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WELCOME TO SEDD 2009!

Dear scientists and practitioners,
It is a pleasure to invite you all to the Second European Dirofilaria
Days, which will be held in Salamanca, Spain on 16th-18th September
2009.

The First Dirofilaria Days was held in Zagreb in 2007 and was
attended by over 100 scientists and practitioners of both human and
veterinary medicine from 25 countries. It now seems appropriate to
present up-to-date knowledge on the different aspects of the disease that
has been obtained in the last three years.

Intense research has been carried out in several important fields,
including the dramatic changes in climate and its influence on arthropodborne

infections

like

dirofilariasis, new

technologies

applied

to

epidemiological studies and to predicting the spread of infection. There is
also encouraging new data on adulticide treatment and control which
suggests that the use of antibiotic compounds can decrease the
inflammatory reactions due to the bacterial endosymbiont Wolbachia as a
consequence

of

worm

death,

as

well

the

on

the

pathogenesis,

immunology and diagnosis of Dirofilaria infection that have changed the
approach to the disease. New data is also emerging on human and animal
infection in Europe and surrounding areas, and on the life expectancy in
infected, asymptomatic cats and on the HARD (Heartworm Associated
Respiratory Disease) and on the effect of pulmonary intravascular
macrophages in this syndrome.

The meeting will be organized into six round tables including twelve
invited presentations given by international experts on the different
aspects of Dirofilaria infection, oral and poster sessions. The aim is to
present and discuss together, scientists and practitioners, the recent

9

advances and the future of Dirofilariainfections both in humans and
animals.

Welcome to Salamanca!

Fernando Simón

Claudio Genchi

University of Salamanca,

University of Milan,

Spain.

Italy.

J. Alberto Montoya
University of Las Palmas
de Gran Canaria,
Spain.

ORGANIZERS
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SEDD 2009 ORGANISING COMMITTEE

- President:
•

Fernando Simón Martín, University of Salamanca, Spain.

- Vice-Presidents:
•

Jose Alberto Montoya, University of Las Palmas de Gran Canaria,
Spain.

•

Claudio Genchi, University of Milan, Italy.

- Secretary:
•

Rodrigo Morchón, University of Salamanca, Spain.

- Members:
•

Cristina Marcos Atxutegi, University of Salamanca, Spain.

•

Javier González Miguel, University of Salamanca, Spain.

•

Manuel Morales Doreste, University of Las Palmas de Gran Canaria,
Spain.

•

Juan Alberto Corbera Sánchez, University of Las Palmas de Gran
Canaria, Spain.

•

Isabel Mellado Hernández, University of Salamanca, Spain.
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Spain.

•
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•

Laura H. Kramer, University of Parma, Italy.
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•
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Prof. Claudio Genchi is Full Professor of Parasitic Diseases
at the Facoltà di Medicina Veterinaria of the University of Milan, Italy. He
is Vice-Director of the Department of Animal Pathology, Hygiene and
Veterinary Public Health, Vice- President of the European Veterinary
Parasitology College, President of the Italian Society of Parasitology,
President of the Alpine Ecology Centre, Trento, Italy, Member of the
Scientific Board of Ivo de Carneri Foundation, Scientific Board of
Veterinary Epidemiology Observatory, Lombardia, Italy. His primary areas
of

research

are

epidemiology

of

parasitic

diseases,

experimental

chemotheapy and control of ecto and endo-parasites and Wolbachia
endosymbion bacteriae of filariae.

Prof. Dr. Fernando Simón Martín is Full Professor of
Parasitology of the University of Salamanca and member of The Research
Council of the University of Salamanca, and he has been Director,
Secretary and Sub-Director of the Department of Animal Biology and
Parasitology of the University of Salamanca. Currently he is member of
the Spanish Society of Parasitology, Sigma Xi the Scientific Research
Society, Spanish Society of Tropical Medicine and International Health and
the American Heartworm Society. His primary areas of research are
human dirofilariosis and molecular and cellular mechanisms of the
immune pathology of heartworm disease.
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Prof. Dr. Jose Alberto Montoya is Full Professor of Animal
Medicine at the University of Las Palmas de Gran Canaria, Spain. He is
currently Director of the Department of Animal Pathology, Responsible of
the Veterinary Medicine Service of the University of Las Palmas, President
of the Group of Specialists in Cardio-Respiratory Diseases of AVEPA, and
he has been Member of the Executive Board of the Veterinary College of
Madrid, Director of the Revista Veterinaria (Madrid). His primary area of
research is cardiovascular pathology of small animals, and currently
develops research on epidemiology and vectors of the dirofilariosis in the
Canary Islands.

Prof. Dr. Dr. Honoris Causa Santiago Más-Coma is
Director and Chairman Departament of Parasitology, Faculty of Pharmacy,
University of Valencia, Spain, President of the European Federation of
Parasitologists,

Expert

Member

of

the

World

Health

Organization,

Executive Board Member of the World Federation of Parasitologists,
Treasurer of the International Federation of Tropical Medicine, Member of
the International Order of Merit, Adviser of the International Atomic
Energy Agency, Past-President of the Spanish Society of Parasitology,
Editorial Adviser of the journal PLoS Neglected Tropical Diseases, Director
of the International Master Course on Tropical Parasitic Diseases. He has
published more than 300 papers in journals of Tropical Medicine,
Parasitology, Molecular Biology and Public Health
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Prof. Laura Helen Kramer is Associated Professor of
Veterinary Parasitology and Parasitic Diseases, Veterinary School of the
University of Parma. She is Diplomate of the European College of
Veterinary

Parasitology

and

her

research

is

focused

on

parasite

immunology, epidemiology, immune response and treatment of Dirofilaria
infections and the role of bacterial endosymbionts in the pathology of
heartworm disease.

Prof. Dra. Mª Dolores Bargues is Full Professor of
Parasitology, Director of the Molecular Biology Research Unit and of the
Parasite and Vector Molecular Analysis Centre in the Departament of
Parasitology of Valencia University, and a member of the Excellence
Network on Tropical Disease Center of Spain. She is working, among other
fields in culicid vectors of medical importance and the risk of malaria
transmission and spread in Europe and the likely impact of environment,
human behavioral and climate changes
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Dr. John W. McCall is Professor Emeritus of Veterinary
Parasitology in the College of Veterinary Medicine at the University of
Georgia (UGA), President of TRS Labs, Inc. and Editor of the American
Heartworm
Parasitologist

Society.

He

Award

from

received
the

the

American

Distinguished
Association

of

Veterinary
Veterinary

Parasitologist in 2006. He was UGA Directory of the NIH funded Filariasis
Research Reagent Resource Center from 1973-2006 and UGA Director of a
Filariasis

Drug

Screening

Laboratory

funded

by

the

World

Health

Organization from 1976-1999.

Prof. Jorge Guerrero, DVM, MSc, PhD, DiplEVPC is
Associated Professor of Veterinary Parasitology in the Department of
Pathobiology of the School of Veterinary Medicine at the University of
Pennsylvania. He has been President of the North American Veterinary
Conference and is the Associated Editor of the American Heartworm
Society, Editor in Chief of the International Journal of Applied Research in
Veterinary Medicine and member of the editorial boards of several
scientific journals. He was the recipient of the Distinguished Veterinary
Parasitologists Award of 2005 from the American Association of Veterinary
Parasitologists, and has also received the Chairman’s Award for Creativity
of Merck and Co, Inc.
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Prof. Laura Rinaldi is Researcher and Assistant Professor of
Veterinary Parasitology and Parasitic Diseases at the Faculty of Veterinary
Medicine of the University of Naples "Federico II" (Italy). She is Associated
Member of the European Veterinary Parasitology College (EVPC) and
Associated Editor of the International Scientific Journal “Geospatial
Health”. Her primary research areas are epidemiology and diagnosis of
helmintic diseases of domestic ruminants and dogs.

Albert Marinculić, DVM, Ph.D. Born in 1961, he was
educated at the Faculty of Veterinary Medicine University of Zagreb,
receiving his Diploma Degree in Veterinary Medicine. At the beginning of
his career he joined the Staff of the Department of Parasitology and
Parasitic Diseases. He gained his M.S. and Ph.D. in Parasitology at the
same University. During last 10 years he was trained in USA (United
States Department of Agriculture, Beltsville), United Kingdom (Moredun
Research Institute, Edinburgh) Germany (Institute for the Consumer
Protection, Berlin) and Italy (Instituto Superiore di Sanita, Rome). He has
extensive experience in the immunological and epidemiological aspects of
trichinellosis and is also a full member of The International Commission on
Trichinellosis. His research interests include also diagnostics of parasitic
zoonoses and epidemiology. At present he teaches Parasitology as a
Professor at the Department of Parasitology and Parasitic Diseases Faculty
of Veterinary Medicine University of Zagreb.
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Dr. István Kucsera, MD is Acting Head of the Department of
the National Center for Epidemiology, Department of Parasitology,
Budapest, Hungary. Member of the board of South Eastern and Eastern
European Parasitologists Society, Hungarian Society of Parasitologists and
Hungarian Society for Microbiology.

Dr. Luigi Venco DVM, SCPA, EVPC. Veterinary practitioner
with a broad experience in the management of animal dirofilariosis,
including ecocardiography, surgery to eliminate adult worms through the
jugular vein. He collaborates with the teams of the Universities of Milan,
Parma and Salamanca in different researches related to dirofilariosis. He
has been an invited speaker in different International Conferences and
Symposia and he is co-author of key papers on the pathology and
management of the heartworm disease.
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Prof.

Gabriella

Cancrini

is

Associated

Professor

in

Parasitology (“La Sapienza” University, Faculty of Medicine, Department of
Sciences of Public Health, Rome, Italy) and Director of the “Centre for the
laboratory diagnosis of parasitic diseases” (Policlinico Umberto 1°, Rome).
Member of the Società Italiana di Parassitologia (SoIPa), Società Italiana
di Medicina Tropicale (SIMeT); Società Italiana di Igiene, Medicina
Preventiva e Sanità Publica and Società Italiana di Nematologia.

Dr. Rodrigo Morchón García is Assistant of Parasitology of
the University of Salamanca. Currently he is member of the Spanish
Society of Parasitology and Spanish Society of Tropical Medicine and
International Health. His primary area of research is molecular and cellular
mechanisms of the immune pathology of heartworm disease. In addition,
he works, among other fields, in culicid vectors of medical importance and
the risk of dirofilariosis transmission and spread in Europe.
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PROGRAMME SEDD 2009
Wednesday, September 16th

18:00–20:00

20:30

Doc reception and last registration.
Hospedería de Fonseca

Get together party.
Claustro del Palacio del Arzobispo Fonseca

Thursday, September 17th

Minor Room Hospedería Fonseca

8:30

Inauguration

8:50

Opening Conference:
 Santiago Mas Coma:
helminthiases.

Climate

change

and

Plenary Session: Epidemiology of Dirofilaria
infections in dogs, cats and humans in Europe
(I).
- Invited lectures:
 Claudio Genchi: The spreading of Dirofilaria in
the European countries.
9:30

 Laura Rinaldi: Geospatial tools: are they useful
in Dirofilaria epidemiology?

- Oral Communications:
O 01 – Maps of epidemiologic valuation.
Rodes D., Genchi C.
O 02 - Recent Investigations on the Occurrence of
Dirofilaria immitis in France.
28

Pantchev N., Schaper R., Limousin S., Norden N.,
Weise M., Lorentzen L.
O 03 - Canine Dirofilaria infections in Austria .
Duscher G., Joachim A.
O 04 - Progressive spread of Dirofilaria infections in
dogs along rivers in the southeastern Czech Republic.
Dobešová R., Svobodová V.

11:00

Coffee break

Plenary Session: Epidemiology of Dirofilaria
infections in dogs, cats and humans in Europe
(II).
- Invited lectures:

Jose Alberto Montoya: Dirofilaria immitis
in Gran Canaria (Canary Islands, Spain): an example
of the epidemic evolution in last 15 years.

Albert Marinculic: Istria heartworm free:
a nice challenge for scientifics but not only.
11:30

- Oral Communications:
O 05 - Epidemiological investigation on the canine
filarial infections in Tuscany.
Macchioni F., Dell'Omodarme M., Prati M. C., Tozzini
G., Masetti M., Bruschi F., Magi M.
O 06 - First epidemiological survey on canine
dirofilariosis in Galicia (northwestern of Spain).
Morchón R., González-Miguel J., Simón F., RodesMoltó D.
O 07 – Actual seroprevalence of D.immitis in dogs in
Gran Canaria, the Canary Islands, Spain.
Caballero J., Carretón E., Morchón R., Simón F.,
Montoya J. A.
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13:30

Lunch

Plenary Session: ESCCAP-ES rounded table
“Management & Control of Canine and Feline
Dirofilariosis: European guidelines (ESCCAP)”.

Guadalupe Miró Corrales (Universidad
Complutense de Madrid, Spain): ESCCAP SP
presentation (European Scientific Counsel Companion
Animal Parasites Spain).
Luigi Venco (Clínica Veterinaria Città di
Pavia, Italia): New insight into HW disease
management: from old legends to the present
looking to the future. Some clinical cases.


16:00

J. W. McCall (Editor, American Heartworm

Society, AHS) and Jorge Guerrero (Editor Asociado,
American Heartworm Society, AHS, Universidad de
Pensilvania,
USA):
Dirofilariosis:
american
experience. Canine and feline AHS guidelines.

Claudio Genchi (University of Milano,
Italy): Canine dirofilariosis: diagnostic and control in
Europe.
Plenary Session: Climatic
Dirofilaria vectors.

modifications

and

- Invited lectures:

Mª Dolores Bargues: Culicid vectors
characterization by means of molecular haplotyping.
18:00


Gabriella Cancrini: Global warming:
effects on abundance and distribution of the
Dirofilaria natural vectors.
- Oral Communications:
O 08 - Ribosomal DNA haplotyping of Culex theileri a
potencial natural vector of Dirofilaria immitis in an
endemic area of Canary Islands, Spain.
Latorre J. M., Morchón R., Pou-Barreto C., Melero-

30

Alcíbar R., Molina R.,
Bargues M. D.

Más-Coma S., Simón F.,

O 09 – The use of insecticides: an alternative or
complementary way in the control of dirofilariosis?
Morchón R.
Friday, September 18th

Minor Room Hospedería Fonseca

Plenary Session:
infections.

Pathogenesis

of

Dirofilaria

- Invited lectures:

Laura Helen Kramer: Pathogenesis of
Dirofilaria infections.
Rodrigo Morchón García: Relationships

Dirofilaria/hosts:
cellular
and
molecular
immunopathologic
mechanisms
of
heartworm
disease.
- Oral Communications:

9:00

O 10 - Breast tumour in a dog infected by Dirofilaria
repens .
Acierno C., Russo V., Paciello O., Santaniello A.,
Lorizio R., Rinaldi L.
O 11 – Is a heartworm preventive treatment also
advisable in Sardinia?
Scala A., Pazzola M., Giobbe M., Sanna G., Briguglio
P., Lutzu M., Carta A., Genchi M.
O 12 - Cardiopulmonary biomarkers in dogs infected
by Dirofilaria immitis.
Carretón E., Corbera J. A., Juste M. C., Morchón R.
Montoya J. A.
O 13 – Proteomic and immunomic studies in cats
naturally infected by Dirofilaria immitis.
González-Miguel J., González M., De Jesús Rojas W.,
Simón F., Morchón R.
O 14 - Structure of Dirofilaria immitis Ovary :
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Wolbachia and development of oocytes
Kozek W. J., Cangani C. C., Santiago N.
O 15 - Dirofilaria immitis: Structure of its Anterior
Nervous
System
and
Immunoreactivity
to
FMRFamide in Principal Ganglia
Nieves-Mendez D. E., Kozek W. J.
11:00

Coffee break

Plenary Session: New approaches to the
prevention and treatment of canine and feline
dirofilariosis.
- Invited lectures:
Jorge Guerrero: AHS Guidelines for the

Diagnosis, Treatment and Prevention of Heartworm
(Dirofilaria immitis) Infection in Cats. From my
perspective.

