University of Granada
Faculty of Medicine
Department of Microbiology

Epidemiological Studies on Zoonotic Leishmaniasis
and New Trials for Studying the Effect of Melatonin
on the Parasite

Ehab Kotb Abd Elghany Elmahallawy

A thesis submitted for the fulfillment of the degree of
International Doctor of Philosophy (PhD) in Clinical Medicine
and Public Health

Granada, 2015



Editor: Universidad de Granada. Tesis Doctorales
Autor: Ehab Kotb Abd Elghany Elmahallawy
ISBN: 978-84-9125-544-4

URI: http://hdl.handle.net/10481/42676



Epidemiological Studies on Zoonotic Leishmaniasis
and New Trials for Studying the Effect of Melatonin
on the Parasite

Instituto de

Neurociencias Facultad de Medicina Universidad de Granada

HOSPITAL UNIVERSITARIO

Virgen de las Nieves

Hospital virgen de las Nieves Departamento de Departamento de
- Granada Farmacologia Microbiologia



D. Ahmad Mhmad Agil Abdalla, Profesor Titular de farmacologia de la Facultad de medicina
Universidad de Granada, D. Jose Gutiérrez-Fernandez, Catedratico de Microbiologia de la
Facultad de medicina Universidad de Granada y D. Javier Rodriguez-Granger, doctor del
servicio de Microbiologia y Parasitologia, Hospital Universitario Virgen de las Nieves Granada
certifica que: Don. Ehab Kotb Abd Elghany Elmahallawy, que ha realizado bajo mi direccién
en el Departamento de Farmacologia y Departamento de Microbiologia de la Facultad de
medicina Universidad de Granada y Servicio de Microbiologia y Parasitologia, Hospital
Universitario Virgen de las Nieves, Granada, el presente trabajo de investigacion, titulado:
“’Epidemiological Studies on Zoonotic Leishmaniasis and New Trials for Studying the
Effect of Melatonin on the Parasite‘’, que ha sido objeto de su tesis doctoral, reuniendo las

condiciones necesarias para optar al grado de doctor.

Granada, 11 Septiembre de 2015

Dirigida por los Directores:

Fdo.: Ahmad Agil Abdalla

Fdo.: Jose Gutiérrez-Fernandez

Fdo.: Javier Rodriguez-Granger

El interesado: Fdo.: Ehab Kotb Abd Elghany Elmahallawy



Dr. Ahmad Mhmad Agil Abdalla, Professor of Pharmacology, Faculty of Medicine University
of Granada, Dr. Jose Gutierrez-Fernandez, Professor of Microbiology, Faculty of Medicine
University of Granada and Dr. Javier Rodriguez-Granger, doctor service Microbiology and
Parasitology, University Hospital Virgen de las Nieves Granada certify that: Mr. Ehab Kotb Abd
Elghany Elmahallawy, who has done under my direction in the Department of Pharmacology
and Department of Microbiology, Faculty of Medicine and University of Granada Department of
Microbiology and Parasitology, University Hospital Virgen de las Nieves, Granada, the present
research entitled: " Epidemiological Studies on Zoonotic leishmaniasis and New Trials for
Studying the Effect of Melatonin on the Parasite " which has been the subject of his doctoral

thesis, gathering the necessary conditions for the degree of doctor.

Granada, 11 Septiembre de 2015

Directed by Directors:

Signed: Ahmad Agil Abdalla

Signed: Jose Gutiérrez-Fernandez

Signed: Javier Rodriguez-Granger

Interested author: Ehab Kotb Abd Elghany Elmahallawy



El doctorando Ehab Kotb Abd Elghany Elmahallawy y los directores de la tesis Ahmad
Mhmad Agil Abdalla, Jose Gutiérrez-Fernandez, y Javier Rodriguez-Granger,
garantizamos, al firmar esta tesis doctoral, que el trabajo ha sido realizado por el doctorando bajo
la direccion de los directores de la tesis y hasta donde nuestro conocimiento alcanza, en la
realizacion del trabajo, se han respetado los derechos de otros autores a ser citados, cuando se

han utilizado sus resultados o publicaciones.

Granada, 11 Septiembre de 2015

Dirigida por los Doctores:

Fdo.: Ahmad Agil Abdalla

Fdo.: Jose Gutiérrez-Fernandez

Fdo.: Javier Rodriguez-Granger

El interesado:

Fdo.: Ehab Kotb Abd Elghany Elmahallawy



The doctoral candidate Ehab Kotb Abd Elghany Elmahallawy and directors of the thesis
Ahmad Mhmad Agil Abdalla, Jose Gutierrez-Fernandez and Javier Rodriguez-Granger,
guarantee, by signing this document that the work has been performed by the doctoral student
under the direction of thesis directors and as far as our knowledge reaches, in the performance of
work, have respected the rights of others to be mentioned when the results have been used or
publications.

Granada, 11 Septiembre de 2015

Directed by Directors:

Signed: Ahmad Agil Abdalla

Signed: Jose Gutiérrez-Fernandez

Signed: Javier Rodriguez-Granger

Interested author:
Signed: Ehab Kotb Abd Elghany Elmahallawy



Declaration by author
This thesis is composed of my original work, and contains no material previously published or
written by another person except where due reference has been made in the text. | have clearly
stated the contribution by others to jointly-authored works that I have included in my thesis.
| have clearly stated the contribution of others to my thesis as a whole, including statistical
assistance, survey design, data analysis, significant technical procedures, professional editorial
advice, and any other original research work used or reported in my thesis. The content of my
thesis is the result of work | have carried out since the commencement of my research higher
degree candidature and does not include a substantial part of work that has been submitted to
qualify for the award of any other degree or diploma in any university or other tertiary
institution. | have clearly stated which parts of my thesis, if any, have been submitted to qualify
for another award.
| acknowledge that copyright of all material contained in my thesis resides with the copyright
holder(s) of that material. Where appropriate | have obtained copyright permission from the
copyright holder to reproduce material in this thesis.
Granada, 11 Septiembre de 2015

Directed by Directors:

Signed: Ahmad Agil Abdalla

Signed: Jose Gutiérrez-Fernandez

Signed: Javier Rodriguez-Granger

Interested author:

Signed: Ehab Kotb Abd Elghany Elmahallawy



0;\\\/2

Dedication

‘@

o
(

g
)

This work is dedicated to Soul of my father, my
mother and my sisters and all family, and to the

people who dedicate their lives to seek for the
truth...



4l

i i
3

0

—ll>



Acknowledgement

First of all, 1 wish to express my sincere gratitude and all thanks to our God for giving me
everything | need in my life, easiness the difficulties and supporting me to finish this work.
Praise be to our God, the Cherisher and Sustainer of the worlds, who with his grace this work

has been done...

This thesis would have not been possible without the support of my supervisors, colleagues,
family and friends who in different ways encouraged me and shared this long way. To all of you,
| express my grateful acknowledgment and sincerely thank for bringing this thesis to a successful
end. | would like to express about my deep thanking for my supervisors for their generous time
and effort while pushing me to strive for excellence as a Ph.D. student, a scientist and a person.
I would like to thank them for pushing me to the limits on this thesis, for spending hours on my
drafts and for ceaselessly providing me with feedback and discussion. They have always made
time regardless of their busy workload. | could not have done it without them. They share my

success and | will be forever grateful for their support.

| wish to express my cordial gratitude and my deepest thank to Prof. Ahmad Agil, for his
continuous helpful advice, encouragement, stimulating indispensable supervision, guidance and
valuable criticism. Without his mentorship and guidance, this work would not have been
possible. With all my feelings of gratitude I gladly acknowledge the great effort, excellent help
and valuable opinions of Prof. Jose Gutiérrez-Fernandez, for his guidance and continuous
support during the work which compelled me to pursue further education in this field.Special
thanks are due to Dr. Javier Rodriguez-Granger, for his keen supervision, continuous
professional guidance and encouragement in preparing the subjects of this work.

My sincere gratitude also goes to Dr. Antonio Sampedro-Martinez, for her tireless effortsy
during the serological study. There are not enough words to express my gratitude and
appreciation to Prof. Dr. Ezio Ferroglio, | wish to offer my warmest thanks for his continuous

support and patience.



| cannot express enough my admiration of my previous and current amazing lab mates with
whom | have interacted during this work including: Aroa, Stefania Zanet, Anna Trisciuoglio,
Javier, and Maria Ortiz-Ruiz. | would like to pass my word of thanks to the entire staff of the
Departments of pharmacology and Microbiology, university of Granada for providing full
support during my stay. Special thanks are due to all my colleagues in the Department of
Veterinary Sciences, University of Turin, Italy, who supported me completely during my

research stay in Italy.

Without my family, I could not be who | am today. My father passed away but he was always so
proud of me. Thank you for that, Dad. | miss you too much. To my mother, my sisters and my
brother, for giving me unlimited support. From the bottom of my heart, thank you my mother. To
my future wife, thanks for your love, companionship, and support. To the two lovely roses, my
sisters Marwa and Omima, whom have decorated my life and made it full of happiness and joy.
All of them, they were my other pillar of support.

Special recognition should also go to Erasmus Mundus team for financial support towards my
studies and giving me the chance to pursue my studies in Granada. For that | am truly grateful.
It has been one of the best journeys of my life thus far.

Lastly, | would like to give my heartfelt thanks and blessing to all my friends and all of those who
supported me in any respect during the completion of this work as well as expressing my

apologies that | could not mention them personally one by one.



lons
/\



Funding and publications during candidature

I. Funding
The doctoral student received an Erasmus Mundus scholarship. The study was also supported in
part by CTS-109 group from the Junta de Andalucia (Spain).

I1. Scientific publications:

» The present work has been developed in the laboratories of the following departments,
department of pharmacology, department of Microbiology of school of medicicne, university of
Granada, Granada, Spain, as well as part has been carried out in service of microbiology and
parasitology. Another part from the present work has been done in the laboratory of parasitology,
department of veterinary sciences, University of Turin, Italy. Parts from the results of the present
works have been published in the following scientific journals:

> El presente trabajo se ha desarrollado en los laboratorios del Departmento de Faramcologia,
departmento de de Microbiologia de la facultad de medicina, del Universidad de Granada y en el
servicio de Microbiologia y Parasitologia del Hospital Universitario Virgen de las Nieves -
Universidad de Granada, Espafia. Parte del presente trabajo se se ha desarrollado en el
Laboratorio del parasitologia, departamento de ciencias veterinarias de la Universidad de Turin,

Italia. Partes de los resultados de este trabajo han sido publicados en las siguentes revistas:

+ Authors: Ehab Kotb Elmahallawy, Aroa Jiménez-Aranda, Antonio Sampedro Martinez, Javier
Rodriguez-Granger, Miguel Navarro-Alarcon, José Gutiérrez-Ferndndez and Ahmad Agil
Title: Activity of melatonin against Leishmania infantum promastigotes by mitochondrial
dependent pathway.
Reference: Chemico-Biological Interactions Journal. 2014; 220C:84-93.

+ Authors: Ehab Kotb Elmahallawy, Antonio Sampedro Martinez, Javier Rodriguez Granger,
Yannick Hoyos-Mallecot, Ahamd Agil, Jose Mari Navarro Mari and Jose Gutierrez Fernandez
Title: Diagnosis of Leishmaniasis.

Reference: The Journal of Infection in Developing Countries. 2014 8(8):961-72.



+ Authors: Ehab Kotb Elmahallawy and Ahmad Agil.
Title: Treatment of Leishmaniasis: A Review and Assessment of recent research.
Reference: Current Pharmaceutical Design. 2015; 21(18):2259-75.

+ Authors: Ehab Kotb Elmahallawy; Elena Cuadros-Moronta; M2 del Carmen Liébana Martos;
Antonio Sampedro-Martinez, Javier Rodriguez-Granger, Ahmad Agil, José M Navarro-Mari and
Jose Gutierrez-Fernandez
Title: Seroprevalence of Leishmania infection among asymptomatic renal transplant recipients
from southern Spain.

Reference: Transplant Infectious Disease. 2015 Aug 19. doi: 10.1111/tid.12444.

+ Authors: Ehab Kotb Elmahallawy, Javier Ortega Luque, Abdelkarim saleh Aloweidi, José
Gutiérrez Fernandez, Antonio Sampedro Martinez, Javier Rodriguez-Granger, Abdullah Kaki,
and Ahmad Agil.

Title: Potential relevance of melatonin against some infectious agents: A Review and
Assessment of Recent Research.

Reference: current medicinal chemistry. 2015 Aug 26 Accepted.

+ Authors: Ehab Kotb Elmahallawy, Marco Poggi, Gabriele Cieri, Ahmad Agil, Stefania Zanet,
Anna Trisciuoglio and Ezio Ferroglio.
Title: Cross-sectional Epidemiological survey of Leishmania infantum in cats from an endemic
region in Northwestern Italy.
Reference: Acta Tropica-S-15-00778. 2015, under review.



I11. Communications and Congresses
Por otro lado, partes de los resultados de este trabajo han sido publicados en las siguientes

reuniones y conferencias:

Elmahallawy EK ,Jiménez-Aranda A, Velasco-Pérez, L, Ruiz, OM, Rodriguez-Granger J,
Gutiérrez Fernandez J, Agil A. In vitro antileishmanial activity of melatonin. V Reunion de
Jovenes Farmacdlogos de Andalucia. 9 July 2013, Departamento de Farmacologia Universidad
de Malaga, Spain.

Ehab Kotb Elmahallawy, Javier Rodriguez-Granger, Jose Gutiérrez Fernandez, Ahmad Agil.
Possible involvement of mitochondrial complex 11 in melatonin-induced apoptosis in
Lesihmania. V Programa Jornadas Neurociencias. 12 March 2014, Instituto de Neurociencias,
Universidad de Granada, Spain.

Elmahallawy EK, Martinez A, Rodriguez-Granger J, Fernandez JG, and Agil A. Melatonin-
induced apoptosis and mitochondrial alterations in Leishmania infantum promastigotes. VI
Reunidon de Jovenes Farmacologos de Andalucia. 12 June 2014, Departamento de Farmacologia
Universidad de Sevilla, Spain (Best oral presentation award by the Spanish Society of

Pharmacology).

IV. Collaboration
Por otro lado, el doctorando estaba Colaborando con nuestra grupo de investigacion. Asi que
partes de los resultados de este trabajo han sido publicados en las siguientes revistas, reuniones y

conferencias:

Authors: Ahmad Agil, Ehab Kotb Elmahallawy, José Mauel Rodriguez-Ferrer, Abdu Adem,
Salim M Bastaki, Ibrahim Al-abbadi, Yazmin Anamaria Fino Solano, Miguel Navarro-Alarcon.
Title: Melatonin increases intracellular calcium in liver, muscle, white adipose tissues and
pancreas of diabetic obese rats.

Reference: Food & Function 2015 Aug 5;6(8):2671-8.



. Velasco-Pérez L., Jiménez-Aranda A., EImahallawy EK. , Ortiz-Ruiz M., Kaki A., Agil A.
Chronic melatonin administration has beneficial effects in neuropathic pain in Zucker diabetic
(ZDF) fatty rats. V Reunion de Jovenes Farmacdlogos de Andalucia. 9 July 2013, Departamento
de Farmacologia Universidad de Malaga, Spain.

. Velasco-Pérez L., Jiménez-Aranda A., EImahallawy EK. , Ortiz-Ruiz M., Kaki A., Agil A.
Chronic melatonin administration has beneficial effects in neuropathic pain in Zucker diabetic
(ZDF) fatty rats. V Reunion de Jovenes Farmacélogos de Andalucia. 9 July 2013, Departamento
de Farmacologia Universidad de Malaga, Spain.

Elmahallawy EK, Ortiz-Ruiz M and Agil A. Involvement of mitochondrial membrane
permeability transition pore opening in melatonin hepato-protective effects in Zucker diabetic
fatty (ZDF) rats. VI Reunién de Jovenes Farmacélogos de Andalucia. 12 June 2014,

Departamento de Farmacologia Universidad de Sevilla, Spain.

Ortiz-Ruiz M, Elmahallawy EK, Agil A. Chronic melatonin administration improves the
mitocondrial stress in liver of Zucker diabetic fatty (ZDF) rats. VI Reunion de Jdévenes
Farmacologos de Andalucia. 12 June 2014, Departamento de Farmacologia Universidad de

Sevilla, Spain.

V. Awards

Best oral presentation award on VI Reunion de Jovenes Farmacologos de Andalucia. 12 June
2014, Departamento de Farmacologia Universidad de Sevilla, Spain on his presentation entitled
“’Melatonin-induced apoptosis and mitochondrial alterations in Leishmania infantum

promastigotes’’.



10NS

ol

K
yi(



List of abbreviations

Abbreviation

Mean

2-ME
HEPES
AIDS
ALT
ALP
ACL
AVL
Ab

Ag
APC
AST
BSA
Ca2+
CDC
CF
CHOL
CFT
IC 50
CREA
CSA
CL
CSA
DPI

°C
Dnase |
DNA
DMSO
DAT

2- mercaptoethanol
4-(2-Hydroxyethyl)piperazine-1-ethanesulfonic acid
Acquired immune deficiency syndrome
alanine transaminase

alkaline phosphatase

anthroponotic cutaneous leishmaniasis
anthroponotic visceral leishmaniasis
Antibody

Antigen

antigen presenting cells

aspartate aminotransferase

Bovine serum albumin

calcium

Center of Disease control

Central nervous system

cholesterol

Complement fixation test

concentration of inhibition of parasite growth by 50%
creatinine

Crude soluble antigen

Cutaneous leishmaniasis

Cyclosporin A

Days Post Infection

degree Celsius

Deoxyribonuclease |

Deoxyribonucleic acid

Dimethyl Sulfoxide

Direct agglutination test




Na; HPO, Di-sodium hydrogen Phosphate
D.W Distilled water

ETC electron transport chain

ER Endoplasmic reticulum

E. Entamoeba

ELISA Enzyme Linked Immuno-sorbant Assay
EOS eosinophils

EDTA Ethylene diamine tetraacetic acid
FAST fast agglutination screening test

FIV Feline immunodeficiency virus
FeLV Feline leukemia virus

CFC final concentration of control culture
FDA Food and Drug Administration

GLU glucose

GST glutathione-S transferase

HCT hematocrit

Hb hemoglobin

HAART Highly Active Anti-Retroviral Therapy
H histones

h hour

HIV Human Immunodeficiency Virus
H,0, Hydrogen peroxide

19G Immune globulin G

ICT Immunochromatographic test

IFAT immunofluorescence assay

IL interleukin

U international unit

I.P Intra- peritoneal

kDa kilodalton

rk kinesin-related protein recombinant antigen
kDNA kinetoplast DNA




LAT

LYM

MCL
MHC
uM
MCM
Hg

mM

mL

mm
medRNA min
MEM
min
MON

M

MCL
nm

nM

NK
NEU
NAD(P)
NOS/ iNOS
NF-xB
OPD

PP

Sbv
PP1%

P.

latex agglutination test

Leishmania

Liter

lymphocytes

Macrophage

Magnesium chloride

major histocompatibility complex
micro molar

micro-culture method

microgram

mille Mole

milliliter

millimeter

miniexon-derived RNA

Minimum Essential culture Medium
minutes

monocytes

Mole

Mucocutaneous leishmaniasis
nanometers

nanomolar

Natural Killer

neutrophils

nicotinamide adenine dinucleotide (phosphate)
nitric oxide synthase

nuclear factor kappa-light-chain-enhancer of activated B cells
Ortho-Phenylene-diamine

Patent Period

Pentavalent Antimonial

percentage of parasite inhibition

Phlebotomus




PBS
PBS-T
PHOS
P.
PAGE
PCR
p.i.
PKDL
K

KCL

K H2PO4
PP

P- Value
PLT
RDT
RBC
ROT
RNA
rRNA
SSC
SAG
NaHCO3
Na,CO3
Na CL
STE
SDS

Na OH
SSG
Sol

SPF

SD

Phosphate Buffer Saline

Phosphate Buffer Saline-Tween-20
phosphorus

Plasmodium

Polyacrylamide gel electrophoresis
polymerase chain reaction

Post Infection

Post Kala Azar Dermal Leishmaniasis
potassium

Potassium Chloride

Potassium di-hydrogen phosphate
Pre-Patent Period

Probability value

platelets count

Rapid Diagnostic Test

red-blood cell count

rhoptry protein

ribonucleic acid

ribosomal RNA

saline sodium citrate buffer

Sodium antimony gluconate
Sodium bicarbonate

Sodium carbonate

Sodium chloride

Sodium Chloride-Tris-EDTA buffer
Sodium dodecyl sulfate

Sodium hydroxide

Sodium stibogluconate

Solution

specific pathogen free

Standard deviation




S.c
H,SO4
Th
3'UTR
TP
T.gondi
T.
TNF-a
VL
VL/HIV
WB
WBC
WHO
ZCL
ZVL

Subcutaneous

Sulfuric acid

T helper cell

three prime untranslated region
total protein

Toxoplasma gondii
Trypanosoma

Tumor Necrosis Factor-a
Visceral Leishmaniasis

Visceral Leishmaniasis HIV co infection
Western blotting

white-blood cell count

World Health Organization
zoonotic cutaneous leishmaniasis

zoonotic visceral leishmaniasis




1V = ON
y (



Index

No. Title Page
N.
(1) | Summary/Resumen 1
(2) | Introduction
1 Background 8
2 Diagnosis of Leishmaniasis 21
3. Treatment of Leishmaniasis 30
4 Potential relevance of melatonin against some infectious agents 51
(3) | Hypothesis and objectives 64
1. Hypothesis
2. Objectives
(4) | Material and Methods
+ Experimental Design
1. Diagnostic part: 68
1.1. Determination of Leishmania seroprevalence among renal transplant
recipients
1.1.1. Study area and population
1.1.2. Sample collection and screening using IFAT.
1.2. Epidemiological survey of Leishmania infantum in cats
1.2.1. Study population and preparation of serum samples
1.2.2. Clinical and laboratory diagnosis
1.2.3. Western blotting and SDS- polyacrylamide gel electrophoresis
1.2.4. Preparation of blood samples and extraction of DNA
1.2.5. Qualitative PCR for detection of Leishmania and Mycoplasma DNA
1.2.6. Detection of FELV antigen and FIV antibody
2. Melatonin treatment part: 71

2.1. Materials
2.2. Leishmania cells and culture conditions

2.3. Drug assessment on promastigote growth inhibition assay




2.4. Mitochondrial studies
2.4.1. Mitochondrial Isolation
2.4.2. Protein concentration measurement
2.4.3. Calcium Retention Capacity
2.4.4. Determination of Mitochondrial Nitrites
2.4.5. Determination of Mitochondrial Superoxide Dismutase Activity

2.4.6. Spectrophotometric Assays of Individual Respiratory Chain Complexes

3. Statistical analysis 75
(5) | Results
1. Seroprevalence of Leishmania infection among asymptomatic renal transplant | 77
recipients from southern Spain
2. Cross-sectional Epidemiological survey of Leishmania infantum in cats from an | 79
endemic region in Northwestern Italy
3. Activity of melatonin against Leishmania infantum promastigotes by | 82
mitochondrial dependent pathway
(6) | Discussion 87
1. General aspects
2. Leishmaniasis among renal transplant patients
3. Role of cats in L.infantum epidimiology
4. Melatonin and parasites
(7) | Conclusion/ Conclusion 101
(8) | Bibliography 104




N

0%
Gty

) (



Summary

Summary

Leishmaniasis remains an important public health problem caused by protozoan of genus
Leishmania and transmitted by the bite of a female phlebotomine sand fly. Humans, rodents, and
some animal species are considered reservoir for the disease. Among other animal species, the
dogs are the most important reservoirs in a domestic environment, maintaining the endemic
focus of the parasite. The disease has been also linked to tropical and subtropical regions besides
being an endemic disease in the Mediterranean basin and South America. Depending on the
infecting parasite species and host immune response, three forms of the disease are known:

cutaneous, mucocutaneous, and disseminated visceral leishmaniasis of fatal prognosis.

The recent years have witnessed extraordinary potential progress and ever growing in organ
transplantation worldwide as a consequence of sustained economic growth and the higher
investments in tertiary healthcare policies in many developing countries. Spain is widely known
as one of the countries with the highest transplant rates. As result of lack of routine serology for
blood or organ donors in areas of high endemicity, transplanted recipients are susceptible to a
broad spectrum infectious agents resulting in different symptoms. Leishmania is considered one
of opportunistic infections but it is not common disease among transplanted patients, however,
the growing pool of transplant survivors and high migration dynamics steadily increases the
numbers of infected cases among transplant recipients especially among renal transplanted

recipients mainly in southern Europe, particularly with visceral leishmanisis (VL).

Despite several leishmanial researches, many questions are still unanswered. Early case detection
followed by adequate treatment represents the key to the control of the disease that may improve
the prognosis and can reduce transmission. Diagnosis of Leishmania infection is still somewhat
controversial due to absence of gold standard technique that appears mandatory to establish
effective strategic programmes. Current tools of diagnosis are several and they rely mainly on
parasite detection by microscopic examination or by molecular biology-based assays for
detecting parasite DNA (PCR) but none of these methods have become popular in field
diagnosis. The conventional parasitological techniques are also risky, time consuming, invasive
for the patient and require skilled personnel. The molecular methods also require the availability
of software, probes and primers, which cannot easily applied especially in field settings and still

not affordable for many clinical and scientific laboratories in developing countries.
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Interestingly, serological diagnosis using several tests is an alternative tool for the parasitological
diagnosis; can be used for a large-scale and decentralized diagnosis, however, all the serological
techniques share many drawbacks like that related to sensitivity or specificity have been

reported.

On the other hand, the presence of different Leishmania species and various manifestations also
complicates the therapeutic approach, especially in immunocompromised patients. A limited
number of effective antileishmanial agents are available for chemotherapy, and many of them are
expensive with severe side effects or have a markedly reduced effectiveness due to the
development of drug resistance. Based upon several published works, plants have different
biologically active compounds in their organs, which can be pharmacologically studied.
Melatonin is an indoleamine synthesized and released by several organs. Several studies have

included the relationship between melatonin and many parasitic or viral diseases.

Given above information, there is a genuine need to develop a novel effective and less toxic
antileishmanial drug for amelioration of patient’s life quality besides the necessity for surveying
strategy using a rapid and reliable diagnostic test in one of animal reservoirs in certain endemic

area (cats).

The scheduling of the thesis has been divided into several phases: the first part includes reviews
of the literature about current status of epidemiology, development in diagnosis and treatment of
the disease for better understanding the gaps in disease management. The second part of the
thesis, the experimental part, includes two phases; the first phase of the present work included a
serological study about Leishmania infection among transplanted organ recipients from southern
Spain followed by assessment of the occurrence of Leishmania infantum in domestic cats from
an endemic region in North-western Italy, by the association of both serological and molecular
tests. In the second phase of our work, we have studied the effect of melatonin against the

parasite in vitro.

