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Résumé

Compte tenu de la réémergence de la leishmaniose dans le monde, de la variabilité géographique de 1I’épidémiologie et
de ’augmentation du nombre de voyageurs, une étude pilote sur le diagnostic des leishmanioses cutanée et viscérale a été
réalisée a Constantine, 1’'un des foyers de I’Est algérien. 143 prélévements cutanés et 108 échantillons de moelle osseuse
ont été récoltés sur buvards et testés par PCR en temps réel et les résultats comparés a ceux de I’examen direct. Le
diagnostic de la LC par PCR a été positif dans 81% des cas pour la PCR contre 48% pour la microscopie. Quant a la LV, le
taux de positivité est de 29,6% pour la PCR en temps réel contre 24% pour la microscopie, La PCR en temps réel a montré
une différence quantitative significative entre les patients pour lesquels le diagnostic microscopique a été positif et ceux
dont ’examen direct a été négatif. Les résultats présentés dans cette étude ont montré I’efficacité et la sensibilité de la PCR
dans le diagnostic des leishmanioses cutanée et viscérale a partir des buvards. Avec cette technique, il a été possible de
réaliser sur place un prélévement a chaque malade et d’obtenir des résultats dans un délai court. Une collaboration Nord-
Sud basée sur I’utilisation de moyens simples de transmission des échantillons pour le diagnostic moléculaire a permis de
créer un partenariat efficace en terme de diagnostic quotidien et favoriser ainsi I’échange de chercheurs afin de préparer le
transfert de technologie.

Mots clés : Leishmaniose cutanée — Leishmaniose viscérale - Diagnostic - PCR en temps réel - Algérie.

Abstract

Taking into account the re-emergence of leishmaniasis in the world, the geographic variability of its epidemiology and the
growing numbers of travellers, a pilot study on the diagnosis of cutaneous leishmaniaasis and visceral leishmaniasis was
undertaken in Constantine, one of the outbreak regions in eastern Algeria. A total of 143 cutaneous specimens and 108
bone marrow samples were collected on blotters and tested by real-time PCR. Results were compared with those of direct
examination. Diagnosis, in CL, was positive for leishmaniasis in 81% of cases using PCR versus 48% of cases using
microscopy. For VL, results were 26.9% for real time PCR versus 24% for microscopy exam. Real-time PCR showed a
significant quantitative difference between patients for whom microscopic diagnosis was positive and those for whom
direct examination was negative. The results presented in this study demonstrated the effectiveness and sensitivity of PCR
in the diagnosis of cutaneous and visceral leishmaniasis from blotter specimens. This technique enabled in-field collection
of specimens from each patient and provided prompt results. North- South cooperation based on the use of simple means
for transmission of specimens for molecular diagnosis allowed creation of an effective partnership for daily diagnosis and
promoted exchange between investigators in preparation for technology transfer

Keyswords: Cutaneous leishmaniasis — Visceral leishmaniasis — Diagnosis — Real time PCR- Algeria.
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eishmaniasis is a parasitic infectious disease comprised

from a variety of syndromes, which are different
between them in pathogenesis and clinical picture.
According to the World Health Organization (WHO),
leishmaniasis is considered as one of the most important
parasitic diseases [1]. It is endemic in 88 countries in five
continents with 12 million people afflicted world wide from
it and another 350 million living at risk of infection. About
1-1.5 million new cases of cutaneous leishmaniasis (CL)
and 500,000 of visceral leishmaniasis (VL), rise per year

[2].

Algeria people, affected by two kinds of leishmaniasis;
cutaneous leishmaniasis (CL) and visceral leishmaniasis
(VL).

Cutaneous leishmaniasis which is a serious public
health problem in Algeria. It has two clinical forms caused
by Leishmania major and L. infantum [3] [4]. Leishmania
infantum zymodeme MON-24 is the main strain responsible
for the sporadic CL distributed throughout the northern part
of the country [5]. The vector is Phlebotomus perfiliewi [6]
and dogs constitute the most likely reservoir [7].
Leishmania major zymodeme MON-25 is present in the
steppe areas of central and southern parts of the country.
Psammomys obesus and Meriones shawi are its proven
reservoir hosts [8] [9] and P.papatasi is the main vector
[10].