John
McCall:
Updated
American
Heartworm Society Canine Guidelines, with Emphasis
on the Role of Doxycycline in Adulticidal Therapy.
- Oral Communications:
11:30

O 16 - Efficacy of a moxidectin microsphere
sustained release injectable formulation for the
prevention of Dirofilaria repens infection in
experimentally infected dogs.
Genchi M., Mortarino M., Traldi G., Pengo G., Genchi
C.
O 17 - Long lasting elimination of Dirofilaria repens
microfilariae in dogs with monthly treatments of
moxidectin 2.5 % /imidacloprid 10 % (Advocate®,
Bayer) spot on.
Fok E., Jacsó O., Szebeni Z., Gyırffy A., Sükösd L.,
Lukács Z., Schaper R.
O 18 - Novel adulticide therapy for Dirofilaria immitis
infection: a clinical case in a naturally-infected dog.
Grandi G., Mavropoulou A., Volta A., Quintavalla C.,
Gnudi G., Kramer L.
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13:30

Lunch

Plenary

Session:

Zoonotic

infections.

- Invited lectures:

Fernando Simón: Human dirofilariosis in
the
Mediterranean
Basin.
Review
of
the
epidemiological
and
parasite/host
relationships
knowledge.

15:30


István Kucsera: Human Dirofilaria repens
infection in Hungary.
- Oral Communications:
O 19 - Is Dirofilaria repens spreading in Germany?
Pantchev N., Sassnau R., Lorentzen L., Rossi M.,
Brand B., Daugschies A., Dyachenko V.
O 20 - Dirofilariasis is an emerging infection in
Rostov Region (South-Western Russia).
Kartashev V., Kartashov S., Beskrovnaya J., Ermakov
A., Kolodiy I., Morchón R., Simón F.

17:30

Assembly

21:00

Closing dinner.
Palacio del Arzobispo Fonseca (Portrait room)

33

Posters session
Thursday and Friday, September 17th and 18th
P 01 - Microfilariae in canine and feline bone marrow smear.
Silvestre-Ferreira A. C., Colaço A.
P 02 - Seroepimiologic study of D. immitis in humans living in Gran
Canaria, Canary Islands, Spain.
Cabrera-Pedrero, E. D., Mellado, I., Carretón, E., Montoya, J. A.,
Simón F.
P 03 - Are Canary hound dog’s reservoirs of heartworm disease in the
Canary Islands?
Montoya J. A., Juste M. C., Carretón E., Mellado I., Morchón R.
P 04 - Current prevalence of Dirofilaria immitis in Salamanca (western
Spain).
González-Miguel J., Mellado I., Bottari R., Rota E., Hernández M. V.,
Andrés-Pérez C., Rastrilla-Calleja M. C. V., Morchón R.
P 05 - Zoonotic infections in La Rioja, Northern Spain.
Morchón R., Moya I., González-Miguel J., Montoya M. N., Simón F.
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INTRODUCTION

In general, and according to the life-cycle pattern of each helminth
species, climate variables are able to affect prevalences, intensities and
geographical distribution of helminths both directly influencing on freeliving larval stages, as well as indirectly influencing on mainly invertebrate
but also vertebrate hosts of their parasitic stages (MAS-COMA et al.,
2008).
With regard to the latter aspect, the host (or vector) specificity
characteristics of each helminth species becomes crucial. Helminths
showing a strict host specificity, that is, only able to develop within a
concrete host species, or even concrete host geographical strain, will be
very dependent on the influences of climate change on the host
population. On the contrary, helminths showing a less marked host
specificity, that is, able to develop within different host species, or even
phylogenetically distant species, have the possibility to buffer the
influence of climate change more or less depending from the different
adaptative capacities of the different host species to a given climate
modification.
It has recently been concluded that helminth diseases may be listed
among the infectious diseases to which special care shall be taken
because of climate change in the future, mainly in template and colder
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northern latitudes as well as in altitude areas (MAS-COMA et al., 2008,
2009). The present review focuses, first, on the characteristics of the
different helminth groups which interact with climate change and, second,
on the different climate variables which affect transmission and spreading
of the helminths.

INTERACTIONS BETWEEN CLIMATE AND HELMINTH DEVELOPMENT
AND LIFE CYCLE

Helminth species affecting humans and domestic animals belong to
four systematic groups: digenetic trematodes, cestodes, nematodes and
acanthocephalans. These metazoan parasites present very different
transmission patterns, ecological requirements and spreading strategies
according to the different helminth groups. Their dependence on abiotic
and biotic factors is related to their free living stages, and their
environment-host population interactions (MAS-COMA et al., 2008).
Among the numerous environmental modifications giving rise to changes
in helminth infections, climate variables appear as those showing a
greater influence (OLLERENSHAW & SMITH, 1969).

Trematodes: These worms are plathelminths which follow an
heteroxenous life cycle in which the first or only intermediate host is a
mollusc, usually a gastropod (often erroneously called snail vector, as it is
in fact not an actively transmitting host as biting mosquitoes). This
intermediate host may be an aquatic (in freshwater and marine life cycles)
or a terrestrial snail which is crucial for the transmission, as trematodes
usually show a marked snail host specificity, that is, larval development
can only take place in a concrete or a restricted spectrum of snail species.
In trematodes following a two-host life cycle, the vertebrate definitive host
becomes infected whether actively by the larval stage of cercaria released
by the snail which penetrates through the skin (in schistosomatids), or
passively by ingestion of the infective metacercarial stage attached to any
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carrying substratum (e.g., attached to freshwater plants, in fasciolids). In
trematodes following a three-host life cycle, the vertebrate definitive host
becomes infected by ingesting the second intermediate host, usually an
invertebrate

(molluscs,

insects,

crustaceans

in

echinostomatids,

dicrocoeliids and paragonimids, respectively) or an exothermic vertebrate
(fishes in opisthorchids; frogs and reptiles in other digenean families)
(ERASMUS, 1972; YAMAGUTI, 1975; MAS-COMA & BARGUES, 1997;
GALAKTIONOV

&

DOVROVOLSKIJ,

2003).

Thus,

climate

and

environmental conditions are of great importance for the larval stages of
the trematode life cycles, through their (a) direct influence on the free
larval stages of (i) the egg shed by the definitive vertebrate host with
faeces (exceptionally with urine in Schistosoma haematobium and by
sputum in Paragonimus spp.), (ii) the miracidium which develops inside
the egg laid on the external environment and which may hatch whether in
water or already in the snail’s digestive tract, (iii) the cercarial stage
released by the snail host, and (iv) the free-living infective metacercarial
stage in two-host life cycle digeneans. Moreover, climatic variables do also
(b) indirectly affect trematodes (i) at the level of the asexually-multiplying
parasitic larval stages (sporocysts, rediae, cercariae) which develop in the
first intermediate molluscan host and also (ii) of the metacercariae
developping in a second intermediate host, mainly when it is an
invertebrate. Additionally, in given zoonotic trematodes, modifications in
ecology, dynamics and behaviour of endothermic vertebrate populations
induced by climate change may also be important (i.e., in bird
schistosomatids).

Cestodes: These worms are plathelminths following life cycles
which do not present as many developping stages able to be influenced by
climatic conditions as do trematodes (see reviews by WARDLE & McLEOD,
1952; JOYEUX & BAER, 1961; WARDLE et al., 1974; ARME & PAPPAS,
1983). When restricting to cestode species of a public health interest,
aquatic

pseudophyllideans

(i.e.,

diphyllobothrids)

are

those

more
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dependent on environmental conditions, including the free larval stages of
egg and swimming coracidium, and the parasitic stages of procercoid in a
microscopic crustacean and of plerocercoid in a fish or other exothermic
vertebrates

(i.e.,

amphibians).

Climate

changes

involving

strong

modifications of precipitation rates, rainfall and floods (dryness might
even give rise to an increase of water pollution – there is a large body of
literature dealing with the interactions of water pollution with freshwater
hosts and helminths) may altere water bodies (rivers, lagoons, lakes) at
local scale and hence influence the epidemiology and distribution of
freshwater

pseudophyllideans.

Cyclophillideans,

pronouncedly

more

important from the public health point of view, follow two-host predation
life cycles in which only the stage of egg is free-living. However, species of
given cyclophillidean families use invertebrates as intermediate host
whose dependence from environmental conditions may be high (mites for
anoplocephalids; insects for hymenolepidids and dipylidids; snails for
Choanotaenia), and others use endothermic vertebrates with peculiar
characteristics pronouncedly affected by climatic conditions (i.e., small
mammals, as arvicoline rodents in Echinococcus multilocularis), while
others use two large mammal hosts and therefore the impact of climatic
conditions may be less marked (most taeniids), sometimes even almost
neglectable except in natural disasters implying host movements or
mortality.

Nematodes: These worms present from very simple up to complex
life cycles (ANDERSON, 2000). Trichurids (Trichuris) and ascarids (Ascaris,
Toxocara) present a one-host life-cycle in which the definitive host is a
mammal host, usually specific, and the egg is the only free living stage
directly depending from environmental factors which influence the
development of the infective stage inside the egg (pseudogeohelminths).
Similar assumptions may be considered for the oxyurids (Enterobius),
although they may be also transmitted by direct contact (autoinfection)
and

hence

almost

fully

independent

from

the

environment
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(ageohelminths).

Ancylostomatids

(Ancylostoma,

Necator,

Uncinaria,

trichostrongylids) and Strongyloides are also monoxenous but present
active larval stages (and also adult stages in Strongyloides) which fully
develop in the external environment and are, therefore, highly dependent
from abiotic factors (geohelminths). Other nematodes present a two-host
life-cycle including an insect as intermediate host and are true vectorborne parasites, as is the case of lymphatic filariids and Onchocerca,
transmitted by biting insects belonging to different dipteran families
(culicids, tabanids) and to which many of the broad literature dealing with
climate impact on vector-borne microorganisms and protozoans can be
extrapolated in one or other way and extent. Nematodes of the families
Metastrongylidae

(Angiostrongylus)

and

Protostrongylidae

(Protostrongylus, etc.) are diheteroxenous and are transmitted by snails,
so that their development characteristics are clearly dependent from
climate conditions. Finally, other nematodes follow a three-host aquatic
life cycle, including a first intermediate arthropod host, a second
exothermic intermediate vertebrate host (usually a fish), and may even
use

additional

paratenic

vertebrate

hosts

(both

exothermic

and

endothermic) (Gnathostoma, anisakids).

Acanthocephalans: These worms are a relatively reduced number
of species (GOLVAN, 1994) less important in public health, although they
may be very pathogenic (NEAFIE & MARTY, 2000) and show even the
capacity to regulate the populations of their definitive hosts (MOWLAVI et
al., 2006). They present a free-living egg stage voided with the faeces of
the definitive host and which must be eaten by an arthropod (insect,
crustacean, or myriapod) which acts as first intermediate host (SCHMIDT,
1985;

CROMPTON

&

NICKOL,

1985),

and

consequently

are

also

susceptible to be influenced by climate change both directly and indirectly.
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CLIMATE VARIABLES AFFECTING HELMINTH TRANSMISSION AND
SPREADING

Analyses on the influence of climatic factors on the transmission and
spreading of helminth species have been very numerous since long ago,
both experimentally on biological models adapted to laboratory conditions
and under natural conditions in field studies. However, this kind of studies
have been focused on climate change only very recently, so that the
literature on the modulation of helminth parasitism by changing climatic
conditions is still scarce (MAS-COMA et al., 2008, 2009).
It must be highlighted that generalizations about effects of climate
change on helminths cannot be made. On one side, their broad
heterogeneous

complexity

of

life-cycle

patterns

include

completely

antagonistic strategies, so that given changes of concrete climate
variables may give rise to modifications of helminthiasis trends following
‘opposite’ directions even in the same area, that is, increasing the
transmission of a given helminth but decreasing the one of another
helminth species, and reducing the geographical distribution of a given
helminthiasis but expanding that of another helminth. Moreover, climate
changes do not appear to be spatially uniform, so that climate change
may influence the same helminthiasis in different directions or with
different degrees depending on the geographical area in question.
Interestingly also, areas predicted to be the most affected by climate
change are those near the current edges of disease’s global distribution
(i.e., geographical borders, highland areas) (ROGERS & RANDOLPH,
2007). Additionally, the influence of a given climatic factor might be
increasing transmission when analysed at a given level but show an
opposite consequence when considering another level of the helminth lifecycle, so that counteracting effects may finally give rise to almost no
change or no change at all in the transmission.
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Temperature and Global Warming

The evidence that average global temperature anomalies have
increased over the past 80 years with a consistent and faster rise over the
past 25 years is now irrefutable (STOTT, 2000). The earth’ surface is a
warmer place with higher maximum summer temperatures, longer
summer seasons and fewer cold days. A commonly observed pattern in
long-term temperature records (IPCC, 2001) is a gradual increase in mean
temperatures over the past 40 years, but a more marked increase in
spring from 1989 onwards and in winter from 1988, possibly due to
increased solar radiation at the Earth’s surface caused by less polutted air
(WILD et al., 2005).
Currently available climate models consistently predict that air and
sea surface temperatures are expected to rise by a few degrees over the
next several decades, on a global scale from the Arctic to the Antarctic
(e.g. VAUGHAN et al., 2003; PHOENIX & LEE, 2004). An important feature
of global warming is the strong heterogeneity both in space and time. As a
general rule, temperatures are higher, on average, and less variable
temporally, both daily and seasonally, at low latitudes than at high
latitudes. The magnitude of the temperature increase will vary from one
geographic region to the next, and some areas may incur no change at all
or even a decrease. For example, the temperature increases in continental
and high latitude regions are higher than those in coastal and tropical
regions. Some areas appear to became cooler during parts of the last
century, while others warmed at faster-than-average rates, in latitudes as
different as Africa (HAY et al., 2002) and the Antarctica (DORAN et al.,
2002). Meanwhile, worldwide winter temperature is predicted to increase
more pronouncedly than during the summer (EASTERLING et al., 1997;
MURPHY et al., 2004).
Seasonal climate changes affect a wide range of biological systems,
increasing the duration of the seasonal breeding season, many organisms
now breeding earlier and longer than previously at the same location
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(e.g., FITTER & FITTER, 2002). Warmer summer seasons are equivalent
to a shift in average climatic conditions to higher latitudes and higher
altitudes and so we may expect to see organisms expand their range
accordingly with perhaps a parallel retreat from lower latitudes and
altitudes.

Meta-analyses

of

existing

data

confirm

a

consistent

temperature-related shift in range of species, although such data are
invariably correlational and confunded with other anthropogenic changes
in the environment (ROOT et al., 2003).
Global warming can affect the world’s biota and the functioning of
ecosystems in many indirect ways. Recent evidence indicates that warmer
conditions can alter the geographical distribution of parasitic diseases and
include the emergence of previously unimportant pathogens (HARVELL et
al., 1999, 2002; MARCOGLIESE, 2001; MOURITSEN & POULIN, 2002a;
LAFFERTY et al., 2004), with potentially drastic consequences for their
hosts. On a local scale, higher temperatures can also directly impact the
developmental rates and transmission success of parasites, promoting
higher local abundance of certain parasites (POULIN, 2006; POULIN &
MOURITSEN, 2006). With regard to interactions of helminths and
climate/weather, temperature has been always a key driving force and
keeps the focus of most of the literature on that subject at present.
Helminth development rate increases with temperature and while
laboratory studies indicate this is linear some recent studies indicate that
this may be non-linear and would have an important impact on R0. Levels
of parasitism and the dynamics of helminth systems are subject to the
impact of environmental conditions such that long term increases in
temperature will increase the force of infection and the parasite’s basic
reproduction number R0. How will an increase in seasonality affect
helminth-host systems? In general, if hosts breed earlier and for longer
this will result in the production of more susceptible young individuals and
this will lead to an increase in transmission. From the helminth
perspective, an increase in the duration and average temperature of the
summer season will also increase the window of transmission and
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development rate of infective stages resulting in increased transmission
and effectively increase in the helminth’s basic reproduction number R0
(DOBSON & CARPER, 1992). These arguments lead to predict that global
warming will lead to increased levels of helminth parasitism. However, the
observed level of parasitism in the host population will be a consequence
of how the parasite is regulated (i.e., helminth-host systems with little
acquired immunity or helminth-host systems regulated by acquired
immunity). The best type of helminth-host system for investigating how
climate change may affect helminth intensity should be one from high
latitudes or across variable altitudes where we can expect the effects of
climate change on seasonality to be greatest and where we can examine
how infection patterns vary (HUDSON et al., 2006).

