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Abstract.  Military personnel deployed to the Amazon Basin are at high risk for cutaneous leishmaniasis (CL). We
responded to an outbreak among Peruvian Army personnel returning from short-term training in the Amazon,
conducting active case detection, lesion sample collection, and risk factor assessment. The attack rate was 25% (76/303);
the incubation period was 2-36 weeks (median = 8). Most cases had one lesion (66% ), primarily ulcerative (49%), and
in the legs (57%). Real-time polymerase chain reaction (PCR) identified Leishmania (Viannia) braziliensis (59/61 = 97%)
and L. (V.) guyanensis (2/61 = 3%). Being male (risk ratio [RR] = 4.01; P = 0.034), not wearing long-sleeve clothes
(RR = 1.71; P = 0.005), and sleeping in open rooms (RR = 1.80; P = 0.009) were associated with CL. Sodium
stibogluconate therapy had a 41% cure rate, less than previously reported in Peru (~70%; P < 0.001). After emphasizing
pre-deployment education and other basic prevention measures, trainees in the following year had lower incidence

(17278 = 0.4%; P < 0.001). Basic prevention can reduce CL risk in deployed militaries.

INTRODUCTION

Leishmaniasis is a group of diseases caused by protozoal
parasites of the genus Leishmania and transmitted by the bite
of the female sand fly.! Cutaneous leishmaniasis (CL) is the
most frequent type of leishmaniasis, affecting 0.6-1.2 million
persons each year around the globe. Its clinical features are
varied, ranging from a mild, self-healing, localized lesion to
severe, disseminated presentations.’ Despite continued control
efforts, the incidence of CL has increased in the last decade in
many regions of the world, including Latin America,*> where
one-third of all cases worldwide are concentrated.> Peru spe-
cifically is one of the 10 countries reporting 70-75% of the
cases worldwide.” CL is endemic in over 70% of the country’s
territory, primarily in the rainforest, and is most frequently
caused by Leishmania (Viannia) braziliensis, L. (V.) peruviana,
L. (V) guyanensis, and L. (V.) lainsoni.® In 2011, over 9,000
new cases were reported, representing an important increase
since 2008.”

The recent spread of leishmaniasis has been attributed to
human activities leading to the exposure of nonimmune
populations to infection, including travel and migration, civil
conflicts, and military operations.**®° The armed forces are
a particularly vulnerable population since they are an immu-
nologically naive group often deployed to highly endemic
areas for training or operational activities. Outbreaks of CL
have been previously described in military populations
deployed to endemic settings in Latin America, with attack
rates ranging from < 1% to 91%.'%"7

In the Andean and Amazonian regions of South America,
the scale-up of military activities to combat illicit drug traf-
ficking and terrorism in various endemic settings'® provides
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an avenue for the continued transmission of CL.'? In recent
years, outbreaks among military personnel have been reported
in Brazil,'*"7 Colombia,”® the British Guiana,?' and the
French Guiana.'®? In particular, about 40,000 cases of CL
were reported in Colombia between 2005 and 2009 in mili-
tary personnel deployed to the jungle to fight against drug
trafficking and guerrilla groups.”® Although no outbreaks
have been reported among military personnel deployed to
sylvatic areas in Peru, a retrospective study of 331 cases of
leishmaniasis among military personnel treated at a major
military hospital between 1997 and 2000 found that most of
the affected people had been serving duty in the Peruvian
Amazon Region, and had a soldier rank.”® These data sug-
gest that greater military presence in endemic areas may
result in a surge of CL transmission, and underscores the
importance of studying the transmission, diagnosis, and man-
agement of the disease.

In this report, we describe the response to an outbreak of
CL in military personnel deployed to the Peruvian rainforest
for short-term training. Active case detection, close follow-up
of the cohort, and a comprehensive questionnaire helped to
understand the epidemiology of CL in these settings and iden-
tify modifiable risk factors strongly associated with increased
risk. We then provided pre-deployment CL prevention educa-
tion regarding the risk factors identified to the next trainees
to be deployed and increased awareness among the chain of
command, observing substantially lower CL incidence. We
believe that this structured evaluation—action approach can
help to prevent CL outbreaks among military personnel
deployed to endemic areas.

MATERIALS AND METHODS

Training activity. On January 30, 2010, second-year military
personnel based in Lima, Peru were deployed to a 4-week sur-
vival training in the Alto Amazonas area, northwest Peruvian
Amazon Basin (Departments of San Martin and Loreto, near
the Huallaga River; Figure 1). This region is endemic for
leishmaniasis, malaria, and other infectious diseases.* During
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Ficure 1. Map of Alto Amazonas in the northern Peruvian
Amazon basin. Map shows the three sites (A, B, and C) where mili-
tary personnel undertook short-term survival training. Dark lines
show the border between the San Martin and Loreto departments
and blue lines show river beds. Global positioning system (GPS)
coordinates were intentionally removed for being considered sensi-
tive information.