Our results provide an evidence that a relatively high prevalence of L.infantum was recorded
among kidney transplanted recipients, where 30 (4.08%) samples were positive for L. infantum

out of 625 examined serum samples. Regarding the cross sectional survey in cats, we have found
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that 33 samples (13.12%) were positive for L. infantum out of 250 examined serum samples from

cats, whereas of the 282 blood samples, 80 (28.37%) were positive.

In accordance with therapeutic trials, melatonin not only demonstrated a significant
antileishmanial activity in vitro but was also accompanied by an alteration of the several
mitochondrial parameters, including calcium homeostasis and by changes in some mitochondrial

parameters critical to parasite survival.

These multiple results suggest that 1) the routine serological testing for VL should be initially
considered before undergoing transplantation for both donor and recipient transplant patients
living or traveling in endemic areas to prevent such serious post-transplantation infection, 2)
High prevalence of L.infantum among cats in the studied area which show the importance of cats
not only as reservoir for the disease, but also the need for further future research for accurate
diagnosis of this zoonosis, 3) Western blot and PCR would be a novel potential tools in diagnosis
of Leishmania infection in cat, and 4) melatonin may be a potent antileishmanial agent, and
therefore further research is warranted to elucidate the effects of melatonin in vivo and in
association with other antileishmanial drugs combined with examination the role of melatonin
receptors in these effects and their underlying mechanisms. These observations together could be
of special attention for the people to identify the risk factors of transmission of such protozoan
and would be helpful in earlier detection, treatment and as a consequence in eradication of this

neglected disease.



Resumen

Resumen

La leishmaniasis es a dia de hoy un conjunto de enfermedades de interés internacional causadas
por protozoos del género Leishmania y transmitido por la picadura de un flebotomo femenino.
Los seres humanos, roedores, y algunas otras especies animales se consideran reservorio de
dicha enfermedad. Entre otras especies animales, los perros son los reservorios mas importantes
en el entorno doméstico, manteniendo el foco endémico del parésito. La enfermedad se ha
vinculado también a regiones tropicales y subtropicales, ademas de ser una enfermedad
endémica en la cuenca del Mediterrdneo y Ameérica del Sur. Dependiendo de la especie causante
de la enfermedad, asi como de la respuesta inmunitaria del huésped, se conocen tres formas de la
enfermedad: cutanea, mucocutanea, y visceral, ésta Ultima diseminada y en ausencia de
tratamiento suele resultar fatal. Los Gltimos afios han sido testigos de avances de extraordinario
potencial y de crecientes casos de transplantes de 6rganos en todo el mundo como consecuencia
de un crecimiento econdémico continuado y una mayor inversion en politicas de salud terciarias
en muchos paises en desarrollo. Espafia es ampliamente conocida como uno de los paises con las
tasas méas altas de trasplante. Como resultado de la falta de serologia rutinaria de sangre o de
6rganos donantes en areas de alta endemicidad, los receptores trasplantados son susceptibles a un
amplio espectro de agentes infecciosos que resultan en sintomas diferentes. La Leishmania es
considerada un agente infeccioso oportunista, pero no es una enfermedad comun entre los
pacientes trasplantados. Sin embargo, el creciente nimero de supervivientes de trasplante y la
alta tasa de migracion aumenta constantemente el nimero de casos de infeccion entre los
receptores de trasplante, especialmente entre los receptores de transplantes renales y en el sur de

Europa, y en particular a la leishmaniasis visceral (LV).

A pesar de las varias investigaciones en Leishmania, muchas preguntas siguen sin respuesta. La
deteccidn temprana de los casos, seguida de un tratamiento adecuado, representan la clave para
el control de la enfermedad con lo que se podria mejorar el prondstico y reducir la transmision.
En los ultimos afios se ha producido un extraordinario avance en el diagnostico de la infeccion
por Leishmania, pero el principal reto sigue siendo la falta de técnica de referencia, que parece
obligatoria para establecer programas estratégicos eficaces para controlar y erradicar la
enfermedad. Las herramientas actuales de diagnostico son variadas Yy se basan principalmente en

la deteccion de parasitos mediante examen microscopico o mediante ensayos basados en la
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biologia molecular para la deteccion de ADN del parasito (PCR), pero ninguno de estos métodos
se han hecho populares en el diagndstico de campo. Las técnicas parasitologicas convencionales
también son arriesgadas, lentas, invasivas para el paciente y requieren personal cualificado. Los
métodos moleculares también requieren de la disponibilidad de software, sondas y cebadores,
que no son facilmente aplicables, sobre todo en el campo, y todavia no son asequibles para
muchos laboratorios clinicos y cientificos en los paises en desarrollo. El diagnéstico serolégico
es una herramienta alternativa para el diagndstico parasitologico; puede ser utilizado para una
gran escala y el diagnostico descentralizado, sin embargo, casi todas las técnicas seroldgicas
comparten muchos inconvenientes como los relacionados con la sensibilidad o especificidad
entre diferentes ubicaciones. De hecho, la presencia de diferentes especies de Leishmaniay
diversas manifestaciones también complican el enfoque terapéutico, especialmente en pacientes
inmunodeprimidos, ya que los rendimientos de quimioterapia convencionales ofrecen pobres
resultados e inconsistentes. Solo un nimero limitado de agentes eficaces anti-Leishmania estan
disponibles para la quimioterapia, y muchos de ellos son caros y o bien tienen efectos
secundarios graves, o presentan una eficacia marcadamente reducida debido al desarrollo de
resistencia a los medicamentos. Sobre la base de varios trabajos publicados, las plantas tienen
diferentes compuestos bioldgicamente activos en sus drganos, que pueden ser estudiados
farmacoldgicamente. La melatonina es un indolamina sintetizada y liberada principalmente por
la glandula pineal durante la oscuridad. Varios estudios han incluido la relacion entre la

melatonina y muchas enfermedades parasitarias o virales.

Basandonos en esta informacion, existe una auténtica necesidad de desarrollar un nuevo farmaco
anti-Leishmania, eficaz y menos toxico, para la mejora de la calidad de vida del paciente junto a
la necesidad de conseguir una prueba de diagnostico rapida y fiable para el diagnéstico de la
infeccion por Leishmania, ya sea en humanos o en los principales animales reservorios. La
programacion de la tesis se ha dividido en varias fases: la primera parte incluye una revision de
la literatura sobre el estado actual epidemiologico, desarrollo en el diagnostic, y el tratamiento de
la enfermedad para evaluar las deficiencias en la gestion de la leishmaniasis. La segunda parte de
la tesis, que es la parte experimental, incluye dos fases; la primera fase de este trabajo incluy6 un
estudio serologico sobre la infeccion causada por Leishmania entre los receptores de 6rganos

trasplantados del sur de Espafia, siguié por un estudio epidemiologico sobre la presencia de
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Leishmania infantum en los gatos (domesticos) de una regioén endémica en el norte-oeste de
Italia (Liguria), por la asociacion de ambas pruebas seroldgicas (western blotting) y moleculares
(PCR). En la segunda fase de nuestro trabajo, hemos estudiado el efecto de la melatonina contra

el parasito in vitro.

Nuestros resultados evidencian que una prevalencia relativamente alta de L. infantum se registrd
entre los receptores de trasplante de rifion, donde 30 (4.08%) muestras fueron positivas para L.
infantum de 626 muestras de suero examinadas. En cuanto a la encuesta epdimiological en los
gatos, también hemos encontrado que 33 muestras (13.12%) fueron positivos de 250 muestras de
suero examinadas para L. infantum con el western blotting, mientras que de las 282 muestras de
sangre, 80 (28.37%) fueron positivas. Por otra parte con respecto a los ensayos terapéuticos, la
melatonina no s6lo demostrd una actividad significativa contra Leishmania in vitro, sino también
fue acompafada por una alteracion de varios parametros mitocondriales, incluyendo la
homeostasis del calcio y por cambios en algunos parametros mitocondriales criticos para la

supervivencia del parasito.

Estos multiples resultados sugieren que 1) las pruebas seroldgicas de rutina para LV deben ser
tenidas en cuenta inicialmente a la hora de realizarse un trasplante, habiendo de llevarse a
cabo en el donante y en el receptor si éstos viven o viajan a areas endémicas para evitar la grave
infeccion post-trasplante, 2 ) la melatonina puede ser un agente anti-leishmania potente, y por lo
tanto es necesaria mas investigacion para dilucidar los efectos de la melatonina in vivo y en
asociacion con otros farmacos contra leishmania, combinados con el examen del papel de los
receptores de melatonina en estos efectos y sus mecanismos subyacentes, 3) alta prevalencia de
L. infantum entre los gatos en el area del estudio que muestran la importancia de los gatos no
solo como reservorio de la enfermedad, sino también la necesidad de una mayor investigacion en
el futuro para el diagnosis esta zoonosis, y 4) Western blot y PCR podrian ser unas potencial
herramientas en el diagndstico de la infeccién por Leishmania en muestras en los gatos. En
conclusion, estas observaciones en conjunto podrian ser de especial interés para identificar los
factores de riesgo de transmision a las personas de dichos protozoos y serian Utiles para la
deteccion temprana, el tratamiento y, como consecuencia, para la erradicacion de esta

enfermedad olvidada.
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Introduction

1. Background
General remarks
The term leishmaniasis refers to a heterogeneous group of diseases with various clinical
syndromes, caused by obligate intracellular protozoa of the genus Leishmania. This protozoan
parasite causes a widespread disease in tropical and subtropical regions [1-4]. The disease is
mainly transmitted to humans by the bite of infected female phlebotomine sand fly [4], resulting
in one or more of a spectrum of manifestations known as leishmaniasis. Three main forms of the
disease are known: cutaneous, mucocutaneous, or visceral leishmaniasis [4]. This group of
diseases is found in 98 countries around the world and affects a total of 12 million people [1, 3,
5], whereas approximately 350 million people are at risk for infection, in addition to an estimated
500 000- 2 000 000 million new cases and 20 000 to 50 000 deaths occur annually [1, 3, 5-7].
Among other forms, cutaneous leishmaniasis (CL) is the most common form of the disease,
which characterized by skin lesions like ulcers can heal spontaneously but may result in
disfiguring scars [5]. About 95% of the total cases of CL occur in the Mediterranean basin,
Americas, and the Middle East and Central Asia while over two-third of CL new cases occur in
six countries: Afghanistan, Algeria, Brazil, Colombia, Iran and the Syrian Arab Republic [4]. It
is also estimated that 0.7 - 1.3 million new cases occur worldwide annually [4]. Mucocutaneous
leishmaniasis (MCL) is another form of the disease, which results in partial or complete
destruction of mucous membranes of the nose, mouth and throat. Several studies have been
reported that 90% of MCL cases occur in the Plurinational State of Bolivia, Brazil and Peru [4].
Visceral Leishmaniasis (VL) is the most fatal form, which is associated with 200 000-400 000
new annual cases worldwide. The disease (VL) starts with skin ulcers and later accompanied
with irregular bouts of fever, low red blood cells, anaemia, weight loss, enlarged spleen and liver
and often fatal in absence of proper intervention [5, 8, 9]. High endemicity of this form was
reported in the Indian subcontinent and East Africa; particularly, more 90% of new cases occur
in six countries: Bangladesh, Brazil, Ethiopia, India, South Sudan, and Sudan [4, 10].
It should be stressed that the clinical features of VL can be mistaken with some diseases such as
malaria, tuberculosis, typhoid fever and leprosy [11]. Hence, the reliable laboratory methods
become mandatory for accurate diagnosis and early case detection followed by adequate

treatment, together is the key to the control of the disease.
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Regarding the causative protozoan, there are more than 20 species of Leishmania infect humans,
and they are classified mainly by geographical distribution (Table 1) and the clinical
characteristics of the disease [4, 6, 10]. Importantly, the aggressiveness of the individual species,
their organ preference and the host immune status are the principal determinant of disease
course. In fact, HIV/Leishmania co-infection represents a distinct challenge to leishmaniasis
approach  with  particular epidemiological features, diagnosis and treatment in
immunocompromised patients [10, 12, 13]. Risk factors include: poverty, malnutrition,
deforestation, and urbanization increase the threating [4].

CL is caused by L. major, L. tropica, L. aethiopica (Old World CL), L. infantum, L. chagasi
(Mediterranean and Caspian Sea region CL), L. amazonensis, L. mexicana, L. braziliensis, L.
panamesis, L. peruviana, and L. guayanensis (New World CL) [6, 14-16]. MCL or espundia, is
caused by L. brazilensis, L. panamensis, L. guyanensis in the New World (Western Hemisphere,
specifically the Americas), whereas in the Old World (Estern Hemisphere, mainly Africa, Asia,

and Europe), it is mainly caused by L. infantum and L. donovani [6, 9, 10, 14].

Clinical forms of the | Causative agents Region
Disease

L. tropica Mediterranean and countries, Afghanistan

CL L. major Middle East, Western and Northern Africa, Kenya
L. aethiopica Ethiopia
L. Mexicana Central America, Amazon regions

MCL L. braziliensis Brazil, Peru, Ecuador, Columbia, Venezuela

VL L. donovani China, India, Iran, Sudan, Kenya, Ethiopia
L. infantum Mediterranean countries (Spain)
L. chagasi Brazil, Columbia, Venezuela, Argentina

Table 1: Different forms of leishmaniasis with their distribution, adapted from: [17].
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On the other hand, VL, which also known as kala-azar black fever or Dumdum fever, is caused
by L. donovani species complex that consist mainly of L. infantum, L. donovani, and L. chagasi
[5, 6, 10, 14, 18]. Taken into account, these species occasionally may cause other forms of
disease [5].

Post-kala-azar dermal leishmaniasis (PKDL) is a complication of VL and characterized by skin
lesions such as erythematous, maculo-papular, or nodular rash on the face, trunk, or other part of
the body; those lesions is usually 6 months or several years after initial treatment of VL. This
form is commonly noticed in L. donovani infection in Sudan and Indian subcontinent where it
follows 50-60% and 10% of treated VL cases, respectively [19, 20]. Importantly, those infected
people with chronic PKDL are considered important reservoir host. The following sections will
review some general remarks about the epidemiological aspects of the disease, aiming for getting
more information about the disease [21, 22].

Systematic and Morphology of the parasite

The first report about the disease and its etiological agents (Leishmania) was in 1903 by the
Scottish pathologist William Boog Leishman and Charles Donovan, independently of each other
[23]. Leishmania are protozoan hemoflagellates (2-5um large) belonging to the order of
Kinetoplastida (Figure 1). They are unicellular eukaryotes having a well-defined nucleus and
other cell organelles including flagella and a deeply staining structure at the end of a flagellum
called kinetoplasts [24]. A single locomotory flagellum, free or attached to a pellicle as an
undulating membrane, originates from the kinetoplast [24].

It is widely known that all parasites species undergo obligate changes, altering their morphology
and propagations in their respective invertebrate host. Leishmania exists in two stages on its
lifecycle; the amastigote form which is an intracellular and non-motile form, devoid of external
flagella, however, a short flagellum is embedded at the anterior end without projecting out. This
form of the parasite is oval in shape, and measures 3—6 um in length and 1-3 um in breadth. It is
found in the mononuclear phagocytes and circulatory systems of mammalian hosts including
humans. On the other hand, the promastigote form is an extracellular motile form, found in the
alimentary tract of sandflies; it is larger and highly elongated than amastigote form, measuring
15-30 pum in length and 5 pum in width. Promastigote has spindle shape, with long flagellum
projected externally at the anterior end and the nucleus lies at the center.
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Among 35 species of genus Leishmania, more than 20 of them can be transmitted to humans [25,
26], and therefore the taxonomy of Leishmania organisms is complex. On the basis of the
location of the parasite within the insect gut, species of the genus Leishmania are classified into
two subgenera; Leishmania and Viannia. The subgenus Leishmania includes pathogenic
medically important vectors of the Old World species: L. tropica, L. aethiopica, L. major, L.
infantum and L. donovani, while the medical important species of the L. mexicana group

comprise L. mexicana, L. amazonensis, L. venezuelensis and L. pifanoi belong the New World.

In subgenus Viannia, the parasite develops in the hind gut of the insect and is found only in
Central and South America. The most important species have public health importance for this
subgenus include: L. braziliensis, L. guyanensis, L. panamensis, L. infantum and L. peruviana
[27, 28]. It should be emphasized that the hybrids might be involved as reported in Brazil

between Leishmania (V.) guyanensis and Leishmania (V.) shawi shawi [29].

Vectors, Transmission and Reservoirs

The parasite is naturally transmitted by the bite of 30 species of infected female sandflies belong
the genus Phlebotomous in the Old World and Lutzomyia in the New World [30, 31]. Taken into
account, the sand fly are very active from dusk to dawn while they are less active during the
hottest time of the day. The majority of people might not realize the presence of sand flies as

they are very small (2-3 mm), and therefore, they can pass through the holes netting.

Three mechanisms for transmission of the disease by the bite of an infected sand fly are known:
(1) regurgitation of metacyclic promastigotes from the thoracic midgut into the skin during the
blood meal (common) [32]; (2) precipitation of the infective stage from the proboscis into the
skin [33]; (3) inoculation of metacyclic promastigotes from the salivary glands into the skin with
the saliva [34]. However, it should be borne into mind that in some countries, such as Spain,
besides the traditional epidemiological pattern involved in a zoonotic infection, namely infected

dog —sandfly vector- human infection [35, 36].

Among others, Leishmania can also be transmitted to human by contaminated sharing among
intravenous drug abusers [37], by blood transfusion [38], by venereal infections [39-41],
congenitally from mother to infant [42], and by direct contact from animal to animal as reported

in infected dogs that have co-habited with Leishmania-positive dogs [43].

-11 -



Introduction

In fact, these later routes of transmission are very rare versus the vector-borne transmission.
Humans and rodents are considered reservoir for the disease, however, the dogs are the most
important reservoirs in a domestic environment [4, 44]. Therefore, it is not surprising to state that
dogs are the main peridomestic reservoirs for zoonotic leishmaniasis in the Mediterranean area
[45-48], where the disease is referred as canine leishmaniosis (CanL) and occurs as cutaneous or
cutaneous-visceral form with several clinical manifestations. The most common clinical signs
appear in the form of generalized lymphadenomegaly, splenomegaly, a pale mucous membrane
and weight loss and the disease is often associated with skin abnormalities with dry exfoliative
dermatitis, ulcers, periorbital or diffuse alopecia and onychogryphosis. Likewise, the most
important laboratory findings represent by an increase in gammaglobulins, hypoalbuminaemia,
hyperproteinemia and anaemia. Some dogs show no systemic clinical signs but can have severe
renal failure [49-51].

As previously mentioned, rodents, in particular, Rattus rattus and Rattus norvegicus, and Mus
musculus, also play an important role as a possible reservoir of leishmania in some regions like
Italy, Spain, Yugoslavia , and Saudi Arabi [22, 44, 45, 52-54]. Wild canids including wolves,
foxes, jackals, hoary zorros, bush dogs, sloths and armadillos are also involved in the
epidemiological cycle as sylvatic reservoirs in some countries [55-58]. Bats and wild mammals

are also reported to play a role in transmission of the infection [59-61].

The role of cats as reservoirs of Leishmania is still controversial, however, cats remain secondary
reservoirs, rather than accidental ones [57, 62]. Few reports about leishmaniosis in cats (FL) are
available, however, in some immunosuppressed conditions like feline virus infection and tumor
may accelerate the contraction of infection [63-65]. L. infantum and L donovani are the most
common Leishmania species in domesticated cats in the Mediterranean area and Middle East
[66], while L. chagasi, L. braziliensis, L. amazonensis and L. mexicana are the major species in
Central and South America [67-70].

Other domestic animal species such as pigs, goats, cattle and horses may act as incidental
reservoirs but they do not play a major significant role in transmission and only rare cases of CL
have been reported in Africa and South America [71-79]. Few sporadic cases of equine
leishmaniosis (EquL) have been also reported in Europe, in the form of self-healing, skin-

dwelling disease [57, 80, 81]. The affected domestic animals showed body weight loss, skin
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lesions and swollen lymph nodes and sometimes lameness and recurrent fever [82], but VL has
not been reported in equines. The role of the domestic chicken (Gallus gallus) in the
epidemiology of VL in Brazil was reported in 2002 [83]. Actually, chickens represent the link
between the sylvatic and domestic transmission cycles as they are very attractive to
phlebotomine sandflies and also to reservoir hosts of L. infantum infection, such as the crab-
eating fox Cerdocyon thous [83]. Hence, chickens must be considered as a risk factor for the
presence of vectors and reservoir hosts of Leishmania next to human habitations in some regions
[83]. Some studies have also concluded that raising pigs, chickens, or other livestock in the
adjacency of urban dwellings significantly increases the risk of CanL as chicken blood provides

a nutritive meal for sand fly [83-86].
Pathogen Life Cycle

As previously mentioned, Leishmania is a protozoan parasite transmitted by the bite of female
phlebotomine sand flies (Phlebotomus and Lutzomyia species) to the mammalian host [4]. The
female’s sandflies inject their saliva that contains metacyclic promastigotes (infective stage) into
the skin during blood meals, causing some allergic reactions (Fig. 1). In the mammalian host,
promastigotes are phagocytized by macrophages and occupy an intracellular niche then
transform into amastigotes, mainly within macrophages of the host where they multiply in
phagolysosomes of phagocytes as amastigotes which exists within a parasitophorous vacuole and
unaffected by cellular digestive enzymes. Amastigotes multiply by simple division and proceed
to infect new mononuclear phagocytic cells and affect different tissues, depending in part on
which Leishmania species is involved. Parasite, host, and other factors affect whether the

infection becomes symptomatic and whether cutaneous or visceral forms.

When a female sand fly bites an infected vertebrate host, they ingest macrophages infected with
amastigotes with the blood meal, and then a chitin-based peritrophic membrane is synthesized
around the blood-meal. In the sand fly's midgut (in the hindgut for Viannia subgenus) and over
4-25 days, the amastigote differentiates by binary fission into elongated, motile procyclic
promastigotes, which multiply, differentiate into metacyclic promastigotes (flagellated forms),
which are resistant to the digestive enzymes, migrate to the proboscis and are finally transmitted
to the next host during the next blood meal [27, 87, 88].
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Figure 1: Life cycle and Morphological Stages of leishmania, adopted from CDC website

(http:/iwww.cdc.gov/parasites/leishmaniasis/biology.html).
Manifestations of Disease

Depending on the causative species and the form involved, the disease is manifested in humans
in several clinical forms: CL, MCL, VL, and PKDL [4, 89]. These forms are usually developed
after vector bite but the latency may occur from a week to years [90, 91]. Therefore, the
characterization of the disease mainly depends on the infecting species and the immunological
responses of the host [90, 92].
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The cutaneous form of the disease (CL) is very common and characterized by skin lesions which
develop within weeks or months after being bitten and these lesions may be either localized or
diffused [4, 89, 93]. However, it should be borne in mind that some people don’t develop any
clincal signs [94]. The localized cutaneous form manifested as crusted papules or ulcers on
exposed skin where lesions may be associated with sporotrichotic spread, while the disseminated
form appears in the form of multiple, widespread non-tender, non-ulcerating cutaneous papules
and nodules; similar to lepromatous leprosy lesions. These lesions are common on uncovered
areas of the skin that are such as hands, the face, or lower legs in the form of nodular plaques,
and eventually lead to open sores with a raised border and central crater [90, 93]. They are
usually painless but can be painful, particularly after become secondary infection with bacteria.
Some people may develop satellite lesions and swollen glands near the sores (regional
lymphadenopathy), and nodular lymphangitis. These previously mentioned lesions may resolve
quickly after two to three months without treatment or become chronic, lasting months or years
[90, 92, 95]. This form of the disease (CL) is of great potential concern, especially with some
species of the Leishmania in South and Central America, where the infection may progress from
the skin to the mucosal surfaces of the nose or mouth and cause sores [90, 93].

Mucocutaneous form (MCL) is manifested as ulcerative or granulomatous lesions of the nasal,
oral and pharyngeal mucosa and may result in disfiguration and ulcerative tissue destruction that
may results in perforation of the nasal septum [92, 96, 97]. Presence of granulation, erosion, and
ulceration of the palate, lips, pharynx, and larynx, with sparing of the bony structures; may be
occur. Gingivitis, periodontitis, localized lymphadenopathy, optical and genital mucosal
involvement was also reported in severe cases [91, 98-101]. In fact, this form is less common but
was reported in travelers and expatriates whose cases of CL were inadequately treated or absence

of treatment at all, and mostly in Latin America [90, 102-106].

As previously mentioned, VL is the most life-threatening form of leishmaniasis, with very high
rate (95 %) of mortality in absence of treatment [107, 108]. In this form, the parasite spreads into
the following organs: lymph nodes, kidneys, spleen, bone marrow, liver, pancreas, testicles,
lungs, eyes, joints and bones; and therefore, all these organs may develop a granulomatous
reaction with variable numbers of amastigotes. VL may also behave the chronic way and

characterized by fever, lymphadenopathy, hepatosplenomegaly, anaemia, leukopenia,
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thrombocytopenia, weight loss, besides progressive emaciation and weakness; which is mainly
resulted from proliferation of the parasite in macrophages and organs associated with the
reticuloendothelial system [4, 57, 82, 109-113]. Also, silent or latent infection has been reported
[94, 108].

Advances in the epidemiology and the geographical distribution of Leishmaniasis

To our knowledge, the disease is widely known as the second-largest parasitic killer in the world
affecting a variety of settings including rain forests, deserts, rural and peri-urban areas [4, 93].
Regarding the zoonotic aspect of the disease, leishmaniasis has two zoonotic forms in Europe:
zoonotic cutaneous leishmaniasis (ZCL) and zoonotic visceral leishmaniasis (ZVL). Zoonotic
visceral Leishmaniasis (ZVL), caused by L. infantum, occurs in most countries of the
Mediterranean region, while zoonotic cutaneous leishmaniasis (ZCL), is caused by L. major and
occurs in Afghanistan, Egypt, Iran, Iraq, Jordan, Libya, Morocco, Palestine, Pakistan, Saudi

Arabia, Sudan, Syria, Tunisia and Yemen [114].