Water-Related Climate Variables

In addition to temperature, water-related climate variables are
among those which may affect helminth transmission and distribution
more or less pronouncedly. Modifications of precipitation rates and
changes in rainfall may alter humidity giving rise to whether wetter or
dryer conditions in given areas. Desiccation situations or increases of fire
events in suitable dried ecosystems as for instance in Australia, South
European Mediterranean countries and California, are events which
adversely affect helminths in the environment. These climate factors
greatly influence the survival range, seasonality and viability of many
free-living stages of helminths (eggs, soil larvae), but also those
developing in intermediate hosts as snails, insect vectors and even small
vertebrates, both exothermic and endothermic. In other parasitic diseases
in given areas (i.e., malaria in Africa), changes in predicted suitability has
usually more to do with changing precipitation patterns than with
changing temperature (THOMAS et al., 2004).
Moreover,

interactions

between

temperature

and

the

above-

mentioned climate variables will be very important in modifying concrete
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environments, as for instance because of the consequences of changes in
freeze-thaw cycles, modifications of freshwater bodies, or changes in
water velocity. There is international acceptance of computer generated
predictions that, besides an increase of 1.4-5.8 °C in the mean global
temperature, droughts, floods, and run-offs will increase in frequency, and
the sea level may rise 11-77 cm by the year 2100 (ARNELL, 1996; IPCC,
2001). These are the two components of climate disruption: first an
increase in average temperatures and second, an increase in extreme
environmental events including an increase in the frequency of storms and
extreme temperature and precipitation events and consequent floods
(EASTERLING et al., 2000). Climate could play an important role in
synchronizing disease outbreaks over large spatial areas. The extent of
this synchrony between populations will depend on the correlation of these
climatic events between localities and this correlation would increase with
increased frequency of large scale extreme events, as expected with
climate change (MORAN, 1952).
Another effect of great impact on helminth diseases will be habitat
fragmentation, for instance as a consequence of increasing dryness
because of decreasing precipitation in concrete areas. Freshwater will only
become available on a reduced number of places where animals and men
will be obliged to concentrate. The transmission of schistosomiasis in
Saharan oases whose water derives from deep bore holes and vauclusian
springs, as in Tunisia (DOUMENGE et al., 1987), and the isolated human
fascioliasis transmission foci of given villages related to water bodies
appearing as subsoil effluences in the Northern Bolivian Altitude (MASCOMA et al., 1999) are good examples.
Altitude appears as a very important aspect to be taken into
account, as it is evident that those changes will be very different on flat
lowlands than in mountainous highlands. Climatic changes in altitude may
impact helminth diseases which have followed human and animal
traditional movements for centuries, as transhumance, that is seasonal
migration of livestock, and the people who tend them, between lowlands
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and adjacent mountains, similarly as habitat fragmentation may have on
schistosomiasis by modifying traditional nomadic transmigrations.
Another example is evapotranspiration, which is higher in altitude
areas and reduces both (i) the existence of temporary water bodies
originated from rainfall and (ii) soil surface moisture (MAS-COMA et al.,
1999). Temporary water bodies are necessary for freshwater snail
populations following seasonal dynamics which is in turn reflected in the
seasonality of the helminth disease epidemiology. Soil surface moisture is
appropriate for the survival of eggs and free-living larval stages of many
helminths.

Other Climate Variables, Their Interaction and Effects

Among the remaining climate variables, those related to sunlight
must be emphasized when dealing with helminths. Irradiation from natural
(direct sunlight) or artificial (Gamma- and ultraviolet-irradiation) sources
is more or less harmful to the exogenous stages of helminths. However,
direct sunlight may also be crucial for given intermediate hosts as
planorbid and lymnaeid snails which mainly feed on freshwater algae.
Changes in cloudiness and air pollution appear related to natural
irradiation, modifying daily ranges and intensities of sunlight. Recent
studies show that this factor is even able to modify the population
dynamics of small mammals (ELLISON et al., 1992) as arvicoline rodents
(HAIM et al., 2005) which act as intermediate hosts for helminths of
zoonotic interest (e.g., alveococcosis).
The heterogeneity of climate changes in space and time, the
interaction between different climate variables, and the effects of these
interactions are well visible in extreme areas. For instance, although the
Antartic Peninsula appears to be the most rapidly warming region in the
world (YERGEAU et al., 2007), in ice-free areas of the antarctic coast, a
decrease by 0.7° C per decade from 1986 to 1999 of the seasonally
averaged surface air temperature took place. This cooling trend appeared
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to be significantly correlated with decreased winds (seasonally averaged
wind speed) and increased clear-sky conditions, in its turn associated with
cloudiness decrease and increased seasonally averaged solar radiation. As
a consequence, local hydrological characteristics pronouncedly changed,
including a decrease of soil moisture indices (relative humidity and
precipitation) and liquid runoff to soils, streams and lakes from melted
glacier ice because of changes in summer temperature and solar radiation.
This

climate

change

combination

significantly

impacted

ecosystem

properties and the diversity and abundance of the inhabiting invertebrate
communities (DORAN et al., 2002).
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A recent report by the Intergovernmental Panel on Climate Change
estimates current global warming to be almost 0.8°C above pre-industrial
levels and projects a further rise of 1.1-6.4°C by 2100 (IPCC, 2007).
Climate change can have significant potential to intensify certain diseases,
particularly those transmitted by vectors (Khasnis and Nettleman, 2005;
Rinaldi et al, 2006). For instance, global climate change can play a role in
tick seasonal population dynamics and in directing the evolution of
flavivirus, which in turn may alter the current patterns of vector-borne
diseases transmitted by the bite of haematophagous arthropods (Rogers
and Randolph, 2006). In Italy two vector-borne infections, canine
leishmaniosis and dirofilariosis, have changed distribution patterns;
Leishmania infantum was endemic in southern areas of the country until
the late 90’s, but is now increasingly diagnosed in northern areas.
Dirofilariosis, which was endemic in canine populations in northern Italy,
has now spread all over the country (Otranto et al, 2009).
Arthropod vectors are cold-blooded animals, meaning that their
internal temperature is greatly affected by the temperature of their
environment. Thus, for many terrestrial arthropod species, a northward
range expansion is expected in response to projected climate change
(Root et al, 2003). Furthermore, vector-borne pathogens are particularly
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sensitive to climate and there is increasing evidence that anthropogenic
climate

change

will

increase

the

incidence

and

intensity

of their

transmission (Purse et al, 2005). However, it is interesting to note that
the effects of climate change can also influence gastrointestinal worms
which have free-living developmental stages, such

as trichostrongylid

nematodes of ruminants. Recently, van Dijk et al (2008) have observed a
consistent increase of trichostrongylid infections over the last 5-10 years
in small ruminants in Great Britain. The authors argue that alternative
explanations such as anthelmintic resistance or changes in production
methods cannot account for changes in seasonality of recorded disease in
different regions, while all these fit expectations based on the effects of
temperature on infective larvae availability. By other means, it is not
surprising that climate change should produce changes in epidemiology of
diseases caused by parasites whose development outside the host is
sensitive to temperature.
Dirofilarial infections are vector-borne diseases mainly of dogs and
cats (and wild carnivores) that in Europe are caused by Dirofilaria immitis
and D. repens. The life cycle of both parasites consists of five larval stages
that develop both in an intermediate mosquito host [embryo-infective L3
larva) that also acts as vector, and in a definitive vertebrate host [L3-adult
stage]. Adult D. immitis worms occur in the pulmonary arteries and right
heart chambers while D. repens is found mainly in subcutaneous tissues.
Adult female worms release embryos (microfilariae) into the blood of
infected dogs (microfilaremia in cats is quite rare and transient) (for a
review McCall et al., 2008).
Even though a holistic approach of vector-borne diseases should
consider, besides temperature, other factors such as human activity and
the ecology and the behaviour of both hosts and the vectors (Reiter,
2008), models based on temperature have shown to be able to predict the
spreading of Dirofilaria infection in Europe (Genchi et al., 2005; Genchi et
al., 2009). Climate-based forecast systems usually employ the concept of
growing degree days (GDD), i.e. 1 degree day occurs when the mean
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temperature for the day is 1°C above the threshold temperature. GDDs
are often used in agriculture to predict the date that a flower will bloom or
a crop will reach maturity and such systems have also been developed for
different vector-borne diseases of parasitological importance, such as
fasciolosis, schistosomosis, onchocerciosis, leishmaniosis, malaria and
dirofilariosis (e.g. Gebre-Michael et al., 2005; Malone, 2005; Yang et al.,
2005; Genchi et al., 2005).
For Dirofilaria infections, climate-based models that determine the
effect of temperature on the extrinsic incubation of larval stages in
mosquitoes are based on the study of Fortin and Slocombe (1981) which
demonstrated that at 30 °C, development of D. immitis microfilariae to
infective L3 larvae was completed in 8–9 days (in Aedes vexans, Ae.
triseratus, Ae. trivittatus, and Anopheles quadrimaculatus). This increased
to 10–14 days at 26 °C, 17 days at 22 °C, and 29 days at 18 °C. For D.
repens, the development times of microfilariae to the infective stage at
the different temperatures are quite similar: 8-13 days at 28-30 °C, 10-11
days at 26 °C, 16-20 days at 22 °C (in Ae. aegypti, Ae. caspius, Ae.
detritus, Ae. vexans, An. claviger, An. maculipennis, Culex pipiens)
(Webber and Hawking, 1955; Coluzzi, 1964; Bain, 1978; Cancrini et al.,
1988). In Ae. albopictus the development from the microfilaria stage to
infective larvae takes 14-18 days at 26 °C for D. immitis and 16-18 days
for D. repens (Cancrini et al., 1995). The seasonal D. immitis transmission
model (Slocombe et al, 1989), validated in laboratory studies by Lok and
Knight (1998), assumes a requirement of 130 Heartworm Development
Units (HDUs) for larvae to reach infectivity and a maximum life
expectancy

of

30

days

for

a

vector

mosquito.

Based

on

these

assumptions, climate-based models have been used in order to predict the
occurrence and seasonality of D. immits in Europe (Genchi et al, 2005), in
UK (Medlock et al, 2007) and Argentina (Vezzani and Carbajo, 2006). In a
recent study (Genchi et al., 2009), taking into account the similar times
and temperatures required by both species for extrinsic incubation into
mosquitoes, the threshold value of 130 cumulative DUs was used for both
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species (Dirofilaria DU, DDU) and accepted only if it was reached in 30
consecutive days. The data was interpolated utilizing the Linear Kriging
function of a Geographical Information System to calculate the number of
Dirofilaria generations. The output of the model were predictive maps
which assessed the duration of the Dirofilaria transmission risk period, the
beginning and the end for the preventive treatment (Genchi et al. 2005),
and monthly maps showing the European stations that reached the 130
HDUs (Genchi et al., 2009). To note that this model (Genchi et al, 2005)
had correctly predicted the spreading of Dirofilaria infections in some
northeastern

European

countries.

Indeed,

studies

from

Germany

(Hermosilla et al, 2006; Sassnau et al, 2008), Hungary (Fock, 2007), the
Czeck Republic (Svobodova et al, 2006), Slovakia (Miterpáva et al, 2008)
and northern Serbia (Tasič et al, 2008) confirmed that

areas formerly

free of Dirofilaria-infection are now endemic. Interestingly, most of these
studies have reported the presence of D. repens both in animals and
humans, mainly from northern European countries (i.e.: northeastern
Austria: Deplazes P, 2009, personal communication; Germany: Hermosilla
et al, 2006; Sassnau et al, 2008; Pantchev et al, 2008; Kershaw et al,
2009; the Netherlands: Overgaauw and van Dijk, 2009) and even when D.
immitis is present, D. repens shows higher prevalences (i.e.: northern
Serbia: Tasič et al, 2008). It is thus of interest to try to answer the
question why D. repens is spreading more rapidly than D. immitis.
It has been shown that interference, probably of an immune nature,
exists between D. repens and D. immtis in experimental cross-infections.
Dogs infected first with D. repens and then by D. immitis showed a lower
heartworm burden that dogs infected first with D. immitis (Genchi et al.,
1995). D. immitis was found in Po River Valley, Italy, at the beginning of
1600’ (Birago, 1626). However, it became hyperendemic in dogs in 1900’s
(41%-48%; Genchi et al., 1988; Rossi et al., 1996). Its prevalence was
previously significantly lower (7%-13%; Balbo e Panichi, 1968; Locatelli,
1971). On the contrary, from the 1980’s prevalence of D. repens infection
has decreased slightly (20%-30%; Genchi et al., 1988; Rossi et al.,
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1996). To note that most D. repens infections in dogs are asymptomatic
while heartworm infections usually develop to severe conditions. It is thus
likely that dogs which had travelled to endemic areas of southern Europe
became infected and when they returned to northern areas, having no
apparent symptoms, acted as donors of microfilariae to local mosquito
populations. On the contrary, dogs with heartworm infection are usually
referred to veterinary clinics and cured (Hinaidy et al., 1987; Leuter and
Gothe, 1993; Meyer et al., 1994; Wenzel and Domke, 1998; Voros et al.,
2000).
D. repens is able to grow in the same mosquito species and at the
same temperature and humidity as D. immitis under laboratory conditions
and in the field and it has the same developmental time from the
microfilarial stage to the infective larva (Webber and Hawking, 1955;
Coluzzi, 1964; Bain, 1978; Cancrini et al., 1988; Cancrini et al.,1995).
However, it has been shown that mosquitoes with a robust cybarial
armature, such Culex spp. and Anopheles spp.,
large

part of microfilariae

ingested

are able to destroy a

during the

blood meal on a

microfilaraemic host (Coluzzi and Trabucchi, 1968: Iori et al., 1990).
Though the number of infective larvae transmitted to a new host is low,
the vectorial activity of these mosquitoes is not affected by microfilarial
infection. This mechanism is more efficient against D. repens microfilariae
which are larger than D. immitis microfilariae (290-310 µm vs 300-340
µm). Keeping these considerations in mind, we cannot exclude that
heartworm infection will also spread in northern and eastern European
countries in the near future. In conclusion, though the sensitivity of
mosquitoes and mosquito-borne disease systems to climate factors that
largely determine their geographical distributions is undeniable, it is
evident that other factors, including socio-economic conditions which have
facilitated dog movement throughout Europe, has played an important
role in spreading of filarial infections.
Both Dirofilaria species are zoonotic. In Europe, human Dirofilaria
infections are caused by D. repens only and a critical analysis of 28 human
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cases attributed to D. immitis diagnosed in Europe (vs more than 500
cases of D. repens infection) have recently been critically revised by
Pampiglione et al (2009). The authors concluded that “there is no proof
demonstrating with certainty that Old Word-D. immitis plays a pathogenic
role in humans”. However, D. immitis has an important role in zoonotic
infections in the Americas, where D. repens is absent. Pampiglione’s
hypothesis was that “perhaps twin D. immitis populations exist with
different genotypes”. However, this hypothesis is likely not valid, as it has
been demonstrated that genetic identity exists among D. immitis worms
from different geographical locations around the world (Bazzocchi et al,
2000; Huang et al, 2009). To note that human D. repens infections is
showing the same trend as canine infections: most of the more recent and
severe cases have been reported from northeastern countries such as
Hungary (Szénási et al, 2008), Slovak Republic (Babal et al, 2008),
Polonia (Zarnowska-Prymek et al, 2008) and Russia (Kramer et al, 2007).
Further recent reports are from Croatia (Bezić, 2009), Romania (Mănescu
et al., 2009) and Russia (Figurnov et al, 2009). Though most D. repens
infections are benign in humans and the immature worm is localized in
subcutaneous tissues, the localization in the lung and in other deep
tissues, which is not infrequent, can mimic a tumor (for a review,
Pampiglione and Rivasi, 2000), as shown by the recent case of cervical
localization in a child (Perret-Court et al., 2009). In the same way, though
most ocular localization are subconjunctival, recently an intravitreal D.
repens infection has been reported (Gugel et al., 2009). Furthermore, the
finding of adult worms is increasing in humans (Mannino et al., 2009) and
at least three cases of microfilaraemic zoonotic infections have been
reported in Europe (Nozais et al, 1994; Petrocheilou et al, 1998; Kucsera
I, 2008, personal communication) and one in Iran (Negahban et al, 2007).
Thus, human D. repens infections are not only spreading, but they should
begin to be considered not as a curiosity or a rare, benignant condition
but, in some cases, as a severe disease emerging in many countries and
not only in Italy (Pampiglione et al., 2001).