the 4-week training, the temperature in the area varied from
19.9°C to 37.3°C and the total rainfall was 79.2 mm. After
completing this training activity, all personnel returned to
Lima without subsequent deployments to endemic areas.
Outbreak investigation and response. On May 5, 2010, the
Peruvian Army Health Command (COSALE, for its acronym
in Spanish) was notified cases of cutaneous lesions occurring
in personnel that completed the aforementioned training.
Physical examinations were scheduled at the Central Military
Hospital (HMC, for its acronym in Spanish) in Lima on
May 7 and a total of 52 potential cases were initially identi-
fied, suggesting the occurrence of an outbreak. COSALE then
organized the outbreak response in fulfillment of their public
health mandate within the Peruvian Army. COSALE requested
epidemiological and diagnostic support from the General Epi-
demiology Directorate (DGE, for its acronym in Spanish) of
the Peruvian Ministry of Health (MoH) and the U.S. Naval
Medical Research Unit No. 6 (NAMRU-6). Initial microscopy
testing was performed at HMC and the MoH Reference Lab-
oratory of the Health Directorate II, south Lima. Diagnostic
confirmation and identification of the infecting species was
performed at NAMRU-6. Culture and molecular assays con-
firmed 52 first cases of leishmaniasis, and active case detection
was initiated to identify potential additional cases, reaching
out to all personnel who attended the training course. Physical
examinations, collection of lesion tissue, and laboratory tests
were planned and conducted from May 7 to 21, and after that
ad hoc assessments were scheduled if military personnel
started to present lesions. CL cases were defined as military
service members deployed to the training area as part of the
aforementioned training having one or more cutaneous lesions
compatible with CL and with laboratory confirmation of the
Leishmania parasite. Confirmed cases received supervised
treatment and post-therapy follow-up by medical personnel

of COSALE in strict compliance with the guidelines of the
Peruvian MoH for first- and second-line therapy. In brief, intra-
venous sodium stibogluconate at 20 mg base Sb/kg/day for
20 days is one of the recommended first-line therapy for CL
in Peru. Patients with treatment failure undergo an additional
20-day treatment course with a pentavalent antimonial at the
standard dose. If cure is not achieved after the second course
with a first-line agent, treatment is continued with amphotericin
B at 0.5-1.0 mg/kg/day until remission or a cumulative dose of
1520g%

Data collection. In-depth interviews were conducted
among several of the first 52 cases and their training officers
to identify and describe potential risks during training. A
structured questionnaire was used to collect demographic,
epidemiological, and clinical data. MoH epidemiological sur-
veillance data and case reports from facilities near the train-
ing area were reviewed. All personnel that traveled to the
training area underwent detailed physical examinations
performed by dermatologists at HMC. Lesion samples were
collected from all individuals with cutaneous lesions compati-
ble with CL. Individuals who did not present lesions initially
were followed up for 8 months post-deployment to monitor
lesion appearance and were recommended not to travel to
endemic areas during that period.

Lesion samples. Depending on the type, location, and size of
the lesions, different types of samples were taken, including
punch biopsies, lancet scrapings, and lesion aspirates to increase
the chance of a positive diagnosis. Punch biopsies were taken
from the border of the lesions using a 3-mm-diameter biopsy
puncher and under local anesthesia with 2% xylocaine. The
biopsies were then placed in 1.5-mL microfuge tubes containing
1 mL of 70% alcohol and in one case the sample was fixed with
paraffin and stained with hematoxylin for histopathology. For
lancet scrapings, lesion materials were superficially scraped
using a scalpel and 2% xylocaine, and scraped material was
placed into a vial containing 70% alcohol. Aspirate samples
were obtained using a syringe with a 22-gauge needle containing
isotonic saline (0.9%) with antibiotics and antifungals.

Diagnostic methods. Microscopy was performed at the
MoH Reference Laboratory of the Health Directorate II and
histopathology was performed at HMC. Culture and kineto-
plastid DNA-based polymerase chain reaction (kDNA PCR)
using the primers MP1-L and MP3-H were performed at the
Department of Parasitology of NAMRU-6 as previously
described.®?® A novel real-time PCR assay that was previ-
ously developed and validated at NAMRU-6 was used to
determine the species of Leishmania®’ This real-time PCR
assay is based on fluorescence resonance energy transfer—
based melting curve analysis of reactions targeting the man-
nose phosphate isomerase (MPI) and 6-phosphogluconate
dehydrogenase (6PGD) genes.

Post-outbreak surveillance. Military personnel participating
in similar survival training activities in the following year
received leishmaniasis awareness briefings aimed at promoting
the use of personnel protective measures to prevent sand fly
bites following the findings of the risk factor assessment. After
returning from training, personnel underwent physical exami-
nation to detect skin lesions using the same procedures and
follow-up as during the outbreak.

Statistical analysis. The incubation period was estimated
from the period with the highest likelihood of exposure until
the epidemiological week of the first appearance of cutaneous
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lesions. The epidemic curve was prepared by counting cases
in consecutive calendar periods defined by one-fourth of the
approximate median incubation period.”® The main outcome
of the epidemiological analyses was the attack rate, calculated
as a cumulative incidence: the number of confirmed CL cases
divided by the number of participants in the training (popula-
tion at risk). Contingency tables were used to identify poten-
tial risk factors associated with an increased incidence of CL,
and statistical significance was determined with chi-square® or
Fisher’s exact test, as appropriate. A multiple Poisson regres-
sion analysis was used to determine the independent effect of
each potential risk factor and estimate the risk ratio (RR) of
CL after adjusting for potential confounders.?’ This approach
was preferred over traditional logistic regression because the
attack rate in all exposure categories was substantially higher
than 10% and the incidence odds ratio would overestimate
the RR.*® Robust variance estimates were calculated to avoid
distortion of confidence intervals. All tests were two-tailed
and a 5% significance level was considered relevant. All sta-
tistical analyses were performed using Stata 11.0 for Windows
(StataCorp LP, College Station, TX).

