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SUMMARY

Leishmaniasis are endemic in >98 countries with 14 million
people infected. Leishmania survives in mammal hosts even
after treatment but the capacity to persist in healthy skin and
infect sandflies from these sites is poorly understood. To
demonstrate migration of Leishmania (V) panamensis into
healty skin, persistence in these sites during chronic stages of
infection and infectivity of persistant parasites to Lutzomyia
longipalpis 10 hamsters were inoculated intradermally in the
hind footpad, with 2x10” L. (V) panamensis promastigotes.
Hamsters were sacrificed at 13 (acute phase) and 53 (chronic
phase) weeks post-infection. Biopsies from lesion, healty skin
and othert tissues were screened by Hsp70 polymerase chain
reaction (PCR) and DNA polymerase qPCR. Transmission
of parasites to sandflies was determined by xenodiagnosis.
Positivity was observed in all samples of acute infection group
except the contralateral ear and chronic infection group,
although the percentage of positivity in chronic infection
was lower than that for acute infection. Two animals of the
acute infection group and one from the chronic infection
group were infective to sand flies after feeding over the lesion
site. No infections were found in sandflies fed from healthy
skin. Dissemination and persistence of L. (V) panamensis
was reported for first time and persisntace is confirmed
for a period of 53 weeks. However, parasite load in tissues
different from the inoculation site was lower and transmission
to the sand fly vectors from these sites was not observed.
Hsp70 PCR and gPCR are useful techniques for determining
infection status of vertebrate hosts.

Key words: Parasite migration, xenodiagnosis, Hsp70 PCR,
real-time DNA polymerase

RESUMEN

Las leishmaniasis son endémicas en >98 paises con 14 mi-
llones de infectados. Leishmania sobrevive en los mamiferos
aun después del tratamiento pero se desconoce su capaci-
dad de persistir en piel sana e infectar vectores. Para demos-
trar la migracion de Leishmania (Viannia) panamensis a piel
sana, su persistencia en estos sitios durante estados créni-
cos de infeccién y la infectividad de los parésitos persistentes
para Lutzomyia longipalpis, se inocularon 10 hamsters in-
tradérmicamente en pata con 2x10’promastigotes de L. (V)
panamensis. Los hamsters se sacrificaron a las 13 (fase agu-
da) y 53 (fase crénica) semanas post-infeccion. Biopsias de
lesién, piel sana y otros tejidos se analizaron por reaccién en
cadena de la polimerasa (PCR) con el gen Hsp70 y gPCR con
el gen DNA polymerase. La transmisién de los parasitos a
Lu. longipalpis se determiné mediante xenodiagnostico. To-
das las muestras de fase aguda (excepto oreja contralateral)
y todas las muestras de fase crénica fueron positivas, aunque
la positividad en fase cronica fue menor que en fase aguda.
Dos animales de fase aguda y un animal de fase crénica fue-
ron infecciosos al vector, después de alimentarse sobre la
lesién. No hubo ningln insecto positivo en los alimentados
sobre piel sana. Se reporta por primera vez la diseminacién
y persistencia de L. (V) panamensis, y se confirma la persis-
tencia en un periodo de 53 semanas. Sin embargo la carga
parasitaria en tejidos diferentes al sitio de in6culo fue baja y
no se detectd su transmision al vector. La PCR con Hsp70 y
gPCR con DNA polymerase son técnicas Utiles en la determi-
nacion del estatus infeccioso en los hospederos vertebrados.

Palabras clave: Migracién parasitaria, xenodiagnéstico, PCR
Hsp70, ADN PCR en tiempo real
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INTRODUCTION

Leishmaniasis is a group of diseases endemic in 98 countries
of the tropical and subtropical geographical regions. The dis-
ease varies in clinical presentation, including cutaneous (CL),
mucosal (MCL) and visceral leishmaniasis (VL). Annually, two
million new cases are recorded and 350 million people are
estimated at risk. The disease is ranked ninth in terms of
global burden of all infectious and parasitic diseases, and is
considered the most neglected in this category (Alvar et al.
2012).