59

Conclusions
During recent years Europe has experienced the introduction of
vector-borne diseases from tropical regions (such as the recent outbreak
of Chikungunya virus epidemics in Italy (Bonilauri et al., 2008) or, as it is
the case of Dirofilaria, the spreading of the infection from southern
Mediterranean regions toward the northern and eastern areas. Although it
has been argued that climate change is the key factor responsible for
more northerly distribution of vectors and their possibility to transmit
pathogens, other drivers, notably travel and trade and insecticide
resistance have also facilitated these processes (Knols and Takken, 2007).
Transport networks continue to expand so that pathogens and their
vectors and animal reservoirs can now move further and faster than ever
before (Tatem et al., 2006). Thus, in addition to climate changes and
global warming, it is also important to consider the effects of global
movement as an important factor inducing the spreading of vector-borne
diseases, such as Dirofilaria infection, whose epidemiology has now the
following characteristics:
(i)

the spreading of infection is increased in endemic areas;

(ii)

areas formerly free from infection are now endemic;

(iii)

in dogs untreated with preventive drugs both the abundance

and the incidence of Dirofilaria infections are increased (Genchi et al.,
2007);
(iv)

Ae. albopictus is now considered an important, competent

vector of Dirofilaria infections. This mosquito species could spread from
southern to northern European countries in the near future (Medlock et
al., 2006; Takumi et al., 2009) changing the epidemiological patterns of
dirofilariosis in both humans and animals.
From a practical point of view, to prevent further spreading and
endemicity of Dirofilaria infections and to control the risk of human
infections, epidemiological surveys should now be carried out in most
European countries to assess the actual prevalence values. Furthermore,

60

all travelling dogs should be examined for circulating microfilariae, treated
with preventive drugs when visiting at risk areas and

re-examined for

circulating microfilariae 6-7 moths after their staying abroad. European
guidelines for the control and prevention of Dirofilaria infections in pets
are available at www.esccap.orgReferences
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The application of geospatial tools, as Geographical Information
Systems (GIS), Global Positioning System (GPS) and satellite-based
Remote Sensing (RS), to spatial epidemiology in human and animal health
have been firmly established for geo-positioning, collating, exploring,
visualizing and analyzing health data in a spatially explicit manner (Rinaldi
et al., 2006; Brooker, 2007). These technologies continue to develop with
lightening speed putting ever more sophisticated, yet user-friendly,
instruments and software into our hands. Moreover, facilitated by instant
access to data and applications through the Internet, we are already well
into the next extension of the concept (Bergquist and Rinaldi, in press).
Indeed, the recent development of virtual globe technologies such as
Google Earth™ enable scientists around the world to share their georeferenced data and research results in a visually attractive and readily
understandable fashion without the need for highly sophisticated software
(Stensgaard et al., 2009).
For the above-mentioned reasons, the last 15-20 years have seen
an ever increasing reliance on the application of GIS and other geospatial
tools to study the distribution of infectious and parasitic diseases and their
vectors. Today, few medical and veterinary scientists working in the field
of epidemiology can manage without geospatial tools as they rapidly
provide answers or clues with regard to the questions: What?, Where?
When? (Rinaldi et al., 2006). GIS can be constructed with several datalayers, thus permitting the simultaneous visualization of health data with
environmental data which holds promise to understand environmental-
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health linkages and to generate new hypotheses to be tested in future
research.
Vector-borne infections, as those caused by Dirofilaria immitis and
Dirofilaria repens, can be considered “environmental” infections because a
considerable fraction of their burden can be attributed to environmental
factors and their distribution patterns are strongly associated with the
spatially

heterogeneous

environment

in

which

they

are

entranced

(Brooker and Clements, 2009; Stensgaard et al., 2009).
In recent years, several vector-borne infections have (re-)emerged
and spread due to global and/or local changes that have led to the
invasion of new arthropod vectors, the improvement of vector capacity or
to the introduction and establishment of new pathogens (Hendrickx et al.,
2004; Rogers and Randolph, 2006). Current epidemiological studies
clearly show that the distribution patterns of vector-borne infections are
changing (Otranto et al., 2009); in particular, dirofilariosis is spreading
throughout previously uninfected eastern and northern European areas
(McCall et al., 2008; Genchi et al., 2009). In view of the changes of the
distribution patterns of D. immitis and D. repens, geospatial tools are
more and more useful for mapping (including territorial sampling),
ecological analysis, forecasting, early warning and surveillance of both
heartworm and subcutaneous dirofilariosis.
There is a scientific consensus that global warming is one of the
drivers of such epidemiological changes in the distribution patterns of
protozoa and helminths transmitted by vectors, and thus “global warming”
can be considered one of the cause of the so-called “global worming”.
Other drivers are global human and animal movements (international
trade, tourism, travel), global changes, globalization, the (re)introduction
and establishment of “novel” vectors as

Aedes albopictus and the

spreading of insectide resistance.
The geographical distribution of Dirofilaria is dependent - among
other factors - upon the presence of sufficient numbers of infected,
microfilaraemic dogs, susceptible mosquitoes, and a suitable climate to
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permit extrinsic incubation of the larvae in the mosquito intermediate host
(Medlock et al., 2007). Temperature, precipitation, and relative humidity
are the three main climatic factors that determine the abundance of
mosquitoes and the prevalence of Dirofilaria infection. In non-arid
environment, the main factor is temperature that influences mosquitoes
abundance in the environment and expands the mosquito activity season
mainly in areas characterized by a subtropical and temperate climate
(McCall et al., 2008).
The

optimum

temperature

for

mosquito

development

of

tropical/temperate species is 25-27 °C and there is a strong temperature
dependence for the development of the Dirofilaria stages within the
mosquito vectors (reviewed in Genchi et al., 2009).
Knowledge

of

the

prevailing

climate

and

environmental

characteristics of an area, which can be provided by GIS and RS, can help
predicting disease seasonality by comparing this information with the
known requirements of the species under study. Climate-based forecast
systems have been developed using the concept of Growing Degree Days
(GDD), a heuristic tool in phenology first used by horticulturists to predict
the date that a flower will bloom or a crop reach maturity.

GDD are

calculated by taking the average of the daily maximum and minimum
temperatures compared to a base temperature, Tbase using the equation
GDD = (Tmax + T

min)/2

- Tbase. When applied to parasites whose growth is

also strongly influenced by the ambient temperature, the GDD concept
can be useful in predicting risk and in deciding on disease intervention.
GDD have been applied to several vector-borne infections, including
Dirofilaria (Genchi et al., 2005, 2009). For Dirofilaria infections, climatebased models that determine the effect of temperature on the extrinsic
incubation of larval stages in mosquitoes are based on the study of Fortin
and Slocombe (1981), which demonstrated that development of D.
immitis to infective stage (L3) in mosquitoes occurs at a rate that is
dependent on ambient temperature and there is a threshold of about 14
°C below which development will not proceed. There is a general and
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reasonable assumption in models developed from these observations that
infected mosquitoes in the wild are unlikely to survive for more than 30
days (Slocombe et al., 1989; Knight and Lok, 1995). The total
environment heat required for development may be expressed in terms of
°C in excess of this threshold (GDD or Heartworm Development Units–
HDUs) (Fortin and Slocombe, 1981; Slocombe et al., 1989). The seasonal
HW transmission model formulated by Slocombe et al. (1989) and reevaluated by Lok and Knight (1998) in Canada and US, respectively,
assumes a requirement of 130 HDUs for larvae to reach infectivity and a
maximum life expectancy of 30 days for a vector mosquito.
Based on these assumptions, climate-based models have been used
in order to predict the occurrence and seasonality of Dirofilaria in Europe
(Genchi et al., 2005, 2009), in UK (Medlock et al., 2007) and in Argentina
(Vezzani and Carbajo, 2006).
The model by Genchi et al. (2005), involving 1846 meteorological
stations in 36 European countries, has been recently extended to calculate
the HDUs for 2556 meteorological stations in 50 European countries,
including also Eastern Europe (Genchi et al., 2009). In this latter study, a
threshold value of 130 cumulative HDUs was accepted only if it was
reached in 30 consecutive days and the data was interpolated utilizing the
Linear Kriging function of a GIS to calculate the number of Dirofilaria
generations by interpolating the available point temperature data. The
input of the model was based on daily temperature data covering a period
of 15 years, for a total 5475 temperature measures per station and above
19,000,000 values processed. The GIS outputs of the model were
predictive maps which assess the duration of the Dirofilaria transmission
risk period, and the efficient timing of chemoprophylaxis and scheduling of
diagnostic testing. The results of the model showed that Dirofilaria
transmission is markedly seasonal in Europe, with peaks in summer, from
June to September (Genchi et al., 2005, 2009). In particular, the model
showed

that

July

was

the

month

with

the

highest

number
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of

meteorological stations whose temperature resulted suitable for Dirofilaria
infections at least once in the 15 studied years.
The above-described Dirofilaria climate-based forecast model has been
validated through microfilariae prevalence surveys (both D. immitis and D.
repens) performed in some European zones, as Hungary (Genchi C.,
personal communication) and central Italy (Mortarino et al., 2008).
In addition, Medlock et al. (2007) analyzed climatic predictions for
extrinsic incubation of Dirofilaria in the entire United Kingdom using
national coverage of high resolution (5 km x 5 km) meteorological data,
and a GIS-based climate model. The results of their climate analysis
showed that summer temperatures in certain parts of the UK and in
particular years could already facilitate the incubation of the larvae in the
mosquito intermediate host, confirming findings from Genchi et al. (2005).
The large scale climate data for the whole Europe (Genchi et al.,
2005, 2009), as well as those at local scale, i.e. UK (Medlock et al., 2007),
Czech Republic (Svobodova and Misonova, 2005) and central Italy
(Mortarino et al., 2008), predicts that the summer temperatures (with
peaks in July) are sufficient to facilitate extrinsic incubation of Dirofilaria
even

at

high

latitudes.

It

should

be

noted

that,

while

summer

temperatures might facilitate extrinsic incubation during particularly warm
years, it is unlikely to be feasible every year (Medlock et al., 2007).
Indeed, in our model for Europe, if we consider the mean temperatures of
the 15 years rather than the single years, the number of stations suitable
for the Dirofilaria transmission decreases (e.g. in July 715 versus 1298).
However, the global warming projected by the ICCP (2007) suggests that
warm summers suitable for Dirofilaria transmission in Europe will be the
rule in the next decades and if the actual trend of temperature increase
continues, filarial infection should spread into previously infection-free
areas (Genchi et al., 2005). Nevertheless, many other factors, such as the
influence of microclimate and the unique biological habits and adaptations
of the numerous mosquito vectors on larval development, are involved in
the Dirofilaria epidemiology and can have effect of the geographical
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distribution of these parasites (McCall et al., 2008). This demonstrates
that there is a pressing need of further laboratory and field studies to
improve the currently available Dirofilaria predictive models; in addition,
the validation of these models through survey-based and GIS-derived
maps is always mandatory.
In conclusion, we believe that nowadays there are several scientific
witnesses how the application of geospatial tools can be used for the
display and sharing of data and research relevant to the management and
control of dirofilariosis and other vector-borne diseases.
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Dirofilaria immitis in Gran Canaria (Canary Islands, Spain): an
example of the epidemic evolution in last 15 years.
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Heartworm infection is a parasitic disease of worldwide distribution.
The most endemic areas are those with template, tropical and subtropical
climates in the planet, where the mosquito populations are high and
stable. Other regions with cold weather, hot summers and rivers, lakes
and wide irrigation lands are also suitable for the development of the
disease.
The prevalence of Heartworm Disease (HWD) disease has been
drastically increased in the last years in spite of the chemoprophylaxis
widely employed in some regions. HWD has been spread from tropical and
subtropical

regions

to

more

template

climate

regions.

Prevalence

broadened could be explained by the increase of animal movements, the
increase of the average daily temperature due to the climate change and
the human colonization of new habitats where climate provide adequate
temperature and humidity to support a viable mosquito population.
Probably the parasite cycle is in a process of adaptation to continental
climate, where the transmission is seasonable, mostly in the temperate
latitudes. Transmission is critically dependent on the accumulation of
sufficient heat to incubate the larvae to the infective stage in the
mosquito. Otherwise, expanding of the animal reservoir of Dirofilaria and
the increasing of human dirofilariosis are parallel.
Numerous epidemiological surveys have been completed during the
last years showing the higher prevalence in America, Africa, Polynesia,
Australia and Japan. Specifically, HWD is endemic in USA, Japan,
Australia, Southern Canada, Mexico, Caribbean, Continental Asia, South-
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America, Pacific, Western and Northern Africa. In Europe, the higher
prevalence (average 10%) of the disease is in Mediterranean countries;
however several regions have highest prevalence (over 20%) like Centre
and North of Greece, North of Italy, South of France and South of Spain.
Therefore, Spain is considered an endemic region of HWD. The most
prevalence areas in Spain are the Mediterranean coast, South Atlantic
coast, and Canary Islands.
Canary Islands are considered a HWD hyper-endemic area. The
highest prevalence of HWD in Spain (over 58%) has been reported in
Gran Canaria Island (Montoya et al., 1998). During the last 15 years a
complete investigation of the disease in Gran Canaria has been carry out.
Specifically, the epidemiological survey has included the disease in dogs,
cats and humans, related to the different geo-climatic regions of the
island.
Canary Islands are an Atlantic archipelago formed by seven habited
islands: El Hierro, La Gomera, La Palma and Tenerife (Province of Santa
Cruz de Tenerife) and Lanzarote, Fuerteventura and Gran Canaria
(Province of Las Palmas). Canary Islands are one of the “most remote
regions” of the European Union. The archipelago is located closely to the
North-Western Coast of Africa (95 km) between latitude of 27° 37' and
29° 25' N and between a longitude of 13° 20' and 18° 10' W. Therefore
the climate is oceanic-subtropical, with a similar temperature all year
round due to the effect of the sea and the trade winds. The rains are
variable during the year and, even about the geography of the island.
Different microclimate is distributed around the islands, from humid forest
in the northern face of some islands to dry dessert in the southern face of
others.
Gran Canaria island is the eastern province of the canaries. The
island (1560 km2) has a truncated cone shape and has been eroded for
centuries by water flow from the highest centred top of the island (2000
m. high). A significant change in climate, vegetation and orography is
observed by travelling a few kilometres. Due to these specific geographic
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and climatic characteristics Gran Canaria is named a “continent in
miniature”.
Four different isoclimate zones are found in Gran Canaria (Fig 1):
A)

Dry and Dessert Climate Zone (DD). Between 0 – 200 m. Sea winds

influenced the Northern face of the island with very dry summers. Average
temperature oscillations are reduced (19-23 °C). Average rainfall is bellow
200 mm/year. Intensive agriculture is located in this zone, mainly
bananas and tropical fruits. However the Southern face of the island is
more arid and average temperature oscillations are higher, most of the
agriculture is centred in the tomato and similar vegetables.
B)

Dry and Steppe Climate Zone (DS). Between 200 – 600 m. A higher

average temperature oscillation occurs (16-21 °C). The atmosphere is cool
and pleasant which is the cultivation of vines, cereals and fruits. On the
south side, the land is dry and temperatures vary more, similar to DD.
C)

Temperate climate with Warm summers and Dry Winter (TM).