Ethical considerations. The outbreak response was con-
ducted in compliance with the international ethical guidelines
for biomedical research and all applicable federal and interna-
tional regulations governing the protection of human subjects,
particularly considering the vulnerability of military personnel.
Outbreak responses are public health interventions conducted
by authorized national authorities such as COSALE address-
ing their public health mandate, and therefore do not meet
the requirements to be considered human subject research
nor require review and approval of research ethics commit-
tees. Nevertheless, oral informed consent was obtained from
all personnel, as traditionally done in outbreak investigations
conducted by national public health authorities, and all sam-
ples and data were collected strictly for the public health
response to the outbreak. Treatment was provided expedi-
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tiously in strict adherence to Peruvian national guidelines.
The NAMRU-6 Institutional Review Board was also informed
about the activities to be conducted before the outbreak
response started.

RESULTS

A total of 303 military personnel were deployed to the
survival training course. Most were male (89%), young adults
(range = 18-23; average = 20.4 years), and born and raised in non-
endemic areas (92% ). None reported a history of leishmaniasis.

The in-depth interviews with the personnel and officers
revealed that the course took place in three stages (Figure 1).
First, personnel performed 3 weeks of exercises in site A, a
military base located in a small rural area at 890 m above
sea level (m.a.s.l.), where no CL cases had been reported
by the MoH in 2010. Then, personnel completed a 24-hour,
12-mile hike through the rainforest arriving to site B
(260 m.a.s.l.). During this hike, all personnel wore pants and
long-sleeve shirts. Finally, they were transported in open vehi-
cles to site C (148 m.a.s.l.), where they completed endurance
training for 4 days. These activities included an open field
exercise without long-sleeve clothing. Personnel were split into
smaller groups based on their height, and all groups performed
the same activities in parallel. Epidemiological and exposure
data suggested that site C was the site at highest risk of infec-
tion and week 4 was used to estimate the incubation period.

Physical examination of the 303 personnel revealed 77 (25%)
individuals with skin lesions compatible with CL. The poten-
tial incubation period, calculated between the time of highest
likelihood of exposure (week 4) and the self-report onset of
lesions, ranged from 2 to 36 weeks (Figure 2), with a median
of 8 weeks. All but three cases presented within 16 weeks.
The epidemic curve had a sharp peak at week 14 with 24 cases,
and in addition, another potential but smaller second peak
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Ficure 2. Epidemic curve for confirmed cutaneous leishmaniasis during the outbreak. The curve was constructed based on self-reported
dates when individuals first noticed their skin lesions. Eight of the 76 confirmed cases of leishmaniasis (11%) were excluded because of

incomplete data.
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TaBLE 1

Diagnostic results of 75 laboratory-confirmed cases of CL in military
personnel who participated in survival training*

Diagnostic methodt n/N (%)

kDNA PCR 74175 (98.7)
Direct microscopy 54/67 (80.6)
Culture 25/48 (52.1)
Real-time PCR 61/74 (82.4)

Leishmania (Viannia) braziliensis
L. (V.) guyanensis

59/61 (96.7)
2/61 (3.3)

CL = cutaneous leishmaniasis; kDNA PCR = kinetoplastid DNA-based polymerase
chain reaction.

*One case was diagnosed by histopathology and no other test was performed on this subject.

+All diagnostic methods were not applied to all cases. Percentages show the number of posi-
tive cases over all cases evaluated by the corresponding method.

at week 10 (Figure 2). Confirmation of single versus dual
peak was not possible with the data available.

All but one (99%) of the 77 military personnel with
leishmaniasis-compatible lesions was confirmed as CL cases by
laboratory testing, revealing a global attack rate of 25% (76/303).
One subject was negative by microscopy, culture, and kDNA
PCR and was considered a non CL case (Table 1). Of all the
laboratory tests, the kDNA PCR had the highest positivity
rate among tested subjects with CL (98.7%; 74/75), followed
by direct microscopy (80.6%; 54/67) and culture (52.1%; 25/48).
One case was diagnosed solely by microscopy in the absence of
additional samples. The real-time PCR assay identified the
infecting species in 82.4% (61/74) of the kDNA-positive cases.
L. (V) braziliensis was the predominant species (96.7%),
except in two cases infected with L. (V.) guyanensis (Table 1).
The causative Leishmania species was not determined in 13
(17.6%) of CL cases positive by kDNA PCR but negative by
the real-time PCR (Table 1).

The 76 confirmed CL cases had 146 lesions altogether and
nearly two-thirds of the cases had a single lesion, although
three cases presented with more than 10 lesions (range = 1-11).
Lesions occurred predominantly on the legs (57%), and were
mainly ulcers (46%) or plaques (34%), although 6.8% of lesions
had mixed features (Table 2). No cases of disseminated leish-
maniasis were observed, and cases with multiple lesions appeared
to result from multiple inoculation sites.