Evolution of Leishmania in the vertebrate host tissues af-
ter infection is fundamental in the search for new strategies
for both treatment and control of leishmaniasis. Leishma-
nia species are able to thrive in their vertebrate hosts, being
immunologically competent, they persist even after clinical
resolution of the disease or in animals infected without symp-
toms (Bogdan et al. 1996; Mendonga et al. 2004). From the
point of the view of the vertebrate host, parasite persistence is
important in maintaining immunity through constant antigen
presentation to the immune system. However, from the point
of view of the parasite persistence is important to ensure its
own transmission, and therefore, maintaining its life cycle.

L. (V) panamensis is one of the most prevalent species in
Colombia and other countries in Latin America causing CL
but also MCL (Gonzélez & Vélez, 2006). However, little is
known about the persistence of L. (V) panamensis in healthy
skin of infected vertebrate hosts (reservoirs) that would facili-
tate their ingestion during the vector’s blood meal (Roque et
al. 2014).

The golden hamster Mesocricetus auratus is widely consid-
ered an adequate animal model for experimental CL since
it is highly susceptible to infection by all Leishmania spe-
cies and develops similar lesions to those observed in hu-
mans. These animals also develop chronic non-healing skin
lesions with a small percentage of the animals developing
late dissemination to other sites (Travi et al. 2002; Hommel
et al. 1995; Osorio et al. 2003; Robledo et al. 2012). Some
studies demonstrated L. (V) pamanensis migration via lym-
phatic after observed lesion in other body parts (Martinez et
al. 1991), but never analyzed their presence in healthy skin.
The dispersion of Leishmania through the lymphatic system
is supported by the frequent presence of lymphadenopathy
and the ability to isolate parasites from lymph nodes draining
the site of the lesion (Barral et al. 1995; Santos et al. 2014).

To achieve a better understanding of Leishmania persistence
in the vertebrate host and its implications in the transmis-
sion of leishmaniasis, this study aimed to evaluate the ability
of L. (V) panamensis to migrate and survive in the healthy
skin of hamsters experimentally infected in the hind footpad.

Furthermore, it was determined if parasite present in places
different from the inoculation site were infective for the sand
fly vector.

MATERIAL AND METHODS

Ethical consideration: This protocol was approved by the
Animal Experimentation Ethics Committee of the University of
Antioquia, Act 56, issued on September 15, 2009, and these
followed all of the international standards of animal welfare.

Animals: Ten adult males and females of the inbred golden
hamster (6-8 weeks old, weighing 100-120g) were used.
Hamsters were kept in the animal facilities at the University
of Antioquia, Medellin, Colombia under temperature and
moisture-controlled accommodation, fed with standard ro-
dent dried food and provided with sterile water ad libitum.

Parasites culture: L. (V,) panamensis promastigotes (MHOM/
CO/87/UA/UA140) in stationary growth phase were cultured
in biphasic Novy-MacNeal- Nicolle (NNN) medium (Walton et
al. 1977). Promastigotes were washed in phosphate-buffered
saline, 0.15 M, pH7.2 (PBS) and adjusted to a concentration
of 2x 10’ parasites in 100uL.

Animal infection: Prior to experimental infection, hamsters
were anesthetized intraperitoneally with a 9:1 mix of Ket-
amine (50mg/kg) and Xilacine (20mg/kg) in a volume of 260-
300uL. Two groups of five animals each were formed. Group
1 (acute infection) included 3 male and two female hamsters
having 13 weeks post inoculation while Group 2 (chronic in-
fection) included 3 male and two female hamsters with 53
weeks post inoculation. A group of three animals were inocu-
lated with PBS and used as a negative control.

Animals were inoculated intradermally in the right hind foot-
pad; then, they were monitored every 7 days for up to four -
six weeks after inoculation for appearance of lesions. During
the monitoring, the type of lesion was described and the in-
duration and ulcer area were measured with a digital caliper.
The presence of lesions in different regions to the inoculation
site and the appearance of relapses of the lesion were also
described and registered. Every two weeks, animals were
weighted and lesions were pictured. Animals were observed
daily to monitor physical appearance and behavior.