Between 600 - 1500 m. Average temperature ranges from 12-16 °C, and
dry summers. In winter the weather is cold and wet, with the formation of
clouds that benefit the soil with the dew and fog. The rainfall reaches 500
to 1000 mm/year. This is the greenery zone of the island, where cereals
and potatoes are grown.
D)

Temperate

Climate

with

Cold

Winters

and

summers

with

Temperatures below 22 ° C Zone (TC). Between 1500 - 2700 m. Summers
with hot days and winters with cold nights. Typically have a dry air,
comprising the upper component of the trade winds, except during the
maritime polar air invasions. Falling snow some years and rainfall is 400
mm. There is a great temperature variation between day and night. Often
occur temperatures below 0 ° C. The annual average is 9 º C. Area is
pine, and the highest they disappear into scrub land or broom.
3500 dogs and cats have been investigated since 1994. It is
necessary to emphasize that we have found a steady decline in the
incidence of D. immitis in the island of Gran Canaria. At present the
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prevalence is below 19% with the lowest value reached for over 20 years.
(Fig. 2).
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FIG 1: Isoclimate zones in Gran Canaria
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FIG 2: Variations of the incidence of D. immitis in Gran Canaria
island (1994-2007)
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During these years of study, the most affected breed of dog is the
podenco canario. The prevalence in this breed is almost twice that the rest
of the dogs of the island.
In Gran Canaria, the podenco canario breed is used especially for
hunting. These dogs usually do not receive prophylaxis, mainly about the
conditions under which they are held (number of animals in cramped
conditions and poor food and sanitary). They also tend to live outdoors
without protection from mosquitoes, primarily in rural communities. In
these areas, the ignorance of the disease and the particular beliefs of
many hunters, these animals are not treated with any preventative and
behave on the island as a natural reservoir of the disease.
Furthermore, we have found that most affected dogs have an age
range between 3 to 7 years, decreasing the incidence from 10 years.
While in endemic areas infected dogs are one years old; we have found
the less affected in animals with an age less than 1 years old.
One of the most important factors that affect the prevalence of the
disease in Gran Canaria is the climate. We have found a higher prevalence
in the dry steppe climate (DS) and warm temperate climates (TM) zones.
In these areas, there are suitable conditions of humidity and temperature
for the development of the intermediate host. Agriculture and livestock
are very common activities in these areas, with average temperatures
around 18 º C and with many ponds and reservoirs of water ideal for
mosquito development. Also many villages with large gardens or areas of
crops, which kept many dogs without protection against the vectors and
without prophylactic treatment, are present.
Moreover, in order to check the prevalence of HWD in cats, we have
carry out a sero-epidemiological study in cats. Over 18% of cats tested
exceeded the limit of positivity established for the ELISA with peptides D.
immitis.
In humans, and according to our data, the presence of antigen D.
immitis is above 16% of the population studied.
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We are satisfied with the decline of the disease in dogs, mainly
about the emergence of new chemoprophylactics and highly effective work
of veterinarians, which promote awareness that people have about the
seriousness of the heartworm disease. Chemoprophylaxis is performed
effectiveness, mainly in urban areas. This practice is also increasingly
spreading into rural areas where the dog does not receive much care.
Although, as we have noted, large populations of hunting dogs with a high
prevalence of HWD are not in a prophylactic regime.
It is very important to note that, although the incidence of parasitic
infections in cats is important, chemoprophylaxis in cats on the island is
very low and there is little awareness of this health problem.
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Istria heartworm free: a nice challenge for scientifics but not only.

Albert Marinculić, Franjo Martinković
Faculty of Veterinary Medicine University of Zagreb

A recent increase in the occurrence of dogs with typical clinical signs
resembling heartworm infection has been reported from vets from the
peninsula of Istria in Croatia. Furthermore, continuous monitoring on the
presence of microfilariae showed a very high prevalence of positive dogs
too. This increase led to the initiation of a targeted regional multi source
financed control program entitled Istria Heartworm Free. In the first line,
the program is based on different educative activities. In order to increase
the level of knowledge of small animal practitioners on the disease,
practical workshops with the important contribution of well known
international experts were organized for almost all vets from the same
region. Four leaflet brochures with the frequently asked questions were
also printed and distributed to dog owners. Educative posters were
displayed in all veterinary clinics but also at all highly visible sites in all
Istrian communities. Considering the importance of the level of the
awareness of dog owners, educative workshops were also organized.
Among the workshop, on site diagnostics of microfilariae in blood from
dogs of attendees was also organized.
In order to define the real prevalence as to search for foci, a month
long free of charge service was offered to the vets. A total of 194 blood
samples were collected from owned dogs in this multi-centre survey
during May 2009. Blood samples were examined by modified Knott and
PCR techniques to detect circulating microfilariae and DNA, respectively.
Among the study, the prevalence of the parasite varied. Higher prevalence
was found in the northern part of the Istrian peninsula and in the
Community of Labin. Up to 52% percent of positive dogs were found in
the Community of Buzet (Northern Istria) well known for the high number
of truffle - hunting dogs. It is worth to mention that up to 20 % of truffle -
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hunting dogs harboured a very high level of microfilaremia (more than 20
000 microfilariae per ml). It is well known that a truffle-hunting dog must
have a keen sense of smell, and it must have good endurance since a real
hunt can last 5 to 6 hours. According to the results of the questionnaire
that was distributed among truffle hunters a considerable number of
answers describe the signs that resemble chronic pathway of the disease
with signs of fatigue. Sudden deaths of dogs with signs of respiratory
distress and cachexia were also reported.
Although up to now data, are only available from 8 communities (of
the total of 43 communities), the results suggest that Dirofilaria immitis
may be present over a wider area, and thus pose animal and public health
risks. This is especially recognized by local authorities who are putting
efforts in establishing interesting agrituristic tours in the internal part of
Istria.
Enforcement of control measures of mosquitoes as cofinanced
prevention programme in young dogs are under discussion.
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Plenary Session: Climatic modifications and Dirofilaria vectors.

Culicid vector characterization by means of molecular haplotyping.

Mª Dolores Bargues
Departament of Parasitology, Faculty of Pharmacy, University of Valencia.
Av. Vicente Andrés Estellés s/n, 46100 Burjassot, Valencia, Spain.

INTRODUCTION

Culicidae are insects of great public health importance due to the
various infectious agents (viruses, protozoa, helminths) they transmit. At
present, the situation is quickly changing because of climate and global
changes

(Mas-Coma

et

al.,

2008,

2009).

Warming,

man-made

modifications of the environment such as needed irrigations against the
drought, increasing international travels, import and export of animals,
and an unexpectedly high immigration rate from tropical and subtropical
latitudes (mainly Latin America and Africa, but also eastern Europe, and
less from Asia), have rised the risk of introduction of malaria (Muentener
et al., 1999) and other infectious diseases. That is why mosquitoes begin
to enter in the focus of multidisciplinary research again.
DNA methods offer today the possibility to differentiate cryptic
species and analyze species relationships in a way and up to a level which
was unaffordable at the time the greatest part of the actual basic
knowledge

on

mosquitoes

was

obtained.

Among

those

methods,

sequencing techniques of well-known DNA markers are the ones providing
more accurate data. Today, DNA sequence markers are providing
excellent molecular tools to go deep in the studies of culicid vectors. The
utility of nuclear ribosomal DNA (rDNA) for such studies is generally
accepted. This molecule consists of rapidly evolving segments (divergent
or

variable

domains) interspersed among extraordinarily conserved

segments. These conserved regions yield phylogenetic information at
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several higher taxonomic levels, and can also be used to target and to
establish the homologies of divergent domains, although the taxonomic
level at which divergent domains are useful as sources of phylogenetic
information differs widely amongst different organisms (Bargues and MasComa, 1997).
The nuclear rRNA genes are arranged in tandemly repeated arrays
with each unit containing genes for conserved (18S, 5.8S, and 28S) and
variable regions (spacers) (Beckingham, 1982; Hillis and Dixon, 1991).
Because of their ubiquity in all cell types and their functional and
structural constancy, sequence analyses from the 18S gene are commonly
used (Hillis and Dixon, 1991; Olsen and Woese ,1993). Nuclear rDNA has
been shown to be a valuable target to design probes or define markers for
systematic and phylogenetic studies. Similarity of sequence and secondary
structure in various portions of this transcript have been used to
determine evolutionary affiliations among a wide array of taxa. Different
portions within rDNA sequences can be used to infer different levels of
phylogenetic relationships. Concerted evolution of rDNA within species has
resulted in the use of the faster evolving rDNA sequence regions as
diagnostic markers for differentiating species.
The 18S possesses enough character information to allow evaluation
from relatively to very ancient relationships as those of distantly related
organisms (>100 million years ago). Differences in nucleotide sequences
in the two internal transcribed spacers (the ITS-1 located between the
18S and 5.8S ribosomal genes, and the ITS-2 between the 5.8S and 28S
ribosomal genes) are useful for resolving affiliations of closely related taxa
that have diverged relatively recently (<50 million years ago) (Bargues et
al., 2000; Mas-Coma and Bargues, 2009). ITS sequences have largely
proved their usefulness as excellent markers for species distinction and
hybridization experiences (the best molecular tools known for these
purposes) in all groups of organisms in which they have been studied
(Mas-Coma, 1999). All this suggests the appropriateness of applying rDNA
internal transcribed spacers for mosquito classification and haplotype
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characterization. Moreover, the sequencing of only one of the two spacers
is sufficient, due to the apparent coevolution of the spacers (Mas-Coma
and Bargues, 2009).

NUCLEAR rDNA 18S GENE AND ITS-2 AS MOLECULAR MARKERS
FOR CULICIDS

The 18S gene has proven to be informative for analyses of distantly
related organisms because it is relatively long (usually about 1800-2000
nucleotides) and highly conserved, although the taxonomic level for which
it is useful differs widely amongst different organisms (Bargues and MasComa, 1997; Mangold et al., 1998). Surprisingly, despite the usefulness of
this gene in the systematics and phylogeny of insects in general (Brower
and DeSalle, 1994; Caterino et al., 2000), 18S rDNA sequence studies on
Culicidae are only a few taking into account the very large number of
species known in that nematoceran family (Baldridge and Fallon, 1991;
Brown and Knudson, 1997; Miller et al., 1997; Beebe et al., 2000a, b;
Cooper et al., 2000; Sallum et al., 2002; Marshall et al., 2005). Recent
studies on the primary and secondary structures of the 18S rRNA gene in
Culicidae mosquitoes, including both Culicinae and Anophelinae, have
shown that the 18S rDNA sequence may become an excellent marker for
mosquito species comparisons (Beebe et al., 2000a, b; Bargues et al.,
2006a, c, d).
The complete 18S rDNA sequences of four Anopheles species,
Anopheles atroparvus, An. plumbeus, An. cinereus hispaniola and An.
algeriensis and three Aedini species, Aedes (Aedimorphus) vexans,
Fredwardsius

vittatus

y

Ochlerotatus

(Ochlerotatus)

caspius,

were

obtained by Bargues et al. (2006a, c). Mosquito materials were collected
in an innland area besides Portugal and in a coastal Mediterranean area of
Spain. Their complete rDNA ITS-2 sequences were additionally obtained
for classification verification purposes.
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The number of nucleotide differences in the 18S rDNA of these four
Anopheles species is very high when compared to differences in the same
gene of other invertebrate vectors. In Anopheles, shorter 18S rDNA
sequences are richer in AT than the longer ones, which are richer in GC
and include extremely GC biased expanded regions. Three small regions in
the variable regions V4 and V7 concentrate the majority of nucleotide
differences. The other nucleotide differences appear scattered and
distributed throughout the rest of the whole 18S sequence. These results
do not support the use of partial sequences for anopheline relationship
analyses. Results on genetic distances and phylogenetic analyses fully
support the supraspecific arrangements included in the most recent
classification of Anopheles. When comparing both gene and spacer, the
complete 18S rDNA sequence shows to be a good candidate for the
reconstruction of anopheline phylogenetics and to help systematics and
taxonomy towards an evolutionary classification of this genus of high
medical interest. Although the An. gambiae genome sequence had been
published already a few years ago (Holt et al., 2002; Monguin et al.,
2004), the complete sequence of this very useful rDNA marker was not
available in the GenBank and was recently obtained by Bargues et al.,
2006d) as well as two different ITS-2 sequences (haplotypes H1 and H2)
from pyrethroid susceptible and resistant strains of Anopheles (Cellia)
gambiae of the Mopti cytotype from Côte d’Ivoire, Africa.
Concerning Aedini, the high number of informative nucleotide
differences

furnished

very

high

puzzle

and

bootstrap

values

in

phylogenetic trees. Results fully support the erections of Ochlerotatus and
Stegomyia at genus level, and the inclusion of the species aegypti and
albopictus in Stegomyia. However, the systematic classification of vittatus
in Fredwardsius, and those of caspius and punctor in the subgenus
Ochlerotatus do not appear to be correctly solved (Bargues et al., 2006c).
Complete sequences of the 18S rRNA gene become the best
candidate for the reconstruction of Culicidae phylogenetics and help
systematics and taxonomy. Although the variable region V4 concentrating
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a high number of nucleotide differences is included in this partial
sequence, two other highly informative variable regions as V7 and V8 as
well as many potentially informative differences scattered throughout the
rest of the complete 18S sequence are not taken into account when only
using this partial sequence (Bargues et al., 2006a, c).
In mosquitoes, there is also a broad literature about spacer
sequencing. Results obtained up to the present indicate that the ITS-2
sequence is very conserved within a culicid species and, therefore, it
constitutes the most appropriate marker because of the high interspecific
and very low intraspecific variabilities it presents. In mosquitoes, the ITS2 has been widely used for species differentiation and has been proven to
be very useful for the differentiation of cryptic and sibling species
(Marinucci et al., 1999; Proft et al., 1999; Linton et al., 2002; Nicolescu et
al., 2004; Bargues et al., 2006b, d).
The large experience already available on the usefulness of ITS
sequences as excellent markers for species distinction and hybridisation
studies, have led scientists to usually consider both, but mainly the ITS-2,
as the best tools for systematic analyses of the lower level taxons of
species and subspecies. The rDNA ITS-2 sequence is very efficient for
mosquito classification.

