamet M, Gaillard T, Velut G, Surcouf C, Michel R, et al.
Delayed P. falciparum malaria after doxycycline prophylaxis, Central
African Republic. Antimicrob Agents Chemother 2016;60:2592-3.
Fall B, Madamet M, Camara C, Amalvict R, Fall M, Nakoulima A, et al.
Emergence of Plasmodium  falciparum: resistance to mono-
desethylamodiaquine in Dakar, Senegal in 2014. Emerg Infect Dis 2016;22:
84| -5.

21

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

B1

[32]

[33]

[34]

[35]

[36]

[37]

[38]

Malvy D, Torrentino-Madamet M, L'Ollivier C, Receveur MC, Jeddi F,
Delhaes L, et al. Plasmodium falciparum recrudescence two years after
a first treated uncomplicated infection without return in a malaria
endemic area. Antimicrob Agents Chemother 2018;62. e01892—17.
Gharbi M, Flegg JA, Pradines B, Berenger A, Ndiaye M, Djimde AA,
et al. Surveillance of travellers: an additional tool for tracking antima-
larial drug resistance in endemic countries. PLoS One 2013;8:77775.
Gaillard T, Briolant S, Houze S, Baragatti M, Wurtz N, Hubert V, et al.
PftetQ and pfmdt copy numbers as predictive molecular markers of
decreased ex vivo doxycycline susceptibility in imported Plasmodium
falciparum malaria. Malar ] 2013;12:414.

Pascual A, Fall B, Wurtz N, Fall M, Camara A, Baret E, et al. Suscep-
tibility to quinine and microsatellite variations of the Plasmodium fal-
ciparum Na*/H" exchanger transporter (Pfnhe-1) gene in 393 isolates
from Dakar, Senegal. Malar ] 2013;12:189.

Gendrot M, Diawara S, Madamet M, Kounta MB, Briolant S, Wade KA,
et al. Association between polymorphisms in the pfmdré gene and
ex vivo susceptibility to quinine in Plasmodium falciparum parasites from
Dakar, Senegal. Antimicrob Agents Chemother 2017;(3):61.

Menard D, Khim N, Beghain J, Adegnika AA, Alam MS, Amodu O, et al.
A worldwide map of Plasmodium falciparum artemisinin resistance.
N Engl ] Med 2016;374:2453—64.

Madamet M, Kouta MB, Wade KA, Lo G, Diawara S, Fall M, et al.
Absence of association between polymorphisms in the KI3 gene and
the presence of Plasmodium falciparum parasites at day 3 after the
treatment with artemisinin derivatives in Senegal. Int ] Antimicrob
Agents 2017;49:754—6.

Fall B, Madamet M, Diawara S, Briolant S, Wade KA, Lo G, et al.
Ex vivo activity of Proveblue, a methylene blue, against field isolates of
Plasmodium falciparum in Dakar, Senegal from 2013-2015. Int ] Anti-
microb Agents 2017;50:155-8.

Dormoi J, Pascual A, Briolant S, Amalvict R, Charras S, Baret E, et al.
Proveblue (methylene blue): synergy in combinational therapy with
dihydroartemisinin. Antimicrob Agents Chemother 2012;56:3467-9.
Dormoi J, Briolant S, Desgrouas C, Pradines B. Efficacy of Proveblue®,
methylene blue, in an experimental cerebral malaria murine model.
Antimicrob Agents Chemother 2013;57:3412—-4.

Succo T, Leparc-Goffart |, Ferré |B, Roiz D, Broche B, Maquart M,
et al. Autochtonous dengue outbreak in Nimes, South of France, July
to September 2015. Euro Surveill 2016;21(21).

Baklouti A, Leparc-Goffart |, Piorkowski G, Coutard B,
Papageorgiou N, De Lamballerie X, et al. Complete coding sequences
of six Toscana virus strains isolated from human patients in France.
Genome Annouc 2016;4. €00454-16.

Davoust B, Maquart M, Roqueplo C, Gravier P, Sambou M,
Mediannikov O, et al. Serological survey of West Nile virus in domestic
animals from Northwest Senegal. Vector Borne Zoonotic Dis 2016;16:
359-61.

Llagonne-Barets M, Icard V, Leparc-Goffart |, Prat C, Perpoint T,
André P, et al. A case of Mayaro virus infection imported from French
Guiana. ] Clin Virol 2016;77:66—8.

Andayi F, Charrel RN, Kieffer A, Richet H, Pastorino B, Leparc-
Goffart |, et al. A sero-epidemiological study of arboviral fevers in
Djibouti, Horn of Africa. PLoS Negl Trop Dis 2014;8:3299.
Leparc-Goffart |, Nougairede A, Cassadou S, Prat C, de Lamballerie X.
Chikungunya in the Americas. Lancet 2014;383:514.