Tissue samples: Once the follow up was ended hamsters
from both groups were sacrificed and parasite presence, load
and distribution in the different tissues were assessed. Ani-
mals were euthanized by inhalation of CO2 The tissues were
sampled as follows: lesion site (right hind footpad), skin from
three (adjacent site) and six centimeters (distant site) away
from inoculation site, popliteal draining lymph node, spleen,
liver, and both ears (separately). Tissues were removed by
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scissors or scalpel, placed in petri dishes containing PBS
with antibiotics, and stored at 4°C overnight. Samples were
then carefully homogenized in 1.5mL vials with PBS. Aliquots
were stored at -20°C until DNA extraction.

Detection of L. (V) panamensis Hsp70 DNA: Tissue samples
were weighted and DNA was extracted and purified using the
DNeasy® blood and tissue kit (Qiagen, Boston, US) following
manufacturer’s instructions. The DNA was dried at room
temperature, resuspended in 200uL of nuclease free water,
quantified using NanoDrop 1000 (Thermo Scientific®, New
Hampshire, USA) with 260nm of absorbance and stored at
-20°C until further use. The PCR was performed using the
oligonucleotide primers from hsp70 234pb 5- GGA CGA
GAT CGA GCG CAT GGT-3" and 5’-TCC TTC GAC GCC TCC
TGG TTG-3', reported to specifically amplify the entire 234-
bp Leishmania Hsp70 gene region (Graga et al. 2012). The
PCR amplifications were performed in a final volume of 25uL
containing 2uL of DNA, 20 pmol of each primer, 250uM
dNTPs, 1.5mM MgCI2 and 1 U Taq polymerase (#EP0406,
Thermo Scientific). The PCR conditions were: one cycle at
94°C for 5 min followed by 32 cycles of 94°C for 30 sec,
63°C for 1 min and 72°C for 1 min and a final extension
at 71°C for 9 min. The end-point PCR products from the
different assays were visualized on an ethidium bromide-
stained 2% (w/v) agarose gel. The amount of DNA per mg
of tissue was determined. Total DNA from L. (V) panamensis
grown in Schneider’s Drosophila medium at 26°C was used
as positive control.

Quantification of L. (V) panamensis DNA polymerase:
Quantification of L. (V) panamensis was based on ampli-
fication of the DNA polymerase single copy gene that is
present in different species of Leishmania with a quantitative
real time PCR (qPCR). Initially, a 600 bp fragment of DNA
extracted from L. (V.) panamensis promastigotes was ampli-
fied by conventional PCR using the forward 5’- CTGCGCT-
GTGTTATCCACAGC-3’ and reverse 5-GCTGTTTGCCGT-
CAACTTCAG-3’ primers in a thermocycler (BioRad) with the
following cycles: 94°C for 10 min (denaturing) followed by
45 cycles of 94°C for 1 min (denaturing), 63°C for 1 min (an-
nealing) and 72°C for 45 sec (extension) and a final extension
at 72°C for 45 sec. The amplification product was verified on
a 1% (w/v) agarose gel. The fragment was excised and puri-
fied using the QIAquick Gel Extraction Kit according to the
manufacturer’s instructions. The purified product was ligated
to InsTAclone pTZ57R / T vector. E. coli DH5a cells (Invi-
trogen, US) were transformed with the construct obtained
above as follows: 50mL of competent cells maintained in
freezing buffer (10mM MOPS, 10 mMRbCl, 75 mM CaCl2,
15% glycerol) were mixed with 5mLof the ligation product
and incubated for 30 minutes on ice; then, cells were trans-
ferred for 90 seconds at 42°C and immediately returned to
ice for 5 min. One mL of liquid Luria Bertani medium (LB

medium) without antibiotics was added and, the mixture was
incubated at 37°C for 1 hour. After this, transformed cells
were centrifuged at 14,000rpm for 2 min and the superna-
tant was decanted. The cell button was resuspended in LB-
agar medium supplemented with ampicillin (100mg/mL) and
incubated for 16 hours at 37°C. Ten colonies were randomly
picked and checked for the presence of the pTZ57R/T- DNA
polyerase construct by plasmid DNA extraction — Miniprep as
follows: each colony was inoculated into 5mL of LB medium
containing 100mg/mL ampicillin for 16 hours at 37°C un-
der constant agitation (250rpm); plasmids were then recov-
ered using the QIAprep Spin Miniprep Kit (Qiagen) accord-
ing to manufacturer’s recommendations. Once purified, the
presence of the insert in the plasmid was verified by PCR and
the plasmid DNA was sequenced. gPCR was set up using
the forward 5’- TTCCGCTTGCCATCCTCCTC-3’ and reverse
5'-TGAGCGCATCGAGTACCTCCTG-3" primers which am-
plify a 120 bp fragment within the 600bp sequence initially
cloned. The Tm of the primers was set at 60°C. The presence
of the fragment in the plasmid DNA, and L. (V)) brazilensis,
L. (V) panamensis, and L. (L.) infantum was verified by con-
ventional PCR. DNA from uninfected hamsters was used as
negdative control.