ZCL may also occurs in the same areas endemic for VL but it seems that there are many
subclinical cases than those registered [115, 116]. These two forms are usually associated with L.
infantum, being the most common etiological agent of leishmaniasis in Europe [117]. This
parasite species might result in a latent public health threat but some immunosuppressive cases
[117], such as human immunodeficiency virus (HIV) co- infection, organ transplanted patients
[118] or immunosuppressive therapies, reactivate the latent infection [119]. However, isolation
of parasites from patients with CL in France, Spain, Italy and Malta revealed only one species of

L. infantum [120-122], among other species.

Leishmaniasis may also occur as an anthroponotic cutaneous Leishmaniasis (ACL) which is
usually caused by L. tropica and sporadically occurs in of the western Mediterranean, Spain
and Greece [2, 121, 123, 124], however, this form is mainly found in Afghanistan, Iran, Iraq,
Morocco, Pakistan, Saudi Arabia, Syria and Yemen [114], whereas Anthroponotic visceral
leishmaniasis (AVL), is another form caused by L. donovani and mainly occurs in Sudan and
Somalia [114]. In fact, the epidemiology of leishmaniasis depends on several factors such as the
parasite species, local ecologic settings of the transmission sites, current and past exposure of the

human population to the parasite and human behavior. It seems that the disease is found with
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higher tendency in the tropics, subtropics, where conditions are favorable for its vector. The
ecological characteristics range from rainy forests in Central and South America to deserts in
western Asia and the Middle East, and therefore, climate and other environmental changes have
the potential to expand the geographic range of the sand fly vectors and the distribution of
leishmaniasis in the world. Taken into account, leishmaniasis usually is more common in rural
than in urban areas, however, its presence in the outskirts of some cities explains the hypothesis
state that the disease is a climate-sensitive disease and is strongly affected by changes in rainfall,
atmospheric temperature and humidity. Such epidemiological aspects gave the patchy
distribution of the disease with discrete transmission foci all over the world, depending on
microecological conditions [125-127]. This geographic expansion of the disease has led to the
necessity of establishing more effective control measures which is mainly based on accurate
diagnostic tools.

As previously mentioned, leishmaniasis is a climate-sensitive disease. Therefore, global
warming, changes and land degradation together strongly influence the incidence and
epidemiology of leishmaniasis via several mechanisms [52, 128-130]. The changes in the
environment a part from urbanization, domestication of the transmission cycle and the incursion
of agricultural farms and settlements into forested areas, markedly involve the epidemiological
pattern [131-134]. Additional occupational activities such as deforestation and hunting may also
influence the risk of infection by increasing. Therefore, the infection rate is often high among
people living at the edge of natural foci, close to the sylvatic cycle [135-142]. In this regard,
geographical information systems (GIS) may provide a valuable tool for basic and operational
research on the epidemiology of disease, including epidemiological surveys [143-145]. The
history of previous exposure seems an important aspect as large proportion of the adult
population will gain acquired immunity to the parasite. Nevertheless, the immunosuppressed
individuals who enter an endemic area are highly at risk for the disease. Hence, leishmaniasis is
also often associated with migration and movement of individuals into endemic areas or enzootic

transmission cycles as reported in military activities and conflict areas [131, 132, 146, 147].

Regarding the age, it is mainly depend on the parasite species, the history of population exposure
and the immune status of the individual. In endemic foci, where the causative parasite is L.

infantum, the median age of clinical VL patients tends to be younger (usually younger than 5
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years) than that of L. donovani [148, 149]. Moreover, young age with malnutrition seems to
predispose humans to VL in South American [150, 151]. Indeed, it seems that the young adults
are more susceptible to the infection than the other ages, however, some studies on VL in Brazil

for dogs have not evidenced sexual, racial or age range related to the infection [136, 138, 139].

In concern with the sex as epidemiological aspect, several studies have reported more cases in
male than female, however, the sex ratio can be accurately ascertained only in community-based
studies [136, 138]. The breeds may also involve the epidemiological pattern since it has been
reported that miniature breeds are less affected because they usually live inside the houses [152-
154]. Another important epidemiological aspect is the poverty which increases the risk for
leishmaniasis though different mechanisms [136]. Poor housing and peridomestic sanitary
conditions may increase sandfly breeding and resting sites, and therefore, their access to humans
[136]. Overcrowding into a small space may also attract sandflies by providing a large biomass
for blood-meals, and therefore, large outbreaks in highly populated cities also occur, especially
during war and population migration. The host genetic background may play a role in disease
manifestations [155-157].

In concern with the geographic distribution, leishmaniasis is generally found on all inhibited
continents except Australia and Antarctica; hence, the disease afflicts approximately 350 million
people in 98 countries or territories around the world [4, 158, 159]. As previously mentioned, at
least 20 morphologically indistinguishable species of Leishmania can infect humans and mainly
classified by geographical distribution and the clinical characteristics of the disease they afflict
[6]. The HIV/Leishmania co-infection represents additional challenge to the approach to
leishmaniasis with diagnosis and treatment as the clinical course of the disease is even less

specific and can be masked by other associated opportunistic infection [12, 159, 160].

Among 20 well-recognized Leishmania species, 13 species have zoonotic importance, which
results in different forms among the Old and the New Worlds [57]. In the Old World, throughout
the Mediterranean Basin of North Africa, the Middle East and Southern Europe, the CL form
occur predominantly and is also partly endemic in sub-Sahara Africa, Southern Asia, the western
parts of India and China [114]. The most severe form, VL, affects poor populations in remote

areas across South Central Asia and China, East Africa, South America, Middle East and the
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Mediterranean region. In this concern, more than 90% of the world's cases of VL occur in rural
and suburban areas of India, Sudan, Bangladesh, Nepal, and Brazil [4, 21, 57, 161, 162].

The African continent, in particular the East and North, is considered the origin of leishmaniasis,
from where the disease is spreading to Southern Europe [163]. In East Africa, there are frequent
outbreaks of VL in the northern Acacia—Balanite savanna, southern savanna and forest areas
where sandflies live. On the other hand, CL is found in Ethiopia and other places in East Africa,
where increased human—fly contact occurs in villages built on rock hills or river banks. In the
Mediterranean Basin, VL is the main form of the disease which is more common in rural areas in
villages and mountainous regions. Leishmaniasis is also found across much of Asia, and Middle
East. In South-East Asia, VL is the main form of the disease and the transmission of the disease
is generally found in rural areas with a heavy annual rainfall and abundant vegetation. Among
other Asian countries, leishmaniasis occurs commonly in Afghanistan[164], where Kabul is
estimated as the largest focus of CL in the world, with around 67,500 cases in 2004, which is

partly presumed to bad sanitation.

The epidemiology of CL in the Americas is somewhat complex, with variations in transmission
cycles, Leishmania species, reservoir hosts, sandfly vectors, clinical manifestations and response
to therapy even in the same geographical area. The disease can be found from Texas (USA) to
Argentina in South America. On the other hand, MCL mostly occurs in the New World (Brazil
and Central America), while the cases of leishmaniasis evaluated in the United States reflect
travel and immigration patterns [103]. For example, many cases of VL and CL have been
reported by U.S. troops stationed in Saudi Arabia and Iraq since the Gulf War of 1990, and also,

travelers have been acquired the disease in tourist destinations in Latin America [103, 165].
Current situation of the disease in Europe

As previously mentioned, leishmaniasis is found endemic in Europe, particularly in
Mediterranean basin. Several autochthonous cases have been reported but the first case of L.
donovani in Europe have been detected in Cyprus [116, 166], and later it has been estimated that
around 700 new cases of leishmaniasis occur in southern European countries [2, 21, 104]. The

World Health Organization (WHO) has estimated approximately 410-620 VL cases each year
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during 2003 to 2008 in only nine countries of the European Union (EU), in particular Bulgaria,

Macedonia, Greece, Croatia, Italy, Southern parts of France and the Iberian Peninsula [167].

WHO data also revealed that co-infection cases with Leishmania/HIV are higher in Spain,
compared with other Mediterranean countries [160], more specifically, one third of patients
hospitalized with leishmaniasis have been described to be co-infected with HIV, which has
alarming effect about this zoonosis [22, 35, 168-170]. For example, Madrid was recently
reported to be the largest community with outbreak of leishmaniasis in Europe with 446 cases in
the period from 2009 to 2012 [35]. This high prevalence of human infections could be attributed
to two main reasons, including humans are frequently bitten by sandflies and infection is
widespread in a highly susceptible host (dogs) [124, 171]. As a result of absence of systematic
analyses of leishmaniasis in travellers visiting endemic areas in Europe [105, 172], a large series
at the north European countries with natural transmission of VL and CL have reported that
mainly acquired the infection during holidays in southern Europe [104, 169, 173-177].

In accordance with the vector, the disease is mainly transmitted in Europe by sand flies of the
genus Phlebotomus but rodents and canines are important common reservoirs [2, 124]. The
seroprevalence of canine Leishmaniasis (CanalL) ranged from 5-30% in some countries of
southern EU, which means that infection rates may reach values of 40-80% [2, 178, 179].
Wildlife and hares were recently shown to play an important role in transmission in some
countries like Spain [180, 181].

Five major species of the subgenus Larroussius (P. ariasi, P. neglectus, P. perfiliewi, P.
perniciosus and P. tobbi) are considered the competent vectors in the Mediterranean area of
Europe [124]. They are not equally distributed and more than one species of this subgenus may
transmit the parasite at the same place [120]. In Spain, P. ariasi, P. perniciosus and P. langeroni
are the main vectors but P. papatasi, P. sergenti and P. longicuspis may play a role in
transmission of the disease [182-184], while in Greece, P. sergenti is the main vector of L.
tropica [120, 185-187]. The clinical course of the disease in Europe, like other countries, is slow
chronic course and may results in deaths due to inappropriate management of VL cases,
however, these cases are rare and more frequent among VL/ HIV co-infection cases or, in case of

young children, malnutrition associated with late diagnosis.
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2. Diagnosis of Leishmaniasis

Adapted from a previous review article published by the same author as a part from the
thesis: Ehab Kotb Elmahallawy, Antonio Sampedro Martinez, Javier Rodriguez-Granger, et al.
Diagnosis of Leishmaniasis. Review Article. J Infect Dev Ctries 2014; 8(8):961-972.

Diagnosis of visceral leishmaniasis

In developing countries where the disease is not prevalent, the existence of laboratory facilities
enables an adequate and efficient follow-up of the disease. However, in developing countries
with large numbers of patients in rural areas, simple diagnostic tools are necessary for field use
[188]. Laboratory diagnosis of VL includes microscopic observation and culture from adequate
samples, antigen detection, serological tests, and detection of parasite DNA.

Culture and microscopic observation

Definitive VL diagnosis is supported by direct demonstration of parasites in clinical specimens
and specific molecular methods [189-191]. The commonly used samples are splenic or bone
marrow aspirates. The presence of amastigotes can also be determined in other samples such as
liver biopsies, lymph nodes, and buffy coats of peripheral blood. The sensitivity of the bone
marrow stained with Giemsa is about 60% to 85%. In splenic aspirates, the sensitivity is higher
(93%)[192], but sampling is associated with a risk of fatal hemorrhage in inexperienced hands.
To increase the sensitivity, fluorescent dye-conjugated antibodies can be used [193].

The sensitivity in peripheral blood smears is low, especially in individuals with low parasitemia.
In addition, results are dependent on technical expertise and the quality of prepared slides.
Culture of the parasite can improve diagnostic sensitivity, but is tedious, time-consuming, and
expensive, and thus seldom used for clinical diagnosis. There are new culture methods that
improve sensitivity, such as the micro-culture method (MCM); recent modifications of this
method involve using the buffy coat and peripheral blood mononuclear cells [194, 195].

The culture media used may be biphasic and may include Novy-MacNeal-Nicolle medium and
Tobie’s medium (conversion of amastigotes to promastigotes and monophasic medium),
Schneider's insect medium, M199, and Grace's insect medium (amplifying parasite number)
[193].
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Antigen detection in urine

Several studies have demonstrated leishmanial antigen in the urine of VL patients. In 1995, De
Colmenares et al. reported two polypeptide fractions of 72—75 kDa and 123 kDa in the urine of
kala-azar patients [196]. In 2002, Sarkari et al. described a urinary 5-20 kDa carbohydrate-
based, heat stable antigen of VL patients[197]. A latex agglutination test (KAtex, Kalon
Biological, UK) for detection of this antigen in urine samples was evaluated using samples from
confirmed cases and controls from endemic and non-endemic regions. This test showed good
specificity (82% to 100%), but had low to moderate sensitivity that ranged from 47% to 95%
[198-202]. Nowadays, this method is useful for the diagnosis of disease in cases with deficient
antibody production.

In this respect, this method has reported 100% sensitivity and 96% specificity in
immunocompromised patients [203]. In another study, 87% specificity and 85% sensitivity were
obtained for primary VL in HIV-co-infected patients, and the method had predictive capabilities
in the follow-up of treatment and detection of subclinical infection in Leishmania/HIV co-
infected cases[204]. Another urinary leishmanial antigen, a low-molecular weight, heat-stable
carbohydrate has been detected in the urine of VL patients by an agglutination test with 60% to
71% sensitivity and 79% to 94% specificity [205]. In summary, the latex agglutination test is
simple, easy to perform, inexpensive, rapid, and can be used as a screening test. Efforts are being
made to improve the performance of this technique, because it promises to be a test of cure in
populations of developing areas [192].

Serological diagnosis

Specific serological diagnosis is based on the presence of a specific humoral response. Current
serological tests are based on four formats: indirect fluorescent antibody (IFA), enzyme-linked
immunosorbent assay (ELISA), western blot, and direct agglutination test (DAT). The sensitivity
depends upon the assay and its methodology, but the specificity depends on the antigen rather
than the serological format used. It has been noted that all antibody detection tests share the same
drawbacks; the antibodies remain positive for many months after the patient has been cured and
do not differentiate between current and past infection. In endemic regions, asymptomatically
infected persons can also be positive in these tests. Table 2 presents a summary of all the

serological and antigen detection techniques commonly used for leishmaniasis diagnosis.
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Indirect fluorescent antibody (IFA) test

The IFA test shows acceptable sensitivity (87%—100%) and specificity (77%—-100%) [205, 206].
Promastigote forms should be the antigens of choice for diagnosis of visceral leishmaniasis by
the IFA test because they minimize cross-reactivity with trypanosomal sera [207]. The antibody
response is detectable very early in infection and becomes undetectable six to nine months after
cure; hence, if the antibodies persist in low titers, it is a good indication of a probable relapse
[208]. The need for a sophisticated laboratory with a fluorescence microscope restricts use of the

IFA test to reference laboratories.
Enzyme-linked immunosorbent assay (ELISA)

ELISA is the preferred laboratory test for serodiagnosis of VL. The technique is highly sensitive,
but its specificity depends upon the antigen used. Moreover, this assay can be performed easily
and is adaptable for use with several antigenic molecules. One of the antigens used in the ELISA
test is a crude soluble promastigote antigen (CSA) that is obtained by freezing and thawing live
promastigotes. The sensitivity of ELISA using CSA ranges from 80% to 100%, and specificity
ranges from 84% to 95% [209, 210]. Cross-reactivity with sera from patients with tuberculosis,
trypanosomiasis, and toxoplasmosis has been reported [211-215]. When selective antigenic
molecules were used (with molecular weights of 116 kDa, 72 kDa, and 66 kDa), the specificity
approached 100%, while the sensitivity was very low (37%) [195, 216]. Other purified antigens
used were a 36-kDa glycoprotein [217], metabolic antigens released by L. donovani [218], and
A2 proteins implicated in the development of visceral disease[219-221].

A conserved portion of a kinesin-related protein recombinant antigen from a cloned protein of L.
chagasi, called rK39, has been reported to be highly reactive to sera from human and canine VL
cases when run in an ELISA format[222, 223]. Using this recombinant antigen, 99% specificity
and sensitivity were reported in immunocompetent patients with clinical VL. In India, this
antigen was reported with a sensitivity of 98% and a specificity of 89%[224]; however, a report
from Sudan and other countries revealed that this antigen showed low sensitivity (75%) and
specificity (70%)[225]. In HIV-positive patients, rK39-ELISA showed higher sensitivity (82%)
than the IFA test (54%), with higher predictive value for detecting VL [226]. With successful
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therapy, antibody titers declined steeply at the end of treatment and during follow-up; in contrast,
patients who relapsed showed increased titers of antibodies to rK39. This suggests the possible
application of rK39-ELISA in monitoring drug therapy and detecting relapse of VL [216]. In
another study, two hydrophilic antigens of Leishmania chagasi were used (rk9 and rk26), leading
to an increase in the list of available antigens for serodiagnosis of VL [227]. Another kinesin
recombinant related protein used in ELISA assay is rKE16. The use of this antigen for VL
diagnosis has been very sensitive and specific as rK39 when tested in patients from China,
Pakistan, and Turkey [228].

Another new assay, based on the detection of the K28 fusion protein in studies performed in
Sudan and Bangladesh with 96% sensitivity in Sudan and 98% in Bangladesh, has been
developed [229]. Moreover, heat shock proteins HPS70 or histones proteins H2A, H2B, H3, and
H4 may have potential use for serodiagnosis of VL [230, 231]; furthermore, lipid-binding
proteins (LBPs) as antigens have shown high levels of sensitivity and an absence of cross-
reactions with the sera of patients with other diseases [232]. The ELISA test, due to the
requirement of skilled personnel, sophisticated equipment, and electricity, is not used in endemic
regions for the diagnosis of VL.

Immunoblotting (western blot)

For this type of testing, promastigotes are cultured to log phase, lysed, and the proteins are
separated on SDS-PAGE. The separated proteins are electrotransferred onto a nitrocellulose
membrane and probed with serum from the patient. The western blot technique provides detailed
antibody responses to various leishmanial antigens[233, 234], and has been found to be more
sensitive than the IFA test and ELISA, especially in co-infected HIV patients with VL [235-
237], but the drawbacks of the technique (equipment and time requirements, cumbersomeness,

and cost) limit its use to research laboratories.
Direct agglutination test (DAT)

The DAT is based on direct agglutination of Leishmania promastigotes that react specifically
with anti-Leishmania antibodies in the serum specimen, resulting in agglutination of the
promastigotes. Whole, trypsinized, coomassie-stained promastigotes can be used either as a
suspension or in freeze-dried form that can be stored at room temperature for at least two years,

facilitating its use in the field [238, 239]. Chappuis et al. [240], in a meta-analysis that included
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thirty studies evaluating DAT, found that the DAT had sensitivity and specificity estimates of
94.8% (95% confidence intervals [CI], 92.7-96.4) and 97.1% (95% CI, 93.9-98.7), respectively.
Moreover, in settings where parasitological confirmation is not feasible, the freeze-dried DAT
together with classical clinical features of VL can be used for diagnosis at a cut-off for positive
DAT, which is 1:12,800 as in endemic areas. The DAT is simpler than many other tests but
presents severe problems in terms of reproducibility of results, which depends on antigen
elaboration[241]. A new antigen elaboration method, the EasyDAT described in 2003, shows the
same sensitivity, specificity, and durability as the traditional DAT antigen method but offers the

additional advantages of cost reduction and standardization [242].

Although the DAT for the serodiagnosis of visceral leishmaniasis has high sensitivity and
specificity, it still has some limitations; among these are the relative long incubation time (18
hours) and the serial dilutions of the samples that must be made. In order to circumvent these
problems, Schoone et al. in 2001 [243] developed a fast agglutination screening test (FAST).
The FAST utilizes only one serum dilution (qualitative result) and requires three hours of
incubation. This makes the test very suitable for the screening of large populations. The
sensitivity and specificity of FAST were found to be 91.1%-95.4% and 70.5%-88.5%,
respectively [244, 245]. Anti-Leishmania antibodies may persist for years as a result of previous
VL infection, so titers measured by DAT may remain positive for up to five years after recovery
in > 50% of VL patients, which may limit the DAT’s widespread applicability in regions of
endemicity. Although the DAT is the first real field test, it remains the serological test of choice
as well as the first antibody detection test for VL used in field settings, particularly in many
developing countries and in Leishmania/HIV co-infections [237, 246, 247].

Immunochromatographic assay (1C)

The immunochromatographic test using rkK39 antigen (39 amino-acid-repeat recombinant
leishmanial antigen from L. chagasi) has become popular in recent years. It is a qualitative
membrane-based immunoassay with nitrocellulose strips impregnated with recombinant K39
Leishmania antigen. A drop of blood or serum is smeared over the pad of the strips and dipped in
a small amount of buffer; the results are ready within a few minutes. In clinical cases of VL, the

rk39 IC showed variation in the sensitivity and specificity among different populations.
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The rK39 IC showed 100% sensitivity and 93%-98% specificity in India [248, 249], 90%
sensitivity and 100% specificity in Brazil [250], and 100% sensitivity and specificity in the
Mediterranean area [251]. In other reports in southern Europe, the rK39 IC test was positive in
only 71.4% of the cases of VL [252]; in Sudan, rK39 IC showed a sensitivity of 67% [225].
These differences in sensitivity may be due to differences in the antibody responses observed in
different ethnic groups. The rK39 IC assay has proven to be versatile in predicting acute
infection, and it is the only available format for diagnosis of VL with acceptable sensitivity and
specificity levels. It is also easy to use in the field, rapid (15-20 minutes), cheap, and gives
reproducible results. Like the DAT assay, IC is positive in a significant proportion of healthy
individuals in endemic regions and for long periods after cure; hence, this limits its usefulness in
persons with a previous history of VL who present with recurrence of fever and splenomegaly,
as these tests cannot discriminate between a case of VL relapse and other pathologies.

Latex agglutination test (LAT)

The LAT is one of the recently developed rapid diagnostic tests for the rapid detection of anti-
Leishmania antibodies against the A2 antigen derived from the amastigote form as well as those
against crude antigens derived from the promastigote form of an Iranian strain of L. infantum. In
a comparative study with the DAT, the sensitivity of tested human sera from DAT-confirmed
patients yielded 88.4% sensitivity, while the specificity was 93.5% on A2-LAT amastigote, with
a higher degree of similarity in accuracy to the DAT [253, 254].

Molecular methods: polymerase chain reaction (PCR)

Although different molecular methods have successively been evaluated for leishmaniasis
diagnosis, PCR-based assays are the main molecular diagnostic tools, especially in
immunosupressed patients [255-258]. PCR protocols to detect Leishmania DNA in VL diagnosis
have used a variety of samples, including spleen, lymph node, and bone marrow aspirates, whole
blood, and buffy coat [256, 259-265]. There are different target sequences used, which include
ribosomal RNA genes, kinetoplast DNA (KDNA), miniexon-derived RNA (medRNA), and the
B-tubulina gene region[266].Many PCR-based methods for diagnosis of VL have been described
with different specificities and sensitivities; PCR assay sensitivity depends on the sample used.
Sensitivity is highest (near 100%) in spleen or bone marrow samples [257, 260, 267]. The ideal
sample is peripheral blood due to its non-invasive character. Using peripheral blood, the
sensitivity ranges described vary from 70% to 100% [257, 266, 267].
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A comparative clinical study between conventional microbiologic techniques and a leishmania
species-specific PCR assay in HIV-co-infected and HIV-uninfected patients has shown the
sensitivity of the Leishmania species-specific PCR to be 95.7% for bone marrow and 98.5% for
peripheral blood samples; the sensitivity in HIV-co-infected and non-HIV-co-infected adults
was 100% [258]. A PCR-ELISA was used to diagnose VL in HIV-negative patients; peripheral
blood was used and yielded a high sensitivity [268]. A similar PCR-based technique was applied
in the diagnosis of VL in HIV patients, with good results [189]. Recently, an evaluation of an
oligochromatography-PCR for diagnosis of VL, cutaneous leishmaniasis (CL), and post kala-
azar dermal leishmaniasis (PKDL), showed a high sensitivity (> 95%) on lymph, blood, and
bone marrow samples from confirmed VL patients [269].

Another interesting approach is a rapid fluorogenic PCR technique. Wortmann et al. used a
fluorescent DNA probe for a conserved rRNA gene that is amplified using flanking primers; this
technique using clinical samples showed great sensitivity and specificity [262]. The real-time
PCR has the advantage of being quantitative, which could be useful in the follow-up of
treatment, allowing for the assessment of the parasite burden [270, 271]. However, PCR
techniques remain complex and expensive, and in most VL-endemic countries, they are
restricted to a few teaching hospitals and research centers.

Diagnosis of VL-HIV co-infection

According to the World Health Organization (WHOQO)[272], an estimated 35 million people
worldwide are living with HIV. Immunosuppression may reactivate latent Leishmania infection
in asymptomatic patients and among HIV/AIDS patients. It is known that Leishmania has
emerged as an opportunistic disease among HIV patients in endemic areas [22, 273-275].
Moreover, it has been noted that the risks of clinical VL in HIV patients increased by 100 to
1,000 times [274]. Although cases of co-infection have so far been reported in 33 countries
worldwide, most of the cases have been found in sub-Saharan African countries, especially in
East Africa. In Humera (in northwest Ethiopia), the proportion of VL patients co-infected with
HIV increased from 18.5% in 1998-99 to 40% in 2006 [276].

VL in HIV patients has atypical clinical presentation; only 75% of HIV-infected patients, as
opposed to 95% of non-HIV-infected patients, exhibit the characteristic clinical pattern —

namely, fever, splenomegaly, hepatomegaly, and gastrointestinal involvement [277-280]. The
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diagnostic principles remain the same as those for non-HIV-infected patients. The presence of
Leishmania amastigotes in the bone marrow can often be demonstrated in buffy coat preparation
and in unusual locations (stomach, colon, or lungs) [281], but it has lower sensitivity in VL-HIV
patients. For HIV patients, the sensitivity of antibody-based immunological tests such as the IFA
test and ELISA is low. Serological tests have limited diagnostic value because over 40% of co-
infected individuals have no detectable specific antibody levels against Leishmania [12]. In their
meta-analysis, Cota et al. [237] summarized the accuracy of different serological techniques
used for diagnosing HIV-co-infected persons. The estimated sensitivities using random effect
models and their respective 95% confidence intervals for the other tests were: IFA test, 51%;
ELISA, 66% (40% to 88%); DAT, 81% (61% to 95%); and immunoblotting, 84% (75% to 91%).
The estimated specificity using random effect models and their respective confidence intervals
for the following tests were: immunoblotting, 82% (65% to 94%); ELISA, 90% (77% to 98%);
IFA test, 93% (81% to 99%); and DAT, 90% (66% to 100%).

Thus, due to the low sensitivity of the serological tests for VL diagnosis in HIV-infected
patients, at least two different serological tests should be used for each patient to increase the
sensitivity of antibody detection [160]. The detection of polypeptide fractions of 72—75 kDa and
123 kDa of Leishmania antigen in the urine of patients with VL was 96% sensitive and 100%
specific; furthermore, these antigens were not detectable after three weeks of treatment,
suggesting a good prognostic value [196]. In conclusion, serology should not be used to rule out
a diagnosis of VL among HIV-infected patients; an additional specially recommended
serological test and/or molecular or parasitological methods may be necessary if the results of

serological tests are negative.
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Serological Test Sensitivity Specificity Advantages Disadvantages Ref.
(%) (%)
(A) Antibody detection Positive in the | Requires sophisticated | The possible a possibility of cross [205-207]
1) IFA test early stages of | laboratory reaction with Trypanosoma sera.
77-100 infection and
undetectable six | Not applicable in the Lower recorded sensitivity which
to nine months | field. ranged from 28 to 98%.
after cure.
2) ELISA with: 96 86-100 Can be used to screen a | Sensitivity and specificity is greatly [209, 210, 217,
CSA 84-95 84 — 95 large influenced by the antigen used. 222, 223]
Fucose-mannose 96 95-100 scale of epidemiologic | Requires skilled personnel,
rK39 antigen 98-99 99-100 studies sophisticated equipment, and
electricity.
Provides detailed | Time consuming, technically [233-237]
3) Western blot 90-98 88 — 100 antibody responses to | cumbersome, and expensive
various leishmanial
antigens.
Limited to use in regions of [238, 240, 241,
4) DAT 85-100 91-100 Rapid test, applicable endemicity. 243]
in the field. Long incubation time is needed.
Unavailability of commercial source
of the positive antigen and fragility of
is aqueous form.
[248-250, 252]
5) IC test with rK39 Inexpensive, rapid, | Low sensitivity and specificity
90-100 93-100 simple, and can be | reported in Sudan (67%) and southern
performed by untrained | Europe (71%).
person
(B) Antigen detection Simple, easy | Difficult to distinguish  weakly | [197, 198, 200]
79-100 performing, positive from negative results and the
Latex agglutination test in 60-100 Useful in diagnosis of | urine must be boiled to avoid false-

urine (Katex)

disease
immunocompromised
patients.

positive reactions
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3. Treatment of Leishmaniasis: A Review and Assessment of recent research

Adapted from a previous review article published by the same author as a part from his
thesis: Ehab Kotb Elmahallawy and Ahmad Agil. Current Pharmaceutical Design. 2015;
21(18):2259-75.