HAPLOTYPE CHARACTERIZATION OF CULICIDS
FROM A DIROFILARIOSIS ENDEMIC AREA IN SPAIN

Dirofilaria immitis is the agent of cardiopulmonary dirofilariasis in
dogs and cats and pulmonary dirofilariasis in humans, in tropical and
temperate zones throughout the world. Different culicid species act as
vectors for this parasitosis. An entomological and molecular study was
made in an endemic area of D. immitis in western Spain where canine and
human infections have been observed previously (Bargues et al., 2006b).
Specimens

of

Culex

pipiens

(most

abundant

species),

Anopheles
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maculipenis, Aedes vexans, Ae. plumbeus, Ae. berlandi, Ae. vitatus
(observed for the first time in this area) and Ae. caspius were captured.
The sequences of the18S gene and the ITS-1-5.8S-ITS-2 rDNA were
obtained for mosquito classification and haplotype characterization. The
phylogenetic

relationships

were

inferred

by

maximum-parsimony,

neighbour-joining and maximum-likelihood analyses.
Two different haplotypes of Cx. pipiens, H1 and H2, were detected in
Salamanca (western Spain). They differed in only four insertions/deletions
(indels) (one indel and one trinucleotide microsatellite CGT). Their ITS-2
length and guanine–cytosine (GC) content were 334 and 336 bp and
57.79 and 57.74% for Cx. pipiens haplotypes H1 and H2, respectively. To
classify the mosquito specimens at the subspecies level, a large
comparison

was

made

with

all

most

similar

ITS-2

sequences

of

mosquitoes available in the GenBank. Haplotype characterization and
sequence comparison made by Bargues et al. (2006b) indicate that
haplotype H1 may be genetically ascribed to Cx. pipiens pipiens and that
haplotype H2 may be catalogued as an intermediate form or hybrid.
The sequence of Ae. vexans was 251 bp long and presented a GC
content of 52.19%. This sequence was compared to those of Ae. vexans
M95132 from Germany (259 bp long, 53.67% GC) and AF298626 from
China (249 bp long, 52.65% GC). Ae. vexans is a very widely distributed
species, hence the closer relatedness of the Salamanca populations to the
species in China than to those in Germany should not be a surprising fact.
The sequences of F. vittatus and O. caspius from Spain are 267 and
238 bp long and contain a 57.68 and 48.73% GC content, respectively.
These ITS-2 sequences were new, and consequently no comparison with
other sequences of the same species was possible.
The sequence of the specimens of An. maculipennis sensu lato from
Salamanca proved to be base-to-base identical to the ITS-2 sequences of
An. atroparvus found in the GenBank. The total lack of nucleotide
differences in the ITS-2 sequence of An. maculipennis sensu lato
mosquitoes from Salamanca and An. atroparvus from Spain (Catalonia),
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Portugal, Italy, The Netherlands, and Romania (Marinucci et al., 1999;
Proft et al., 1999; Linton et al., 2002; Nicolescu et al., 2004) proves that
both belong to the same species. This mosquito species is apparently very
homogeneous throughout Europe, which agrees with the ITS-2 sequence
uniformity (i.e., no intraspecific variability) recently verified in other
species of the Maculipennis subgroup (Di Luca et al., 2004).
The ITS-2 of An. plumbeus was also compared with sequences of
other anopheline species deposited in the GenBank. Worth mentioning is
the relatively low genetic distance of An. plumbeus from Salamanca with
An. claviger from different European countries and Israel (Kampen et al.,
2003). This species and its sibling species An. petragnani, both belonging
to the Claviger complex of the subgenus Anopheles, are present in the
Salamanca province as well.
In the entomological study performed by Morchon et al. (2007) in
Salamanca province, seven hundred and twenty five female culicid
mosquitoes were captured. Two Cx. pipiens showed positive reaction to D.
immitis DNA, both specimens belonging to the H1 haplotype. It was the
first time that a culicid species was incriminated in the transmission of D.
immitis in Spain and its haplotype identified. Because of the anthropophilic
behaviour of this species, its capture was made with human bait as
attractant. This fact allowed Bargues et al. (2006b) and Morchon et al.
(2007) to speculate about the possibility of Cx. pipiens being involved in
the transmission of human dirofilariosis in this endemic area of Salamanca
where clinical cases and asymptomatic infections have been previously
detected (Simón et al., 2005). The prevalence of D. immitis observed by
Morchon et al. (2007) in this mosquito species (0.3%) is in accordance
with the data obtained by other authors in different parts of the world.
Prevalences between 0.05% and 8.6% have been quoted in different
mosquito species (Suenaga and Itoh, 1973; Johnson and Harrel, 1986;
Konishi, 1989; Cancrini et al., 2003).
This opens new perspectives for future studies related to the control
and specificity of parasite/vector relationships. Future studies including
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more infected specimens will be very useful to determine which one of the
haplotypes described for Cx. pipiens is involved in the dirofilariosis
transmission in Spain or in other endemic areas. Results obtained by
Morchon et al. (2007) allow suggesting that the haplotype H1 of Cx.
pipiens

can

support

the

development

of

the

parasite

to

the

preinfective/infective stage and thus could act as vector of D. immitis in
the endemic area of Salamanca.
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Introduction
The effects of global warming, i.e. the average increase in the
temperature of the atmosphere near the Earth’s surface and in the
troposphere, have long been a focus of climatologist attention. In fact, its
potential consequences include a rise in ocean levels, parching of the land
and changes of storm, flood and drought patterns. Biologists are adding
further dimensions of the problem and other potentially disastrous effect:
its potential impact on desertification, and animal migration to cold areas
[16]. Arthropods are included among these probably migrating animals,
and it is of concern. In fact, considering that many of them are of sanitary
interest as carrier/biological vector of etiological agents of disease, an
emergence or re-emergence and a spread of the arthropod-borne diseases
seems likely. So, the epidemiology of many viral and bacterial diseases,
but also of malaria, babesioses, trypanosomoses, leishmanioses and
filarioses may be influenced by the increase of the temperature. In
Europe, Italy included, several such events have been already experienced
[17], and notwithstanding the current global warming estimated by the
Intergovernmental Panel on Climate Change is only 0.8°C above preindustrial levels [12].
As

to

dirofilariosis,

predicting

parasite

occurrence/seasonality

models indicate a large possibility of heartworm transmission in northern
Europe [15], and recent epidemiological studies have confirmed the
spreading of the infection from the Mediterranean countries toward the
northern and eastern ones [10, 18]. It is not surprising, due to the fact
that heat may influence the life cycle of both the parasite and the vector.
The parasite (the main species involved are Dirofilaria immitis and D.
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repens) cycle is advantaged by temperature in many passages, starting
from the vector infection. In fact, the proven direct relationship between
temperature and presence in the peripheral blood of a more or less
abundant number of microfilariae allows or hampers the mosquito
infection

[3].

Indeed,

temperature

lasts

the

period

of

possible

transmission, and probably allows the infection of vector species that
developed very efficient defensive mechanisms. Then, it continues to be
favourable to the parasite also during its development in the mosquito:
there is a threshold of 14-15°C below which development of ingested
microfilariae will not proceed; then, at temperatures from 18 to 30°C, the
parasite take from 29 to 8-9 days to develop to infective L3 larvae [19, 9,
4].
As far

the

mosquitoes, nearly 70

species belonging to

the

Anopheles, Aedes and Culex genera are suspected/proven vector [5, 6,
14]; two of them seem of particular interest: Culex pipiens and Aedes
albopictus. In fact, these mosquito species yield abundant populations, are
efficient vector, have a host-feeding pattern that includes humans, and
therefore are of particular concern for both animal and public health.
Moreover, their blood-feeding habit (nocturnal and diurnal, respectively)
assures the transmission of the dirofilarial worms all day round.
Mosquitoes, like all poichilothermes organisms, are susceptible to
the variations of the external temperature that influence their body
temperature. But, how could the temperature interfere on abundance and
diffusion of the dirofilarial natural vectors? We can try to summarize the
issue and, considering that the effects on the life cycle of most mosquito
species are the same, we will report some details regarding the most
important ones: the aforementioned C. pipiens and Ae. albopictus.

Abundance
The abundance of the adult mosquito population depends on many
factors: the length of the activity period (it is correlated to the
photoperiod but also strongly influenced by the temperature); the number
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of ovipositions/season (depending on available sites in running-, stillwater and also underground habitats as wells and cisterns); longevity and
fecundity of the adults; population growth; available blood sources. Early
larval stages, although do not themselves transmit disease, play a major
role in determining the form which diseases assume, due to the many
factors that affect the size of the future adult populations: the egg/larval
diapause (effect of the latitude, but also of the temperature); the time
and rate of egg hatching; the larval and pupal developing times; the
aquatic stages survival rates; the time from L1 to the emergence of the
adult.
Concerning Ae. albopictus, annual rainfall of 50cm is sufficient to
provide the mosquito with a variety of breeding habitats. It occupies
niches in almost any conceivable container in which rain water or water
for storage purposes can be found. In experimental conditions it has been
shown that, as expected, the adult survival, at a constant 70-90% RH, is
inversely correlated to the temperature. As a whole, adult female life
expectancies are longer than males and can reach 78 days; the highest
mean survival rate is observed at 15°C (females 39 days, males 31 days)
and the lowest at 35°C (20 and 15 days, respectively). The body size of
the female correlates inversely with the rearing temperature and
positively with the number of mature oocytes [2]. The most suitable for
the development temperatures are 25-30°C, which are optimal also for
the greatest intrinsic rate of population increase (0.140-0.155), whereas
at 35°C this value is negative, suggesting a population decline if this
temperature become constant [8]. Ae. albopictus is an opportunistic
feeder, preying a variety of hosts, dogs and humans included, therefore it
has a lot of easily available source of blood. The utilization of the blood
meal protein for oogenesis ranges between 35 and 50% and decreases
when temperature get higher [2], while the mean number of eggs
laid/female increases.
As to the aquatic stages, egg hatching has been obtained even at
temperature of 5°C, so confirming that Ae. albopictus is more cold
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tolerant than other species [7]. The highest rate of egg hatching (67%) is
obtained at 20°C, and in the shortest time (3 days). A 76-77% of the
new-borne larvae become adult at 20-25°C (in14-10 days), a 67% of
them at 30°C (in 8 days), but only 2.5% of the L1 reach the adult stages
at 35°C (in 12 days) [8].
So, temperature influences the length of the pre-imaginal cycle and
the abundance of the next generation: its increase up to 30°C shortenings
the developing time but reduces the swarming adult number. Then, mildwarm temperatures promote adult activity and fecundity: at 25-30°C a
female takes up 8 blood meals and lays 800-1,600 eggs, resistant for
more than a year to desiccation and cold, which in temperate areas
overwinter as diapausing embryos [11]. Therefore the warming supports a
lasting

of

the

adult

activity,

induces

higher

number

of

aquatic

cycles/month, each characterized by a little adult population, short living
but more fecund. However, being adult survival advantaged by low
temperature, females could move to less warm climate, expanding the
range of the population.
Regarding C. pipiens, in temperate areas it occurs in 2 behavioural
forms. The true “pipiens” form is primarily a bird feeder and the
“molestus” form is autogenous for its first batch of eggs but reverts to
blood feeding to produce additional egg batches. The “molestus” form
readily accepts blood from mammalian hosts, including humans. C.
pipiens is common in urban settings and can usually be found in
significant numbers in a variety of habitats where stagnant water collects.
The mosquito population becomes particularly abundant in areas where
raw sewage leaks into subterranean drainage systems. In general, high
temperature affects copulation or insemination of females (it is markedly
reduced at 30°C) and longevity of adults. During the winter, inseminated
females enter facultative reproductive diapause (induced mainly by
shortened

photoperiod

with

an

adjuvant

effect

of

the

lowered

temperature) and move their resting location to remain in a humid
atmosphere [13]. The activity doesn’t cease for populations that breed
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underground, in places warmed during the winter. When females emerge
from hibernation, fed and begin depositing egg (up to 200) rafts in ground
water mildly-grossly polluted, but also in artificial containers including tin
cans, tires and any refuse that allows stagnant water to puddle.
Populations of this mosquito usually peak during August but breeding
continues into following months, depending on the temperature.
As far the aquatic stages, egg hatching is very low at 30°C, but high
at 25°C. Pupation and emergence success is high (85-90%) when the
temperature ranges from 25° to 30°C. In these conditions the cycle from
egg to adult takes 10 days. Lower temperatures induce increasing
mortality and lasting of developmental time of pre-imaginal stages. In
January, in natural conditions, the cycle from egg to adult takes 48 days.
Habitats suitable and blood sources (dogs and humans included) for
the adults are abundant and in expansion with the urbanisation; low
temperature advantages adult survival and doesn’t represent an obstacle
for the continuity of the life cycle of the mosquito, whereas mild-warm
temperatures enhance adult activity and fecundity. Therefore, warming
could promote the abundance of the mosquito populations and the
migration to new habitats. Moreover, due to fact that C. pipiens prefers
larger breeding waters than Ae. albopictus, there is probably not any
significant competition/suppression between the two urban species.

Dispersal and spreading
Emerged adults take sugar meals and accumulate glycogen, which is
partly devoted to the production of energy for flight and disperse from the
breeding site. Dispersal seems seldom to be random; in general,
mosquitoes show a tendency to fly up-wind in gentle air currents (passive
migration), probably in response to visual stimuli. Very extensive windassisted flights sometimes occur (40Km or more), so that exodus from the
vicinity of the breeding sites is a true migration, often followed by the
mating. This non-oriented dispersal behaviour enhances the likelihood of
the female coming into contact with stimuli derived from a potential host.

102

Culex species that usually breed and rest close to its urban habitat have a
restricted fly range: less than 500m. The same species in open breeding
sites can fly long distances: more than 3km [1]. Passive migration
happens only a short time after emergence, and can be followed by an
active dispersal (appetitive flight): a flight against the wind, whose
character depends on features of the terrain, vegetation, and humidity,
towards

chemical

and

physical

attractive

stimuli,

such

as

CO2,

temperature and humidity gradients, to find a host. It has been observed
that mosquitoes infected by D. immitis (which doesn’t develop in thoracic
muscles) greatly increase the flight activity: a greater number of flights of
shorter duration take place at 8th day post infection, marked in
mosquitoes with a heavier parasite burden. So, increased flight activity
could increase the vector chance of encountering a host and improve the
chance of the parasite to be transmitted [1].
Indeed, mosquitoes can actively disperse to find new reproduction
sites, to find a host and take a blood meal, but probably also to simply
find climatic conditions more suitable for their survival. That means
expansion of the territories occupied toward not-colonised areas: corner
higher or, in general, to date too cold to be used, but probably converted
to suitable due to the global warming.
Beside this active migration, mosquitoes are passively transported
through aircraft, on ships, boats, personal vehicles, delivery trucks, and
trains. Species (like C. pipiens molestus) that colonize closed underground
habitats make difficult to be given a lift by a vehicle, and also species
having daily rhythms of flight activity further restricts the spreading
capacities. However, also if this pathway seems to face much constraint,
C. pipiens arrived in Russia and in Australia. As for Ae. albopictus, native
to the tropical and subtropical areas of south-eastern Asia, its spreading
seems have been easier. Eggs laid in a variety of rainwater filled
containers such as used tyres, lucky bamboo and cut flowers, can remain
viable for a year or more. When such containers are shipped and rehydrated, the eggs can hatch within hours and in a few days adult
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mosquitoes emerge and disperse. In the past 20 years this species has
spread

to

Europe,

Americas,

Caribbean,

Africa

and

Middle

East.

Temperature and rainfall are the main factors affecting the range
extension of this mosquito, and where it has spread north of 30° latitude,
it is seasonally affected by length of day light larval developing times. A
0°C-January isotherm and a 20°C-July isotherm delineates the main areas
at risk for supporting established populations.
In conclusion, the global warming is expected to intensify the
dirofilariosis transmission among animals, and by animals to humans, due
to the increase of the vector size population and to the mosquito activity
all year round. Moreover, it is supposed to induce the migration of the
mosquito vectors from temperate regions (turned out to be too warm) in
areas so far too cold to be colonized. Here, the predicted increase of the
temperature will allow the stable colonization of the newly arrived
mosquito that, supported by the faster and greater movement of infected
(and progressively more infectious) animals, may start parasitic cycles
similar to that now existing in temperate climates: active during the late
spring and summer. Therefore, control programs are needed to stop the
anthropogenic climate changes and their consequences, the spread of
Dirofilaria infection included. The most important for a successful control
are

the

preventive

treatments

against

the

source

of

infection

(microfilaremic animals) and the vector populations, and even more that
against the increasing and unruly urbanization of the environment.
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Heartworm infection (Dirofilariasis) is a serious and potentially fatal
disease in dogs and cats, caused by the adult life cycle stage of Dirofilaria
immitis 1.
The parasite is found in tropical and temperate regions of the world,
with the highest known prevalence in the United States, South America,
Japan, Australia and Italy2-4. Adult heartworms live primarily in the
pulmonary arteries of infected dogs and cats, but seldom are found in the
right cardiac chambers and large adjacent vessels (cranial and caudal
vena cava). Ectopic localizations (i.e. brain, eyes, and aorta) can rarely
occur5,6. Lesion of the surface of pulmonary arteries are the first step in
the pathogenesis of the disease .Few days after heartworms reach caudal
pulmonary

arteries,

endothelial

cells

become

swollen

with

wide

intercellular junctions and disoriented longitudinal axes, as response to
the trauma.
Activates neutrophiles adhere to the endothelium surface and enter
the space between endothelial cells. Furthermore as linear areas of
subendothelium are exposed platelet adhesion and activation is greatly
stimulated.
Damaged arterial surface allows albumin, plasma fluid and blood
cells to reach the perivascular space. After the endothelial changes, the
intima thickens with fluid, leukocytes invade the wall and smooth muscles
cells multiply within tunica media and migrate toward the endovascular
surface

as

response

to

growth

factor

released

by

platelets.