The number of copies per plasmid was determined based
on the size of the cloned fragment and the size of the insert.
A standard curve ranging from 1 to 1 million parasites in
log base 10 increases was established. The QuantiFast SYBR
Green gPCR kit (Qiagen) was used for gPCR. The PCR am-
plifications were performed in a Smart Cycler Il using a final
volume of 25uL containing 1puL of DNA, 12.5 12.5uL of the
mix, 100nM of each primer and nuclease free water. The PCR
assays used the following amplification cycle: 95°C for 5 min
followed by 40 cycles and 15 sec at 95°C, 20 sec at 60°C and
20 sec at 72°C, ending with a melting curve between 60°C
and 90°C. The amplification efficiency of each was measured
using the PCR program LinRegPCR versién 2013.1 (Ruijter
et al. 2009).

Xenodiagnosis: Lu. longipalpis females F1 from the labora-
tory colony of Colombian National Health Institute (Bogota,
Colombia) were maintained at 26°C with a 14/10 LD pho-
toperiod until use. One hundred twenty two sandflies were
placed in round plastic boxes (10cm diameter X 5cm height)
with an open side covered by a fine-mesh nylon screen.
Sandflies contained in each box, were fed on inoculation
sites, hind footpad, (Box 1) and contralateral hind footpad
(Box 2), apparently healthy skin. Hamsters anaesthetized with
intramuscular ketamin/xylaz (50 and 20mg/kg, respectively)
were placed in the cage with Lu. longipalpis for 30 min. Sub-
sequently, sandflies were transferred to holding cages that
were kept at 25 - 28°C and 90% of relative air humidity. Cot-
ton wool soaked in 20% sucrose was placed on the top of
the cage to provide a continuous source of water and sugar.
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On the sixth day after the blood meal, sand fly midguts were
drawn out in a drop of sterile PBS and examined under the
microscope for the presence of promastigotes.

Data analysis and statistical methods: Quantitative results
are expressed by interpolation with a standard curve included
in each gPCR run and consisting of a series of tenfold con-
centration of L. (V) panamensis DNA polymerase: 1 copy/
il, 10 copies/il, 100 copies/il, 1,000 copies/il, 10,000 cop-
ies/il, 100.000/il and 1,000,000 copies/il. This curve was
compared with a standard curve using DNA from a known
parasite number: 5, 25, 125, 625, 3125, 15125, 78125 and
390625 promastigotes of L. (V) panamensis. The detection
threshold for the gPCR was set to >30 arbitrary units of fluo-
rescence. For each of the samples and the dilutions of the
standard curve the CT value corresponded to the cycle at
which this fluorescence threshold is exceeded. This CT value
was used to determine the parasite load in the sample using
a linear regression built with the CT value of standard curve.
Finally, the melting curve confirmed the amplification of the
expected fragment with the separation of double-stranded
DNA at 85°C in the standard curve, the DNA of the parasite
and samples.

The PCR and gPCR results were analyzed according to the
type of sample and the study group with the SPSS 18.0 soft-
ware to identify associations between different categories ap-
plying the chi’ test. Cells with expected values less than 5,
used Fisher’s correction test. P value < 0.05 was considered
significant.

RESULTS AND DISCUSSION

Significant changes in the body weight of hamsters were not
detected during the study. The average weight was 136.4g
SD+/- 2.48 and 134.7g SD +/- 3.04 in the chronic group.
The average weight in the control group was 149.1g SD
+/- 1.8 and 138.8g SD +/- 2.1 for the acute group and the
chronic group respectively. Significant differences were not
identified.