D’Ortenzio E, Matheron S, Yazdanpanah Y, de Lamballerie X,
Hubert B, Piorkowski G, et al. Evidence of sexual transmission of Zika
virus. N Engl | Med 2016;374:2195-8.

Daudens-Vaysse E, Ledrans M, Gay N, Ardillon V, Cassadou S,
Najioullah F, et al. Zika emergence in the French territories of America
and description of first confirmed cases of Zika virus infection on
Martinique, November 2015 to February 2016. Euro Surveill
2016;21(28).

© 2018 Published by Elsevier Ltd, NMNI, 26, S78—-582

This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).


http://refhub.elsevier.com/S2052-2975(18)30043-X/sref3
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref3
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref3
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref4
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref4
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref4
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref5
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref5
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref5
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref6
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref6
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref6
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref7
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref7
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref7
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref7
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref7
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref8
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref8
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref8
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref8
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref9
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref9
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref9
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref9
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref9
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref10
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref10
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref10
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref10
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref11
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref11
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref11
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref12
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref12
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref12
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref13
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref13
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref13
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref14
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref14
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref14
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref15
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref15
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref15
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref15
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref16
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref16
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref16
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref16
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref17
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref17
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref17
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref18
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref18
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref18
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref18
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref19
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref19
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref19
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref20
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref20
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref20
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref20
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref21
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref21
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref21
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref21
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref22
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref22
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref22
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref23
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref23
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref23
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref23
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref24
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref24
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref24
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref24
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref24
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref24
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref25
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref25
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref25
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref25
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref26
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref26
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref26
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref27
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref27
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref27
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref27
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref27
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref28
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref28
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref28
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref28
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref29
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref29
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref29
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref30
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref30
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref30
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref31
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref31
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref31
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref32
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref32
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref32
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref32
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref33
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref33
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref33
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref33
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref34
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref34
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref34
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref35
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref35
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref35
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref36
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref36
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref37
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref37
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref37
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref38
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref38
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref38
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref38
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref38
http://creativecommons.org/licenses/by-nc-nd/4.0/

S82

New Microbes and New Infections, Volume 26 Number S|, November 2018

NMNI

[39]

[40]

[41]

Turmel M, Abgueguen P, Hubert B, Vandamme YM, Maquart M,
Le Guillou-Guillemette H, et al. Late sexual transmission of Zika virus
related to persistence in the semen. Lancet 2016;387:2501.

De Laval F, Matheus S, Maquart M, Yvrard E, Barthes N, Combec C,
et al. Prospective Zika virus disease cohort: systematic screening.
Lancet 2016;388:868.

De Laval F, Matheus S, Labrousse T, Enfissi A, Rousset D, Briolant S.
Kinetics of Zika viral load in semen. N Engl | Med 2017;377:697-9.

[42] Javelle E, Ribera A, Degasne |, Gaiizére BA, Marimoutou C, Simon F.

[43]

[44]

[45]

[46]

[47]

[48]

[49]

Specific management of post-chikungunya rheumatic disorders: a
retrospective study of 159 cases in Reunion Island from 2006—2012.
PLoS Negl Trop Dis 2015;9:e0003603.

Pommier de Santi V, Dia A, Adde A, Hyvert G, Galant |, Mazevet M,
et al. Malaria in French Guiana linked to illegal gold mining. Emerg
Infect Dis 2016;22:344-6.

Pommier de Santi V, Djoussou F, Barthes N, Bogreau H, Hyvert G,
Nguyen C, et al. Malaria hyperendemicity and risk for artemisinin
resistance among illegal gold miners, French Guiana. Emerg Infect Dis
2016;22:903-6.

Sicard S, Berger F, Migliani R, Deparis X, Michel R, Mayet A. An
approach for assessing effectiveness of a vaccination campaign against
pertussis among young adults: the example of the French armed forces
(2007-2012). J Infect 2014;68:395-7.

World Health Organization. Vaccine safety net. Global vaccine safety.
Available at: http://www.who.int/vaccine_safety/en/.

Servick K. Drug development. Beleaguered phage therapy trial presses
on. Science 2016;352:1506.

Gauthier ], Gerome P, Defez M, Neulat-Ripoll F, Foucher B, Vitry T,
et al. Melioidosis in travelers returning from Vietnam to France. Emerg
Infect Dis 2016;22:1671-3.

Rougeaux C, Becher F, Ezan E, Tournier JN, Goossens PL. In vivo
dynamics of active edema and lethal factors during anthrax. Sci Rep
2016;6:23346.

[50] Jouvion G, Corre JP, Khun H, Moya-Nilges M, Roux P, Latroche C,

[>1]

et al. Physical sequestration of Bacillus anthracis in the pulmonary
capillaries in terminal infection. ] Infect Dis 2016;214:281-7.