The

multiplication and migration of smooth muscle cells cause the presence,
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on the internal arterial surface, of villi which are made by smooth muscle
cells and collagen and covered by endothelial like-cells7,8.
The arterial surface of heavily infected dogs and cats appear rough
and velvety (FIG. 1), and both the lumen and the compliance of the
pulmonary arteries are reduced. Lung disease occurs secondary to
vascular changes. Fluid and protein leaking through the vessel wall of
affected arteries produce oedema in the parenchyma. Spontaneous death
of some worms can produce thromboembolism and severe inflammatory
reactions. The reduction of compliance and gauge of pulmonary arteries
that can be also occluded by either thromboembolism or severe villous
proliferation, results in a hypertensive pulmonary state and, as a
consequence, in an increased after load for the right ventricle which can
induce “cor pulmonare” and right cardiac congestive heart failure in dogs.
Potein and fluid leaking through the vessel wall of affected arteries
produce further more oedema and inflammation in the parenchyma.
In cats changes in pulmonary arteries and lungs after infection
seem to be similar but right cardiac chambers well bear pulmonary
hypertension and right cardiac heart failure is an unusual finding

9,10

.

Despite the name suggests a primitive cardiac involvement as the
main localization of worms and the first damages are in pulmonary
arteries, heartworm disease in dogs should be considered a pulmonary
disease that in the last stage may involve right cardiac chambers.
The clinical evolution of heartworm disease in dogs is usually
chronic. Most infected dogs do not shows any symptoms of the disease for
a long time (months or years, depending on worm burden, individual
reactivity and exercise, as arterial damages are more severe in dogs with
intensive exercise than in dogs at rest). Signs of the disease develops
gradually and may begin with a chronic cough. Coughing may be followed
by dyspnoea, from moderate to severe, weakness, and sometimes
lipotimias after exercise or excitement. At this time abnormal pulmonary
sounds (crackles) over the caudal lung lobes and second heart sound
splitting can be often heard.
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Later, when right cardiac congestive failure is developing, swelling of
the abdomen and sometimes legs from fluid accumulation, anorexia,
weight loss, dehidratation, are usually noted. At this stage cardiac
murmur over the right side of the thorax due to tricuspid valve
insufficiency and abnormal cardiac rhythm due to atrial fibrillation are
common findings. Sudden death rarely occurs and usually it happens
following respiratory distress or cachexia.
In

the

chronic

pathway

of

the

disease

sometimes

acute

symptomatology may occur. After severe spontaneous thromboembolism
following the natural death of many heartworms, dogs may show acute
life treating dyspnoea and haemoptysis. In small sized dogs is furthermore
a common event the displacement of adult worms from pulmonary
arteries to right cardiac chambers due to pulmonary hypertension and
sudden fall in right cardiac output. In this case dogs affected shows he so
called “Caval Syndrome” (FIG. 2) Dyspnoea, tricuspidal cardiac murmur
and emoglobinuria (due to mechanical hemolis in right cardiac chambers)
are the most typical signs and fatal outcome is usual 11,12.
Adulticide Therapy. Melarsomine Dihydrochloride is the only livensed
adulcide drug in dogs. Melarsomine is administered via deep intramuscular
injection into the epaxial lumbar muscles. Mild swelling and some
soreness at the injection site may be present for a few days, but this can
be minimized by ensuring that the injection is deposited deeply with a
needle of appropriate length and gauge for the size of dog and body
condition.

Strictly

adhering

to

the

manufacturer's

instructions

will

minimize local reactions. Also, if adulticide treatment is elected for
clinically ill dogs, an attempt should be made to stabilize the patient's
clinical signs with medical support before proceeding with treatment.
Exercise restriction during the recovery period is essential for minimizing
cardiopulmonary

complications.

Adhering

to

the

manufacturer's

instructions and classifying the stage of disease will reduce the risk of
pulmonary

thromboembolism.

The

administration

protocol

of

two

injections separated by a 24-hour interval is recommended by the
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manufacturer for dogs at low risk of thromboembolic complications but not
adivised by a large numberov veterinarians. We advise in every dog

a

gradual, two-stage elimination of worms is possible using a three-injection
treatment protocol of one dose initially, followed in four to six weeks with
a two-dose treatment By initially killing fewer worms and completing the
treatment in two stages, the cumulative impact of worm emboli on
severely diseased pulmonary arteries and lungs can be reduced. Exercise
restriction should be enforced from the time of diagnosis through the
period of treatment. Milbemycin and parenteral moxidectin may cause a
rapid decrease in microfilariae numbers and should be used with caution.
Antigen testing should be conducted six or more months post-treatment
as part of the adulticide protocol.
Long

term

Ivermectin

administration.

Continuous

monthly

administration of prophylactic doses of ivermectin, alone or in combination
with pyrantel pamoate, is highly effective against late precardiac larvae
and

young

(<7

month="month"

post-infection)

adult

heartworms.

Comparable adulticide capability of the other macrocyclic lactones has not
been reported. The adulticide effect of ivermectin generally requires more
than

2

years

of

continuous

monthly

administrations

and

before

heartworms are eliminate completely. The older the worms when first
exposed to ivermectin, the slower they are to die In the meantime, the
infection persists and continues to cause disease. Therefore, long-term
continuous administration of ivermectin generally is notabsolautely

a

substitute for conventional arsenical adulticide treatment and is not
advised in symptomatic and or active dogs.
Pulmonary Thromboembolism. Pulmonary thromboembolism is an
inevitable consequence of successful adulticide therapy and may be severe
if infection is heavy and pulmonary arterial disease is extensive. If signs of
embolism develop, they are usually evident within 7 to 10 days but
occasionally as late as four weeks, after completion of adulticide
administration. Mild embolism may be inapparent clinically. A pivotal
factor in reducing the risk of thromboembolic complications is exercise
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restriction during the critical month following treatment. Administration of
diminishing anti-inflammatory doses of glucocorticosteroids may help
control clinical signs of pulmonary thromboembolism, but studies to
evaluate the effects of glucocorticoids on the efficacy of melarsomine have
not been reported.The empirical use of aspirin for its antithrombotic effect
or to reduce pulmonary arteritis is not recommended for heartworminfected dogs. Evidence of clinical benefit is lacking, and there is some
research suggesting that aspirin may be contraindicated.
Surgical Extraction of Adult Heartworms (Caval Syndrome and Pulmonary
Arterial Infections). Surgical removal of worms from the right atrium and
orifice of the tricuspid valve can be accomplished using local anesthesia
and either a rigid or flexible alligator forceps or an intravascular retrieval
snare introduced preferentially via the right external jugular vein. With
fluoroscopic guidance if available, the instrument should continue to be
passed until worms can no longer be retrieved. Immediately following a
successful operation, the murmur should soften or disappear, and within
12 - 24 hours hemoglobinuria should disappear. Fluid therapy may be
necessary in critically ill, hypovolemic dogs to restore hemodynamic and
renal function. The main pulmonary artery and lobar branches can be
furthermore accessed with Flexible alligator forceps, aided by fluoroscopic
guidance. Intraoperative mortality with this technique is very low. Overall
survival and rate of recovery by dogs at high risk of pulmonary
thromboembolism is improved significantly by physically removing as
many worms as possible. When the facilities are available, worm
extraction is the procedure of choice for the most heavily infected and
high risk dogs. However, before electing this method of treatment,
echocardiographic visualization of the right heart and pulmonary arteries
should be performed to determine that a sufficient number of worms are
in accessible locations.
Further Considerations For Adulticide Therapy for the future. Most
filarial nematodes, including D. immitis, harbor obligate, intracellular,
gram-negative bacteria belonging to the genus Wolbachia (Rickettsiales).
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In infections with other filarial parasites, treatment with tetracyclines
during the first month of infection was lethal to some Wolbachia-harboring
filariae, but not to a filariae that did not harbor Wolbachia, and treatment
of

Wolbachia-harboring

filariae

suppressed

microfilaremia.

Similar

prophylaxis studies with D. immitis have not been reported tetracycline
treatment of heartworm-infected dogs causes infertility in the female
worms. These bacteria also have been implicated in the pathogenesis of
filarial diseases, possibly through their endotoxins. It is hypothesized that
Wolbachia contribute to pulmonary and renal inflammation, but tudies to
determine

the

effects

of

suppressing

Wolbachia

populations

with

doxycyline prior to adulticide therapy will be required to determine the
clinical utility of this therapeutic approach before using it routinely.
Cats are susceptible hosts they are more resistant to infection than
dogs with a lower incidence of the disease and a lower worm burden
although much heavier infection may seldom occur usually one or two
worms are present. Clinical importance of heartworm infection is however
amplified in cats. Because of the relative small body size and the partially
adapted relationship host-parasite they have to be considered heavily
infected in term of parasite biomass and prognosis, in case of infection,
has always to be considered guarded. There are significant differences
between feline heartworm disease and it’s classical canine counterpart.
Clinical signs usually develop during two stages of the parasite life cycle.
The first coincides with the arrival of immature adult (fifth stage) worms in
the pulmonary arteries four to six months post infection. The latter with
the death of the adult worms usually two or three years after the infection
has been established. Clinical feature are generally referable to the
cardiopulmonary, gastrointestinal or nervous system and are typically
acute and elusive

13,14

.

Despite few cats may exhibit chronic signs in most cases symptoms
arise suddenly and death can occur so rapidly as to preclude diagnosis or
treatment (Fig 3). Most cats seem to well bear the infection for long time.
These cats may have a spontaneous self-cure due to the natural death of
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parasites without any kind of symptomatology or suddenly may shows
dramatic acute symptoms. Respiratory signs as coughing, dyspnoea,
haemoptysis are usually seen but also vomiting frequently occur. Sudden
death in apparently healthy cats is furthermore a not rare evenience15.
Chronic symptomatologies including coughing, vomiting, diarrhoea, weight
loss can be less frequently observed. On the contrary than in dogs,
symptomatology related to right ventricular heart failure is not considered
consistent with heartworm infection in cats.
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FIG. 1 Pulmonary endoarteritis in a naturally infected

10 year old dog,

that died following right cardiac congestive failure

FIG. 2 Echocardiogram , right parasternal long -axis view , of a dog with
Caval Syndrome.
The heartworms are visualized in the right cradica chambers.
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Plenary Session: Pathogenesis of Dirofilaria infections.

Pathogenesis of Dirofilaria spp. infections.

Laura H. Kramer.
Dipt. Salute Animale, Facoltà di Medicina Veterinaria, Università di Parma,
Italy.

The pathophysiological response to heartworm infection is mainly
due to the presence of adult worms of D. immitis in the pulmonary
arteries. The primary lesions in this disease occur in the pulmonary
arteries and lung parenchyma. They are mostly attributable to the
intravascular adult parasites; they cause pulmonary hypertension, that if
not treated progresses inevitably to congestive heart failure. Other
syndromes are related to the disturbance of blood flow due to the location
of heartworms in the right atrium at the level of the tricuspidal valve. This
event

causes

massive

haemolysis

and

related

haemoglobinuria,

responsible for the vena caval syndrome (Ishihara et al., 1978; Kitagawa
et al., 1987). Microfilariae appear to play a relatively minor pathogenic
role

but

may

glomerulonephritis.

cause

clinically

Some

individuals

significant

pneumonitis

develop

hypersensitivity

a

and
to

microfilariae, which then disappear from the blood. Occasionally, aberrant
migration results in parasites becoming trapped in ectopic locations, such
as the anterior chamber of the eye or systemic arteries (Slonka et al,
1977). Data regarding immunopathogenesis and in particular the role of
cytokines, pro-inflammatory mediators, as well as cellular components of
the immune system, in the development of heartworm-related lesions has
been recently reviewed (Grandi et al., 2005). Although the spectrum of
pathologies related to chronic heartworm disease is broad, the most
important clinical manifestation in dogs is congestive heart failure (cor
pulmonale).
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Heartworms are, despite what their physical presence could suggest,
primary agents of vascular disease, rather than simply the cause of
obstruction and/or blood flow disturbances. Intimal proliferation occurs in
arteries occupied by living worms and embolic worm fragments trigger
thrombosis, both of which may completely obstruct segments of the
pulmonary

arteries.

These

effects,

both

leading

to

pulmonary

hypertension, are strongly correlated to worm burden, which in turn is
related to the degree of their distribution through lung parenchyma
(Knight, 1987).
The juvenile heartworms are only about 2.5 cm long when they
reach the systemic venous circulation. They passively embolize the
pulmonary arteries and are disbursed in proportion to the lobar blood
flow. Generally, the larger and more readily accessible right caudal lobar
artery accumulates more worms than the left (Atwell and Rezakhani,
1986). Contact between the parasite and the intima of the pulmonary
arteries is an important, if not essential, initial step in the development of
the endovascular lesions. The earliest lesions are limited to the small
peripheral branches where the worms first come to rest. As the parasite
grows, lesions occur in more proximal segments. Intimal thickening and
narrowing of the vessel lumen in small peripheral branches of the
pulmonary arteries are the major cause of obstructed blood flow and
pulmonary hypertension. The intimal proliferation is caused by migration
of medial smooth muscle cells through the internal elastic laminae
(Munnel et al, 1980).
The pathogenesis of the arteritis caused by heartworms remains a
matter of speculation. Disruption of the endothelial cell junction and
denuding of the intimal surface are characteristics of the first lesions that
occur only only a few days after the worms occupy the vessels. The
evidence suggests that injury to the endothelium occurs immediately upon
arrival of the parasite, too soon for the components of an acquired
immune

response

to

fall

into

place

without

prior

sensitization.

Furthermore, the disappearance of endothelial cells occurs without
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evidence of degeneration and is followed by an aggressive build-up of cells
and structural elements. This suggests that cells have been dislodged
rather than destroyed in situ. Macrophages, granulocytes and platelets are
attracted to the site of endothelial damage and adhere to the exposed
subendothelium. Shortly after their arrival, vascular smooth muscle cells
migrate into the intima and a very active process of myointimal
proliferation produces rapid growth of the lesions. The prominence of
platelets in the acute lesions and their documented ability to stimulate
growth of the vascular smooth muscle, through the release of plateletderived growth factors (PDGFs) are hypothesized to be a likely mechanism
for triggering and sustaining the growth of these lesions (Schaub et al,
1981). Although the lesions thicken the wall of these large elastic vessels
and produce a rough texture on the intimal surface, they do not obstruct
blood flow by narrowing the lumen. On the contrary, the large distributing
arteries actually dilate as pulmonary hypertension becomes increasingly
severe. Pulmonary blood flow is impeded primarily by the reduction in
cross-sectional area of the arterial vascular bed, caused by obliterative
endarteritis of small peripheral branches. Recently, in heartworm infected
dogs it has been demonstrated that there are markedly increased plasma
level of Endothelin-1, a mediator that induces acute vasoconstriction and
chronic vascular remodelling. It is probable that both of these events
contribute in turn to the development of pulmonary hypertension (Uchide
and Saida, 2005). Thrombosis and thromboembolism may compromise
the pulmonary circulation further. As worms accumulate, lesions also
develop in the large distributing arteries, which dilate and become stiffer,
and the pulmonary blood pressure rises. The decreased distension of the
large vessels significantly increases cardiac work by coupling the right
ventricle directly to the high vascular resistance in the obstructed
peripheral vasculature. Right ventricular hypertrophy is a compensatory
response to the increased pressure load. As heartworm disease impedes
flow in an increasing number of branches, the pulmonary vascular reserve
diminishes. For a time, normal pulmonary blood pressure is preserved at
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rest and rises only modestly during exercise as patent arteries reach full
distension. Eventually, the pulmonary arterial tree is restricted to the
point that it assumes the characteristics of a system of rigid tubes and
pulmonary vascular resistance becomes fixed. At this stage, pressure rises
in direct proportion to further increase in flow. Consequently, the more
severe the disease and active the patient, the more cardiac work must be
performed.

In

advanced

cases

of

heartworm

disease,

low-output

congestive heart failure develops as a result of the right ventricle’s
inability to generate and sustain the high perfusion pressures required to
move blood through the lung. Recently, a decrease in extracellular
collagen matrix has been observed in the myocardium of heartworm
infected dogs which may contribute to ventricle dilatation, thereby
markedly affecting the systolic and diastolic functions of the heart (Wang
et al., 2005). Frequently, dogs at this stage experience syncope when
attempting to suddenly increase cardiac output. Right-sided congestive
heart failure (R-CHF) with ascites, hepatomegaly, and cachexia is a late
sequela and may be precipitated by an acute episode of pulmonary
thromboembolism.