General remarks

Over the past couple of decades, research on Leishmania has made a significant progress in
various directions but many questions have not been answered so far. Treatment remains the
mind-boggling question, presumably due to the existence of various species of Leishmania and

different clinical manifestations which complicate the treatment strategy.

Treatment of CL is fraught with controversy, the lesions could resolve spontaneously, but
sometimes may evolve into MCL [282]. The aim of the treatment in CL cases is to prevent the
development of mucosal forms of the disease and to limit tissue damage, especially on the face,
and therefore the patients should be given systemic treatment. Leishmania species are
temperature sensitive that makes local treatment with heat, infrared heat therapy or even carbon
dioxide laser (CO, laser) may hasten the resolution of Old and New World CL lesions [283,
284]. Cryotherapy, using Liquid nitrogen application, has also been successful in uncomplicated
lesions of L. tropica and L. major infections with 69% cure rate, but this strategy can be painful
[285]. Topical applications, using intralesional injection of some antileishmanial agents, have
been known to be useful in the treatment of some cases of CL, depending on the infecting
species and the risk of serious complications [286]. Trials with 15% paromomycin and 12%
methylbenzethonium application have been used successfully with CL infected cases in the
Middle East and in Latin America [287].

Immunotherapy represents an additional method of treatment [288, 289]. In this regard, a
combination of heat-killed Leishmania and live bacille Calmette—Guérin (BCG), defined that
recombinant interferon-gamma (IFN-y) or granulocyte-macrophage colony-stimulating factor
together with pentavalent antimony; has been used with higher efficacy for the treatment of CL,
MCL and even VL in some cases, but this method consumes a longer period time [290-295].
MCL is successfully treated with systemic drugs with the combination of pentavalent antimony
and pentoxifylline [293, 294].
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To date, the reliable human vaccine together with the ideal strategy to control parasite vectors
and reservoirs is still out of reach. Treatment of VL or PKDL is mainly based on leishmanicidal

drugs in order to cure the patient and to prevent the development of resistance and relapse.

Around 25 compounds and formulations are available for the treatment of leishmaniasis in
humans, but not all are in use. These agents are associated with toxicity and/or drug resistance
problems, making the development of an effective drug against all forms of Leishmaniasis
indispensable [296, 297]. The treatment strategy principally consists of pentavalent antimonials
that have been in use since the early 20th century, especially for VL [152, 298, 299]. In the
recent years, however, there has been an alarming increase in reports of primary resistance,
irregular effectiveness, serious side effects, and relapse [300, 301]. The second line of treatment
includes liposomal amphotericin B and miltefosine [299, 302]. Liposomal amphotericin B is
highly effective antiparasitic agent, but it is costly and associated with serious adverse effects
[303]. Miltefosine was the first oral drug approved against VL, but it is associated with
teratogenicity and the efficacy is highly dependent on the Leishmania species infecting the
patient [14, 282, 304]. Confronted with resistant leishmaniasis, new antileishmanial agents have

been developed such as tamoxifen and paramomycin [18, 305].

As previously mentioned, many of available antileishmanial drugs share the same adverse effects
of high toxicity, high cost issues, treatment for long duration, and poor patient compliance [297,
306]. Moreover, the efficacy of these agents is impaired by the development of drug resistance
and frequent cases of relapse [6, 306]. Drug combinations have been introduced in the treatment
strategy and demonstrated positive results with a short-term solution and high efficacy which
seems promising [13, 307, 308]. Importantly, treatment of VL in co-infected persons with HIV
or AIDS represents an additional challenge. The intention of this review is not to summarize in
detail all of the knowledge in this field, but rather to highlight several facts about the current

status of available antileishmanial agents and their adverse effects (Table 3).

Pentavalent Antimony Compounds (SbV)

Despite SbV compounds being used since the mid of 1930s for the treatment all forms of
leishmaniasis [309], they still remain to be recommended candidates for the treatment of VL and
CL in many areas, especially in developing countries [310, 311].
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SbV is the inactive form of the drug, which converts in macrophages to the active form (Sh
[11)[312]. The bioavailability and efficacy of SbV against VL and CL differ according to the
available compounds. Two commercial SbV compounds are available: branded meglumine
antimoniate (Glucantime, Sanofi-Aventis) contains approximately 8.5% Sbhv and mainly used in
English-speaking countries, whereas in Latin America and French-speaking parts of Africa and
Europe; generic sodium stibogluconate (SSG, Pentostam, GlaxoSmithKline) is largely used and
contains approximately 10% Sbv [313, 314]. The generic form was produced in India and found
to be safer, cheaper and more effective than the branded version for the treatment of VL [315,
316].

The exact mechanism of action of SbV compounds remains unknown. It was reported that SbV
compounds inhibit amastigote glycolytic activity and fatty acid oxidation with influencing
macrophage parasiticidal activity [317]. This inhibition is accompanied by a dose-dependent
inhibition in net formation of adenosine triphosphate (ATP) and guanosine triphosphate (GTP)
[318, 319].

As mentioned above, SbV compunds enter the host cells, cross the phagolysosomal membrane
and convert into trivalent antimony (Sb I1Il). Then, Sb 1ll act against amastigotes by
compromising the cells thiol redox potential through induction of intracellular thiols efflux, in
consequence, inhibit trypanothione reductase (TR) that protects the parasite from oxidant
damage and toxic heavy metals, which in turn leads to initiation of apoptosis [319]. Also, this
reduction can be non-enzymatic under acidic conditions, such as those found in the
phagolysosome (e.g. glutathione (GSH), glycylcysteine and trypanothione), or enzymatic by
thiol-dependent reductase (TDR1) or antimonite reductase (ACR2) which increase the sensitivity
of Leishmania to SbV [320]. SbV can also kill the parasite by indirect mechanisms, such as
increasing cytokine levels [321]. Additionally, antimonials may directly affect the molecular
processes of the parasite at the DNA level, which in turn induce DNA damage in vivo [322] and
inhibit DNA topoisomerase | [323].

VL patients seem to tolerate SbV better than CL or MCL patients. SSG is considered the drug of
choice for persistent PKDL in Sudan, but requires prolonged hospitalization with daily injections
[324, 325]. Likewise, SbV drugs remain the standard for the treatment of CL in America, but this
is counteracted by some adverse effects such as toxicity, poor tolerability, high potential

recurrence rate (20-45%), and development of occasional resistance [311, 313, 326]. The cure
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rate was 60-70% using Sbv compounds with L. braziliensis in patients from Brazil and
Colombia, while it was higher (95%) in US troops infected with L. panamensis in Panama, but
the later was associated with some drawbacks [313]. SbV drugs are also safe drugs for the
treatment of ML caused by L. braziliensis with 75% cure rate for mild cases, however, it was
only 10-63% in more advanced cases in Brazil with 30% relapse rate [311, 313, 327, 328].

The potential adverse effects of Sbv compounds were nausea, vomiting, abdominal pain,
myalgia, arthralgia, malaise, neutropenia, and thrombocytopenia associated with hypoplasia of
the bone marrow [282, 329-331]. Clinically apparent pancreatitis has been recorded in many
cases [332, 333]. Reversible elevations of hepatocellular and pancreatic enzymes can also
develop [332, 334]. Among others, renal tubular acidosis, nephrotoxicity and cardiotoxicity are
considered the most serious issues [335, 336]. SbV compounds also cause dose-dependent
electrocardiographic changes, including prolonged Q-T intervals, nonspecific ST-T-wave and T-
wave flattening or inversion effects on the electrocardiogram [297, 307, 337]. Serious toxicity
and Sudden death have been observed with higher doses, especially with generic SbV
preparations in patients who concomitantly possess cardiac disease, renal failure, liver disease,
advanced HIV infection or advanced age and pregnant women [282]. The death in such cases is
presumably due to cardiac arrhythmias and acute renal failure; therefore, special attention should
be given to those patients prior to therapy. The emergence of resistance of resistant strains of
Leishmania to SbV compounds, in both CL and VL, has been reported in some endemic areas,
such as India with efficacy less than 40% [326, 338-341].

Despite these drawbacks, SbV remain efficacious and widely considered to be one of the safest
parental drugs when given at appropriate doses in some areas [311]. Several recent attempts have
been reported in order to reduce the toxicity and improve delivery of antimonies [301], including
liposome- based formulations for VL treatment [342] and cyclodextrin-based formulation for
oral delivery [343].

Amphotericin B

It is antifungal macrolide originally extracted from Streptomyces nodosus, a filamentous
bacterium, to treat systemic Mycoses [344]. Presently, a high cure rate (90-95%) can be achieved
against leishmaniasis using the drug [296, 345, 346]. Two forms of amphotericin are available:

conventional amphotericin B deoxycholate and Liposomal amphotericin B [346].
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The action of amphotericin against leishmaniasis resulted from formation of complexes with 24-
substituted sterols of the biological membrane such as ergosterol, causing alteration of ion
balance and cell death [347, 348]. A previous study has revealed that increased calcium
permeability is not responsible for the rapid lethal effects of amphotericin on Leishmania [349],
however, a more recent study concluded that amphotericin produces osmotic cell lysis by the
formation of aqueous pores in the membrane of promastigotes, establishing the role of Ca®* in

amphotericin-induced apoptosis through osmotic alteration [303, 350].

Since there was a steady increase of resistance to antimonials, amphotericin B deoxycholate was
successfully introduced in the 1990s as a second-line drug for MCL and resistant cases of VL,
particularly in India with 90-100% cure rate [302, 351, 352]. Although amphotericin
deoxycholate is effective and less expensive than liposomal amphotericin B, the former drug is
associated with the following side effects: frequent and severe fever, chills and thrombophlebitis,
muscle and joint pain, gastro-intestinal cramps, cardiac arrhythmias, liver disorders, peripheral
neuropathy and convulsions, anemia and hypokalemia, and occasionally developed resistance or
toxicity in many cases, and hence administration of amphotericin deoxycholate requires careful
and slow i.v. injection, and should be avoided in elderly patients or pregnant women [18, 353-
355]. Additionally, renal impairment represents one of the major side effects of amphotericin B.
Accordingly, careful monitoring of renal function and hospitalization during the administration
(4-5 weeks) seems mandatory, but increases the cost of therapy. The previous adverse effects of

amphotericin deoxycholate discourage the use of the drug in the treatment of VL or CL [356].

Lipid formulations of amphotericin B include: liposomal amphotericin B (AmBisome),
amphotericin B lipid complex, and amphotericin B cholesteryl sulphate, have been developed to
improve the pharmacokinetic characters of the drug, the tolerability in the patient, and to
minimize the side effects [344, 356-358]. Liposomes are artificial lipid particles which are
rapidly assimilated then target the mononuclear phagocyte system where L.donovani amastigotes
reside and develop [311, 359]. Importantly, the smaller liposomes stay in the blood stream longer
than the free drug, which improve the drug bioavailability within shorter courses of therapy
[358]. AmBisome has been approved as therapeutic agent for VL with low toxicity and high cure
rate (90-95%) [360-362]. Accordingly, LAMB (Ambisome, Gilead Sciences, USA) is considered
the only antileishmanial drug approved in 1997 by the Food and Drug Administration (FDA) for
treatment of MCL, VL and PKDL in all regions [359, 363-365].
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It is also considered the first-line treatment against MCL, VL and PKDL in most non-endemic
countries in all ages, but the drug response was mixed with scares studies in CL [359, 363-365].
Interestingly, liposomal Amphotericin was 100% effective in Leishmania / HIV co-infection
cases [366]. The lack of stability at high temperature and high cost, represent the main
limitations of amphotericin forms which limit their practical value in less developed countries
[367, 368]. In fact, the high cost of liposomal amphotericin B has been reduced for use in
endemic countries, but more drastic reduction is still needed [369]. According to a recent study,
a much cheaper and alternative therapy has been developed using conventional amphotericin B
diluted in a commercially available lipid emulsion and has achieved high efficacy against VL in
both immunocompetent and immunocompromised patients [370]. The other lipid-associated
amphotericin B preparations also appear to be effective, but have not been sufficiently studied
[356, 371].

Paromomycin (Monomycin or Aminosidine)

Paromomycin is a parenteral antibacterial aminoglycoside, designed against cryptosporidiosis
and amoebiasis [372]. Among other properties, paromomycin showed good efficacy against
many infectious diseases; particularly protozoa like Leishmania [373, 374]. It is also considered
the second choice for the treatment of leishmanisis alone or in association with SbV with
variable results, presumably due to the species of Leishmania involved, the geographical
location, and the drug combination [375-377]. Paromomycin was introduced in the 1960s as an
ointment (15% paromomycin) for the treatment of CL and showed 87% cure rate [378]. It was
also very effective ointment for the treatment of CL in Peru, especially the uncomplicated cases
with 90-95% cure rate, however, in Brazil and by parenteral administration of paromomycin
sulfate, the cure rate was low (48 - 67 %) [142, 379, 380]. In fact, topical paromomycin was
effective against CL caused by L. major and L. mexicana because these species do not tend to
cause visceral or mucocutaneous disease [355]. On the other hand, the efficacy of the drug
against L. tropica infection cases has been disappointing; skin rashes and local pruritus have also
been encountered; therefore, topical therapy is not recommended for the treatment of New World
species [355, 381].

Paromomycin was introduced in 1990s for the treatment of VL with high efficacy to treat Sbv-

resistant VL in India through an IV administration [382, 383] and it is poorly absorbed into
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systemic circulation after oral administration than intramuscular injection [384]. The patients
treated with paromomycin in phase Il in India achieved response rates of 77-97% versus 66 %
for antimonials [375]. In a phase Il trial in Bihar (India), the final cure rate was 94.6% against
VL, simulating that of amphotericin B deoxycholate, while it was 94.2 % in phase IV in the
same region [373, 385]. The therapeutic efficacy of paromomycin in Africa varied substantially
between geographical areas, where the cure rate was 14.3-46.7 %, 80 %, and 75-96.6 % in
Sudan, Kenya, and Ethiopia, respectively [386]. There are no reliable data on the efficacy of
paromomycin for the Mediterranean and Latin America [387].

The mechanism of action of paromomycin in Leishmania is not yet precisely understood,
however, it has been reported to bind to the 30S ribosomal subunit, and therefore interfers with
initiation of protein synthesis by fixing the 30S-50S ribosomal complex at the start codon of
MRNA, in turn leads to accumulation of abnormal initiation complex [377, 388, 389]. Other
mechanisms were suggested such as alterations in membrane fluidity and lipid metabolism
following low Mg®* concentration, and impairment the mitochondrial membrane potential, which

in turn leads to dysfunction in the respiratory systems [390, 391].

High efficacy (94.6%), excellent tolerability, and the very cheap price (US$ 10-20) are the major
advantages of paromomycin [373, 392]. On the other hand, it showed a lower incidence of side
effects, including reversible high-tone ototoxicity and nephrotoxicity, vestibular instability,
increase in hepatic transaminases and long duration of injection [373, 393]. Paromomycin
resistant isolates would probably be developed clinically [394], following a 60 day parenteral
course for treatment of two L. aethiopica cases, isolates taken from relapsing patients were three
to five fold less sensitive to paromomycin after treatment than the isolates taken before treatment

in an amastigote-macrophage assay [394, 395].

Pentamidine

Pentamidine, an antimicrobial drug, has good clinical activity in treating leishmaniasis since
1980s and mostly used as second-line therapeutic option in antimony-resistant VL treatment in
India and Sudan with a high cure rate (93%) [48, 396, 397]. By 1990, the cure rate has been
drastically reduced to 70-80% in certain areas in India [318, 351, 398]. With respect to CL and
MCL, pentamidine is the drug of choice for treatment L. viannia guyanensis in French Guiana, L.

panamensis in Colombia, and L. braziliensis in Brazil, and achieved response rates of 90-93%,
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therefore, the Pan-American Health Organization (PAHO) recommended pentamidine as a
second-line drug against leishmania [399-401]. However, a low cure rate was reported (35%) in

patients infected with L. braziliensis in Peru [402, 403].

The mechanism of action of pentamidine is unknown, however, there are some evidences about
the involvement of the drug on mitochondrial function or through selective modification of
ubiquitin [404, 405]. Pentamidine acts on parasite genome by hampering replication and
transcription at the mitochondrial level. Polyamines are substituted at nuclei acid binding sites,
which preferentially bind to kinetoplast DNA [296]. Likewise, pentamidine can be taken up by
purine receptors as in Trypansoma brucei, hence, the parasite is unable to synthesize their own
adenine, in turn triggers parasite death by inhibiting the enzymes and interacting with DNA
[406].

The drug can be given as an intramuscular injection or intravenous with a 5-15 and 54 minutes
half-life, respectively [355, 384]. However, pentamidine is widely known in combination therapy
[326], some serious adverse effects have been reported in the treatment of VL patients, including
fall in blood pressure with intravenous injection, low efficacy resulted from development of drug
resistance, toxicity hazards due to vascular collapse, pancreatitis, and reversible renal
dysfunction [387, 407]. The most serious drawback is life-threatening hypoglycemia that may be
followed by persistent diabetes mellitus or even the diabetic cases getting worse [297, 318, 407].
Such adverse effects combined with drug resistance and few data about pentamidine efficacy in
the Mediterranean area and Latin America might potentiate the complete desertion of the drug in

some countries [387, 408].

Miltefosine (Hexadecylphosphocholine)

Miltefosine is an alkylphosphocholin, was originally developed as antineoplastic drug then
implicated as the first orally effective antileishmanial agent [302, 409-412]. Miltefosine yielded
cure rate of 94-97% for the treatment of Kala-azar in India [413]. It is well-tolerated for the
treatment of all forms of leishmaniasis [298, 413, 414], therfore, it is considered ’the first line”’

treatment of VL in India, Nepal and Bangladesh among all ages, especially children’s [415, 416].
Phase 2 and 3 drug studies showed high efficacy (93-100%) in patients infected with VL in India

[417-419]. On the other hand, the final cure rate was only 82-85% in phase 4 trial, however, it is
still imperative to prevent the emergence of resistance [420, 421].
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Although the exact mechanism of drug activity against the parasite is not fully understood, some
studies have reported the direct involvement of a putative miltefosine transporter (LAMT), B-
subunit LdRos3 and P-type ATPase in miltefosine and phospholipids translocation in
Leishmania [422]. On the basis of the other published scientific researches, impairment of lipid
metabolism and alteration of the plasma membrane permeability could be involved, resulting in
fast drug metabolism and efflux of the drug, in turn trigger parasite apoptosis [422, 423].
Miltefosine also stimulates IFN-gamma-dominated antileishmanial immune response via
production of inducible nitric oxide synthetase 2 (INOS2) of the host cell, and therefore catalyzes
the generation of nitric oxide (NO) which kills the parasite within the macrophage [424]. It has
been hypothesized that miltefosine causes programmed cell death in Leishmania via
mitochondrial dependent pathway through its interaction with membrane constituents, affecting
cell signaling pathways that cause modulation of cell surface receptors, inositol metabolism,
inhibition of protein kinase C and other mitogenic pathways, and consequently trigger the
apoptotic pathway [423, 425, 426].

Miltefosine is effective against CL and seems promising for the treatment of ML in Bolivian
patients [409, 427]. High doses of miltefosine reported 91-94% cure rate in CL caused by L.
panamensis in Colombian patients and 82% for L. braziliensis in Bolivian patients, respectively,
while the efficacy was only 53% in curing of infections caused by L. viannia braziliensis in
Guatemala [409, 411, 428]. The initial cure rate was 96% with PKDL [413, 429].

Miltefosine toxicity is not very common, however, it is associated with teratogenicity and
gastrointestinal side-effects [297, 392]. Skin allergy, elevated hepatic transaminase
concentrations, high blood urea nitrogen and creatinine have been also observed but these effects
decrease with continuation of the drug. The relatively high cost of miltefosine and a long half-
life (approximately 152 hours), represent additional challenges [416, 419, 430-432].

Miltefosine administered biweekly did not prevent visceral relapse in patients co-infected with
HIV, however, it remains effective when retreatment is needed but with lower initial response
(64%) [393]. For this reason, miltefosine should not be used alone either in the treatment of
patients co-infected with VL and HIV or in pregnant women or who could become pregnant
within 3 months after treatment [282, 420, 433]. The geographic location, causative species,
immune status, and age, seem to be mandatory factors in the response to miltefosine treatments
[428, 431, 432].
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Despite these limitations, miltefosine is now recommended in combination with AmBisome to
prevent the drug resistance [410]. Further studies are mandatory to elucidate the cure rate for
miltefosine, especially in Latin America and Mediterranean region due to lack of reliable data
[434].

Azole Drugs

Metronidazole and other imidazole-derived antifungal medications, including Ketoconazole,
miconazole, cotrimazole, posaconazole, itraconazole, fluconazole and terbinafine, have been
studied as antileishmanial agents [282, 435-438]. They have been reported to be effective in the
treatment of some VL cases in India, either alone or in association with another antileishmanial
agent [302, 439-441]. A combination of allopurinol and ketoconazole reported good results in
renal transplant patients with rare cases of nephrotoxicity [442]. Both ketoconazole and
itraconazole have also shown some effectiveness with CL and MCL, but yielded variable cure
rate (23-80%), depending on the species and the region [443-447].

In this regard, oral ketoconazole and Fluconazole have been used against L. major and L.
mexicana in Old World to hasten CL healing and acheived curing rate of 79-89% in
uncomplicated cases [287, 435]. Itraconazole has been used in Old and New World, but the
studies consistently demonstrated a gradient of reduced efficacy [448]. Although, ketoconazole
was more effective than antimony in treatment of localized CL caused by L. mexicana (89% cure
rate), it was less effective in L. viannia braziliensis (30% cure rate) infections [446, 449, 450].
Simulating to other azole antifungals, azole drugs, exert their effects through inhibition of some
enzymes like cytochrome P450 14-alpha-demethylase (P45014DM) and 14 alpha-demethylase, a
key enzymes in the synthesis of ergosterol [451-454].

The major drawbacks of azole derivatives are low or failure of efficacy against some parasite
species such as L. tropica, L. aethiopica, and L. braziliensis, and reports of toxicity represent,
hence, the routine blood tests for liver function in the patients on long-term azole therapy seem
to be mandatory [296, 311, 324, 439, 455-457]. Less common side effects were observed with
ketoconazole such as endocrine dysfunction, reduction in cortisol levels, hyponatremia, and
adrenal insufficiency [311, 439, 458]. Itraconazole is better tolerated than ketoconazole,
however, it elevates alanine aminotransferase levels, few cases develop congestive heart failure,
and of low efficacy in India (66%) [459].
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Fluconazole has also been associated with QT interval prolongation, which may lead to serious
cardiac arrhythmias or lethal hepatotoxicity, and therefore contraindicated in hypersensitive
patients to azole derivatives, pregnant and lactating mothers [460, 461]. Furthermore, the
efficacy of treatment with azole derivatives was based on uncontrolled studies with conflicting
results [439, 462].

Sitamaquine

Sitamaquine is a potential orally active 8-aminoquinoline analog discovered by the Walter Reed
Army Institute, in collaboration with GlaxoSmithKline, for the potential treatment of VL [463,
464]. It was first synthesized as an antimalarial agent in the US [465]. Later on, it is considered
the second oral medication against VL, even for compassionate use in HIV/ VL co- infections
[307, 408]. On the other hand, topical sitamaquine was not active for the treatment of
experimental CL caused by L. major in BALB/c mice [466]. This 8-aminoquinolone was first
introduced in March 2002 [467] and was shown to be a promising candidate for the treatment of
VL with 27-87% cure rate in preliminary clinical studies (Phase 1l trials) in Africa, Brazil, and
India [463, 468-470].

The antileishmanial action of sitmaquine metabolites is not fully understood, however, the
intracellular targets of the drug are mitochondria and acidocalcisomes [471-473]. It has been
suggested that the alteration of Leishmania morphology [474, 475], or the greater affinity of the
drug for negative phospholipids are the possible mechanisms through which sitmaquine act
[475]. Sitamaquine also interacts with anionic phospholipids, then with phospholipid acyl chains
to insert within biological membranes and accumulates in Leishmania cytosol via sterol-
independent process [476]. Indeed, sitamaquine efflux is related to energy-dependent mechanism
[475]. It was noticed that high amount of protein in the medium could potentiate the activity of
sitamaquine on L. donovani promastigotes, possibly suggesting that interaction occurs between
proteins and the antileishmanial action of sitamaquine [475-477]. A more recent study showed
that sitamaquine targets succinate dehydrogenase, resulting in oxidative stress and apoptosis in
L. donovani treatment of CL and visceral experimental models of leishmaniasis [305, 478, 479].
Tamoxifen exert its effects against the parasite through induction of a rapid colonization of

parasitophorous vacuoles harboring Leishmania [480].
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On the other hand, the use of tamoxifen in the treatment of leishmaniasis has encountered the
following risks: impairment of bone development in children or childbearing age women, and

associated with endometrial cancer in women [481, 482].

Imiquimod, a topical imidazole quinolone, is a novel immune response modifier that results in an
induction of macrophage activation with the production of pro-inflammatory cytokines, and
therefore potentiate the beneficial effect of the drug in combination with pentavalent antimony in
relapsed CL caused by L. chagasi and L. tropica [483, 484]. Imiquimod may be effective in

antimony-refractory cases but sever irritation at the site of application could be resulted [484].
promastigotes [485].

Sitamaquine administration route is generally well tolerated by VL patients. Besides its
pharmacokinetics data in humans, sitamaquine showed short elimination half-life (26 hour) than
miltefosine (150-200 hour) [486], that weigh in favor of improving the bioavailability and a low
probability of resistance emergence.

Some adverse effects have been pointed out during the selection of a sitamaquine-resistant clone
of L. donovani in laboratory, with low efficacy after treatment in phase Il clinical [463]. The
resistance to sitamaquine was also reported in vitro [487]. Other effects such as abdominal pains,
cyanosis, a recognized glucose-6- phosphate deshydrogenase (G6PD) deficiency, and renal
adverse effects, were reported [463, 466, 473]. Therfore, sitamaquine alone remains insufficient

for the treatment.