Visceral leishmaniasis due to L. infantum is the most
sever form. It is fatale if untreated. It occurs mainly in the

north where it reaches almost 540 per year.
The incidence of visceral leishmaniasis is 0.31 cases
per 100,000 inhabitants [11]. The outbreak of
the Great Kabylia alone  accounts  for nearly  50% of

cases [12] where the disease is responsible for 6% of deaths
[13].

Diagnosis of this disease, in Algeria, is still based on
direct examination and in vitro culture of bone marrow
aspirates or detection of antibodies by immunofluorescence
[14].

In recent years, real-time polymerase chain reaction
(PCR) has been developed and used successfully for the
diagnosis of leishmaniasis [15][16]. This procedure is non-
invasive, highly sensitive and specific, and useful in
monitoring responses to therapy by quantification of
parasitic load [17]. The aim of the present study was to
propose a specific real-time PCR approach for the diagnosis
of the two forms of leishmaniasis imprinted onto filter

paper.

MATERIAL AND METHODS
Parasites samples
Leishmania reference strains

L. infantum  MHOM/TN/80/IPT1, L. major
MHOM/SU/73/5-ASKH were kindly provided by M.
Gramiccia, Istituto Superiore di Sanita in Roma, Italy. The
strains were cultivated at 25 °C in RPMI medium
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(Invitrogen, Cergy Pontoise, France) supplemented with
15% foetal calf serum and Penicillin. Parasites were
harvested at a density of 10* parasites/ml. They were
washed twice with PBS buffer, pelleted by centrifugation
(5900%g for 3 min) and stored at —20 °C.

Human clinical investigations
Cutaneous lesions

A total of 143 skin lesions were collected from143
patients consulting at the parasitological laboratory in the
east of Algeria ( Constantine Hospital) from the period of
September 2004 to May 2006.

The CL are the typical lesions skin not affected with
fungi and bacteriological infection and the absence of
specific treatment during three months before the
consultation. All individuals enrolled in the study provided
informed consent.

Bone Marrow samples: A total of 108 bone
marrow samples were collected on filter
paper 3MM Watmann From  children  with  visceral
leishmaniasis in the east of Algeria (Constantine hospital)
from the period of 2004 until 2006, on the basis clinical

symptoms (anarchic fever,
splenomegaly, hepatomegaly, mucocutaneous and
pallor) and biological arguments (normocytic

anemia, pancytopenia, thrombocytopenia...).

Cutaneous lesions and bone marrow samples have been
spotted on 3mm Whatman™ filter paper, air-dried and
stored in individual plastic zip-lock bag at room
temperature.

All individuals enrolled in the study provided informed
consent.

Nucleic acid isolation
Leishmania reference strains

DNA was extracted using QiAamp DNA mini kit
(Qiagen, Courtaboeuf, France) according to

the  manufacturer’s  instructions  with  minor
modifications. The incubation time with proteinase K was
increased to 1 h at 56 °C and DNA was eluted from the
column with 50 pl of PCR-grade H,0.

Filter paper samples

The DNA was isolated from the dried cutaneous spots
using Instagene Matrix® resin (Bio-Rad, Marnes la
Coquette, France). A 1-cm paper circle was cut avoiding
the inclusion of non-impregnated filter paper. Paper disks
were cut in small sectors in a sterile Eppendorf tube and
soaked in Saponin 5% during 60 min. The red residue was
collected by centrifugation and papers were incubated with
200pl Instagene Matrix® resin at 56 °C for 30 min with
vortexing after 15 min and at the end of incubation. Tubes
were transferred in a boiling bath for 8 min before
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centrifugation and supernatants were decanted carefully to
avoid resin carry-over. The extracted DNA was diluted in
sterile water to 1/5 and kept at —20 °C before PCR.