Lesions in tissues different from the site of inoculation were
not observed. Animals in the acute stage of infection showed
induration without ulcer with an average size of 2.5mm2, and
all animals from the chronic infection group had induration
and ulceration with an average size of 2.5mm” and 3.5mm2,
respectively. Clinical symptoms, induration and ulceration,
only developed where the inoculation occurred; on other
cutaneous tissues where parasites were detected, no clinical
symptoms were observed. This finding could be due to the
inoculum size used in the present work. In previous studies
where higher inocula were used, parasite migration and le-
sion development was evidenced in distant tissues to the site
of inoculum, such as the contralateral hind footpad (unpub-
lished). During the acute and chronic phases of infection, 13
and 53 weeks post inoculation, respectively, parasites were
observed in all tissues sampled with the exception of the con-
tralateral ear that was negative in animals from acute phase
(Table 1).

Table 1. Detection of Leishmania panamensis in tissue samples from acute and chronic infection in the golden hamster

(Mesocricetus auratus)

Sample Acute infection (n=5) Chronic infection (n=5)
PCR + n(%) gPCR+ n(%) PCR + n(%) qPCR+ n(%)

Inoculation site 5(100) 2(40) 5(100) 3(60)
Adjacent skin 4(80) 3(60) 3(60) 0
Distant skin 4(80) 0 1(20) 0
Lymph node* 4(80) 1(20) 2(40) 0
Right ear 2(40) 0 1 (20) 1 (20)
Left ear 0(0) 0 1 (20) 0
Liver 2(40) 0 1 (20) 0
Spleen 4(80) 0 2(40) 0
Total 25(62.5%) 16(40%)

Data represent positive samples by PCR Hsp70 and qPCR polymerase according to sample site and groups

of study. *Regional lymph node (Popliteal).
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A 600pb fragment was amplified, purified and cloned
(Figure 1). The cloning construct was quantified in NanoDrop
1000 (Thermo Scientific) and a standard curve was built. The
gPCR amplified fragment was 120 bp from the initial frag-
ment of 600 bp and was amplified in six Leishmania species:
L. (V) braziliensis, L. (V)) panamensis, L. (L.) infantum, L.
(V) guyanensis, L. (L.) mexicana and L. (L.) amazonensis)
(Figure 2). The genomic DNA of uninfected hamsters was
negative and therefore used as control. In samples from ham-
sters, amplification was achieved from 10 gene copies and the
efficiency determined by LingReg was > 1.85 (Figure 3).

Results obtained by qPCR using both the standard curve
absolute quantification method and a relative quantifica-
tion method to estimate the number of Leishmania in ex-
perimentally infected hamsters are shown in figure 4. The
parasite load in the inoculum site, determined by gPCR, was
similar for both groups with values of 308 SD +/- 7.2 and
285 SD +/- 6.3 parasites per mg of tissue in the acute and
chronic infection, respectively. Parasite load in adjacent skin
in acute infection was of 280 SD +/- 15.2 parasites per mg
of tissue while in the chronic infection group the parasite load
only was determined for samples from the ipsilateral ear with

Figure 1. PCR product of amplification of DNA polymerase gene from Leishmania species. The figure shows the 600bp DNA
polymerase fragment amplified from different Leishmania species. Lane 1: 1Kb molecular weight marker. Lane 2: negative
control. Lane 3-5: positive controls containing 100ng of L. braziliensis, L. (V) panamensis and L. infantum genomic DNA

polymerase, respectively. Arrow: 600 bp diagnostic band.

Figure 2. PCR product of amplification of a 120bp fragment of DNA polymerase gene from Leishmania species. The figure
shows the 120bp DNA polymerase fragment amplified from different Leishmania species. Lane 1: molecular weight marker
50pb; lane 2: L. braziliensis; Lane 3: L. (V.) panamensis; lane4: L. infantum; lane 5: L. guyanensis; lane 6: L. mexicana; lane
7: L. amazonensis; lane 8: positive control (infected hamster with L. (V) panamensis) Lane 9: negative control (uninfected

hamster). Arrow: 120-bp diagnostic band.
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Figure 3. PCR products of samples from hamsters with acute and chronic infection. Representative agarose gel of PCR
products obtained from biopsy specimens from hamsters, with primers specific for 234 bp of Leishmania Hsp70 gene. Lane
1: Molecular weight marker 100 bp. Lane 2: skin biopsy from inoculation site. Lane 3: liver sample. Lane 4: adjacent skin
sample. Lane 5: negative control. Lane 6: spleen sample. Lane 7: positive control. Arrow: 234 bp diagnostic band.