Allopurinol

Allopurinol is a purine analog; It was first synthesized as antineoplastic drug [488]. It is widely
used today for the treatment of CL, MCL, and PKDL [489-491]. The drug also showed activity
against canine Leishmaniasis (CanaL) with high efficacy for maintaining clinical remission with
long-term intermittent administration [492]. It was shown to be effective against VL, especially
among transplanted organ patients either alone or in combination with other drugs such as
fluconazole [493-495].

The suggested mechanism of action of allopurinol is through purine salvage pathway as
alternative substrate for hypoxanthine guanine phosphoribosyl transferase (HGPRTase), well-
known xanthine oxidase inhibitor, which results in incorporation of allopurinol riboside into

RNA, then inhibit protein synthesis in the parasite [451].
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Though, allopurinol was reported to be inexpensive and orally effective against CL, the drug did
not show activity in placebo-controlled double-blinded trial in colombian patients with CL
caused by L. panamensis or L. braziliensis, even when combined with probenecid [311, 496-
498]. Allopurinol was reported to be associated with a higher incidence of relapse (56%) and
lower efficacy versus pentavalent antimony in treatment of VL in HIV-infected patients [297,
499]. The experience with allopurinol in treatment of VL is out of date due to dissimilar results
and the majority of the studies based upon combination therapy of allopurinol with other drugs
[489, 500].

Other Alternative Drugs:

A number of other drugs, include some secondary metabolites from plants, are under clinical
evaluation or reported to have antileishmanial activity based upon relatively small studies either
in vitro and/or in vivo [302].

Tamoxifen is a nonsteroidal triphenylethylene derivative and exhibits in vitro antileishmanial
activity against several Leishmania species [478, 501]. It was effective in the treatment of CL
and visceral experimental models of leishmaniasis [305, 478, 479]. Tamoxifen exert its effects
against the parasite through induction of a rapid colonization of parasitophorous vacuoles
harboring Leishmania [480]. On the other hand, the use of tamoxifen in the treatment of
leishmaniasis has encountered the following risks: impairment of bone development in children

or childbearing age women, and associated with endometrial cancer in women [481, 482].

Imiquimod, a topical imidazole quinolone, is a novel immune response modifier that results in
an induction of macrophage activation with the production of pro-inflammatory cytokines, and
therefore potentiate the beneficial effect of the drug in combination with pentavalent antimony in
relapsed CL caused by L. chagasi and L. tropica [483, 484]. Imiquimod may be effective in

antimony-refractory cases but sever irritation at the site of application could be resulted [484].

Azithromycin has shown in vitro and in vivo activities against CL and MCL [502, 503], but
failure of treatment in Brazil and a very low cure rate (45.5 %) in treatment of CL caused by L.
braziliensis in Argentina was also recorded [498, 504].

Melatonin, in a recent work, we have shown for the first time that exogenous melatonin,
neurohormone, could lower the number of viable promastigotes of L. infantum, accompanied by

impairment of some mitochondrial parameters which target the parasite viability [505]. Further
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research is warranted to elucidate the mechanisms and adverse effects of these alternative drugs,
either alone or in association with other antileishmanial drugs, in an attempt to develop a novel

chemotherapeutic strategy.

Combination Therapy

As previously mentioned, the available drugs being alone (monotherapy) for the treatment of
leishmaniasis share some drawbacks such as field administration difficulties, toxicity and
resistance issues. Hence, combination therapy appears to be more effective and promising
alternative strategy which has recently been implemented in many endemic areas [308, 506]. In
this form of treatment, two or more drugs are combined together to give a better efficacy and
decrease the emergence of resistance. Several studies have included the major advantages of
antileishmanial drug combination versus monotherapy, especially lower cost, shorter treatment
period, the lower overall dose of drugs which reduce the toxicities and improve compliance [308,
408, 507]. The combination strategy should be applied with care to avoid development of

resistance and consequently loss of efficacy [282, 308].

Several drug combinations were examined with encouraging results. Currently, the most
successful combination is sodium stibogluconate (SSG) plus paromomycin for 17 days which
achieved higher cure rate of VL than antimonials alone [508]. The efficacy of this combination
was 93% in India and East Africa, while there were no differences in the efficacy of the
combination treatment versus monotherapy in Ethiopia, Kenya, and Sudan, presumably due to
regional variation [509-511]. A combination of antimonials plus allopurinol, ketoconazole,
fluconazole, or itrakonazole has been used, but with insufficient evidences to make a
recommendation [512]. The cure rate was 98-99% in India using three separate combinations:
liposomal amphotericin B (LAmMB) plus miltefosine (oral) or liposomal amphotericin B plus
paromomycin (intramuscular) or co-administration of miltefosine plus paromomycin
(intramuscular); this strategy was cheap, safe, and effective within a short duration (7- 10 days)
to treat antimony-resistant VL infection [307, 369, 410, 513-515].

Interestingly, several studies have emphasized the benefits of a combination of low-dose or short
course of effective antileishmanial drugs with immunomodulator products as a successful
approach for effective treatment of leishmaniasis [516-518]. The main purpose of the

immunomodulator is to enhance the immune response through activation of macrophages and

-43-



Introduction

enhancement of NO production to eliminate the infection [326, 519-521]. In this regard, several
clinical trials using rIFN-y with Sbv were useful in treating severe or Sb refractory VL in Brazil
[522, 523]. Likewise, low-dose or short course of amphotericin B with Tuftsin can induce the
effector immune response by stimulating white blood cells, in addition to a wide spectrum of
biological activities like enhancement of phagocytosis [524, 525]. A combination of miltefosine
with tuftsin or picroliv was also found to augment the efficacy of miltefosine against

experimental VL than miltefosine alone [516, 526].

A combination of allopurinol, Imiquimod, itraconazole or oral pentoxifylline plus meglumine
antimoniate may be a highly effective regime (86% cure rate) against CL, especially in its
chronic form [294, 447, 527, 528]. Though, a combination of intravenous stibogluconate and
allopurinol showed higher efficacy against CL caused by L. viannia panamensis compared to
stibogluconate alone, this effect was not recorded in the treatment of MCL [446]. Taken into
consideration, combination strategy is limited only to the approved drugs for short-term which
complicates understanding the mechanisms underlying the effects and may couple with risk;

nevertheless, this regime offers major advantages over monotherapy and remains a priority.

Synergistic role of immune system in the therapeutic efficacy of some antileishmanial drugs

Understanding the immune pathways of leishmaniasis is critical to identify novel drug targets
and therapeutic strategies that may exhibit their effects through the immunological cross-wires of
pathogenic cross-talk [299]. The cell-mediated immunity is essential for parasite clearance in
many cases of leishmanial infections, which represented by effective mechanisms of macrophage
to decimate intracellular pathogens (amastigotes) via generation of toxic nitrogen and oxygen
metabolites like NO and reactive oxygen species (ROS) [529]. It seems that immune system
plays an important synergistic role in the therapeutic efficacy of many of antileishmanial drugs
[517, 530, 531]. This synergetic interaction is classically associated with a depression of Thl
cells and preferential expansion of Th2 cells, by skewing T cells toward Th1 responses [94, 299,
532-534].

The process of parasite clearance is suppressed by the infection itself, which down-regulates the
requisite of pro-inflammatory signaling pathways between macrophage and T cell such as the
interleukin (IL) 12, major histocompatibility complex (MHC) presentation, rIFN-y, and

persistent tumor necrosis factor-alpha (TNF-a), in whole or in part, explain the beneficial role of
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Thl inflammation to the host [535-538]. On the other hand, Th2 response has controversial
involvement in disease susceptibility, mainly conducted by the major cytokines such as IL-4, IL-
17, and 1L-22 [532, 539, 540]. These cytokines have an important regulatory function during
Leishmania infection though their action on neutrophils [532, 539, 540]. It is therefore not
surprising that T cell compartment is necessary for the action of some antileishmanial agents
[424, 517, 541].

In fact, the most commonly used drugs are known to have direct or indirect immunomodulatory
effects [517, 541, 542]. In this regard, the efficacy of antimonials is contingent on host T-cell
function and underlying immune bias [543, 544]. Sodium antimony gluconate (SAG) can
activate both innate and adaptive immune compartments through its role in reticuloendothelial
system [545]. This action was confirmed by the loss of effectiveness of antimonial therapy in
mice without a functional T-cell response or without key Thl effector cytokines such as rIFN-y
[546]. Stibogluconate also inhibits host cell tyrosine phosphatases, which in turn leads to an
increase in secretion of cytokines [321]. Moreover, SAG has been reported to induce both ROS
and NO production in murine macrophages and promote two waves of Killing of L. donovani

amastigotes [547].

Several previous reports have shown in vitro and in vivo immunomodulation by miltefosine in
Leishmania-infected animals [424, 541, 548]. Indeed, miltefosine did not induce a humoral
response, natural killer (NK) cell activation or cytotoxic spleen cells in host cells, but induced
immunological and inflammatory effects on isolated mononuclear cells and macrophages [548-
550]. Miltefosine also activates intracellular signaling pathways through the production of
cytokines, NO, TNF-a, and promotes IFN-gamma-dominated anti-leishmanial immune response,
which could mediate the immunomodulation of the host cell and kill the parasite within the
macrophage [548, 551]. The combination of paromomycin and miltefosine also targets Toll-like
receptors (TLR4) in the host defense, which in turn induce Th-1-biased immunomodulation for
parasite Killing in VL [552, 553]. Recently, Ghosh and co-authors have studied the host cell-
dependent mechanism of four antileishmanial drugs (SAG, miltefosine, amphotericin B and
paromomycin) for killing of intracellular parasites and their cytotoxic effect on macrophages
[554]. Indeed, any alteration on macrophage membrane fluidity has a bearing effect on T cell-
stimulation ability [555].
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Ghosh and co-authors have observed that in vitro and in vivo treatment of macrophages with
certain doses of miltefosine, SAG or paromomycin enhanced T cell-stimulating ability, which
was evidenced by a significantly high IL-2 level and generation of ROS, nitrite, interleukin-12
and TNF-a versus the untreated macrophages [554]. In contrast, amphotericinB-macrophages
failed to show any appreciable increase in IL-2 production from a T cell hybridoma [554]. It is
therefore hypothesized that most antileishmanial drugs target the immune system directly or

indirectly.

Leishmania—HIV Co-Infection

The evidence for treatment of CL and MCL/ HIV co-infection cases is still very limited,
however, some cases of ML have successfully been treated with local treatment, while other
cases may argue in favor of systemic treatment due to the risk of subsequent visceralization
[556].

The treatment of VL/ HIV co-infection cases is similar to that of the VL patients without HIV
infection with some precautions due to low CD4 counts (90-100 cells/mmg), combined with high
frequency of leukopenia, lymphocytopenia, and thrombocytopenia [557]. These co-infection
cases are usually associated with low cure rate, high relapse rate, and treatment-associated

mortality, particularly with antimonials [142, 315, 558-560].
WHO recommended liposomal amphotericin B as a preferred therapy [282, 359, 365]. In fact,

the validity and dose of the amphotericin may differ, according to the geographical zone of
infection. The majority of studies were undertaken to date in Europe where amphotericin B is
considered a valid resource for the treatment of VL-HIV co-infection, unlike the developing
countries due to high cost of the drug [282, 561].

The use of antimonials compounds in the treatment of co-infection cases yielded unsteady
results, depending on the region. In this concern, meglumine antimoniate reported lower cure
rate (58%) in VL/ HIV patients from Ethiopia and having many side effects, including
pancreatitis and drug resistance, then the efficacy lowered to 35% in Bihar (India) [562, 563].
Relatively high rates of fatal toxicity were also recorded with antimonials and long duration of
treatment (30-60 days) which requires close monitoring, hence these compounds are not
tolerated and not always successful [558, 564, 565]. The response to antimonial compounds in

Europe ranged from 33-82%, with frequent cases of relapse [560, 566, 567].

-46 -



Introduction

Most studies recommended liposomal amphotericin B, because of its safety profile and well-
tolerated by the patients [359, 568]. The relapse rate (1-year) was reduced to 50% in the patients
who received prophylactic amphotericin B lipid complex, while the relapse rate was 78% in
patients without prophylaxis [569].

The second-line treatment options for VL/ HIV-coinfected patients include miltefosine and
paromomycin. Miltefosine had an acceptable safety profile, and the drug-related toxicities were
manageable with moderate efficacy, however, this efficacy was lower than SSG with percentage
of mortalities in east Africa [564, 570-572]. Moreover, miltefosine-treated patients were

proposed to relapse the infection with stoppage of treatment [573].

It should be emphasized that effective highly active antiretroviral treatment (HAART) may be
beneficial to VL/ HIV-coinfected patients, as it was proved to reduce the development of the
disease and increase the survival of the patients, but of partial effect on relapse [142, 381, 574].
The development of PKDL was also reported in HIV/AIDs infected cases undergoing HAART

as a manifestation of immune reconstitution syndrome [566, 572].

The previously mentioned shortcomings support the necessity of multidrug combinational
therapy over the prolonged period of treatment in immunosuppressed patients infected with
Leishmania [575]. There is no data about drug combination in VL/HIV Co-infected patients and
the available data originated from a reports of Ethiopian patients treated with drug combination

such as miltefosine-SSG combinations [308, 558].

Another combination of Sbv compounds with allopurinol or azole derivatives or rIFN-y have
used, but with insufficient evidences to make a recommendation [512]. Novel combination
regimens of intravenous pentamidine and oral fluconazole were also reported to be effective
against VL/HIV co-infected patients, but with several cases of relapses after failure of treatment
using the other antileishmanial agents [576].

-47 -



Introduction

Drug

Formulation and
route of
administration

Regimen of administration

Cure rate (%)

Potential adverse
effects

Comments

References

Pentavalent
antimony (SbV)

Sodium
stibogluconate
(i.v. ori.m.)

Meglumine
antimonite (i.v. or
i.m.)

For CL: 20 mg Sb/kg daily for 20 days.
For MCL and VL: 20 mg Sb/kg daily
for 28-30 days.

For east African PKDL: 20 mg Sh/kg
daily for 60 days.

10-95%, according
to the region,
species infected,
and form of the
infection.

Nausea, abdominal
pain, myalgia,
arthralgia,
pancreatitis, renal
tubular acidosis,
nephrotoxicity and
cardiotoxicity.

Emergence of Clinical
resistance of Leishmania
could be noted.

Shouldn’t be used in patients
with cardiac disease, renal
failure, liver disease, advanced
HIV infection, and pregnant
women.

[149, 311, 313, 326-
333, 336, 338-341]

Amphotericin B

Amphotericin B
deoxycholate (i.v.)

Liposomal
amphotericin (i.v.)

For VL: 0.5-1 mg/kg/day daily or every
other day for up to 8 weeks.

For PKDL.: the same dose of VL daily or
on alternate days for up to 4 months.

For CL and MCL.: the same VL regime
but continues for 20-30 days in CL and
for MCL is up to 45 days.

For VL in immunocopetent patients: 3.0
mg/kg body weight on days 1 through 5,
14, and 21.

For VL in immunocompromised

90-100% for CL,
VL, and MCL.

90-100% for VL

Renal impairment,
thrombophlebitis,
gastrointestinal
cramps, cardiac
arrhythmias, liver
disorders, peripheral
neuropathy, and
convulsions. Highly
toxic, development of
resistance,
anaphylactic
reactions.

Very little experience
in Eastern Africa.

Not indicated in elder patients
or pregnant women.

Contraindicated in patients who
develop hypersensitivity
reactions.

Further studies concerning its
effect against CL and MCL
are mandatory.

[18, 302, 351-359]

[350, 358-362, 364-
371]

Paromomycin

Paromomycin
sulfate

(i.v. /iim. or oral )

patients: 4.0 mg/kg body weight on days while 84% in
1 through 5, 10, 17, 24, 31, and 38. cL.
High cost.
CL and MCL: 3 mg/kg/day up to ten
doses, given within a 21-day period.
For VL: 15-20mg/kg/day for 21 days. In VL: 77-94% Ototoxicity, Drug resistance could develop

For CL: topically in a 15% ointment
together with 12% methyl
benzothonium chloride daily for 20
days.

For CL (Parenterally): IM at a dose of
12-18 mg/kg/day for 14 day.

For MCL: 16 mg/kg/day for 20 days.

In CL: 90-95% cure
rate for topical
application and
47-90% for
parenteral
administration.

MCL: 0-67%.

vestibular instability
and nephrotoxicity.

Mild pain at the
injection site, and
long duration of
injection.

especially with CL and
Inadequate data regarding its
use in pregnancy.

Therapy is not recommended
for treatment for New World
species to avoid the progress
to mucocutaneous disease.

No reliable data concerning its
use in the Mediterranean area

[350, 355, 370, 373,
375-378, 385, 387,
394, 395, 577]
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and Latin America.

Drug

Formulation and
route of
administration

Regimen of administration

Cure rate (%)

Potential adverse
effects

Comments

References

Pentamidine

Pentamidine
isethionate
Pentam — 300
(i.m.ori.v.)

For VL/MCL: 4 mg/kg three times
weekly for 15-30 week.

For CL: 3-4 mg/kg/day every other
day, for a total of 4-10 injections.

In VL: 93 % but in
recent studies in
India, it was 70-
80%.

In CL and MCL.: 90-
93%.

Life-threatening
hypoglycemia,
persistent diabetes
mellitus.

Development of drug
resistance, lower
efficacy, toxicity
hazards, pancreatitis,
and reversible renal
dysfunction.

Liver enzyme
abnormalities, bone
marrow effects,
nephrotoxicity and
cardiotoxicity.

Little literature about use of
pentamidine in the
Mediterranean area and Latin
America against VL.

First-line CL option in
Pregnancy.

A low cure rate was reported
(35%) in patients infected with
L. braziliensis.

Patients on this drug require
careful observation.

[48, 297, 318, 387,
396-398, 403, 407]

Miltefosine

Hexadecylphosph
ocholine
(Impavido,

Zentaris) per oral

For VL: up to 150 mg for adult for 28
days.

For CL: 2.5 mg/kg/day 28 days.

For MCL.: doses of 2.5-3.3 mg/kg/day
for 28 days.

For PKDL: 2.5 mg/kg/day for 12 weeks.

VL: 93-100% while
in phase 1V and
Ethiopia was 85%
and 64%,
respectively.

CL: 53-100%.

MCL: 58-83%.

PKDL: 96%.

Many cases of
relapse, drug
resistance
development, and
teratogenic effect.

Should not be used in
pregnant women or who could
become pregnant within 3
months after treatment.

Should not be used alone in
treatment of patients co-
infected with VL and HIV.

Recommended in childhood
against VL and considered the
first line of treatment of VL in
India.

[297, 392, 393, 411-
413, 428-434, 534]
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Drug

Formulation and
route of
administration

Regimen of administration

Cure rate (%)

Potential adverse
effects

Comments

References

Azole Derivatives

Ketoconazole,
fluconazole, and
itraconazole (per

oral)

Miconazole or
clotrimazole

(topical
application)

For CL: Ketoconazole: 600 mg/day for
4-6 weeks for the adult while for
children’s, the dose is 200mg/day for
28-30 day.

Fluconazole: 200- 400 mg/day for 6
weeks.

Itraconazole 200 mg bid for 28 days.

2 % miconazole or 1 % clotrimazole
cream applied on the lesion twice a day
for 30 days.

For MCL: doses of 4 mg/Kg/day from
oral drugs for 6-24 weeks.

For VL.: itraconazole 600 mg/day orally
for up to 24 months.

Ketoconazole and
Fluconazole
yielded 79 -
89% cure rate
against L. major
and L. mexicana
in Old World.

CL and MCL: 23-
80%.

Higher efficacy
against VL without
any relapses.

Failures of response,
ineffective against
some species of the
parasite such as L.
tropica, L.
aethiopica, and L.
braziliensis or toxic.

Reduction in cortisol
levels, adrenal
insufficiency, and
hypoadrenalism.
Itraconazole elevates
alanine
aminotransferase
levels; some cases
develop congestive
heart failure and
hepatotoxicity.

A variable or low efficacy of
Itrakonazole and ketoconazole
Against L. viannia braziliensis
(30%).

Require routine blood tests for
liver function.

Fluconazole is contra-
indicated in pregnant and
lactating mothers.

Few data about the efficacy of
azole derivatives against VL.

[287, 302, 311, 324,
439-450, 455, 456,
458, 461]

Table 3: The available antileishmanial agents combined with regimen of administration, cure rate, and potential adverse effects [578].
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4. Potential relevance of melatonin against some infectious agents: A Review

and Assessment of Recent Research
Adapted from a previous review article published by the same author as a part from his

thesis: Ehab Kotb Elmahallawy, Javier Ortega Luque, Abdelkarim saleh Aloweidi, et al. Curr
Med Chem. 2015 Aug 26.

Contents

1. Melatonin synthesis, mammalian subtypes, precursors and their role in cell biology.

2. Physiological and therapeutic effects of melatonin

2.1 Effects of melatonin on immune system

2.2 Antioxidant action of melatonin

2.3 Melatonin in bacterial and viral infection

2.4 Melatonin and parasites

2.4.1 Melatonin and Apicomplexa

2.4.1.1 Melatonin and malaria

2.4.1.2 Melatonin and toxoplasmosis

2.4.2 Melatonin and trypanosomasis

2.4.3 Melatonin and schistosomiasis

2.4.4 Melatonin and amoebiasis

2.4.5 Melatonin and Leishmaniasis

1. Melatonin synthesis, mammalian subtypes, precursors and their role in cell biology
Melatonin, N-acetyl-5-methoxytryptamine, is an indoleamine released by the pineal gland with
peak concentrations at night and is thought to participate in regulation of circadian rhythms in
many eukaryotes, including vertebrates, invertebrates, higher plants and dinoflagellates [579,
580]. Taken into account, the secretion of this natural hormone is not confined exclusively to the
pineal gland, but other peripheral organs and tissues including retina, gastrointestinal tract,
Harderian gland, skin, leukocytes, thymus and bone marrow cells also produce melatonin but not
extrapineal melatonin retains the chronobiotic properties [581, 582].

Melatonin is synthesized from tryptophan and converted into serotonin in the circulatory system
[583]. Serotonin is transformed into N-acetylserotonin via arylalkylamine-N-acetyl transferase

enzyme which is then metabolized into melatonin by hydroxyindole-O-methyltransferase
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enzyme [583]. Melatonin is released immediately into the blood capillaries and rapidly
distributed throughout the body tissues with high affinity in the cerebrospinal fluid [584], due to
its amphiphilic nature which enables it to cross all biologic barriers and gets free access to all
cellular compartments, especially nucleus and mitochondria [585].

To our knowledge, there are two mammalian subtypes of G protein-coupled receptor (GPCR)
binds to melatonin receptors; MT1 (Mella) and MT2 (Mellb), which mediate most of the
regulatory functions of melatonin [586-588]. Though these receptors mainly expressed in central
nervous system (CNS), they also present in peripheral organs [589]. Taken into account, both
MT1 (Mella) and MT2 receptors are of similar binding properties, however, human MT2
receptor has shown a lower affinity to melatonin versus human MT1 receptor [590]. The
previously mentioned receptors (MT1 and MT2) seem to be extremely important in regulation of
cell cycle in some infectious agents like parasites [591, 592]. Also, melatonin binds to other
cellular targets such as calmodulin (CaM), calreticulin, quinone reductase 2 (MT3 binding site),
and tubulin, explaining that some effects of melatonin are independent of the activation of
membrane-bound receptors [593, 594].

Besides its great role in circadian rhythm, melatonin been implicated in a wide array on the
plethora of processes of cell biology and physiological functions in many infectious agents [595-
602]. Importantly, the underlying mechanisms of these effects are various and may involve
intracellular antioxidant enzymes, receptor-mediated and receptor-independent actions [603].
The following explanation will discuss some physiological and therapeutic implications of

melatonin and their potential relevance against some infectious agents (Figure: 2).
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Activates NK cells

Immunomodulatory
effects

(e.g. Trypanosoma cruzi, Increases cytokines production such

Equine encephalomyelitis,  4¢ IL-1, IL-2. IL-6. IL-12 and IFN
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Increases the activity of antioxidant
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Salciparumi
Diminishes mPTP activation

Figure 2: Summarize the physiological and therapeutic implications of melatonin and their
potential relevance against some infectious agents [592, 597, 604-621].

2. Physiological and therapeutic effects of melatonin

2.1 Effects of melatonin on immune system

Melatonin has been recognized as neuroendocrine—-immunological network modulator due to its
affinity to T-lymphocytes (CD4+) and innate immunity [622-625]. Several previous studies have
reported the immunomodulatory effect in both animals and humans as it enhances innate and
acquired immunity through activation of natural killer (NK) cells and antibody-dependent cell-
mediated cytotoxicity and subsequently increases T cells proliferation and production of
cytokines [605, 606, 622, 626, 627]. This may justify the immunotherapeutic potential of
melatonin which counteracts the induced-immunosuppression by acute stress, ageing, bacterial
and viral infections [607, 608, 623].
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As previously mentioned, leukocytes, bone marrow cells, thymocytes and epithelial cells have
been reported to produce melatonin [581, 609, 628]. Even more, cultured human lymphocytes
were able to release large amount of melatonin which has autocrine, endocrine, intracrine, and/or
paracrine effects, and therefore coordinates immune response [626]. The presence of melatonin’s
receptors (especially MT1) in different immune cells of thymus and spleen also implicates the
modulatory and anti-inflammatory effects of melatonin [585, 629]. These effects are mainly
mediated through its effect on certain receptors in immune organs and immunocompetent cells of
many mammals, as well as human [630-632]. The involvement of receptors MT2 in melatonin’s
modulatory effects have been explored in mice through enhanced splenocyte and lymphocytes
proliferation, while this effect was blocked by the MT2 antagonist luzindole [609, 622, 633-635].
Melatonin also regulates hematopoiesis indirectly through its action on certain receptors located
on bone marrow cells and via the induction of T-helper-cell-derived opioid cytokines [636], or
directly through its action on some progenitor cells such as NK cells, pre-B cells, and monocytes
[610, 637]. Hence, the anticancer action of melatonin may be attributed to activation of
lymphocytes, monocytes and macrophages which also prevents tumor development [638, 639].
Likewise, activation of melatonin receptors has been reported to enhance the secretion of
cytokines by T-helper cell Type 1 (Thl), like interleukin-2 (IL-2) and gamma-interferon (IFNc)
[605, 609, 636]. Interestingly, activation of T-helper cells type 1, monocytes, and/or monocyte-
derived cells by melatonin was found to enhance the production IL-1, IL-6, IL-12, IFN-y, and
macrophagecolony stimulating factor (M-CSF), which together act through binding to nuclear
RZR/ROR receptors subfamily belongs retinoic acid receptor and membrane MT1 and MT2
receptors [587, 610-612, 640]. These previously mentioned cytokines may counteract stress-
induced immunosuppression in several infectious cases [610], besides their role in
immunomodulation process [624].