TABLE 2

Characteristics of the lesions in 76 confirmed cases of CL among mili-
tary personnel who participated in survival training

Characteristic n/N (%)
Location
Legs 43/76 (56.6)
Arms 10/76 (13.2)
Trunk 8/76 (10.5)
Face and neck 6/76 (7.9)
Multiple areas* 9/76 (11.8)
Number of lesions per patient
1 50/76 (65.8)
2 12/76 (15.8)
3 5176 (6.6)
>4 9/76 (11.8)
Type
Ulcer 67/146 (45.9)
Plaque 49/146 (33.6)
Scab 16/146 (11.0)
Papule 4/146 (2.7)

Mixed features 10/146 (6.8)

CL = cutaneous leishmaniasis.
*Lesions in more than one location.

The personnel reported several potential risk factors such
as having outdoor activities at dawn/sunset (93.0%), not using
insecticide-treated bed nets (83.8%), not wearing long-sleeve
clothes (31.7%), and sleeping in rooms with open doors/
windows (11.9%). Bivariate analysis revealed that higher CL
incidence was associated with being male (RR = 4.37; P = 0.009),
sleeping in open rooms (RR = 1.83; P = 0.014), not wearing long-
sleeve clothing (RR = 1.84; P =0.002), and reporting being bitten
by sand flies (RR = 2.70; P = 0.042) (Table 3). The association
between CL and each of these four factors was slightly attenu-
ated after multiple regression adjustment, and reporting sand fly
bites was no longer significantly associated with increased CL.

All 76 laboratory-confirmed cases received intravenous
treatment with sodium stibogluconate in strict adherence to
the Peruvian MoH treatment guidelines but only 31 (41%)
achieved clinical cure 8 weeks after treatment was ended. As
dictated by the national guidelines, the 45 cases who did not
achieve clinical cure after the first course of intravenous sodium
stibogluconate initiated a second round of treatment with 20 mg
base/kg/day intravenous sodium stibogluconate for 20 days as
mandated by MoH norms. The outcome of retreatment will be
reported separately.

Military personnel scheduled for survival training in the fol-
lowing year (2011) received pre-training leishmaniasis aware-
ness and prevention briefings, emphasizing the use of insect
repellents, strict adherence to long-sleeve clothing, and sleeping
in protected areas, issues identified in the risk factor analysis.
Training officers were additionally briefed about the risks of
leishmaniasis and other vector-borne diseases in the area. One
CL case presented in participants of the 2011 survival training
courses (0.4%; 1/278) and no cases were observed in 2012 to
2014; this was substantially lower compared with the attack rate
in the 2010 outbreak (P < 0.001).

DISCUSSION

We characterized in detail a CL outbreak among military
personnel undertaking short-term training in an endemic
area of the western Peruvian Amazon Basin. The 25%
attack rate was relatively high compared with most previous
reports in the Americas (< 1-22%),'%13713223133 except for
two outbreaks in French Guiana (84% and 91%) with sub-
stantially longer exposure periods (80 and 42 days, respec-
tively).'® The identification of risk factors strongly associated
with CL such as not wearing long-sleeve clothes and sleeping
in open rooms, as well as other potential risks allowed the
Peruvian Army to provide targeted pre-deployment CL pre-
vention education to trainees and the chain of command.
The CL incidence in the following cohort of personnel com-
pleting survival training was minimal (0.4%), and while this
lower risk cannot be solely attributed to the Leishmania edu-
cation interventions, the use of evidence-based public health
probably played an important role in preventing future CL
outbreaks. The importance of education in preventing CL
among military personnel deployed to endemic settings is
well recognized,** as well as its effect in increasing the
adherence to preventive measures.>> Nevertheless, the effi-
cacy of such measures for preventing CL outbreaks among
military personnel deployed to endemic settings has not been
defined. Our data suggest that provision of pre-travel leish-
maniasis awareness briefings emphasizing the importance of
adherence to personal protective measures may constitute a
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TaBLE 3
Crude and adjusted* RR (and 95% CI) of CL for potential risk factors among military personnel who participated in survival training

Bivariate analysis

Multiple regression

Characteristic n/N (%) RR (95% CI) P value aRR* (95% CI) P value
Sex
Female 2/32 (6.3) 1.00 0.009 1.00 0.034
Male 74/271 (27.3) 4.37 (1.13, 16.95) 4.01 (1.11, 14.42)
Did not wear long-sleeve clothes
No 41/205 (20.0) 1.00 0.002 1.00 0.005
Yes 35/95 (36.8) 1.84 (1.26, 2.69) 1.71 (1.18, 2.50)
Outdoor activities at dawn/sunset
No 3/21 (14.3) 1.00 0.227 1.00 0.223
Yes 73/279 (26.2) 1.83 (0.63, 5.32) 1.98 (0.66, 5.92)
Did not use insecticide-treated bed nets
No 8/48 (16.7) 1.00 0.135 1.00 0.210
Yes 67/249 (26.9) 1.61 (0.83, 3.14) 1.53 (0.79, 2.97)
Slept in open rooms
No 61/260 (23.5) 1.00 0.014 1.00 0.009
Yes 15/35 (42.9) 1.83 (1.18, 2.84) 1.80 (1.16, 2.79)
Reported sand fly bites
No 3/30 (10.0) 1.00 0.042 1.00 0.213
Yes 73/270 (27.0) 2.70 (0.91, 8.05) 2.01 (0.67, 6.01)

aRR = adjusted risk ratio; CI = confidence interval; CL = cutaneous leishmaniasis; RR = risk ratio.