Trescos Y, Tessier E, Rougeaux C, Goossens PL, Tournier JN.
Micropatterned macrophage analysis reveals global cytoskeleton con-
straints induced by Bacillus anthracis edema toxin. Infect Immun
2015;83:3114-25.

© 2018 Published by Elsevier Ltd, NMNI, 26, S78—-582
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

[>2]

[53]

[>4]

[53]

[>€]

571

Le Gars M, Haustant M, Klezovich-Bénard M, Paget C, Trottein F,
Goossens PL, et al. Mechanisms of invariant NKT cell activity in
restraining Bacillus anthracis systemic dissemination. | Immunol
2016;197:3225-32.

Le Gars M, Haustant M, Klezovich-Bénard M, Paget C, Trottein F,
Goossens PL, et al. iNKT cells: potential therapeutic targets to fight
anthrax. Med Sci 2017;33:488-90.

Burmeister WP, Tarbouriech N, Fender P, Contesto-Richefeu C,
Peyrefitte CN, Iseni F. Crystal structure of the Vaccinia virus
uracil-DNA glycosylate in complex with DNA. ] Biol Chem 2015;290:
17923-34.

Contesto-Richefeu C, Tarbouriech N, Brazzolotto X, Burmeister WP,
Peyrefitte CN, Iseni F. Structural analysis of point mutations at the
Vaccinia virus A20/D4 interface. Acta Crystallogr F Struct Biol Com-
mun 2016;72:687-91.

Tarbouriech N, Ducournau C, Hutin S, Mas PJ, Man P, Forest E, et al.
The Vaccinia virus DNA polymerase structure provides insights into the
mode of processivity factor binding. Nat Commun 2017;8:1455.
Ferraris O, Moroso M, Pernet O, Emonet S, Ferrier Rembert A,
Paranhos-Baccala G, et al. Evaluation of Crimean-Congo hemorrhagic
fever virus: inhibition by chloroquine and chlorpromazine, two FDA
approved molecules. Antiviral Res 2015;118:75-81.

[58] Janvier F, Foissaud V, Delaune D, Flusin O, Dubrous P, Mac Nab C,

et al. Deployment of the French military field laboratory dedicated to
Ebola virus infected patients in Guinea, January—July 2015. ] Infect Dis
2016;213:1208-9.

[59] Janvier F, Delaune D, Poyot T, Valade E, Mérens A, Rollin PE, et al.

[60]

[61]

[62]

Ebola virus RNA stability in human blood and urine in West Africa’s
environmental conditions. Emerg Infect Dis 2016;22:292—-4.

Savini H, Janvier F, Karkowski L, Billhot M, Aletti M, Bordes ], et al.
Occupational exposures to Ebola virus in Ebola treatment center,
Conakry, Guinea. Emerg Infect Dis 2017;23:1380-3.

Gaillard T, Delaune D, Flusin O, Paucod JC, Richard S, et al. Decon-
tamination of a field laboratory dedicated to Ebola virus—infected
patients. Am ] Infect Control 2016;44:1687—-8.

Manet G, Bédubourg G, Velut G, de Laval F, Mayet A, Dia A, et al.
Monitoring of returnees from Ebola-affected areas: lessons learned
based on the experience of French armed forces deployed in Guinea,
2015. ) Public Health 2017;31:1-7.


http://refhub.elsevier.com/S2052-2975(18)30043-X/sref39
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref39
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref39
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref40
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref40
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref40
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref41
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref41
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref42
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref42
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref42
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref42
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref43
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref43
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref43
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref44
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref44
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref44
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref44
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref45
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref45
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref45
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref45
http://www.who.int/vaccine_safety/en/
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref47
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref47
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref48
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref48
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref48
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref49
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref49
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref49
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref50
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref50
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref50
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref51
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref51
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref51
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref51
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref52
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref52
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref52
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref52
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref53
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref53
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref53
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref54
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref54
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref54
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref54
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref55
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref55
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref55
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref55
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref56
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref56
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref56
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref57
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref57
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref57
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref57
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref58
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref58
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref58
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref58
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref59
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref59
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref59
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref60
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref60
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref60
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref61
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref61
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref61
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref62
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref62
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref62
http://refhub.elsevier.com/S2052-2975(18)30043-X/sref62
http://creativecommons.org/licenses/by-nc-nd/4.0/

	Contribution of the French army health service in support of expertise and research in infectiology in Africa
	Introduction
	Recent achievements in vector-borne diseases
	Recent achievements in vaccinology
	Recent achievements in antibiotic resistance
	Recent achievements in infectious agents that can be used as weapons
	Conclusions
	Conflict of interest
	References