Polymerase chain reaction amplification

Each sample has been subjected to real-time PCR assay
for the detection of Leishmania DNAas previously
described [15]. The samples presenting a crossing point
(point which marked the cycle at which the fluorescence of
the sample is significantly different from the baseline
signal) lower or equal to 25 have been selected for the
identification of old world Leishmania species. The primers
JW11 (5’-CCTATTTTACACCAACCCCCAGT-3’) and
JW12 (5~ GGGTAGGGGCGTTCTGCGAAA- 3,
designed on the conserved region of Leishmania kDNA
minicircle, were used to allow the amplification of the
genus Leishmania [18]. Real-time PCR technology was
performed with fluorescent SYBR Green 1. The extracted
DNA (5 pl) was added to 15pul of reaction mixture
containing 4mM of MgCl2, 0.5uM of each primer (JW11
and JW12), 2ul of LightCycler FastStart DNA Master
SybrGreen I buffer (Roche Applied Science, Meylan,
France). Conditions for cycling were 95 °C for 4 min,
followed by 35 cycles of 95 °C for 10 s, 62 °C for 10 s, and
72 °C for 10 s with monitoring of fluorescence at the end of
elongation step. PCR product identity was confirmed with
melting curve analysis. Melting program consists of one
cycle of 95 °C for 0 s, 67 °C for 20 s and heating at 98 °C.
The transition rates were 20°C/s except for the extension
step and the final step, which have a temperature transition
rate at 1 °C/s and 0.1 °C, respectively.

An uninfected sample was systematically included to
control the amplification specificity. DNA isolated from the
Leishmania reference strains has been used as a positive
control in each run. The sensitivity of the PCR assay was
assessed on a serial ten fold dilutions ranging from 1000 to
1 parasite/ml of DNA purified from the four Leishmania
references strains. The detection limit was 10 parasite /ml
corresponding to 0.05 parasites per reaction (data not
shown).

RESULTS
Human clinical investigations
Cutaneous lesions

During this study, 143 patients were included. The sex
ratio is 1.55 (87 men/56 women). The mean ages of men
patients were 28.3 £ 16.5 years and for women were 35 +
8.5. Children (under 16 years) account for
17.5% of all patients. Clinically, the lesions  were most
frequently on exposed parts: faces (61 patients: 45%) and
members (42 patients: 31%). The
lesions were multiple and sometimes showed different aspe
cts. They ranged between | and 4 cm in diameter.
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Bone marrow samples

In this present study108 patients were included. The ave
rage age of children was from7.20 £3.53 years
(males: 4.86 + 4.43 years, girls: 5.01 +£4.28 years) and
sex ratio of 1.3.

For both types of leishmaniasis, patients were mostly fr
om Constantine and its around (Ibn
Ziad, Hamma Bouziane, Ain Abid, Chelghoum Laid).

Molecular diagnosis

Cutaneous samples
The real-

time PCR waspositive for 117/143 samples (81.81%).

The increased sensitivityof laboratory

the use of PCR compared to the direct

result by PCR had a negative microscopic examination.

The real-time PCR by Light Cycler, showed that
diagnosis was microscopically positive and those who
were negative. Indeed, patients
examination was positive showed a detectionlimit of 19.56 +0.
108 average PCR cycles with an average of 28.47 + 0.059

(p <0.01) in patients whose direct examination was negative.
Bone marrow samples

The real time PCR was positive for 32/108 samples,
representing 29.6% of all samples analyzed. Cycles of
positivity were observed in average of 25.77. In all positive
cases, the denaturation curves showed the expected
characteristics of specificity.

The results of molecular diagnosis were compared with
those obtained by microscopy. It shows that increasing the
sensitivity of laboratory diagnosis, obtained by using PCR,
compared to the direct examination was 6/108 patients
(5.5%). In fact, 6 patients were negative on microscopic
examination and  positive by real-time PCR.
The positive rate of direct examination was about 24%.

DISCUSSION

The yearly incidence of leishmaniasis, estimated at 1.5
millions for CL and 0,5 million for LV, is increasing related
to deforestation, urbanization or environmental changes
[18].

Given its reemergence in Algeria, it was important to
establish a pilot study on the diagnosis

of both formsofthe disease [19]. Recent data
show that the incidence  is increasing,  and geographic
range extension [20] [14]. Visceral

leishmaniasis takes, with cutaneous leishmaniasis, the first
place in parasitic diseases and accounts for
35% of notifiable diseases [21]. This requires a rapid and
sensitive diagnosis.

iagnosis obtained by
examination was
therefore 46/143 patients (32,16%). All patients with a negative

there
was a significant quantitativedifference between patients whose

for whom microscopic
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The current diagnosisis usually based on direct
examination and culture which are difficult because
of low parasite loads of samples, anddifficult to achieve un
der experimental conditions that do not always fulfil all
necessary conditions. Obviously, as with most parasitic

diseases, the contribution of molecular diagnostics
can be considerable [22][23]  [24] [25] [26][27]. PCR
is a diagnosis method confirmed cutaneous
leishmaniasis [15] or mucocutaneous leishmaniasis [28].