Melatonin also promotes the expression of major histocompatibility complex (MHC) class 11 and
transforming growth factor (TGF)-B in antigen-presenting cells (APC) [605, 641]. In addition to
promotion or suppression of Th-2 responses in some cases, melatonin involved in down-
regulation of cyclooxygenase expression in macrophages and 5-lipoxygenase which antagonizes
prostaglandin synthesis [581, 607, 608, 623].

On the other hand, the role of melatonin in other autoimmune diseases is still controversial and

the mechanism of action is poorly understood, however, some studies related such effects to the
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balance between Th1/Th2 and others suggest its contribution to the immune system homeostasis
[610, 642]. In this regard, this compound has pro-inflammatory action in rheumatoid arthritis
patients where a high plasma level of melatonin was found and the synovial macrophages of the
patients respond to exogenous melatonin with an increased production of IL-12 and nitric oxide
(NO)[641, 643]. Hence, melatonin antagonists may achieve therapeutic effects in such cases and
further studies are necessary to understanding the underlying mechanisms of action [642].

2.2 Antioxidant action of melatonin

Oxidative stress is a common term refers to the disturbance in the balance between the reactive
oxygen species (ROS) and the antioxidant defense [644] which accompanied several
pathological conditions such as parasitic infection and aging [645, 646]. Based upon several
published works, melatonin has shown a potential antioxidant effect resulted from both
hydrophilic and hydrophobic features of this indolamine that allow it to cross several body
barriers [613]. Also, melatonin indirectly regularizes the activity of several antioxidant enzymes,
increases the efficiency of mitochondrial bioenergetics, and reduces the electron leakage from
the mitochondria, which in turns lowers the free radical generation and augments the efficiency
of other antioxidants [614, 615, 647]. Additionally, melatonin has a great scavenging activity for
the free radicals, including hydroxyl radicals like hydroperoxyl radical, NO, singlet oxygen or
peroxynitrite anion (ONOO ), which explains the role of melatonin as a potent scavenger of
mutagenic and carcinogenic hydroxyl radical (OH™) [585, 614]. Interestingly, this anti-
inflammatory action of melatonin results from its inhibitory effect on inducible nitric oxide
synthase (NO synthase), which consequently reduces the oxidative damage and protects from
NO-mediated mitochondrial blockade under acute or chronic conditions [609, 628, 648-650].
Hence, some clinical trials suggested that melatonin can contribute efficiently to several
metabolic functions [651].

2.3 Role of melatonin in bacterial and viral infection

Several published works have reported the beneficial effect of melatonin in bacterial and viral
infections [607, 625, 652, 653]. Indeed, administration of melatonin was found to be effective in
controlling chlamydial infection and bacterial infection caused by Mycobacterium tuberculosis,
Helicobacter pylori, and Dichelobacter nodosus, in addition to many viral infections such as
Equine encephalomyelitis virus and Ebola virus disease [607, 653-659]. The activity of

melatonin in these cases is mainly attributed to its free radical scavenger activity, regulation of
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bacterial growth, depletion of some intracellular substrates like iron, and/or immunomodulatory-
adjuvant activities [657, 660-662].

2.4 Melatonin and parasites

General remarks about role of calcium homeostasis in biology of some parasites and its

relation to anti- parasitic effects of melatonin

In fact, the cell function in parasites is coordinated using a second messenger signaling cascades
involving cyclic adenosine monophosphate (CAMP) and calcium (Ca®*) [663-673], which
control many critical events including host cell invasion, gliding motility, parasite differentiation
and egress [674-682]. Even more, calcium binding proteins such as CaM and calcium-dependent
protein kinase (CDPK) genes play critical roles in protein secretion, host cell invasion and
parasite differentiation [679, 683]. Calmodulin (CaM), the ubiquitous intracellular calcium
binding natural regulator, has been identified in American and African trypanosomes,
Leishmania braziliensis, Leishmania tropica and Leishmania donovani [684-686]. It shared 99%
amino acid sequence identity between trypanosomatids [684-686] and related to various
functions in trypanosomatids like CcAMP-dependent phosphodiestherase stimulation in

**Icalmodulin (Ca*CaM)-dependent protein kinase

Trypanosoma cruzi (T. cruzi) [687-689], Ca
(TcCaM K) [690, 691], and transduction mechanisms of the cGMP-nitric oxide pathway in T.
cruzi [692-694]. These events allowed CaM to act as: a mediator of Ca** functions, calcium
sensor, and signal transducer to many proteins which are able to bind to CaM and unable to bind
calcium [99].

Moreover, some scientists have reported other important functions of Ca®** in regulation of
cellular differentiation, CAMP levels in T. brucei [695-697], and cAMP phosphodiesterase in T.
cruzi [688, 698]. It was also proposed that an inositol 1, 4, 5-trisphosphate (InsP3)- dependent
calcium response in Plasmodium species (spp.) and T. gondii [699]. Calcium is also considered
the main controller of protein secretion, invasion, motility, and egress of Toxoplasma [700, 701],
while it is very critical for developmental regulation and cyclic nucleotide signaling in
Plasmodium with involvement of many stages of invasion and motility of the parasite including
erythrocyte invasion stage by merozoites [702], besides its important role in the sexual

multiplication in the mosquito vector [703-708].

-56 -



Introduction

Similar to eukaryotic cells, intracellular Ca?* is finely regulated in trypanosomatids by various
organelles [675, 694, 709], including mitochondria, endoplasmic reticulum, Golgi and
acidocalcisomes which are known as major calcium storage sites [694, 710]. Moreover,
trypanosomatids possess acidocalcisomes which involved in bioenergetics besides a single
mitochondrion which represents 12% of the parasite volume and capable for accumulation large
amounts of polyphosphates together with Ca®* ions [711-713]. Accordingly, any fluctuations in
cytosolic Ca** level ([Ca*"li) could control many cellular functions in such organisms [676, 679].
In this regard, many of available antiprotozoal agents exert their effects through alteration of
Ca®" homeostasis in the parasite and/or through impairment of the activity some mitochondrial
parameters [714, 715].

According to the latest publications, melatonin has shown a wide range of activity against
various parasites [653, 716]. To our knowledge, the signal transduction mechanisms of
melatonin for its receptors are different among the various tissues and cell types [601, 717, 718].
It has been reported that melatonin exerted its effects in such pathological conditions through its
influence on some intracellular proteins like CaM [616, 719], calreticulin [720], or tubulin [721],
antagonizing the binding of Ca** to CaM [722]. As mentioned above, there are two mammalian
subtypes of G protein coupled heterodimers participate in signaling pathways, leading to
downstream effects on Ca®* channels, Ca** signaling and changes in extracellular-signal-
regulated kinases which give melatonin and its derivatives a pleiotropic nature [581, 723, 724].
MT1 melatonin receptor could also mediate adenylyl cyclase inhibition and phospholipase C
beta (B) activation through its coupling to different G proteins. Therefore, activation of MT1
receptor may activate a large variety of G proteins which inhibit the cyclic adenosine
monophosphate (CAMP) signal transduction cascade and their accumulation decrease the activity
of protein kinase A and cAMP response element binding CREB) [617, 618, 725]. Melatonin
(MT1) receptors also regulate ion fluxes besides its influence on calcium-activated potassium
channels [726-728]. Likewise, several studies have reported a numerous safeguarding
mitochondrial effects of melatonin, which is mainly attributed to its role on respiratory electron
flux [585, 626] or through its unique effect in alteration of Ca®*-induced mitochondrial
permeability transition pore (mPTP), which is found to be a gatekeeper of apoptotic and necrotic
cell death [581, 592].
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Taken together, these previous events have a strong influence on the control of some infectious
agents, especially the parasitic type, since disruption of Ca®* homeostasis may result in cell death
[137], however, it should be borne in mind that the suggested mechanisms underlying this
activity seem to be different among these parasites (Figure 3). The following section will
highlight several facts about the potential activity of melatonin against several global infectious

diseases caused by a group of parasites.
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Figure 3: Summarize the action of melatonin with Plasmodium, Toxoplasma gondii,
Trypansoma cruzi, Entamoeba histolytica, and Leishmania infantum promastigotes [597, 600,
602, 604, 653, 729-738]
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2.4.1 Melatonin and Apicomplexa
2.4.1.1 Melatonin and malaria

Malaria is mosquito-borne infectious disease of humans and other animals caused by protozoan
of genus Plasmodium and mainly transmitted via the bites of infected mosquitoes [739]. More
than 220 million cases of malarial infections are reported every year, and the disease Kills
between 473,000 and 789,000 people worldwide, mainly in Africa [611, 739, 740]. Plasmodium
falciparum (P. falciparum), Plasmodium malariae (P. malariae), Plasmodium vivax (P. vivax),
Plasmodium knowlesi (P. knowlesi) and Plasmodium ovale (P. ovale) are the main causative
species [739, 740]. The parasite multiplies in the liver of human, and then infects red blood cells
(RBCs); this stage (erythrocytic) occurs after 48 hours in P. falciparum and consists of ring,
trophozoite, schizonts and ultimately give rise to merozoites that release into the blood stream at

a specific time of the day-night cycle [640].

Melatonin and its precursors are widely known as a nocturnal signal can regulate the cell
physiology of the parasite, besides their critical role in the synchronization of maturation of the
parasite and its survival in the host [598, 612, 628, 729, 730]. In this regard, several studies have
reported that melatonin drives a temporal regulation in some species of Plasmodium either in
vivo or in vitro [592, 741].

Importantly, melatonin drives as a second messenger through modulation of Ca** and cyclic-
AMP pathways, besides its role in activation of Protein kinase A (PKA), a class of cAMP-
dependent enzymes which modulates the cell cycle [15, 730]. The level of extracellular calcium
is a critical event for the invasion of the parasite into RBCs, exflagellation process as a step of
sexual stage of the life cycle, and Plasmodium kinases [742-744].

Indeed, melatonin and its derivatives promote [Ca®*]l increase by mobilizing it from internal
stores either by direct uncaging (Photolytically) of InsP3; within the intraerythrocytic stage of the
parasite or by increasing parasite inositol phosphate formation, which subsequently modulate the
P. falciparum cell cycle [602, 732, 745]. Therefore, they could regulate and modulate the life
cycle of human malaria parasite, P. chabaudi and P. falciparum, in vivo and in vitro [602, 730],
by mobilization of Ca** from internal Ca** pools of parasite trophozoite, augmenting the

proportion of schizonts and cytosolic free Ca® [729].
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Furthermore, recent studies have revealed that melatonin up regulates the genes related to
ubiquitin-proteosome-protein system (UPS) which involved in specific functions related to
pathogenesis and virulence of P. falciparum [600, 746]. It should be also pointed out that
exogenous melatonin remarkably prevents development of mitochondrial pathology and
mitochondrial oxidative stress in hepatocytes, which in turns prevents hepatic cell damage
resulting from malaria infection [730, 747, 748].

On the other hand, melatonin is known as a potent antioxidant agent protects malarial parasites
from ROS attacks in the oxygen rich environment at erythrocytic stage [14, 748]. Arguably, the
blockade of melatonin’s nocturnal action on malaria parasite growth or the circadian changes in
the melatonin levels of the host using common melatonin antagonists or some derivatives seems
extremely important in combating this disease [713, 745]. Taken these facts together, melatonin
and its derivatives exhibit potent antimalarial effects.

2.4.1.2 Melatonin and toxoplasmosis

Toxoplasmosisis a worldwide parasitic zoonotic disease caused by protozoan of genus
Toxoplasma gondii, which is considered a causative agent of death in the United States [749].
Most warm-blooded animals can be infected, including humans, but the primary host is family
Felidae [749].

Several studies have investigated the effect of artificial supplementation of melatonin and/or zinc
on the response of immune system to T. gondii. Melatonin has shown an important role in
activation of cellular immunity by stimulating CD4" and CD8" production [619, 653, 750, 751].
Furthermore, NO levels increase in Toxoplasma infection, particularly in the chronic phase of the
infection in Sprague-Dawley rats, which increases in melatonin deficiency.

Hence, melatonin reduces the activity inducible nitric oxide synthase (iNOS) activity which
enhance the immune system by the activation of Astrocytes and HUVEC cells, resulting in NO
release in the presence of the parasite and the later might be beneficial to the host, as it
normalizes nitrites (NO;, ) levels [731, 752]. Taken together, melatonin could be an adjunctive
therapy for treatment of Toxoplasma retinochoroiditis, especially in immunosuppressed
individuals.

2.4.2 Melatonin and trypanosomasis

Trypanosomiasis is a group of parasitic diseases of vertebrates, mainly caused by protozoan

parasite of genus Trypanosoma. The parasite has three different stages: trypomastigote,
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amastigote, and epimastigote [753]; the transformation of epimastigote form into the metacyclic
trypomastigotes is mainly occurred during darkness period [754].

There are two main forms of Trypanosomiasis; Human African Trypanosomiasis which is
common disease in 36 countries of sub-Saharan Africa with more than 60 million people at risk
[755] and is caused by Trypanosoma bruceigambiense or Trypanosoma bruceirhodesiense while
tsetse flies are responsible for transmission of the disease to human [756].

The other form, American trypanosomiasis (Chagas disease), is caused by Trypanosoma cruzi
(T. cruzi) and transmitted mostly by insects known as Triatominae [757], resulting in in 21,000
cases of deaths annually, mainly in Latin America [757]. Sudden death in acute patients may be
resulted from congestive heart failure associated with myocarditis or meningoencephalitis [758],
while most of the patients develop the chronic form of the disease [759].

Several studies have reported the significant contribution of melatonin in controlling T. cruzi
multiplication in vivo and in vitro [760-762]. In this regard, melatonin treatment (5 mg/kg
orally), prior to experimental infection or during the infection, resulted in reduction of the levels
of IL-10, IL- 4, tumor growth factor-p and NO, while it increased the number of macrophages
and enhance the release of IL-12, IL-2, TNF-a and IFN-y [597, 620, 733, 763]. In such cases,
melatonin up-regulates Th-1 immune response and suppressed Th-2 response [597, 734, 764],
which promotes a reduction in blood and tissue parasites, and therefore reduce the parasitemia
combined with the blockade of prostaglandin E2 synthesis [599, 765].

Administration of melatonin during the acute phase of infection with the parasite may possess a
dual effect (promoting and inhibitory) on T. Cruzi life cycle, based upon the period of exposure
and the concentration used [736, 765]. In this regard, melatonin administered during the acute
phase of T. cruzi infection resulted in reduction of the parasitemia [762], inhibition of parasite
propagation or killing the parasite through its action on the immune system, as it activated the
macrophages as a result of enhanced NO production. This later product is considered the major
effectors’ molecule of T. cruzi intracellular amastigote killing [735, 760, 766].

It has also been proposed that ROS and oxidative stress play an important role in expansion of
the systemic complications of Chagas, especially cardiomyopathy [767-770]. As consequences,
mitochondrial functional decline, combined with loss of the scavenger activity for ROS,
resulting in sustained oxidative stress during infection [768, 769]. Furthermore, NO

accumulation was found to slow down the electron transport chain, which inhibits the production
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of Adenosine triphosphate (ATP), higher ROS production, and in turn increases the
susceptibility of cell death [771]. Indeed, melatonin could protect mitochondria by counteracting
the oxidative damage and prevent the development of heart damage [772].

During the chronic phase of the disease, melatonin could be beneficial for combating the disease
progression [768, 773]. It could reduce the oxidative stress accompanying the myocardial
damage, which represented by reduction in the number of trypomastigotes, fewer amastigote
carriage, lower tissue disorganization in the heart, and higher number of leucocytes resulted from
activation of Th-1 inflammatory response [597, 736, 762].

Therefore, administration of melatonin agonist like the MT1/MT2 agonist (ramelteon) in
Chagas” disease during the acute phase may enhance the immune response without impairment
in NO production, while high doses of melatonin during the chronic course of the disease lowers
the oxidative stress, preserves the mitochondria and prevents the development of
cardiomyopathy [773]. These findings prove that melatonin either alone or in association with
other drugs such as meloxicam could be helpful therapy in American trypanosomiasis [597,
762].

2.4.3 Melatonin and schistosomiasis

Schistosomiasis (Bilharzia) is neglected disease caused by parasitic worms of genus
Schistosoma [774]. The disease affects almost 210 million people worldwide [774] and is
considered the second devastating parasitic disease after malaria, especially in poor societies
with unclean water and inadequate sanitation [775].

Melatonin enhanced the protective immune response against Schistosoma mansoni in hamster
infected with Schistosoma mansoni using cercarial and soluble worm antigens [596]. Indeed,
melatonin has been postulated to be protective against the pathological changes in Schistosoma
mansoni-infected mice, which may be resulted from its antioxidant and free radical scavenging
activity that reduces the oxidative damage and increases the survival rate [621].

2.4.4 Melatonin and amoebiasis

Amebiasis is a parasitic infection of the large intestine, sometimes involving the liver caused
by Entamoeba histolytica, and estimated to cause 70,000-100,000 deaths per year worldwide
[776, 777].

Franca-Botelho and co-authors have studied the effect of melatonin administration (15 mg/kg

body weight subcutaneously) in experimental amoebiasis (in vivo and in vitro) and on the
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relationship between trophozoites of the virulent strain HM1-IMSS of E. histolytica and human
blood cells [737]. They have noticed a marked decrease in the amoebic necrotic areas in liver
infiltrated with large quantities of mononuclear inflammatory cells, which explains the enhanced
adherence of the parasite trophozoites to mononuclear and polymorph nuclear leukocytes (PMN)
[653, 737]. Therefore, it is suggested that melatonin administration resulted in induction of Thl

responses and could establish its role as an adjuvant therapeutic agent in amebiasis [653, 737].
2.4.5 Melatonin and leishmaniasis

Leishmaniasis is a group of neglected diseases, caused by infection by flagellate protozoa of the
genus Leishmania and present in all inhabited continents with a clear endemicity in tropic and
subtropics areas [15, 778].

Despite several leishmanial researches, a limited number of effective and less toxic
antileishmanial agents are available which is mainly encountered by the development of drug
resistance [779, 780]. As previously mentioned, Leishmania is a member of the
trypanosomatidae family possess a large mitochondrion which represents 12% of the parasite
volume and can accumulate large amounts of Ca?* [713], besides its role as in important target
for many of the available antileishmanial agents [714, 781, 782]. Recently, melatonin has shown
antileishmanial activity against the promastigotes phase of Leishmania infantum, together with
marked alteration in parasite mitochondrial calcium level and significant alteration in some

mitochondrial parameters, and therefore target parasite survival [738].
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Hypothesis and Objectives

1. Hypothesis

The last decade has witnessed an extraordinary progress in the spread of the disease to urban
areas which led to the necessity for more surveying and search for novel drug targets due to
absence the drug of choice, aiming to construct effective control measures adopted to eliminate
transmission and prevent new epidemics. The working hypothesis may switch on the light for the
surveillance of such diseases in human and feline using some diagnostic methods such as IFAT,
WB and PCR. The working hypothesis also proposed in this study is that exogenous melatonin,
as a potent natural antioxidant would target the parasite survival and thereby, may be play a

future role as antileishmanial agent.
2. Objectives
General Objective

The main objective was to get more information about epidemiology of Leishmaniasis through a
serological study about Leishmania infection among kidney transplanted patients from southern
Spain combined with assessment the prevalence of L. infantum infection among domestic cats
from highly endemic area, named Liguria which is a coastal region of north-western Italy. The
other part was mainly undertaken to assess the effects of melatonin against the parasite in vitro.
The expected outcomes of our study is better understanding the incidence of the disease among
asymptomatic renal recipients populations and in cats from endemic area in Italy, besides the
involvement of new diagnostic technique both WB and PCR in diagnosis of the infection to
identify the risk factors of transmission of such protozoan and the potential reservoir for the
infection in this area. The study also tested the association of Leishmania infection in cats to
some infectious agents like haemotropic Mycoplasma species and reoviruse including Feline
immunodeficiency virus (FIV) and Feline leukemia virus (FeLV) and the possible association
between these agents and the anemia status of the possible examined animal. On the other hand,
the other present work outcome was the activity of melatonin against the parasite. We further
hope to provide new diagnostic and /or therapeutic perspectives for combating this neglected

disease.
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2.1. Specific aims:

2.1.1. To assess the Seroprevalence of Leishmania infection among asymptomatic renal
transplant recipients from southern Spain.

2.1.2. To evaluate the occurrence of Leishmania infantum in cats from an endemic region in
Northwestern Italy.

2.1.3. To investigate the effects of melatonin against L. infantum and, if so, to study the possible

underlying mechanisms of this activity.
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Material and Methods

Experimental Design
1. Diagnostic part:
1.1. Determination of Leishmania seroprevalence among renal transplant recipients

1.1.1. Study area and population: Serum samples from 625 individual renal transplant patients
were collected for one year (April 2013-April 2014). Age, gender, the cause of the transplant, the
survival time after transplantation and the type of immunosuppressive therapy were controlled.
Any individuals with fever or infectious disease were excluded from the study. All patients were
living in neighbouring Granada provinces for at least the last ten years, for which our hospital is
a referral centre for renal and liver transplantation. The study was approved by the Ethical
Committee of Research of the University Hospital Virgen de las Nieves (Granada, Spain), before

initiation of data collection.

1.1.2. Sample collection and screening using IFAT: To investigate Leishmania infection,
peripheral blood was collected into sterile Vacutainer™ tubes. Samples were centrifuged at 4°C
and stored at -80°C until serological tests were performed. All patients had a low level of

immunosuppression at the time of blood sampling.

Serum samples were screened for leishmaniasis with indirect fluorescent antibody test (IFAT).
The IFAT for determination of antibodies against L. infantum (Leishmania IFI IgG Kit, Vircell,

Santa Fe, Granada, Spain) was performed according to the manufacturer’s instructions.

When samples were positive with a titer of 1:80, a twofold serum dilution was done until reached
1:1280 dilution. As shown in the kit prescription IFAT is considered positive with promastigotes
fluorescence with a cutoff dilution of 1:40 due to the endemicity of the area of study. This result

is considered as indeterminate in this assay.
1.2. Epidemiological survey of Leishmania infantum in cats
1.2.1. Study population and preparation of serum samples

A total number of 346 domestic cats (n=250 serum and n=282 blood samples) from Liguria, a

coastal region located in Northwestern Italy, were routinely sampled between 2005 and 2013
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during veterinary clinic visit and underwent screening. To investigate Leishmania infection, 2mL
of blood was collected with Ethylene diamine tetraacetic acid (EDTA) and without anticoagulant
(through jugular vein puncture), from the animal in clean sterile tube. Serum samples were
centrifuged and stored at 80°C until testing. The tests were performed in the Department of

Veterinary Sciences, division of Parasitology.
2.1.2.2. Clinical and laboratory diagnosis

Cats were examined clinically for any lesion together with routine hematochemical examination.
For the complete blood count (CBC), Pentra60 Horiba ABXTM used to count the blood cells,
whereas for a biochemical MIRA Plus Horiba ABXTM (chemical liquid) and for a serum protein
electrophoresis, SAE-NT of Chemetron was used. The haematochemical parameters included the
following: white-blood cell count(WBC), monocytes (MON), neutrophils (NEU), eosinophils
(EOS), lymphocytes (LYM), red-blood cell count (RBC), hemoglobin (Hb), hematocrit (HCT),
platelets count (PLT); albumin (ALB), total protein (TP), creatinine (CREA), blood urea
nitrogen (BUN), alanine transaminase (ALT), aspartate aminotransferase (AST), alkaline
phosphatase (ALP), cholesterol (CHOL), triglycerides (TG), glucose (GLU), calcium (Ca),
potassium (K) and phosphorus (PHOS). Serum samples were also serologically screened using
L. infantum promastigotes as antigen with western blotting. The molecular detection was carried

out using PCR using blood samples.
2.1.2.3. Western blotting and SDS- polyacrylamide gel electrophoresis

Serum samples were screened by WB using L. infantum promastigotes as antigen according to
the method described elsewhere [783, 784] with slight modifications using horseradish
peroxidase labelled Goat Anti-Cat 1gG (H+L) Antibody, diluted 1:8000 (Novex by Life
Tecnologies, USA). The resulting bands were compared using as marker Prestained Protein
Molecular Weight Marker (Fermentas International Inc, Ontario, Canada) and Biotinylated SDS
PAGE Standards broad range (BioRad Laboratories, Hercules, California, USA). Samples were
considered positive by WB when at least two bands of 169, 115, 66, or 33 kDa could be detected
[784].
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2.1.2.4. Preparation of blood samples and extraction of DNA

Total genomic DNA from was extracted from 200 pL of whole blood using the commercial kit
GenomeElute under conditions suggested by the manufacturer (Sigma—Aldrich). The DNA was

then stored in sterile DNAse- and RNAse-free microtubes and kept at —20°C.

2.1.2.5. Qualitative polymerase chain reaction (PCR) for detection of Leishmania and
Mycoplasma DNA

We adapted a previously described PCR protocol [785] that uses primers mRV1 5’
CTTTTCTGGTCCCGCGGGTAGG-3" and mRV2 (5’-CCACCTGGCCTATTTTACACCA-3’)
to amplify a 145 bp fragment present on the highly reiterated KDNA minicircle of L. infantum.
The PCR reaction mixture (25 pl) contained = 100 ng of DNA template, 2.5 pul 10X PCR buffer,
5 ul of Q Buffer, 2.5 UI of HotStarTaq DNA Polymerase (Qiagen, Milan, Italy), 0.5 ul of ANTPs
mix (10 mM of each dNTP, Sigma-Aldrich, St. Louis,MO, USA), and 12.5 pmol of each primer.
An initial denaturation step of 15 min at 95°C was followed by 35 repeats of 15 min at 95°C, 1
min at 60°C, and 1 min at 72°C, and a final elongation step of 10 min at 72°C.

To detect the presence of haemotropic mycoplasmas, we developed a multiplex PCR protocol
targeting the 16s TrRNA gene. Species specific forward primers (MhfF 5°-
TCTTTGGTTTCGGCCAAAGAT-3’, MhmF 5’-GCTTGATAGGAAATGATTAAGC-3’, and
MtcF 5°-TCCTCCATCAGACAGAAGGGGGA-3’ for Mycoplasma haemofelis, Candidatus
Mycoplasma haemominutum, and Candidatus Mycoplasma turicensis, respectively) were used
together with a common reverse primer MycR 5’-GGGTATCTAATCCCATTGC-3".

The multiplex PCR was optimized in a final volume of 25 pL, using Promega PCR Master Mix
(Promega Corporation, WI, USA), together with 1uM of primers MhfF and MtcF, 0.5uM of
MhmF, 2 uM of the reverse primer MycR and ~100 ng of DNA template.