values of 292 per mg of tissue. In the popliteal lymph node  Although there are not significant differences, higher parasite
of both groups parasite load was of 288 parasites per mg load was detected in tissues from the inoculation site of ham-
of tissue. There were no significant statistical differences in  sters with acute infection compared to the chronic group.
parasite load between any of the experimental groups. This observation could be explained by the elimination that

Figure 4. Amplification curves from DNA of infected and uninfected hamsters. The graph shows a representative data of log
fluorescence at each cycle of amplification in infected hamster samples and uninfected control ones. PC: L. (V) panamensis
DNA (positive control); S1, S2, S3 skin samples from infected animals. NC: DNA from uninfected hamster (negative control).

. 346



Carrillo-Bonilla, L.M.; Montoya, A.; Arbelaez, N.; Cadena, H.; Ramirez, J.;

Articulo Cientifico

Robledo, S.M.: Persistence L. (V.) panamensis in healthy skin

many parasites may suffer after the challenge of the immune
system occurs. Additionally, the parasite needs to remain in
small numbers inside the host so it is not easily recognized
and attacked by the immune system. Another interesting
finding is the presence of parasites in the ears. Ear tropism
could represent a mechanism of the parasite to persist in the
host and thereby ensure their intake by the vector and the
perpetuation of their life cycle in the nature and transmis-
sion. The ear is made up of highly vascularized tissue, and
covered with fur, being easily accessed to the sandflies for a
blood meal.

The presence of parasites in skin away from the inoculation
site highlights the importance of using ears in xenodiagno-
sis. However, the implications of the parasite’s presence in
the regional draining lymph node are twofold. Martinez et
al. (1991; 2000) found that decreased frequency of isola-
tion from the inoculation site and draining lymph nodes over
time was accompanied by increased frequency of isolation
from distant lymph nodes when the hamster was inoculated
with L. (V) panamiensis. From the point of view of the host,
it is a challenge of this stimulus to the immune system, while
for the parasite it could represent a temporary site until it
reaches different tissues. Although it is necessary to deter-
mine whether the parasites detected are dead or alive, the
parasite load detected by qPCR suggests that parasites could
be alive. Studies on parasite viability in extralesional sites in
humans have shown parasite survival through the measure-
ment of RNA, but their infectiousness to vectors has not been
proven (Romero et al. 2010).

Parasite burden is traditionally estimated by quantification of
parasites in tissues using the limiting dilution technique (Ti-
tus et al. 1985), a poor sensitivity time consuming method.
Thus, it was necessary to develop a more sensitive and easier
method to estimate parasites in different tissues. In the last
decade gPCR for estimating Leishmania infection in verte-
brate hosts have been developed, based upon genes such as
albumin, DNA pol, kDNA, SSU rDNA, ITS gen, among others
(Davoust et al. 2013; de Paiva et al. 2013; Toz et al. 2013).
Most of them show high sensitivity, accuracy, and reproduc-
ibility, demonstrating their utility to quantify amastigotes in
tissues from naturally or experimentally infected hosts. The
gPCR is a highly specific technique for the amplification of
DNA from different species of Leishmania. Additionally, the
technique is useful to determine the number of parasites per
mg of tissue or blood in a quantitative and fast way (de Ruiter
et al. 2014), unlike limiting dilution, although cheaper, may
take up to a month in culture and has high risk of contami-
nation Other techniques such as the Giemsa stained smear
do not determine the exact amount of parasites and requires
highly trained personnel to read the samples. The qPCR is an
easier, faster and accurate technique to quantify the parasite
load.