The realtimePCR, as new technology has revolutionized
moleculardiagnosticsbalancing reliability and timeliness [2
9]. Indeed,early diagnosis bringsPCR canidentify leishmani
asis before the clinical picture is complete (suspect). The
skinand bone marrow samples are very suitable  for

detection of Leishmania DNA by PCR [30].

Several authors report its interest in the diagnosis of leis
hmaniasis [31].

It was used in the diagnosis of VL of the child
in several Mediterraneancountries [16]. It has also shown it
s benefits in the detection of asymptomatic carriers of the
parasite in patients infected =~ with HIV for =~ whom, VL
coinfection is frequently reported in  countries where both
infections (cutancous and  visceral)  are endemic [32].
It has proved useful in monitoring therapy by quantification
of parasite load [16].

It can be applies to different types
of samples from reservoirs and vectors, hence its interest in
epidemiological studies [33]. Quantitatively, the RT-
PCR seemsto be the most appropriate in evaluating the succ
ess of therapy and new types of treatments [34].

Moreover, the collection of bone marrow samples on
filter paper is a good alternative for
preserving samples for molecular analysis relocated to a
reference laboratory. Its use in the diagnosis of cutaneous
leishmaniasis and the identification of different species
of Leishmania has been applied with success [35] [36].

In our study, we included all patients with clinical and
biological signs suggestive of visceral and cutaneous
leishmaniasis.

The real-time PCR increased the number of certain
documentation of diagnosis from71 to 117 cases for CL and
26 to32 casesfor VL,inasuspected population
with respectively, 143 and 108 patients. ~ As part of  this
retrospective study, it was not possible to follow the clinical
evolution ofpatients and we have no information to confirm
absolutely that patients identified have visceral
leishmaniasis and that treatment made a specific
improvement or evena cure. However, it was not the
aim of the study show that the real-time PCR to better care
for patients, but rather to demonstrate the concept that
this technique, applied to samples preserved on blotting
paper andeasilytransportable, can give better results in term
s of detection rate of visceral leishmaniasis.
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Thisconcept is important since it may allow institutions
to mobilize the country to promote the establishment of

reference  laboratories equipped  with real-time  PCR
technology. The availability of  this powerful  tool will
lead the development of clinical and
biological studies more complete systems that

provide definitive  answers to the  conditions for
improving the diagnosis of this severe disease.

REFERENCES

1- WHO (1990) Control of the Leishmaniases. Technical
Report Series 793. WHO, Geneva, Switzerland, pp. 1-158.

2- Desjeux P., Alvar J., Gradoni L., Gramiccia M.,
Medrano F.J., Deniau M. et al. Epidemiological analysis
of 692 retrospective cases of Leishmania/HIV co-
infections. WHO/LEISH , 1996 ; 39: 1-11

3- Belazzoug S. Les leishmanioses en Algérie. A propos de
I’identification de 32 souches d’origine humaine et animale.
Leishmania. Taxonomie et phylogenése. Applications éco-
épidémiologiquues (Coll. Int. CNRS/INSERM, 1984).
Montpellier: IMEEE; 1986a. p. 397-400

4- Harrat Z, Pratlong F, Belazzoug S, Dereure J, Deniau M,
Rioux JA, et al. Leishmania infantum and Leishmania
major in Algeria. Trans R Soc Trop Med Hyg 1996; 90:625-
629.

5- Belazzoug S, Ammar-Khodja A, Belkaid M, Tabet-
Derraz O. Cutaneous leishmaniasis in northern Algeria [in
French]. Bull Soc Pathol Exot Filiales 1985;78:615- 622.

6- Izri MA, Belazzoug S. Phlebotomus (Larroussius)
perfiliewi naturally infected with dermotropic Leishmania
infantum at Tenes (Algeria). Trans R Soc Trop Med Hyg
1993;87:399.