The amplification included a 5 min denaturation step at 95°C followed by 40 repeats of 1 min at
95°C, 30 s at 60°C, and 3 min at 72°C and a final extension at 72°C for 10 min. PCR fragment
size was estimated by comparison with two molecular weight standards: PCR 100 pb Low

Ladder and pBR 322 Haelll Digest (Sigma—Aldrich) after electrophoresis on a 2% agarose gel.
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Gels were stained with MegaFluor kit (Euroclone, Milano, Italy) performed under the conditions

suggested by the manufacturer and photographed on a Gel-Doc System (Bio-Rad).

Fifteen randomly selected positive PCR products were sequenced (Macrogen Inc., The
Netherlands) and the resulting sequences were compared to those available in GenBank, to
confirm PCR specificity.

2.1.2.6. Detection of FELV antigen and FIV antibody

To test the correlation between Retroviruses and Leishmania infection, 87 samples were tested
for the presence of FeLV antigen and 89 samples for FIV antibody. Detection of FeLV antigen
(p27) and FIV antibody was performed using immunochromatographic BVTTM until 2006.
From 2007 onwards, ELISA Test Snap IDEXXTM commercial assay kit (SNAP® FIV
Antibody/FeLV Antigen Combo Test; IDEXX Laboratories, Westbrook, ME) was used.

2. Melatonin treatment part

2.1. Materials: Melatonin, amphotericin B, and Dimethyl Sulfoxide (DMSO) were obtained
from Sigma Chemicals (Madrid, Spain), while Alamar blue was obtained from Invitrogen™ of
Life Technologies (Catalog N. DAL1025). Minimum Essential culture Medium (MEM; Sigma-
Aldrich Corporation, St Louis, MO, USA), supplemented with 10% fetal calf serum (GIBCO,
Invitrogen, NY, USA), 100 IU/mL penicillin and 100 ug/mL streptomycin (Sigma-Aldrich
Corporation) was used in a growth inhibition assay to test the effect of melatonin on parasites.
The required materials for following subcellular fractionation techniques such as Oregon green
were obtained from Panreac (Madrid, Spain) and Invitrogen (Madrid, Spain). All the other
remaining chemicals and reagents were purchased from Sigma-Aldrich (Madrid, Spain). All
materials were of analytical grade.

2.2. Leishmania cells and culture conditions

L. infantum MHOM/Fr/LEM75 (PB75) strain was used in a preliminary screening test of the
effects of melatonin. L. infantum Promastigotes were grown in 25-mL culture flasks using MEM
at 26°C supplemented with 10% fetal calf serum,100 IU/mL penicillin, and 100 pg/mL
streptomycin [786, 787]. The parasites were maintained by weekly transfer from previous culture

into new medium.
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2.3. Drug assessment on promastigote growth inhibition assay

The susceptibility of promastigote to melatonin was assessed using the method described by
Carrio and co-authors in three independent assays [788]. Briefly, a 5-day-old culture (log phase)
was centrifuged at 1500-2000xg for 10 min at 4°C. The pellet was then resuspended in fresh
MEM supplemented with 10% fetal calf serum, 100 IU/mL penicillin and 100 pg/mL
streptomycin at 26°C, and the promastigote count was adjusted to 1 x10° cells/mL.

Tested agents were: melatonin at different concentrations (1, 10, 25, and 50 nanomolar [nM]),
and 0.1 pM amphotericin B dissolved in 0.1% DMSO. DMSO at this concentration is known to
have no inhibitory effects on parasite growth [789, 790].

100 pL of log-phase promastigotes of L. infantum (1 x10° cells /mL) were seeded in 96-well
culture plate (Nunc, Denmark) containing 100 pL of MEM medium per well treated with
melatonin (1, 10, 25, or 50 nM) or 0.1 uM amphotericin B (reference drug) for 72 h at 26°C.
The Parasite survival and viability were monitored by direct counting of parasites using
Neubauer hemocytometer. The results were expressed as the percentage of parasite inhibition
(PPI) for each concentration used while the number of parasites counted in wells without drug

was set as 100% parasite survival (control negative) [791].

CFC-CFP
CFC

Where CFC is the final concentration of control culture (cells /mL), and CFP is the final

PPI = x 100

concentration of treated culture (cells /mL).

The leishmanicidal effect was expressed as the concentration inhibiting parasite growth by 50%
(IC s0) which was calculated from the sigmoidal dose response curve. Results were verified by
using the Alamar blue colorimetric assay, which has proven to be more accurate for estimation
of cell growth and viability [792, 793].

The assay was carried out on microtiter plates by adding 20 pL Alamar blue 8 h before the end
of the incubation period and then measuring absorbance of the treated samples and medium
blank with a spectrophotometer at 570 nm and 600 nm.

The inhibition assays were repeated three times in triplicate wells. For mitochondrial and
subcellular fractionation, a parallel technique for incubation of promastigote cultures was carried
out in 25 mL culture flasks under the same treatment and incubation conditions. The experiment

was repeated at least three times in three independent assays.
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2.4. Mitochondrial studies

2.4.1. Mitochondrial Isolation

The mitochondrion of treated and untreated promastigote cultures was isolated according to a
previously reported protocol [794, 795] with slight modifications. Cells were harvested by
centrifugation at 1000 x g for 10 min, washed three times in saline-sodium citrate buffer (SSC),
and then resuspended in Sodium Chloride-Tris-EDTA (STE) buffer, homogenized by passage
through a 26 gauge needle, and centrifuged at 700 x g for 10 min. This centrifugation step was
repeated until all cells were removed from the supernatant, which was then centrifuged at 8000 x
g for 10 min. The pellet obtained was resuspended in STE buffer and incubated with 200 mg/mL
of DNase | at 37 °C for 30 min in the presence of 7-mM MgCl,. DNase | was then removed by
washing thrice with 40-mM EDTA. The resulting fractions were then resuspended in 0.15- M
NaCl, 0.1- M EDTA, and 0.05-M Na,HPO,.

2.4.2. Protein concentration measurement

Protein concentration of the isolated mitochondrion was measured according to Bradford method
[796] using bovine serum albumin (BSA) as reference. Protein quantification was performed in
mitochondrial suspension volumes of equal weight and volume (0.2 mL) to standardize the
procedure.

2.4.3. Calcium Retention Capacity

The sensitivity of the mitochondrial Permeability Transition Pore (mPTP) opening to calcium
ions and the calcium retention capacity of isolated mitochondria from treated and untreated
cultures were assessed in the presence of 0.25 uM Oregon green using a fluorimetric assay.
Pulses of 250 uM Ca®" were injected until pore opening. One uM Cyclosporine A (CsA), the
standard inhibitor of PTP, was added to evaluate the specificity [797]. mPTP opening was
calculated from the area under the curve (AUC) of fluorescence signals over time.

2.4.4. Determination of Mitochondrial Nitrites

Determination of mitochondrial nitrites was performed using the Griess diazotization reaction, in
which nitric oxide (NO) is spontaneously oxidized under physiological conditions and the
resulting nitrate is measured spectrophotometrically [798, 799]. Measurements were performed
at 548 nm on isolated mitochondria using a Griess Reagent Kit [Molecular Probes, G-7921],
according to the manufacturer’s instructions.

2.4.5. Determination of Mitochondrial Superoxide Dismutase Activity
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Manganese (Mn) and Copper/Zinc (Cu/zZn) superoxide Dismutase (SOD) activities of isolated
mitochondria were determined using a SOD Assay Kit-WST [Sigma-Aldrich, 19160,
Switzerland], according to the manufacturer’s instructions. Results were expressed as a
percentage of inhibition of SOD activity.

2.4.6. Spectrophotometric Assays of Individual Respiratory Chain Complexes

Subsequent assays of respiratory enzymes activity were performed as described below,
expressing the specific activity as nmol-min/mg protein.

Complex 1. Submitochondrial fractions were incubated for 5 min in a medium containing 250
mM sucrose, 50 mM potassium-phosphate, 1 mM potassium cyanide (KCN), and 0.5 mM
decylubiquinone, pH 7.4. The reaction was initiated by the addition of NADH. The specific
activity was determined by the decrease in absorbance as a result of the oxidation of NADH at
340 nm [800].

Complex I1. Submitochondrial fractions were added to the reaction buffer containing 1 M
potassium phosphate, 1 M succinate, 0.1 % DCIP, 1 mM EDTA and Triton x-100, pH 7.4. The
reaction was initiated by adding 0.5 %decylubiquinone (in ethanol) was added. The specific
activity represented by the reduction in 2, 6-dichlorophenolindophenol was determined at 600
nm [801].

Complex I11. Specific activity of isolated submitochondrial fractions was measured by
monitoring the reduction in cytochrome ¢ at 550 nm, through mixing of a submitochondrial
fractions [0.03 mg/mL], with a reaction medium of 0.1 M potassium phosphate, 15 mM
decylubiquinone, 0.1 M Sodium azide (NaN3) and 10% BSA [pH 7.5]. The reaction was
initiated by adding 1% oxidized Cytochrome c [802].
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3. Statistical analysis

Regarding the cross sectional survey in cats, we used generalized linear mixed models in which
the result of the PCR and WB was the dichotomous response variable to identify possible
associations between L.infantum prevalence and seroprevalence. The potential explanatory
variables (covariates) considered were: individual factors (breed, age, sex), and hemato-
biochemical parameters (WBC, MON, NEU, EOS, LYM, RBC, Hb, HCT, PLT, ALB, TP,
CREA, BUN, ALT, AST, ALP, CHOL, TG, GLU, Ca, K and PHOS). Concurrent infection with
FeLV, FIV and Mycoplasma were also considered as potential risk factors. The Variance
inflation Factor (VIF) was used to test and avoid multicollinearity among predictors [803]. All
the putative covariates were screened in univariate regression models. Variables identified as
significant factors (p<0.05) in the first univariate analysis were selected further tested by
multivariate linear regression. Best model selection was performed using AIC (Akaike
information Criterion), while the goodness-of-fit of the final model was assessed by computing
the area under the curve (AUC) of the receiver operating characteristic plots. All statistical
analysis were performed using R [804]. In case of testing the efficacy of melatonin against
promastigotes culture of Leishmani infantum, values were expressed as means £ SEM. The data
were analyzed using the Statistical Package for the Social Sciences (SPSS), Version 17.0 (IBM
Inc, Michigan, IL, USA). Mean values were compared between treated and untreated
promastigote cultures by using one-way analysis of variance (ANOVA) followed by the Tukey
post-hoc test. The significance level was * P < 0.05, **p < 0.01 and ***p < 0.001.
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Results

1. Seroprevalence of Leishmania infection among asymptomatic renal transplant

recipients from southern Spain

Ehab Kotb Elmahallawy; Elena Cuadros-Moronta; M? del Carmen Liébana Martos; et al..
Seroprevalence of Leishmania infection among asymptomatic renal transplant recipients from
southern Spain. Transplant Infectious Disease. 2015 Aug 19. doi: 10.1111/tid.12444.

The aim of this study was undertaken to assess the seroprevalence of Leishmania infection
among asymptomatic renal transplant recipient patients in Granada (Southern Spain) while they
are tracking transplant.

During the study period, 625 patients with a mean time of ten years from transplantation to the
last review were recruited at their transplant consultation. In terms of age distribution median age
was 49 years, (range: 11-81 years). According to gender, 225 (36%) were female and 400 (64%)
were male. Regarding the distribution by race, the caucasian race is predominant 621 (99.4%)
within which 17 were romani ethnicity, and 4 (0.6%) were black. The etiology of renal failure
that caused the transplant was: glomerular disease 174, (27. 8%), unknown 116 (18.6%), cystic
disease 98 (15.7%), interstitial disease 84 (13, 4%), vascular disease 81 (13%), diabetes 27
(4.3%) and 45 other causes (6.1%). IFA test was performed on 625 serum samples. 30 samples
were positive, 13 showed titers of 1:80, 15 showed titers of 1:160; 2 showed titers of 1:320. 14
additional samples showed titers of 1:40, considered as indeterminate. The characteristics of
patients with Leishmania antibodies in relation to the variable studied are shown in the following
table (table 4) and the prevalence was 4.8%. The immunosuppressive treatments after transplants
for patients with positive serology included following regimens: thymoglobulin (administered
only during the first three months after transplantation) plus mycophenolate mofetil plus
prednisone in 10 patients (30,3%); tacrolimus plus mycophenolate mofetil plus prednisone in 8
patients (2.6%); prednisone plus mycophenolate mofetil plus basiliximab in 5 patients (16.6%);
advagraf (tacrolimus once daily) plus basiliximab plus mycophenolate mofetil plus prednisone
sodium in 4 patients (13.3%) and basiliximab plus cyclosporine plus mycophenolate mofetil plus
prednisone in 3 patients (10%). All patients had a low level of immunosuppression at the time of
blood sampling. There were no differences between the immunosuppressive treatment among
patients with negative serology and positive serology. No patient developed leishmaniasis
disease during the study period and to date.
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Antibody titer (n) 1:80 (n=13) 1:160 (n=15) 1:320 (n=2)
Age in years (range) 44.15 (29-66) 49.33 (29-67) 45.50 (43-48)
Sex

Man 6 (46.2) 9 (60) 2 (100)
Woman 7 (53.8) 6 (40) 0(0)
Race

Mediterranean white 13 (100) 14 (93.3) 2 (100)
Nordic white - 1(6.7) -

Renal failure type

Unknown 4 (30.8) 3 (20) 1 (50)
Glomerular 5 (38.5) 3 (20) -
Vascular 2 (15.4) 1(6.7) -
Systemic 2 (15.4) - -
Interstitial - 2(13.3) 1 (50)
Cystic - 3 (20) -
Diabetes - 2(13.3) -
Survival time in years (range) 2.64 (1.58-3.72) 2.20 (0.3-3.67) 1.52 (0.44-2.61)

Table 4: Characteristics of patiens (n=30) grouped by antibody titer against Leishmania

infantum.

* All patients had a low level of immunosuppression.
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2. Cross-sectional Epidemiological survey of Leishmania infantum in cats from an

endemic region in Northwestern Italy

Ehab Kotb Elmahallawy, Marco Poggi, Gabriele Cieri, et al.,.Cross-sectional Epidemiological
survey of Leishmania infantum in cats from an endemic region in Northwestern Italy. Submitted.
Acta Tropica-S-15-00778. 2015.

The present study was undertaken to assess the prevalence and current situation of L. infantum
infection among domestic cats from a highly endemic area in northwestern Italy. We also aimed
to identify the risk factors related to infection with Leishmania infantum protozoa. We tested the
association between Leishmania infection and infectious agents like haemotropic Mycoplasma
species and Retrovirus including Feline immunodeficiency virus (FIV) and Feline leukemia virus

(FeLV). Hematobiochemical alterations were also considered as variables associated to infection.

Of the 250 sera tested with WB, 33 samples tested positive (P=13.20%; CI195% 9.56%-17.96%)
for L. infantum, while of 282 blood samples tested with PCR, 80 samples were positive for L.
infantum with a prevalence of 28.37% (C195% 23.43%-33.89%). It was possible to test by both
PCR and WB a total of 186 cats. Of these, 10 tested positive by both PCR and WB (Table 5).

WB
PCR Negative | positive Total
Negative 118 17 135
Positive 41 10 51
Total 159 27 186

Table 5: A total of 186 samples were tested for L. infantum by both polymerase chain reaction
(PCR) and Western Blotting (WB), the results of both tests are summarized in the table.
Sequencing confirmed the specificity of the protocol used as all the sequenced amplicons were
identified as L. infantum (identity >98% to GenBank accession number: AB678348).

On the other hand, 17 out of the 167 samples tested with PCR for various species of Mycoplasma
(P=10.18%; CI95% 6.45%-15.70%) were positive, including 8 which were also positive for

Leishmania using PCR and other 3 were positive in WB and PCR.The prevalence of
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Mycoplasma in PCR and WB positive samples was 7.2% compared to 22% in PCR and WB
negative samples (P 0.002).

Out of the 89 also tested samples for FIV, 31 (P=34.83%; CI95% 25.75%-45.17%) were
positive, whereas of 87 test FeLV performed, 22 (P=25.29%; 1C95% 17.33%-35.33%) sample
tested positive. PCR positivity for L. infantum resulted positively associated with higher values
of BUN, NEU and with concomitant infection with FIV (p<0.05), while there was a significant
negative correlation with low values of HCT, RBC and Hb (p<0.05). The best fitting generalized
linear model included FIV, BUN and RBC (AUC=0.82, AIC= 181.75).

For WB our data evidenced only a direct significant correlation between Mycoplasma infection
and the presence of anti-L. infantum antibodies. The characteristics of those variables which

were significantly associated to PCR or WB results are summarized in table 6.
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WB associate covariates

Number of WB positive

Qualitative variables cats Number of WB negative cats P OR Cl 95%
Pos 4 5
Mycoplasma spp. Neg 15 81 0.076 4.39 0.78 - 23.16
PCR associated covariates
Quialitative variables CNal:;nber T PER SesG Number of PCR negative cats P OR Cl 95%
Pos 23 18
FIV Neg 12 36 0.006 3.77 1.43-10.43
Qe Mean value (min-max) P OR Cl 95%
variables
PCR pos 119 (18-600) i
BUN PCR neg 93 (5.50-583) 0.047 1.78 0.85-6.27
PCR pos 10.84 (0.21-37.5) ]
NEUTR PCR neg 8.30 (0.33-22.12) 0.050 2.01 1.03-9.58
PCR pos 18.37 (4.6-43.4)
HCT PCR neg 24.94 (4.2-73.4) 0.032 0.86 0.05-1.46
PCR pos 4.04 (0.95-10.12) i
RBC PCR neg 5.34 (1.04-11.65) 0.0480 0.78 0.01-10.45
PCR pos 6.15 (1.6-14.3) )
Hb PCR neg 8.18 (1.7-27.1) 0.050 0.81 0.44-7.43

Table 6: L. infantum PCR results were found to be significantly associated to Feline Immunodeficiency Virus (FIV) infection, to
higher values of Blood Urea Nitrogen (BUN) and Neutrophils (NEUTR), and to low values of Hematocrit (HCT), Red blood cells
(RBC), and Hemoglobin (Hb). Western blot (WB) positivity was instead positively associated to concurrent Mycoplasma spp.

infection. The data of each covariate are summarized in the table.
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3. Activity of melatonin against Leishmania infantum promastigotes by

mitochondrial dependent pathway

Ehab Kotb Elmahallawy, Aroa Jiménez-Aranda, et al. Activity of melatonin against Leishmania infantum
promastigotes by mitochondrial dependent pathway. Chem Biol Interact Journal. 2014; 220C:84-93.

The objective of the present investigation was to determine the effects of exogenous melatonin
on L.infantum promastigote in vitro, analyzing the changes in parasite viability and some

mitochondrial parameters in treated and untreated promastigote cultures.

Inhibitory effect of melatonin on promastigotes and determination of IC 5
Figure 4 depicts the inhibitory effects of melatonin against L. infantum promastigotes as a
function of the concentration used. The percentage of parasite inhibition (PPI) with respect to
controls values was 13.9%, 18.9%, 32.9%, and 58.3% at concentrations of 1, 10, 25, and 50 nM
melatonin, respectively (IC 5o / 72 h = 42.8+ 0.45 nM). Amphotericin B achieved a PPI value of
70.9%.
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Figure 4: Percentage of parasite growth inhibition against tested agents after 72 hours of co-

incubation. VValues are means + S.E.M.
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Alteration of Calcium Retention Capacity and sensitivity of mPTP opening

Figure 5 shows the effects of treatment with melatonin (at 1, 10, 25, or 50 nM) or with
amphotericin on calcium-induced mPTP opening of the isolated mitochondrial fractions in
comparison to negative and positive (CsA-treated) controls. Addition of Ca** or melatonin
stimulated the release of accumulated Ca®* in all isolated mitochondrial fractions, and this
release was hindered by CsA. The AUC value was significantly higher for treatments with 25 or
50 nM melatonin or amphotericin than for treatments with lower melatonin concentrations or for
controls, indicating a greater mPTP opening, given that the mPTP opens earlier with lower Ca®*

retention capacity and vice versa.
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Control Melatonin Amphotericin
(0.1 M)
Figure 5: Calcium-induced permeability transition pore (PTP) opening of control (untreated) and
amphotericin- and melatonin-treated promastigote cultures (1-50nM). Pulses of 250 pM Ca?*
were injected in the presence of 0.25 uM Oregon green until pore opening. 1 pM Cyclosporine A
(CsA) was added in vitro to the isolated mitochondria. PTP opening was calculated from the
Area under the Curve (AUC) of fluorescence signals versus time. Values are means + S.E.M.
Superscript letters refer to significant differences measured using one-way ANOVA followed by
the Tukey post-hoc test. (* P < 0.05 in 25 nM melatonin-treated cultures; ** P < 0.01 in
amphotericin-treated cultures; and *** P <0.001 in CSA-treated mitochondria and 50 nM

melatonin-treated cultures, all versus control cultures.
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Melatonin increased Mitochondrial Nitrites Levels

As shown in Figure 6 A, the level of mitochondrial nitrites was significantly higher in the
cultures treated with the highest melatonin concentrations (25 or 50 nM) than in the untreated
cultures, reaching a similar level to that in the amphotericin-treated culture.

Melatonin non-significantly reduced SOD Activity

Figure 6 B depicts the mitochondrial SOD activity in treated and untreated cultures. Although
SOD activity was lower in cultures treated with melatonin (especially 50 nM) than in controls,
no significant difference was found with any melatonin concentration, whereas a significant
reduction was observed with amphotericin.

Melatonin impaired activities of respiratory complexes I, Il and 11

Clearly, the promastigote cultures treated with 25 or 50 nM melatonin or with amphotericin
showed significantly impaired complex I, I, and 111 activities in comparison to controls (Figures
7A,BandC).
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Figure 6 A. Nitrites concentration in mitochondria isolated from control (untreated),

amphotericin, and melatonin-treated cultures.

Figure 6 B. Superoxide dismutase (SOD) activity in mitochondria isolated from control
(untreated), amphotericin-, and melatonin-treated cultures. Values are means = S.E.M.
Superscript letters refer to significant differences measured using one-way ANOVA followed by
the Tukey post-hoc test (*P <0.05 in 25 nM melatonin-treated cultures compared with control;

*** P < 0.001 amphotericin and 50 nM melatonin-treated cultures versus control cultures).
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Figure 7 A, B, C. Activities of the electron transport chain complexes I, 11, and Il respectively, in

mitochondria isolated from untreated and treated promastigote cultures. Values are the means +

S.E.M. Superscript letters refer to significant differences measured using one-way ANOVA

followed by the Tukey post-hoc test (Complex | : *** P < 0.001 for amphotericin- and 25 and 50

nM melatonin-treated cultures versus control cultures; complex Il: * P <0.05 melatonin treated

cultures at concentrations of 25 and 50 nM compared with control cultures; and complex IllI; **

P < 0.01 for 25 nM melatonin-treated cultures; *** P < 0.001 for amphotericin- and 50 nM

melatonin-treated cultures versus control cultures).
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Discussion

1. General aspects

Leishmaniasis refers to a group of vector-borne diseases caused by an opportunistic intracellular
protozoan parasite of the genus Leishmania, belonging to the family Trypanasomatidae, order
Kinetoplastida [1, 282, 805]. The epidemiological profile of the disease include humans, rodents,
domestic and wild animals but the dogs are the most important reservoirs in a domestic
environment [44]. This clinically heterogeneous syndrome encompasses subclinical, localized
(skin lesion), and disseminated (cutaneous, mucocutaneous, and visceral) infection and the
spectrum of manifestations depends on the immune status of the host, on the parasite, and on
immunoinflammatory responses. The impact of the disease on public health has been increased
due to its zoonotic importance. Among 15 well-recognized species of subgenus Leishmania, 13
species are zoonotic [57, 282]. Furthermore, the distribution of disease has traditionally been
linked to tropical and subtropical regions besides being endemic in many areas worldwide such

as Mediterranean basin, East Africa and South America [1, 282].

The last decade has witnessed an extraordinary progress in the spread of the infection to new
areas, in particular due to global change and/or increases in global movements of hosts and
vectors [1, 167, 806-809]. This resulted in the appearance of new endemic disease foci together
with increasing reports of new reservoirs and the new transmission routes. On the other hand,
over the past decade, new formulations of standard drugs have become available and registered
for use in many countries. However, although around 25 compounds and formulations are
available to treat leishmaniasis in humans [373, 791], all are associated with toxicity and/or drug
resistance problems, and there is an urgent need to develop an effective drug against all forms of
leishmaniasis [299, 810]. In fact, many available antileishmanial agents can exert their effects
through the disruption of Ca** homeostasis in the parasite and /or through changes in different

mitochondrial parameters [714, 782].

With this background, the disease has spurred the interest of the scientific research towards the
role of several animal species as potential reservoirs for the infection and as consequence led to
the necessity for more surveying using a rapid and reliable diagnostic test and search for novel
less toxic antileishmanial drug, aiming to construct effective control measures adopted to

eliminate transmission and prevent new epidemics [1, 15, 780].
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In this regard, our intial goal was to assess the included a seroloprevalence of Leishmania
infection among transplanted organ recipients from southern Spain followed by investigation the
role of domestic cats from an endemic region in North-western Italy in Leishmania infantum
epidemiology, by the association of both serological and molecular tests. In the second phase of
our work, we have studied the effect of melatonin against the promastigote phase of the parasite
in vitro. The first results showed a relatively high prevalence of L.infantum was recorded among
kidney transplanted recipients. These novel findings in this area suggest that routine serological
testing for VL should be done before undergoing transplantation for both donor and recipient

transplant patients living or traveling in endemic areas.

Furthermore, we have found high prevalence of L.infantum among cats in the studied,
confirming the importance of cats not only as reservoir for the disease, but also the need for
further future research for accurate diagnosis of this zoonosis. In accordance with therapeutic
trials, melatonin not only demonstrated a significant antileishmanial activity against the
promastigote phase of the parasite in vitro but was also accompanied by an alteration of the
several mitochondrial parameters, including calcium homeostasis and by changes in some
mitochondrial parameters critical to parasite survival. In conclusion, the findings presented in

these papers represent the begining of novel strategy for surveying and combating leishmanisis.
2. Leishmaniasis among renal transplanted patients

As previously mentioned, VL is considered to be a well-established zoonotic disease in the area
of Mediterranean basin, especially in southwestern Europe, where approximately 700 cases per
year appear and the clinical form is frequently associated to immunosuppression[2, 277]. The
actual prevalence of leishmaniasis in Spain is not completely known [168], however, in our
geographical area, southern Spain, there are studies in Alpujarra Region (Granada province) and
Axarquia region (Malaga province) of rural population, using the leishmanin skin test (LST) (test
cell immunity), published in 1996 with average positivity rates exceeding 40% in both studies
[811, 812]. Nationwide, more recent studies have been made in areas close to ours, such as the
study performed on blood donors from Ibiza (Balearic Islands, Spain) in 2004 which indicated a
high rate of asymptomatic infection on the island and another study in 2008 from Balearic
Islands that confirms this high prevalence [813, 814]. Apart from these studies mentioned

previously, the most studied groups of population have been HIV infected individuals and
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intravenous drug users in our environment (southern Spain) [261, 815, 816]. There are not many
publications about the known prevalence of Leishmania in special groups such as transplant
recipients, oncological or other immunodeficient non HIV groups in Spain and the

Mediterranean region.