* Adjusted by sex, not wearing long-sleeve clothes, and sleeping in open rooms.

low-cost and effective measure for preventing CL outbreaks
among military personnel deployed to endemic setting, and
may be particularly feasible in resource-limited settings.

The high attack rate of CL in this outbreak could be
attributed to various factors. First, the Amazon Basin is a
highly endemic area for leishmaniasis, and several outbreaks
have been previously reported in other countries,'*'7 with
the potential coexistence of multiple vectors and reservoirs.>’
In addition, specific conditions of the training area such as
deforestation and recent land use changes due to agriculture
could have played a role as well.*® Also, personnel lacked
acquired immunity to leishmaniasis given that they were
all born and raised in non-endemic settings.'®!4-16-22:32.33.37
Finally, the risk behaviors identified such as the lack of pro-
tective clothing, bed nets, or repellents probably played an
important role. Other risk factors such as being outdoors at
dawn and sunset could have also been implicated in this out-
break, but the small number of CL cases among nonexposed
individuals may limit the power of our study to detect such
an effect.

Our investigation revealed two potential places of expo-
sure. Military personnel were exposed to the open field for a
full day at site B, a rural site moderately endemic for leish-
maniasis according to MoH records.*® Exposure at site C
was longer (4 days), and probably more intense also, as the
MoH reports higher leishmaniasis incidence™ and military
personnel were trained without proper clothing. The high
dispersion and late peak of the epidemic curve may be a hint
that infection could have taken place in multiple days. Fur-
thermore, the identification of two species of leishmaniasis is
in line with the hypothesis of multiple exposure opportunities.
However, this hypothesis remains as speculation in the absence
of solid, confirmatory evidence and the limited accuracy of
self-reported lesion initiation.

kDNA PCR was the diagnostic method that yielded the
highest positivity rate for leishmaniasis in this outbreak.*® This
assay can identify Leishmania (Viannia) species, but is unable
to discriminate species within this subgenus. Our recently
developed real-time PCR assay, however, can identify the

infecting Leishmania species and had a positivity rate of 82%
in this outbreak. This real-time PCR assay identified L. (V.)
braziliensis as the main etiology of the outbreak in all but two
cases that were infected with L. (V.) guyanensis. This finding
is important since these two species have been associated with
mucosal presentations*' and different Viannia species have
different cure rates after antimonial treatment.** However,
Leishmania species identification is not routinely conducted in
health facilities from endemic settings and the incrimination
of an individual species without laboratory confirmation is
often difficult if patients have a diverse travel history. There-
fore, the use of rapid and accurate species identification in
outbreak responses can improve the management of cases,
targeting the most effective treatment of the Leishmania species
and monitoring closely early signs of mucocutaneous lesions.

In this outbreak, the cure rate after sodium stibogluconate
treatment reached 41%, which is considerably lower compared
with that previously reported in Peru for L. (V)) braziliensis
(~70%).* 1t is unclear why such a low cure rate was observed
in this outbreak. One potential explanation for this phenome-
non is the early diagnosis and treatment of cases, as it has
been previously reported that early treatment of CL is associ-
ated with a higher risk of treatment failure.**** This differen-
tial response to treatment may be determined by the profile of
the immune response early in the course of infection.*®#44°
The early response to the parasite exhibits a Th2 profile,
with low levels of tumor necrosis factor alpha (TNF-a) and
interferon gamma (IFN-y), poor macrophage activation, and
parasite replication and persistence.”*” In contrast, the Thl
response develops in more advanced phases of infection and is
required for parasite eradication. Other potential explanations
are the young age of the military population (18-23 years),
which was one of the most important predictors of treatment
failure in a previous study,* and their lack of acquired immu-
nity from previous exposure to Leishmania. Finally, we are
currently studying whether Leishmania strains from this out-
break have phenotypic resistance to antimonial drugs.

A limitation of the outbreak response was that individual
activities and itineraries performed during the training could
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not be disclosed because they were considered sensitive infor-
mation. In addition, the lack of knowledge of the geographic
distribution of cases, species, and vectors in these remote
endemic regions was another limitation, which hindered the
accurate identification of the probable time and place of infec-
tion during the outbreak.

In summary, this outbreak of CL had a high attack rate
after a very short exposure period and emphasizes the high
risk for military personnel traveling to endemic settings for
operational activities. We identified risk factors associated
with higher CL incidence that could be applicable to both
military and civilian populations traveling to similar endemic
areas. Preventive educational interventions based on these
factors probably contributed to reduce CL risk in subsequent
years, and highlight the need for evidence-based public
health measures in leishmaniasis control.

Received February 6, 2015. Accepted for publication April 22, 2015.
Published online June 15, 2015.

Acknowledgments: We thank Monica Salazar, Enrique Oyarce, and
Jorge Delfin from the Health Directorate 11, southern Lima, for their
support in data collection, microscopy smear preparation, and slide
reading for the diagnosis of some of the patients included in this study.
We also thank Angel Suarez Montalvo and Jessica Montero from
the Army Health Command (COSALE) for their help with patient
management and interviews and Hugo Valdivia, Julio Ventocilla, and
Edson Maguina for their support with field work as well as Wendy
Leung and Ellen Jones for critical review of the manuscript.