The PCR technique based on amplification of the
Hsp70 gene PCR allowed the detection of the parasite in
various tissues different to where inoculation occurred. The
gene encoding the cytoplasmic heat shock protein 70 kDa
(hsp70) in the Leishmania parasite (Garcia et al. 2004) is
highly conserved in many organisms and has maintained its
function despite strong selective pressures (Folgueira & Re-
quena, 2007; Fraga et al. 2010). Amplification of this gene
has proven useful in the identification of several New World
Leishmania species such as L. (V) panamensis, L. (V,) bra-
ziliensis, L. (V) guyanensis, L. (L.) amazonensis, L. (L.) in-
fantum and L. (V) lainsoni, demonstrating its applicability
to the study of clinical samples from patients and mammals
(Garcia et al. 2007, Montalvo et al. 2008; 2010). Moreover,
the sequence of primers used in this work has proven to be
more sensitive (Graga et al. 2012). Additionally, gPCR tech-
nique based on amplification of DNA polymerase gene was
standardized. This method not only permits quantification of
L. (V.) panamensis amplification but also allows optimization
of the experimental model by measuring the parasite load in
experimental infections with different Leishmania species. In
this study, a greater sensibility of the hsp70 PCR was demon-
strated with respect to the DNA pol gPCR. This finding could
be explained because the Hsp70 is a multicopy gene while
the DNA polymerase is a single copy gene. The sensitivity of
a gPCR based on amplification of Hsp70 gene remains to be
determined. Finally, the long-term persistence of L. (V)) pana-
mensis in healthy skin and other tissues was demonstrated in
experimentally infected hamsters.

All surviving sandflies were dissected to determine the in-
fection rates, which was 3/269 in acute group and 3/320 in
chronic group. Two of the hamster from the acute infection
group and one hamster from the chronic infection group
were infective to sandflies after feeding on the lesion. No in-
fections were found in the sandflies fed from contralateral
hind footpad (healthy skin). Of the total of sandflies used in
xenodiagnoses 47% on average were fed and 4.28% were
positive for Leishmania promastigotes. These promasti-
gotes was identified as Leishmania spp. by PCR. The ability
of these parasites to infect Lu. longipalpis was also demon-
strated for parasites taken from the inoculation site, although
in the present work xenodiagnosis was confirmed as poorly
sensitive. In the same way any xenodiagnoses was positive
in patient with active lesson of CL and just 5 of 57 patients
were positive in xenodiagnoses from the lesion (Vergel et al.
2006). This may be due to the method used to detect in-
fection in the sandflies, as dissection requires high expertise
not only to dissect the specimen but also to find parasites. It
would be interesting to assess infection in the sandflies using
PCR techniques.

Previous studies on persistence of L. (L.) major in the mouse
model with subcutaneous injection in the ear demonstrated
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the presence of parasites not only in the inoculation site but
also in draining lymph nodes, blood, blood filtering tissues,
and distant cutaneous sites, such as the contralateral ear and
tail skin. In all other cutaneous tissue reached by parasites
no clinical symptoms were observed (Nicolas et al. 2000).
Similar results were observed in the present work.

A pilot test with four hamsters was carried out inoculating
a higher dose of parasites in the snout. Animals were hu-
manely sacrificed after 13 weeks (acute infection phase) and
samples from inoculum site, adjacent and distant skin, liver,
spleen and cervical lymph node were taken and processed
in the same way described above. Positive results were ob-
tained from samples from inoculum site and liver from all
animals, samples from the adjacent skin and cervical lymph
node from three animals and, samples from distant skin and
spleen from two hamsters. However, it is necessary to evalu-
ate the behavior of parasites inoculated into the snout during
chronic phase of infection.

In summary, migration and persistence of L. (V) panamen-
sis was confirmed in hamsters experimentally infected. A de-
crease in the parasitic load during chronic phase was also
confirmed. The utility of Hsp70 PCR and DNA polymerase
gPCR techniques for determining the infection status of po-
tential reservoirs and even for performing diagnosis of infec-
tion is also demonstrated. Because Hsp70 PCR was more
sensitive than DNA polymerase gPCR, the sensitivity of the
gPCR based on the amplification of Hsp70 remains to be
determined in future studies. On the other hand, although
xenodiagnosis showed low sensitivity, the utility of this meth-
od to evaluate infection transmission, evaluation of immune
response or chemical treatment is still relevant. In future
studies the sensitivity of xenodiagnosis could be increased
either by feeding sand flies from other sites like ear (where
parasites presence was demonstrated), evaluating infection
in the sand flies by PCR techniques and using natural vectors.
Finally, determining both the migration and the persistence
of infection in various animal species, including humans, is a
concluding factor to incriminate the disease reservoirs.
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