Leishmaniasis is not a common disease among transplant recipient patients but with this growing
pool of transplant survivors and increasing migration dynamics, the numbers of infected cases
among transplant recipients are in a steady increase especially among renal transplant recipients
mainly in southern Europe [817], which is considered to be an additional challenge [818, 819].
Transmission of VL to this specific group of population occurs through different routes:
Leishmania transmission by sandflies after transplantation when the specific group of population
is living in an endemic area or makes a short stay in an endemic area represents a route of
transmission [820, 821], also it may have originated from a donor with an undiagnosed infection,
or a recrudescence or to a latent infection in previously infected recipient during a period of

immunosuppression. Infection can also be acquired through blood transfusion [822].

Although VL is a rare disease among transplant patients, the current situation has been changed
and the number of published cases has increased in recent years[823]. More than 100 VL cases
following transplantation have been reported worldwide, predominantly described in renal
transplantation [819, 823, 824]. The prevalence of asymptomatic infections of Leishmania spp
varied from 0.6% to 71% in endemic areas [117]. To detect asymptomatic carriers, direct
method (PCR, culture, microscopic examination) or indirect methods (IFA test, direct
agglutination test, ELISA with single or crude Leishmania antigens, Western blot,
immunochromatographic techniques) can be used but there is not a gold standard test able to
identify asymptomatic infection with high sensitivity and specificity [117, 825].

The prevalence of Leishmania infection in our study is in agreement with previous studies in
different geographical areas of our country, Balearic Islands and Castilla Ledn, with results of
prevalence of 3.1 % and 4.9% in blood donors and general population respectively [814, 826].
More recent studies, like the one published in the province of Seville on a small population that
included intravenous drug users and non-drug injectors, where the frequency of Leishmania—
seropositive was high, showed prevalence of infection by Leishmania of 24% using PCR-

ELISA. This study showed that a remarkable proportion of asymptomatic Leishmania
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seropositive individuals at risk for parenterally transmited infections carry Leishmania KDNA in
blood [261]. Some studies have been made in southern Spain in asymptomatic HIV population
diagnosing by amplification of Kinetoplast DNA (KDNA) from peripheral blood showing a
prevalence of 30.8% (28/92) infection by Leishmania. No patients showed positive results by
other techniques like ELISA, WB or leishmanin skin test. Conversely, patients with a negative
PCR result showed prevalence values respectively of 3.5%, 2.4% and 4.3% when tested by
ELISA , WB and LST [816] . In other endemic zones for L. infantum like Brazil, studies have
recently been published, which raise interest in the detection of asymptomatic infection in
transplant population living in the endemic areas as well as the need to use more sensitive
techniques for screening this population group, such as the research of Clemente et al. (2014) on
asymptomatic Leishmania infection among liver donors and recipients. The results of this study
show a prevalence of Leishmania infection of 1.5% using serological techniques which increased
to 7.5 %, 8.9 % and 5.9 % respectively in blood samples, liver samples and splenic samples

using molecular methods [824].

The results obtained in our study (4.8%) using a unique serological technique may be
underestimated, because IFAT has less sensibility than other indirect assays (ELISA)[117]. The
use of two serological methods could slightly increase the proportion of asymptomatic carriers
detected [827, 828]. On the other hand, antibody detection may not reflect a chronic infection but
more a recent contact with parasite followed by cure; PCR assay would have greater sensitivity
[829] than the indirect method and reflects actual parasitism rather than a previous infection by
Leishmania. Different studies highlight the added value of using a combination of tests
(molecular and serological) to increase the capacity to detect asymptomatic Leishmania
infections [117, 825]. It is at present not possible to predict exactly who and when among the
asymptomatically infected people will develop VL disease [830]. Reasons causing an infection
to remain asymptomatic or progress to VL are likely the result of a complex interaction between
environment, parasite and host related factors [831].

Studies of the risk of progression from infection to disease have yielded contradictory results
based on serological status, the data revealed strong associations between the magnitude of

positive serology and risk of progressing to symptomatic VL [832].
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International guidelines for the management of transplant recipients recommend specific
serology in donors and recipients from endemic areas, regardless of laboratory test limitations
and availability [833]. Given that patients such as transplant recipients are susceptible to develop
leishmaniasis, and the clinical manifestations in these patients can be serious, it seems advisable
to perform a screening of serological status in this population group and a more intense
monitoring of patients with positive serology with high titers in order to prevent possible

development of disease.
3. Role of cat in Leishmania infantum epidemiology

Our data shows that cats play an important role as L.infantum host, represented by higher
prevalence of Leishmania infantum among the examined cats either serologically using WB or
molecularly using PCR. This survey is the first epidemiological investigation performed about
leishmaniasis in cats in this endemic area in North-western Italy (Liguria). Likewise, it gives us
more evidences about the correlation between infection of cats with L. infantum as widely known
opportunistic pathogen and concomitant infection with some pathogens like FIV, FeLV and three
feline hemoplasma species that include: Mycoplasma haemofelis, Mycoplasma haemominutum,

and Mycoplasma turicensis.

As previously mentioned, cats rarely show clinical signs of VL and usually limited to skin ulcers.
A scant clinical cases appear with typical signs of cutaneous forms, including ulcer crusted
dermatitis and nodular lesions on the nose, lips, ears, and eyelids [834]. Other groups may
develop chronic ulceration, located particularly on the head and limbs [834]. In rare reported
cases of VL, the infected cases showed visceral involvement of liver, spleen, lymph nodes and
kidneys. Also, they are accompanied, almost always, with cutaneous manifestations [57, 63, 835,
836]; and there may also be local or generalized lymphadenopathy, ocular lesions, acute renal
failure, epistaxis, lameness, anemia, hepatosplenomegaly, icterus, lymphoplasmocytic
gastroenteritis with abundant Leishmania parasites, and membranous glomerulonephritis [834-
837]. Despite this previous fact stats that leishmaniasis is not common in cats, some
previous studies have examined the occurrence of feline leishmaniasis worldwide, especially in
several countries where zoonotic leishmaniasis is present like America, Brazil and Iran [66-70,
838, 839].
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In Europe, several clinical cases of feline leishmaniasis have been described since 1911 to date
in France, Greece, Switzerland, Spain, Italy, and Portugal, with very controversial results among
serological and molecular methods [63, 66, 67, 840-844]. In southern Europe where the disease
is endemic, in particular Italy, several sero-epidemiological studies have shown a prevalence of
L.infantum in cats ranged from 0.6% to 68%, which is differing among countries [62, 66, 839-
842, 845-850], while the positivity to PCR ranging from 3% to 61% [841, 851]. This may
explain the influence of geographical location on the epidemiological pattern of the disease and
as consequences variation in the efficiency of serological test used in each area.

Among other serological tests, western blotting is used to detect and quantify proteins that react
with a specific antibody. As reported in some previous studies with Leishmania, this test has
shown a good sensitivity, greater than that IFAT and ELISA, which make it recommended
mainly in doubtful cases besides its high specificity and sensitivity [852, 853]. Regarding our
results, we have reported positivity of 28.37% using PCR which is nearly similar with a previous
study using the same method [840]. Nevertheless, the reported prevalence rate, these findings
highlights the role played by cats in the transmission of disease, which has been confirmed
through sandflies infection contraction from cats naturally infected with Leishmania [854],

suggesting that cats could play an important role as secondary reservoir host for L. infantum.

In the present study, the prevalence of infection using WB yielded 13.20% which is either lower
or higher than previous reports in the same country or even worldwide; this may be attributed to
the difference of serological technique used as the majority of studies have used either ELISA
[62], IFAT [69, 840, 841, 845, 850] or even DAT [848], and may explain the role of WB as an
accurate test to diagnose the clinical disease than to detect the infection. Furthermore, a previous
study in Liguria and Tuscany has recorded much lower seroprevalence (0.9%) than our study
using IFAT [845], which could be attributed to lower sensitivity of IFAT compared to WB and
explains the possibility of other wild reservoirs increase [180, 855, 856] or even habit changes
and expansion range of sandfly vectors which resulted in appearance of new endemic foci for the
disease [806-809, 857]. As well, nearly similar results have been reported in some studies in the
same country using different serological technique [847]. Beside the difference in the serological
tests used, the difference in the prevalence rate between our study and the previous studies could

be attributed to the geographic location which affects the degree of endemicity of the disease.
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Taken into account, several serological studies have revealed that Leishmania-infected cats often

develop a low level of humoral response or remain seronegative [841, 845].

To our knowledge, the polymerase chain reaction (PCR) is widely accepted as a molecular tool
in epidemiological studies for identification and quantification of Leishmania spp. in various
tissues and body fluids of reservoir or hosts [69, 785, 858]. Therefore, several studies have been
recommended PCR as a highly efficient non-invasive tool for diagnosis and follow-up of the
disease [258, 859, 860]. Our results reported either lower, higher or even nearly similar
prevalence rate of L. infantum using PCR than in several previous studies [840, 841], which may
be also attributed to difference of the geographic location which affect the degree of endemicity
of the disease [1, 21, 57].

The role of some other pathogens like viral infection like FeLV or FIV or even Mycoplasma and
its association to Leishmania infection is still unclear [845]. Based upon our going results, there
was a statistical correlation between and positivity of sample to L. infantum using PCR and both
FIV, anemic status of animal, blood urea nitrogen level and some other hematological
parameters, whereas using WB, there was just association between positivity and Mycoplasma
infection; which is similar to associations previously reported between these parameters and
Leishmania infection [836, 845, 850, 861, 862]. This may suggest the role played some viruses
like FIV as a retroviral infection in development of some opportunistic pathogens like
Leishmania which is widely accepted [15]. However, it should be borne into mind that the only
presence of FIV is not sufficient to demonstrate an immunodeficiency status and this needs
additional immunological tests. On the other side, there was no a clear relationship between
infected cats with FeLV to contract the infection by Leishmania, which is consistent with several
previous results [62, 841, 842, 847, 849].

As shown, the use of direct methods (PCR) and indirect (WB) yielded discrepant results, which
has allowed to show that the prevalence of infection in cats with double direct method than the
serology. The explanation for this is not in the different sensitivity of the two methods, but rather
in the fact that in species resistant to infection as the cat, the immune response activated is
particularly of cell mediated than humoral immunity [861]. The data collected in our present
work confirms the hypothesis suggesting that the cat predominantly a Thl response, as

evidenced by the high number infections (positivity to PCR) than the number of subjects with
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circulating antibodies (positive to WB) and the limited non-specific clinical signs occurrence in
animals in question [861, 863]. Also, our present data give more information about the
association between Leishmania infection and both retrooviruses and hemoplasmosis, which

seem to play a role in pathogenesis of disease or even contraction of the infection.

In conclusion, our study reports higher prevalence of L.infantum in cats which could be an
important parameter when further epidemiological studies show xenodiagnosis. This means the
infected cats are able to transmit the infection to the other reservoirs or vectors of the disease.
Based upon these findings, our study might suggest including a routine serological testing for
leishmaniasis in cats especially in endemic area. This contributes to the hypothesis that cats may
be a Leishmania reservoir. Further studies are also needed to evaluate the role of cats in the
epidemiology of L. infantum in the Mediterranean area. Other alternative prophylactic strategies
may be also essential to reduce the risk of infection and identification for new models of

leishmanial transmission.
4. Activity of melatonin against L. infantum promastigote

Our present work shows that exogenous melatonin reduces the number of viable L. infantum
promastigote accompanied by alteration of some mitochondrial parameters that are target for
parasite viability. This antileishmanial effect was associated with enhanced mPTP opening,
suggesting alterations in intracellular Ca** distribution, and also an increase in mitochondrial
nitrite levels and respiratory chain complex impairment. All of these effects may indirectly

compromise parasite survival, leading to cell death.

To our knowledge, no published data are available on the potential biocidal activity of melatonin
against Leishmania. Melatonin is known to regulate important physiological processes, including
pubertal development, sleep wake cycle and seasonal adaptation [730]. Various studies have
shown that melatonin has an antioxidant effect, a good pharmacological safety profile, and
represents a potentially useful tool for stand- alone or adjuvant therapy for many degenerative
and infectious diseases, including Chagas’s disease and several immune disorders [610, 627,
716, 772, 864-871].

Among other properties, melatonin has also shown biocidal activity against a wide range of

pathogenic agents including parasites [602, 660, 737]. As mentioned above, melatonin exert its
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effects against some pathogenic agents through interaction through its interaction with
intracellular proteins such as calreticulin [720], tubulin [721], or Calmodulin (CaM),
antagonizing the binding of Ca** to CaM [722, 736]. Thus, MT1 and MT2 are transmembrane G-
protein-coupled heterodimers whose signaling pathways lead to downstream effects on Ca®*
channels, Ca®* signaling, and changes in mitogen-activated protein kinases and extracellular-
signal-regulated kinases [724], explaining the role of melatonin in the regulation of Ca®* ion
fluxes in cells. However, it should be borne in mind that melatonin is also a very powerful free
radical scavenger and antioxidant, and these actions do not require a receptor [716, 800].

As noted above, trypanosomatids possess a single mitochondrion that occupies 12% of the total
volume of the parasite and has been recognized as drug target in many of these parasites [713].
In such cases, the antiparasitic agents target mitochondria through one or more of the following
programmed cell death mechanisms: intracellular Ca®* levels alteration [782, 872]; loss of
membrane potential and ATP levels [771]; and increase of hydrogen peroxide (H»O,) and
superoxide radical generation (O, ) [873]. The mitochondrion is known to be an essential
organelle involved to be operative in the apoptotic pathway in Leishmania, but the main
mechanisms by which the protozoal mitochondrion is involved in parasite apoptosis are not yet
precisely understood [872]. Evidences have been published linking many leishmanicidal drugs
with mitochondrial dysfunction, and the mitochondrion has become established as a target for
antileishmanial drugs as in miltefosine and pentamidine [781, 874], which exert their effects via
multiple pathways.

Ca®" homeostasis is a crucial matter in all organisms [875]. In common with most eukaryotes,
cell function in parasites is coordinated using second messenger signaling cascades involving
cyclic adenosine monophosphate (CAMP) and Ca?* [676, 876]. Moreover, in the family
trypanosomatidae, Ca* is also involved in microtubule assembly, and differentiation processes,
among numerous other functions [675]. Calcium antagonists, such as miltefosine, have shown
antileishmanial activity by inducing a large increase in intracellular Ca®*, thereby disrupting the
parasite’s intracellular Ca®* homeostasis [781]. Other effective antileishmanial drugs against
promastigote and amastigote phase, such as tafenoquine and amiodarone, were found to be partly
localized in acidocalcisomes, important Ca** reservoirs in Leishmania; increasing the free
cytosolic Ca* level mobilized from intracellular stores; disrupting Ca®* homeostasis, resulting in
mitochondrial damage [714, 782].
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Thus, fluctuations of cytosolic free Ca®* concentrations may regulate a various cellular functions
in all eukaryotes. The lytic effect of trypanocidal drugs against Leishmania and African
trypanosomiasis was attributed to the alteration of calcium homeostasis produced by Ca®*
mobilization from intracellular stores during the progression of apoptosis [676, 877]. It has also
been proposed that cell damage results from the formation of reactive oxygen species (ROS)
induced by Ca®" alterations [878]. The oxidative phosphorylation process produces an
accumulation of ROS such as H;O, and O, which are considered toxic products of
mitochondrial respiration and have been implicated in altered Ca®* homeostasis in parasites [879,
880]. Accumulation of these products in in the mitochondrion mediates the oxidation of critical
thiol groups of adenine nucleotide translocase. This results in opening of the mPTP, which
causes collapse of mitochondrial membrane potential (A¥Y m), loss of matrix solute,
mitochondrial membrane swelling, and indirectly enhance the release of death factors into the
cytosol, leading to cell death [881-883].

As shown in our results, a significantly higher mPTP opening were observed in melatonin-
treated cultures of L.infantum promastigotes, especially at a dose of 50 nM, than in control or
amphotericin-treated cultures, signifying a reduced Ca?* retention capacity with an earlier PTP
opening. As expected; CsA had a blocking effect on mPTP opening. Interestingly, these findings
confirms the phenomenon stats that mPTP opening involved in respiratory chain inhibitor-
induced dissipation of AY m and corroborates with previous observations that PTP opening
induces A¥ m collapse through a proton dissipation pathway [884].

Clearly, our data also support the hypothesis that Leishmania parasite utilizes intracellular Ca**
based signaling during maturation and suggests that melatonin may modulate the cell cycle of
Leishmania through its action on mPTP opening, calcium retention capacity, and the release of
intracellular Ca**, disrupting the Ca®* homeostasis of the parasite [675]. This is considered the
most striking effect of melatonin treatment in our work as stimulation of the Ca®* -induced
mMPTP in mitochondria isolated from melatonin-treated cultures, which either alone or in
association with the other mitochondrial parameters, indirectly acts as an initiator of induced cell
death [883, 885-888]. Since mPTP is widely accepted be the most notorious of all the inner
membrane megachannels and is considered the gatekeeper of apoptotic and necrotic cell death
[883, 884, 888-892]. A previous study reported that increased calcium permeability is not

responsible for the rapid lethal effects of amphotericin on Leishmania [349]; however, a more
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recent study concluded that amphotericin produces osmotic cell lysis by formation of aqueous
pores in in the membrane of promastigotes [350], establishing the role of Ca** in amphotericin-
induced apoptosis through osmotic alteration, consistent with our results [303].

In accordance with mitochondrial nitrites (NO; ) level, results for the level of NO, suggest a
potential role for the mitochondrion in regulating nitrite concentrations, which are considered an
indicator for the stable breakdown product of NO in mitochondria. Several studies have revealed
a major role of NO in controlling L. major and T. cruzi multiplication in vivo and in vitro [760,
761]. Melatonin administered to T.cruzi-infected animals was found to increase NO production,
inhibiting parasite propagation or killing the parasite [736]. NO accumulation was also reported
to inhibit the mitochondrial respiratory chain, resulting in inhibition of ATP production, greater
ROS production, and increased the susceptibility to cell death. This cytotoxicity was preceded by
a decrease in AY m followed by an increase in O, and peroxynitrite levels [893].

Our results are in the same line, with a significant increase in nitrate level in cultures treated with
25 or 50 nM melatonin or amphotericin versus the control cultures. At 1 or 10 nM melatonin,
however, the nitrite levels were non-significantly higher than those of control of control cultures.
These non-significant variations may be attributable to the antioxidant effect of melatonin at
these lower concentrations, hindering free radical production, given reports that melatonin and
its metabolites are effective direct scavengers of nitric oxide free radical (NO’) and peroxynitrite
anion (ONOQ") [894]. It should also be taken also into account that the induced nitrite levels in
the previous studies were in vivo and therefore mainly based on the immune system, in which the
activated macrophages were reported to synthesize NO, considered the major effector molecule
of T. cruzi intracellular amastigote killing [735, 760].

Several studies have reported that Leishmania species are susceptible to ROS and reactive
nitrogen species [895]. Three types of SOD have been identified: Cu/Zn-SOD, Mn-SOD, and Fe-
SOD [896]. They are considered one of defense enzymes, protecting the parasites from
mitochondrial-derived ROS damage and programmed cell death by detoxifying superoxide into
hydrogen peroxide and oxygen, thereby maintaining the integrity of the mitochondrion [897].
Mitochondrial Fe-SOD has been shown to protect the Leishmania parasite from oxidative stress,
and inhibit programmed cell death, as observed in miltefosine-induced cytotoxicity in L.
donovani [897, 898]. However, we found non-significantly lower Cu/Zn-SOD activities in

melatonin-treated cultures (all concentrations) than in control cultures. This lack of a significant
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difference may be attributable to the modest effect of Cu/Zn-SOD in Leishmania, the antioxidant
or protective effect of melatonin at lower concentrations, the parasite strain, among other
possibilities. Consistent with these findings, a recent study reported the negligible inhibition of
human Cu/Zn-SOD with pyrazole-based benzo[g]phthalazine derivatives on L. infantum and L.
braziliensis [899].

It is noteworthy that many available antileishmanial agents act by impairing of mitochondrial
complexes. Complexes I, Ill and IV are known to function as H™ions (protons) pumps,
generating a proton electrochemical gradient that drives ATP synthesis, explaining why
mitochondrial complexes are the primary source of endogenous ROS [900]. Thus, inhibition of
these complexes by antileishmanial agents interferes with electron transport processes, resulting
in increased ROS from diverted electron flow, as in the case of antimycin A and tafenoquine
against L. donovani [782, 901].

In the present study, melatonin produced a significant inhibition of mitochondrial complexes 1, 11
and 111, which was marked at the highest concentrations of melatonin (25 and 50 mM). However,
the activity of complex | is very low in Leishmania, and only the enzyme corresponding to
rotenone-insensitive NADH: quinone oxidoreductase has been observed in Trypanosoma and
Leishmania [902]. Therefore, these parasites possess only one NADH dehydrogenase gene in
their total DNA that may be essential for parasite survival; explaining its appeal as a drug target
[902]. Inhibition of complex I would result in generation of ROS and therefore leads to
mitochondrial dysfunction, which in turn triggers the apoptotic mitochondrial pathway [782,
902, 903]. The present results are in agreement with the previous findings on the antileishmanial
effect of luteolin resulted from reduction in the activities of electron transport chain complexes I,
11, 11, and 1V [904].

According to results, a drastically lowered activity of complex Il on melatonin-treated cultures
versus control cultures was observed. This result correlates with report of induced death in
Leishmania using new Benzophenone-Derived Bisphosphonium Salts, which inhibit complex Il
[905].

Several studies have described complex 111 as an attractive target for antiprotozoal drugs [904].
Tafenoquine was found to cause a mitochondrial dysfunction in Leishmania by complex IlI
(cytochrome c reductase) inhibition [782]. In these cases, the stoppage of electron transfer may

reduce the oxygen consumption rate, causing an imbalance of Ca?* homeostasis and dissipating
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the A¥ m that is accompanied by production of O, , triggering death of the parasite [782, 895,
901, 906]. It should be stressed that inhibition of Complexes I , Il and HI results in an
intracellular increase of Ca?* that intimately associated with ROS generation, while the inhibition
of complex Il markedly alters Ca®*[895, 905].

These are highly promising findings, given that complex I inhibition may result on mitochondrial
hyperpolarization that is usually preceded by increased O, production, while inhibition of
complexes II and III might cause dissipation of AY m. Both hyperpolarization and loss of AY m
might target the viability of the promastigotes [907, 908]. The inhibitory effect of melatonin on
these mitochondrial complexes support the proposition that Leishmania mitochondria respond
strongly to the inhibition of respiratory chain complexes [909].

The role of mitochondria in our findings may be initiated by the effects of melatonin on mPTP, a
key implication, through disruption of Ca®* homeostasis which indirectly drives to lethal effects
resulting in cell death by apoptosis or necrosis [888]. As shown in the results, melatonin-treated
cultures depleted some respiratory components, probably due to the opening of mPTP.
Remarkably, impairment of activity of mitochondrial respiratory enzymes in treated cultures
may push the mitochondria towards mitochondrial oxidative stress expressed by inhibition of
electron transfer, together with inhibition of SOD and the resulted nitrosative stress which may
act collectively as a major inducer of mPTP opening, thereby indirectly drives to lethal effects by
apoptosis or necrosis [878, 910]. All of the above impressive changes in melatonin-treated
cultures are in part attributable to alterations in mPTP opening, accompanied by higher
mitochondrial nitrite levels and inhibition of the activity of mitochondrial complexes especially
Il and 111, and these events may indirectly trigger death of the parasite by apoptosis or necrosis.
The present results indicate that melatonin exerts in vitro activity on promastigote phase of
L.infantum, producing mitochondrial alterations in Ca** distribution, nitrite concentrations, and
complexes I, Il and 1ll, thereby targeting the parasite survival. Further research is warranted to
elucidate the in vivo effects of melatonin alone and in association with other antileishmanial
drugs in order to develop a novel chemotherapeutic strategy against the disease. There is also a

need to examine the mechanisms underlying these effects and the role of melatonin receptors.
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Conclusions

Conclusions

. According to the recorded prevalence in this study, transplant renal recipients are susceptible
population to develop Leishmaniasis which emphasizes the impact of the disease in our area.
Clearly, it is suggested to perform a dequete and intense monitoring in this type of patients with
high titers in order to prevent the development of the serious and fatal forms of leishmaniasis.
Given the limitations of serological techniques, a combination of serological tests together with
molecular techniques could of higher efficacy in such type of patients.

High prevalence of L.infantum in cats could be an important parameter when further
epidemiological studies show xenodiagnosis. This means the infected cats are able to transmit
the infection to the other reservoirs or vector of the disease.

Further efforts should be done to control feline leishmaniasis and the human disease in endemic
areas and other alternative prophylactic strategies may be also essential to reduce the risk of
infection and identification for new models of leishmanial transmission.

Melatonin exerts an interesting antileishmanial activity against the parasite in vitro. This
observation together with its high pharmacological safety profile make melatonin a potentially
useful tool for stand-alone or adjunct therapy for leishmaniasis. Hence, further studies are
suggested to investigate the effects of melatonin in vivo in association with other available
antileishmanial drugs, followed by investigation the role of receptores underlying these effects.
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Conclusiones

. En funcion de la prevalencia encontrada en este estudio, los receptores de trasplante renal son
una poblacién susceptible de desarrollar leishmaniasis, siendo por tanto importante en nuestra
area llevar a cabo esta determinacion en este tipo de pacientes y realizar una vigilancia méas
adecuada en aquellos pacientes con titulos mas altos, para prevenir la posible aparicion de
formas graves de leishmnia.

Dadas las limitaciones de las técnicas seroldgicas, el uso combinado de estas técnicas, junto con
técnicas de biologia molecular podria mejorar el diagnéstico de leishmaniasis en este tipo de
pacientes.

. La alta prevalencia de L. infantum en gatos podria ser un importante pardmetro cuando estudios
epidemiolégicos muestran xenodiagnosis. Esto significa que los gatos infectados pueden
transmitir la infeccion hacia otros reservorios o vectore de la enfermedad.

. Deben realizarse més esfuerzos para controlar la leishmaniosis felina y la enfermedad humana en
las zonas endémicas y otras estrategias profilacticas alternativas puede ser también necesarias
para reducir el riesgo de infeccion y la identificacion de nuevos modelos de transmision de
Leishmania.

. La melatonina ejerce una actividad anti-leishmaniosis interesante contra el parasito in vitro. Esta
observacién, junto con su alto perfil de seguridad farmacoldgica hace a la melatonina una
herramienta potencialmente Gtil para la administracion por si sola o terapia adjunta para la
leishmaniasis. Por lo tanto es necesario mas investigacion en los efectos de la melatonina in
Vivo y en asociacion con otros farmacos contra Leishmania, seguidos del papel de los receptores

de melatonina en estos efectos y sus mecanismos subyacentes.
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