Financial support: The outbreak response was supported by the
Peruvian Army Health Command COSALE and the Peruvian Min-
istry of Health through the General Epidemiology Directorate and
the Health Directorate II, south Lima. In addition, partial support
was provided by grants CO497_11_L1 and CO466_11_L1 of the
Global Emerging Infections Surveillance and Response System
(AFHSC/GEIS) of the U.S. Department of Defense and the training
grant 2D43 TWO007393 awarded to the U.S. Naval Medical Research
Unit No. 6 (NAMRU-6) by the Fogarty International Center of the
National Institutes of Health (FIC/NIH). This study is part of the
dissertation of Marianela Ore for a Masters in Epidemiological
Research offered jointly by the Universidad Peruana Cayetano
Heredia (UPCH) and NAMRU-6.

Copyright statement: Some of the authors of this article are military
service member or employees of the U.S. Government. This work
was prepared as part of their official duties. Title 17 U.S.C. § 105
provides that “Copyright protection under this title is not available
for any work of the United States Government.” Title 17 U.S.C.
§ 101 defines a U.S. Government work as a work prepared by a mili-
tary service member or employee of the U.S. Government as part of
that person’s official duties.

Disclaimer: The views expressed in this article are those of the
authors and do not necessarily reflect the official policy or position
of the Department of the Navy, Department of Defense, or the
U.S. Government.

Authors’ addresses: Marianela Oré and Jorge Fernandez, Inteli-
gencia Sanitaria, Comando de Salud del Ejército, Lima, Peru, E-mails:
maryore05@yahoo.es and fernamal@yahoo.es. Eliana Saenz, Servicio
de Dermatologia, Hospital Militar Central, Lima, Peru, E-mail:
eliana_saenz@yahoo.com. Rufino Cabrera and Juan C. Arrasco,
Direccion General de Epidemiologia, Ministerio de Salud, Lima, Peru,
E-mails: rcabrerach@hotmail.com and jarrasco@dge.gob.pe. Juan F.
Sanchez, Maxy De Los Santos, Carmen M. Lucas, Jorge Nuiez,
Kimberly A. Edgel, Andres M. Carnero, G. Christian Baldeviano, Paul
C. F. Graf, and Andres G. Lescano, Department of Parasitology, U.S.
Naval Medical Research Unit No. 6 (NAMRU- 6), Lima, Peru, E-mails:
juan.f.sanchez@med.navy.mil, maxy.delossantos@med.navy.mil, carmen
Jucas@med.navy.mil, jnunezco@gmail.com, kimberly.a.edgel.mil@mail
.mil, andrescarnero@gmail.com, christian.baldeviano@med.navy.mil,
paul.graf@med.navy.mil, and andres.lescano.g@upch.pe. Justino Sopan,

Direccion de Salud Lima Sur, Ministerio de Salud, Lima, Peru, E-mail:
alachosano@yahoo.com.

This is an open-access article distributed under the terms of the
Creative Commons Attribution License, which permits unrestricted
use, distribution, and reproduction in any medium, provided the
original author and source are credited.

REFERENCES

1. Murray HW, Berman JD, Davies CR, Saravia NG, 2005.
Advances in leishmaniasis. Lancet 366: 1561-1577.

2. Alvar J, Velez ID, Bern C, Herrero M, Desjeux P, Cano J,
Jannin J, den Boer M; WHO Leishmaniasis Control Team,
2012. Leishmaniasis worldwide and global estimates of its inci-
dence. PLoS One 7: e35671.

3. Desjeux P, 2004. Leishmaniasis: current situation and new per-
spectives. Comp Immunol Microbiol Infect Dis 27: 305-318.

4. Reithinger R, Dujardin JC, Louzir H, Pirmez C, Alexander B,
Brooker S, 2007. Cutaneous leishmaniasis. Lancet Infect Dis
7: 581-596.

5. World Health Organization, 2010. Control of the Leishmaniases.
Report of a WHO Expert Committee. Geneva, Switzerland:
World Health Organization.

6. Lucas CM, Franke ED, Cachay MI, Tejada A, Cruz ME,
Kreutzer RD, Barker DC, McCann SH, Watts DM, 1998.
Geographic distribution and clinical description of leishmaniasis
cases in Peru. Am J Trop Med Hyg 59: 312-317.

7. Direccion General de Epidemiologia, 2011. Sala de Situacion de
Salud. Perti. Semana Epidemiologica No 52—2011. Lima,
Peru: Ministerio de Salud del Perq, 44.

8. Antinori S, Gianelli E, Calattini S, Longhi E, Gramiccia M,
Corbellino M, 2005. Cutaneous leishmaniasis: an increasing
threat for travellers. Clin Microbiol Infect 11: 343-346.

9. Neghina R, Neghina AM, 2010. Leishmaniasis, a global concern
for travel medicine. Scand J Infect Dis 42: 563-570.

10. Banzet S, 2000. Epidemics of cutaneous leishmaniasis in military
personnel working in French Guiana. Med Trop (Mars) 60:
297-302.