7- Benikhlef R, Harrat Z, Toudjine M, Djerbouh A,
Bendali-Braham S, Belkaid M. Présence de Leishmania
infantum MON-24 chez le chien. Méd Trop 2004;64:42-46.

8- Belazzoug S. Isolation of Leishmania major Yakimoff &
Schokhor, 1914 from Psammomys obesus Gretzschmar,
1828 (Rodentia: Gerbillidae), in Algeria. Trans R Soc Trop
Med Hyg 1983,77:876.

9- Belazzoug S. Découverte dun Meriones shawi
(Rongeur, Gerbillidé) naturellement infesté par Leishmania
dans le nouveau foyer de leishmaniose cutanée de K’sar
Chellala (Algérie). Bull Soc Pathol Exot 1986;79:630-633.

10- Izri MA, Belazzoug S, Pratlong F, Rioux JA. Isolation
of Leishmania major in Phlebotomus papatasi in Biskra
(Algeria). The end of an ecoepidemiological saga [in
French]. Ann Parasitol Hum Comp 1992; 67:31-32.



Real time pcr diagnosis of leishmanasis in Constantine (Algeria)

11- Institut National de Santé Publique. Ministére de la
Santé de la Population et de la Réforme Hospitaliére.
Direction de la Prévention. Relevé annuel des maladies a
déclaration obligatoire Année 2005. Alger: Institut National
de Santé Publique; 2005.
http://www.sante.dz/insp/rem.html [accessed 16 April
2009].

12- Harrat Z., Addadi, K., Tabet Deraz O. La
leishmaniose viscérale en Algérie : recensement des cas de
leishmaniose viscérale. Bull Soc Path Exo 1992; 85: 296-
301.

13- Djerbouh A., Toudjine M., Djoudi M., Benikhlef R.,
Harrat Z. - La leishmaniose canine en Algérie : essai de
traitement par 1’allopurinol. Ann Méd Vét 2005 ; 149 :
132-134.

14- Izri A.; Belazzoug S. — Diagnostic de laboratoire des
leishmanioses rencontrées en Algérie. Revue francophone
des laboratoires 2007 ; Supplément au numéro 396,

15- Mihoubi I., De Monbrison F., Romeuf N., Moulahem
T., Picot S. - Diagnostic délocalisé par PCR en temps réel
de la leishmaniose cutanée dans le foyer de Constantine
(Algérie). Med Trop 2006; 66: 39-44

16- Aoun K., Chouihi E., Amri F., Ben Alaya N,, Raies A,,
Mary C,, Bourabtine A. Short Report: Contribution of
Quantitative Real-Time Polymerase Chain Reaction to
Follow-Up of Visceral Leishmaniasis Patients Treated with
Meglumine Antimoniate. Am. J. Trop. Med. Hyg., 2009;
81(6): 1004-1006

17- Mary C, Farault F, Droguoul MP, Xeridat B, Scleinitz
N, Cuisenier, Dumon H., Reference values for Leishmania
infantum parasitemia in different clinical presentations:
quantitative polymerase chain reaction for therapeutic
monitoring and patient follow-up. Am J Trop Med Hyg,
2006; 75: 858-863.

18- Nicolas, L., Milon, G., Prina, E., 2002. Rapid
differentiation of old world Leishmania species by
LightCycler polymerase chain reaction and melting curve
analysis. J. Microbiol. Methods. 51,295-299.

19- Desjeux P. The increase in risk factors for leishmaniasis
worldwide. Trans R Soc Trop Med Hyg 2001;95:239-243.

20- Mott KE, Nuttall I, Desjeux P, Cattand P. New
geographical approaches to control of some parasitic
zoonoses. Bull World Health Organ. 1995;73(2):247-57.

21- Barchiche N..A., Madiou M. - Recrudescence des
leishmanioses cutanées : a propos de 213 cas dans la wilaya
de Tizi-Ouzou. Pathol. Biol. 2009 ; 57 : 65-70

22- Reithinger R., Dujardin J.C.- Molecular diagnosis of
leishmaniasis: current status and future applications. J.
Clin. Microbiol. 2007; 45:21-25.

48

23- Alam M.Z., Abul Khair. Shamsuzzaman M., Kuhls K. ,
Scho™nian G. - PCR diagnosis of visceral leishmaniasis in
an endemic region, Mymensingh district, Bangladesh. Trop.
Med, International Health 2009; 14 (5) : 499-503

24- Deborggraeve S., Boelaert M., Rija S,, De Doncker S.,
Dujardin J.C., Herdewijn P., Biischer P. - Diagnostic
accuracy of a new Leishmania PCR for clinical visceral
leishmaniasis in Nepal and its role in diagnosis of disease.
Trop. Med, International Health 2008; 13 (11): 1378-1383

25- Pandey K., Pandey B.D,, Mallik A K., Kaneko O.,
Uemura H., Kanbara H., Yanagi T., Hirayama K. -
Diagnosis of visceral leishmaniasis by polymerase chain
reaction of DNA extracted from Giemsa's solution-stained
slides. Parasitol Res 2010 ; 107:727-730

26- Souza Leite R., de Almeida Ferreiraa S., Trindade
Ttuassub S., de Melob M.N., Silva Ribeiro de Andradea A. -
PCR diagnosis of visceral leishmaniasis in asymptomatic
dogs using conjunctival swab samples. Vet Parasitol
2010;170 : 201-206

27- Fraga Leite T., Brustoloni Y., M., Lima R.B,
Cavalheiros Dorva M.E., Oshiro E.T., Oliveira J., Lyrio De
Oliveira A., Pirmez C. - Polymerase chain reaction of
peripheral blood as a tool for the diagnosis of visceral
leishmaniasis in children. Mem Inst Oswaldo Cruz, Rio de
Janeiro 2010; 105(3): 310-313.

28- Nasereddin A., Benssoussan- Hermano E., S chdnian
G., Baneth G., Jaffe C.L. - Molecular Diagnosis of Old
World Cutaneous Leishmaniasis and Species Identification
by Use of a Reverse Line Blot Hybridization Assay. J.Clin.
Microbiol 2008; 2848-2855.

29- Bastien P, Procop G.W., Reischl U. - Quantitative real-
time PCR is not more sensitive than "conventional" PCR. J
Clin Microbiol. 2008, 46(6):1897-1900.

30- Quaresma P.F., Fonseca Murta S.M., DE Castro Ferreira
E., Mariano DA Rocha-Lima A.V., Prates Xavier A.A.,
Ferreira Gontijo C.M. Molecular diagnosis of canine
visceral leishmaniasis: Identification of Leishmania species
by PCR-RFLP and quantification of parasite DNA by real-
time PCR. Acta Tropica 2009; 111 ; 289-294.

31- Schénian G, Kuhls K, Mauricio IL. Molecular
approaches for a better understanding of the epidemiology
and population genetics of Leishmania.
Parasitology., 2010; 16:1-21

32- Neffati A., Kallel K., Anene S., Kaouech E., Belhad; S.,
Ennigrou S., Chaker E.

Choix des amorces : élément déterminant dans le diagnostic
moléculaire de la leishmaniose cutanée. Pathol Biol, 2009,
[Epub ahead of print]



MIHOUBI |., FRAHTIA K., GASSEM N. , PICOT S. , DE MONBRISON F.

33- Silva E.S, Gontijo CMF, Melo MN - Contribution of
molecular techniques to the epidemiology of neotropical
Leishmania species. Trends in Parasitol 2005; 21 : 550-
552.

34- Frank D.T., Nasereddin A., Schnur L.F., Schonian G.,
Toz S.0., Jaffe C. L., Baneth G. Detection and
Identification of Old World Leishmania by High Resolution
Melt Analysis. Neglected Tropical diseases 2010; 4: Issue
1, e581.

49

35- De Monbrison F., Angei F., Staal A., Kaiser K., Picot
S. Simultaneous identification of the four human
plasmodium species and quantification of plasmodium
DNA load in human blood by real-time PCR. Trans R Soc
Trop Med Hyg 2003; 97: 1- 4.

36- Mihoubi I., Picot S., Hafirassou N.; Monbrison de F. -
Cutaneous leishmaniasis caused by Leishmania tropica in
Algeria. Trans R Soc Trop Med Hyg 2008; 102, 1157-1159