11. van Thiel PP, Zeegelaar JE, van Gool T, Faber WR, Kager PA,
2011. Cutaneous leishmaniasis in three Dutch military cohorts
following jungle training in Belize. Travel Med Infect Dis 9:
153-160.

12. Bailey MS, 2011. Cutaneous leishmaniasis in British troops
following jungle training in Belize. Travel Med Infect Dis 9:
253-254.

13. Sanchez JL, Diniega BM, Small JW, Miller RN, Andujar JM,
Weina PJ, Lawyer PG, Ballou WR, Lovelace JK, 1992. Epide-
miologic investigation of an outbreak of cutaneous leishmaniasis
in a defined geographic focus of transmission. Am J Trop Med
Hyg 47: 47-54.

14. Andrade MS, Brito ME, Silva ST, Lima BS, Almeida EL,
Albuquerque EL, Marinho Junior JF, Ishikawa E, Cupolillo E,
Brandao-Filho SP, 2005. American tegumentary leishmaniasis
caused by Leishmania (Viannia) braziliensis in military training
area of Zona da Mata in Pernambuco. Rev Soc Bras Med Trop
38: 229-233.

15. Andrade MS, Brito ME, Silva ST, Ishikawa E, Carvalho SM,
Brandao-Filho SP,2009. New outbreak of American tegumentary
leishmaniasis in a military training center in the Zona da Mata
region, in the north of the State of Pernambuco. Rev Soc Bras
Med Trop 42: 594-596.

16. Brandao-Filho SP, de Brito ME, Martins CA, Sommer IB,
Valenca HF, Almeida FA, Gomes J, 1998. American cutane-
ous leishmaniasis in a military training center located in Zona
da Mata, Pernambuco, Brazil. Rev Soc Bras Med Trop 31:
575-578.

17. Oliveira-Neto MP, Pirmez C, Rangel E, Schubach A, Grimaldi
Junior G, 1988. An outbreak of American cutaneous leish-
maniasis (Leishmania braziliensis braziliensis) in a periurban
area of Rio de Janeiro city, Brazil: clinical and epidemiologi-
cal studies. Mem Inst Oswaldo Cruz 83: 427-435.

18. U.S. Department of State, 2013. Country Reports on Terrorism
2012. Washington, DC: U.S. Department of State, 175-194.


http://creativecommons.org/licenses/by/4.0/

346

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.
29.
30.

31

32.

33.

34.

Beyrer C, Villar JC, Suwanvanichkij V, Singh S, Baral SD, Mills
EJ, 2007. Neglected diseases, civil conflicts, and the right to
health. Lancet 370: 619-627.

Velez ID, Carrillo LM, Lopez L, Rodriguez E, Robledo SM,
2012. An epidemic outbreak of canine cutaneous leishmaniasis
in Colombia caused by Leishmania braziliensis and Leishmania
panamensis. Am J Trop Med Hyg 86: 807-811.

Martin S, Gambel J, Jackson J, Aronson N, Gupta R, Rowton
E, Perich M, McEvoy P, Berman J, Magill A, Hoke C, 1998.
Leishmaniasis in the United States military. Mil Med 163:
801-807.

Berger F, Romary P, Brachet D, Rapp C, Imbert P, Garrabe E,
Debord T, Spiegel A, 2006. Outbreak of cutaneous leishmani-
asis in military population coming back from French Guiana.
Rev Epidemiol Sante Publique 54: 213-221.

Saenz-Anduaga E, Chavez-Mancilla M, 2004. Leishmaniasis at
the Hospital Militar Central: clinical and epidemiological
study. Dermatologia Peruana 14: 110-120.

Ministerio de Salud, 2013. Andlisis de la Situacion de Salud del
Perti. Lima, Peru: Ministerio de Salud, 84-103.

Ministerio de Salud, Direccion General de Salud de las Personas,
Direccion de Programa de Control de Enfermedades Trans-
misibles, Estrategia Sanitaria de Prevencion y Control de las
Enfermedades Metaxénicas y Otras Transmitidas por Vectores,
2006. Norma Técnica de Salud para la Atencion de la Leish-
maniasis en el Perii. Lima, Peru: Ministerio de Salud, 12-23.

Lopez M, Inga R, Cangalaya M, Echevarria J, Llanos-Cuentas
A, Orrego C, Arevalo J, 1993. Diagnosis of Leishmania using
the polymerase chain reaction: a simplified procedure for field
work. Am J Trop Med Hyg 49: 348-356.

Valdivia HO, De Los Santos MB, Fernandez R, Baldeviano
GC, Zorrilla VO, Vera H, Lucas CM, Edgel KA, Lescano
AG, Mundal KD, Graf PC, 2012. Natural Leishmania infec-
tion of Lutzomyia auraensis in Madre de Dios, Peru,
detected by a fluorescence resonance energy transfer-based
real-time polymerase chain reaction. Am J Trop Med Hyg
87: 511-517.

Gregg MB, 2002. Field Epidemiology. Oxford, United Kingdom:
Oxford University Press, 451.

Zou G, 2004. A modified poisson regression approach to prospec-
tive studies with binary data. Am J Epidemiol 159: 702-706.

Greenland S, 1987. Interpretation and choice of effect measures
in epidemiologic analyses. Am J Epidemiol 125: 761-768.

Direccion General de Epidemiologia, 2007. Brote de leishmaniasis
cutanea en una poblacion policial expuesta a zonas endemicas
en selva peruana. Boletin Epidemiologico (Lima) 16: 405-406.

Takafuji ET, Hendricks LD, Daubek JL, McNeil KM, Scagliola
HM, Diggs CL, 1980. Cutaneous leishmaniasis associated with
jungle training. Am J Trop Med Hyg 29: 516-520.

van Thiel PP, Leenstra T, de Vries HJ, van der Sluis A, van Gool
T, Krull AC, van Vugt M, de Vries PJ, Zeegelaar JE, Bart
A, van der Meide WEF, Schallig HD, Faber WR, Kager PA,
2010. Cutaneous leishmaniasis (Leishmania major infection)
in Dutch troops deployed in northern Afghanistan: epidemiol-
ogy, clinical aspects, and treatment. Am J Trop Med Hyg 83:
1295-1300.

Murray CK, Horvath LL, 2007. An approach to prevention of
infectious diseases during military deployments. Clin Infect
Dis 44: 424-430.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

ORE AND OTHERS

Coleman RE, Burkett DA, Putnam JL, Sherwood V, Caci JB,
Jennings BT, Hochberg LP, Spradling SL, Rowton ED, Blount
K, Ploch J, Hopkins G, Raymond JW, O’Guinn ML, Lee JS,
Weina PJ, 2006. Impact of phlebotomine sand flies on U.S. mili-
tary operations at Tallil Air Base, Iraq: 1. background, military
situation, and development of a “Leishmaniasis Control Program.”
J Med Entomol 43: 647-662.

Patz JA, Graczyk TK, Geller N, Vittor AY, 2000. Effects of envi-
ronmental change on emerging parasitic diseases. Int J Para-
sitol 30: 1395-1405.

Centers for Disease Control and Prevention, 2004. Update: cutane-
ous leishmaniasis in U.S. military personnel—southwest/central
Asia, 2002-2004. MMWR 53: 264-265.

Direccion General de Epidemiologia, 2011. Analisis y tendencia
de la leishmaniosis en el departamento de San Martin 2000—
2011 (Octubre). Boletin Epidemiol (Lima) 20: 965-968.

Guerra H, Falconi E, Llanos-Cuentas A, Chang J, 1993. Research
in tropical medicine and primary health care in Peru. Salud
Publica Mex 35: 477-486.

Boggild AK, Valencia BM, Espinosa D, Veland N, Ramos AP,
Arevalo J, Llanos-Cuentas A, Low DE, 2010. Detection and
species identification of Leishmania DNA from filter paper
lesion impressions for patients with American cutaneous leish-
maniasis. Clin Infect Dis 50: el—e6.

Guerra JA, Prestes SR, Silveira H, Coelho LI, Gama P, Moura A,
Amato V, Barbosa M, Ferreira LC, 2011. Mucosal leishmaniasis
caused by Leishmania (Viannia) braziliensis and Leishmania
(Viannia) guyanensis in the Brazilian Amazon. PLoS Negl Trop
Dis 5: e980.

Llanos-Cuentas A, Tulliano G, Araujo-Castillo R, Miranda-
Verastegui C, Santamaria-Castrellon G, Ramirez L, Lazo M,
De Doncker S, Boelaert M, Robays J, Dujardin JC, Arevalo
J, Chappuis F, 2008. Clinical and parasite species risk factors
for pentavalent antimonial treatment failure in cutaneous
leishmaniasis in Peru. Clin Infect Dis 46: 223-231.

Machado P, Araujo C, Da Silva AT, Almeida RP, D’Oliveira A
Jr, Bittencourt A, Carvalho EM, 2002. Failure of early treat-
ment of cutaneous leishmaniasis in preventing the develop-
ment of an ulcer. Clin Infect Dis 34: E69-E73.

Unger A, O’Neal S, Machado PR, Guimaraes LH, Morgan DJ,
Schriefer A, Bacellar O, Glesby MJ, Carvalho EM, 2009.
Association of treatment of American cutaneous leishmaniasis
prior to ulcer development with high rate of failure in north-
eastern Brazil. Am J Trop Med Hyg 80: 574-579.

Bourreau E, Gardon J, Pradinaud R, Pascalis H, Prevot-Linguet
G, Kariminia A, Pascal L, 2003. Th2 responses predominate
during the early phases of infection in patients with localized
cutaneous leishmaniasis and precede the development of Thl
responses. Infect Immun 71: 2244 -2246.

Salhi A, Rodrigues V Jr, Santoro F, Dessein H, Romano A,
Castellano LR, Sertorio M, Rafati S, Chevillard C, Prata A,
Alcais A, Argiro L, Dessein A, 2008. Immunological and
genetic evidence for a crucial role of IL-10 in cutaneous lesions
in humans infected with Leishmania braziliensis. J Immunol
180: 6139-6148.

Rocha PN, Almeida RP, Bacellar O, de Jesus AR, Filho DC,
Filho AC, Barral A, Coffman RL, Carvalho EM, 1999. Down-
regulation of Thl type of response in early human American
cutaneous leishmaniasis. J Infect Dis 180: 1731-1734.