D. repens infection
Much less is known about the pathogenesis of D. repens infection,
which usually is characterized by the occurrence of painless subcutaneous
nodules in which adult parasites reside (Bredal WP et al., 1998). The
localization of adult worms can vary, and recently it has been reported
also the presence of a female of D. repens in the conjunctiva of a dog
(Hermosilla C et al., 2006). This asymptomatic pattern of infection, which
seems to be the most common, transforms the discovery of D. repens
infection in an accidental finding. This occurs mainly in dogs (and cats)
that are showing other symptoms or diseases, not related to the presence
of these nematodes in the subcutaneous tissues. Indeed, the majority of
infected animals do not present any clinical sign, notwithstanding the
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occurrence of persistent microfilaremia, therefore making it difficult to
assess the pathogenicity of D. repens (Soulsby EJL, 1982).
Some authors classified the rare clinical manifestations observed in
association with the presence of D. repens into two clinical syndromes
(Scarzi M., 1995). The first one is characterized by a nodular multifocal
dermatitis, mainly localized in facial region (Scott DW and Vaughn TC,
1987) the second instead is characterized by the presence of several
pruriginous papulae; this one is considered similar to sarcoptic mange
(Halliwell REW and Gorman NT, 1989). The most frequent reports,
however, are of dermatological signs (generalized dermatitis, localized
alopecia, scratching and rubbing) associated with the presence of adults
and microfilariae in the skin (Lee Gross T et al., 1992; Kamalu BP, 1986;
Mandelli G and Mantovani A, 1966; Scarzi M., 1995; Živičnjak T et al.,
2006).
It has been suggested that the pathology may be significant in cases
of massive infection (Kamalu BP, 1991; Mandelli G and Mantovani A,
1966; Mantovani A, 1965; Restani R et al., 1962).In the few cases found
to be massively infected with adult worms and with simultaneously high
microfilaremia, gross and histopathological changes have been reported in
many organs, like spleen, liver, kidneys, lungs, heart and brain (Kamalu
BP, 1991; Mandelli G and Mantovani A, 1966, Restani R et al., 1962). The
nature

of

these

lesions

suggest

combined

mechanical

and

immunopathological effects elicited by both micro- and macro-filariae, also
if it is not possible to determine what underlying mechanisms may be
involved, also due to the lack of experimental infection with reproduction
of these clinical signs. Nothing is currently known about the potential
ability

of

microfilariae

to

cause

hypersensitivity

and

inflammatory

reactions at the cutaneous level, although this is likely one of the major
mechanisms involved. Furthermore, it has been suggested that D. repensrelated dermatitis is a conditioned pathology, that requires the presence
of other infectious agents or stress (Cazelles C and Montagner C, 1995).
Single case reports of acute liver failure in the cat (Schwan EV et al.,
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2000) and cutaneous hyperpigmentation in a dog have been attributed to
D. repens infection (Kamalu BP, 1991).
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Relationship Dirofilaria/hosts: cellular and molecular mechanisms
of the heartworm disease vascular pathology.

Rodrigo Morchón, Fernando Simón, Javier González-Miguel, Isabel
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Introduction
Different species of the genus Dirofilaria spp. cause zoonotic
infections. Among these, D. immitis is the most important specie
considering the pathology it causes in animal reservoirs and because it is
responsible of human benign pulmonary nodules that, frequently, are
confused with lung cancer causing a considerable iatrogeny.
Cardipulmonary dirofilariosis is a chronic disease. In most cases,
adult worms survive for years in immunocompetent hosts. The first
pathological changes occur in the pulmonary arteries. Secondary to these,
vascular changes in the lungs appear and only in the last stages of the
disease involvement of the heart takes place. Moreover, besides this
chronic pathway of the disease, sometimes acute thromboembolisms and
endarteritis may occur, when spontaneous or treatment-induced death
worms exacerbate inflammatory reactions against antigenic products,
including those of the endosymbiont Wolbachia bacteriae. Some research
has been carried out on the inflammatory mediators involved in
cardiopulmonary

dirofilariosis.

Nevertheless

in

the

context

of

Dirofilaria/hots relationships more studies are necessary.

The vascular endothelium and inflammation
The endothelium represents a multifunctional organ with several
activities vital for the vascular system. Under normal conditions, vascular
endothelial cells form a monolayer, which restricts the flow of luminal
contents into surrounding tissue spaces. Endothelial cells are of particular
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significance in the development of inflammation, since endothelium
controls such diverse processes as vascular tone, homeostasis, adhesion
of platelets and leukocytes, and permeability through the vascular wall.
Endothelial barrier dysfunction occurs when agonist stimulation produces
several molecules that regulate the immune and inflammatory response
like, for example, eicosanoids, adhesion molecules, nitric oxide (NO) and
vascular endothelial growth factor (VEGF).
Inflammation is regulated by eicosanoids, powerful vasoactive and
immunomodulate mediators that induce and suppress inflammation as a
part of the response to disturbances. Eicosanoid synthesis is mediated by
cyclooxygenases (COXs) and lipoxygenases (LOs). Several cell types
participate in the synthesis and release of eicosanoids, while many others
represent the targets for eicosanoid action. The activity of COX-2 leads to
the production of prostaglandins (PGs) and thromboxanes (TXs), whilst 5LO is associated with the production of leukotrienes (LTs). PGE2 stimulates
vasodilation

and

Th2-type

responses,

TxB2

is

responsible

for

vasoconstriction, platelet aggregation and stimulation of Th1 type proinflammatory responses and LTB4 stimulates leukocyte chemotaxis (Sala &
Folco, 2001). Moreover, leukocytes interact with endothelial cell adhesion
molecules, trans-membrane glicoproteins, such as the vascular cell
adhesion molecule 1 (VCAM-1), the intercellular adhesion molecule 1
(ICAM-1), the platelet endothelial cell adhesion molecule 1 (PECAM-1),
selectins and others (Cook-Mills & Deem, 2005; Dejana, 2006), which are
involved in the processes of rolling, firm adhesion, and transmigration
during diapedesis. Other molecules such as endothelial cadherin (Ecadherin) and the vascular endothelial growth factor (VEGF), are involved
in the homophilic interaction between endothelial cells, helping to
maintain the integrity of the endothelium and others, like nitric oxide
(NO), vasodilator powerful, implicated in different mechanisms, including
the autocrine regulation of the vascular pressure (Imhof & Aurrand-Loins,
2004).
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Influence of metabolic and somatic antigens of D. immitis adult
worms on vascular endothelial cells
Like other helminth parasites, D. immitis can survive for long
periods of time in immunocompetent hosts. Their persistence is, in part,
due to host immunity escaping mechanisms developed by worms
(Hewitson et al., 2008). Manipulation of the host immune system is,
probably,

due

to

molecules

released

from

the

live

worms

(excretory/secretory antigens, E/S), related to its metabolic processes.
Moreover, the most serious pathological alterations of the heartworm
disese are related to the death of adult worms. Thus, during D. immitis
infections the vascular endothelium is the first tissue that receives the
influence of both metabolic antigens from live worms and somatic
antigens when worms die. The influence of such type of antigens has been
investigated in an experimental model based on vascular endothelial cell
cultures.
In order to study the effect of D. immitis E/S on vascular
endothelium, vascular endothelial cell cultures were treated with D.
immitis E/S (DiE/S). Significant increases in the COX-2, 5-LO expression
and PGE2 levels were detected in cells treated with DiE/S compared with
non-treated

control

cells.

Moreover,

DiE/S

decreased

monocite

transmigrations across vascular endothelial cells. The expression of other
inflammatory mediators and adhesion molecules like TxB2, LTB4, ICAM-1,
VCAM-1, PECAM-1 and E-cadherin as well as some physiologic processes
like permeability to molecules, proliferation, migration, apoptosis and
necrosis of cells, and cell cycle had no alteration in treated cells. These
results suggest a very selective stimulatory activity of the metabolic
antigens of D. immitis adult worms on endothelial cells. Because PGE2
mediates in vasodilatation, decrease molecules permeability and promotes
a permissive Th2-type response and monocite transmigrations, our results
seem to indicate that DiE/S early stimulate the production of mediators
that favor the survival of the parasite and transiently restrict early
vascular and lung damages in the infected host.
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The effect of a somatic antigenic complex from D. immitis adult
worms on the vascular endothelium has been studied in the same
experimental model, using adult somatic antigens (DiSA) to treat
endothelial cells (Morchón et al., 2008). Vascular endothelial cell cultures
were treated by 1 µg/ml of (DiSA) for 24 hours. DiSA induced a significant
increase in the expression of COX-2 and 5-LO, fundamental enzymes of
the inflammatory processes, eNOS and iNOS and the production of PGE2
and LTB4, compared to the untreated controls. Firstly, our data shows that
the acute pathology of dirofilariosis, aconsequence of the massive death of
worms, is associated with the stimulus of inflammatory mediators as
PGE2, LTB4 and NO indicating, in addition, that the PGE2 is a derived
product from COX-2 activity.
Nevertheless,

DiSA

stimulates

the

production

of

PGE2.

This

eicosanoid causes vasodilation and stimulates the Th2-type immune
response (Betz and Fox, 1991). We have observed high blood levels of
PGE2 in cats experimentally infected with D. immitis during the early
phases

of

the

infection

(Morchón

et

al.,

2007a).

Microfilariae

of

Onchocerca volvulus produced PGE2 from host metabolites (Brattig et al.,
2006). The authors related this finding to a facilitation process of the
parasite survival in immunocompetent hosts. As in other filariasis, patent
infections by D. immitis produce a predominant Th2 antibody response
against parasite antigens together with high levels of IL-10, which
suggests an immunosuppressive capacity over the Th1 response by the
microfilariae (Morchón et al., 2007b). The present results suggest that D.
immitis adult worms also stimulate vasodilation and activation of a
permissiveTh2 response, inducing the production of PGE2 by vascular
endothelial cells. Moreover, our study shows a significant decrease in
endothelial permeability to dextran between 12 and 24 h after stimulation
with DiSA antigen. Because PGE2 has recently been related to the
decrease of dextran permeability in lung vascular endothelial cells
(Birukova et al., 2007), we can hypothesize that the increase of PGE2
expression

observed

in

our

system

could

contribute

to

diminish
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permeability of the endothelial cell cultures. Consistent with this,
stimulation of endothelial cell cultures with DiSA plus an inhibitor of COX2, enzyme responsible for the PGE2 synthesis, clearly increases the
endothelial permeability when compared to the results obtained by the
stimulation with DiSA alone. All these results confirm the obtained for our
group in previous studies in which, we have demonstrated the presence of
eicosanoids in humans with pulmonary dirofilariosis and in cats and dogs
with

cardiopulmonary

dirofilariosis.

Both

clinical

conditions

are

characterized by a strong inflammatory response in the pulmonary
arteries (Morchón et al., 2006; Morchón et al., 2007a; Morchón et al., in
press).
DiSA only induces the increase of ICAM-1 and PECAM-1 expression,
with VCAM-1 and E-cadherin molecules unaffected. The increase in 5-LO
expression and LTB4 synthesis is in accordance with the increase of ICAM1 and PECAM-1 adhesion molecules expression induced by DiSA in
endothelial cells. Taken together, these results suggest that DiSA
participates in the stimulation of inflammatory reactions because it
activates both leukocyte chemotaxis and adhesion molecules involved in
their migration through the endothelial wall. It is important to indicate
that the increase of ICAM-1 and PECAM-1 is not accompanied by a change
of the cellular location of these molecules, necessary for their adherent
functions, probably because in 24 hours they have not had time to
redistribute themselves towards the places where they carry out their
functions. Finally, this study shows that DiSA has not toxic toxic effects on
endothelial cells. Moreover somatic antigens do not alter necrosis,
apoptosis, endothelial proliferation and migration of vascular endothelial
cells,

indicating

that

the

effects

of

this

antigen

are

focused

on

inflammation-related phenomena.

The role of Wolbachia in the vascular endothelial pathology
Like other filarial species, D. immitis has a symbiotic relationship
with bacteriae of the genus Wolbachia (Rickettsiaceae). This bacteriae are
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found in all developmental stages of the parasite, being especially
abundant in the hypodermis of the larvae that develop in the vertebrate
hosts (L3 and L4) and in adult worms, as well as in the reproductive organs
of female worms (Bandi et al., 1998). They are involved in key biological
processes of the filariae like moult and embryogenesis (Bandi et al., 2001)
and play a role in the pathogenesis of filariosis (Taylor et al., 2000).
Wolbachia are released into the blood stream during moult and when
microfilariae and adult worms die by natural attrition or as a consequence
of a pharmacological intervention.
Vascular endothelial cells culture was treated by 1 µg/ml of
Wolbachia surface protein recombinant (WSPr) for 24 hours (Simón et al.,
2008). Similarly to DiSA, WSPr increases COX-2, eNOS and iNOS
expression without toxic effects or alterations in the basic physiologic
cellular processes such as proliferation, migration and apoptosis. However,
WSPr also stimulates the expression of 5-LO and LTB4, which indicates
that Wolbachia is partially or totally responsible for this stimulus, also
observed when the endothelial cells are stimulated with DiSA.

LTB4 is

related to activation and chemotaxis of lymphocytes (Sala & Folco, 2001),
playing a key role in leukocytes recruitment during the inflammation
process. Recently, we have demonstrated significant levels of LTB4 in
humans diagnosed as having pulmonary dirofilariasis (Morchón et al.,
2006) and increasing levels of this eicosanoid in cats with experimental
heartworm infections (Morchón et al., 2007a), both clinical conditions
characterized by a strong inflammatory response in the pulmonary
arteries.
The WSPr antigen causes an increase in the expression of the
endothelial cell membrane adhesion molecules V-CAM-1 and E-cadherin
and also ICAM-1 and PECAM-1, like DiSA.

VCAM-1 participates in the

migration of leukocytes through intercellular spaces, also transducting
signals that stimulate the synthesis of products of O2 metabolism (ROS).
It is known that ROS causes a weakening of the homophilic unions of Ecadherin, favoring the separation of contiguous endothelial cells, and
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facilitating the passage of leukocytes through the intercellular space
(Hordijk, 2006). Finally, WSPr stimulates the expression of VEGF, as well
as iNOS and eNOS, enzymes responsible for the synthesis of NO.
Considering the variety of functions attributed to these molecules, we
cannot identify their specific role in the period studied.

Future trends
The results obtained until now have confirmed that the mechanisms
of the inflammatory pathology and their stimuli are extremely complex
and that their attribution to Wolbachia or D. immitis molecules separately
is an oversimplification. In fact, some inflammatory mediators are
stimulated by both organisms, while other are only stimulated by
Wolbachia. Moreover, some evidences that molecules of D. immitis are
involved in the stimulation of survival mechanisms of the parasite have
been obtained (Morchón et al., 2008; Oleaga et al., 2009).
On the other hand, only D. immitis complex antigens have been
employed until now. It is necessary to select antigenic polypeptides of D.
immitis to identify its individual role in both survival and inflammatory
mechanisms. The first step to achieve this objective is to obtain proteomic
and immunomic maps of the parasite in each of its hosts. Our group has
recently initiated proteomic studies using two-dimensional electrophoresis
and mass spectrometry techniques.
In

canine

infections

microfilaremics

and

amicrofilaremics

18

molecules have been identified, of which, 11 possess catalytic activity, 3
affinity to other molecules, one is an inhibitor of dissociation of proteasas
and 3 have structural function. The proteins with catalytic activity
(aldolase,

isomerase,

kinase,

fumarase,

mutase,

oxidorreductose,

reductase, enolase) might intervene in such biological processes as the
glicolisis, electronic transport, metabolism of carbohydrates and organic
acids and in the catabolism of the glucose. The enolase is one
multifunctional enzime that can act as a recipient of the plasminogen,
which plays a fundamental role in the activation of the system fibrinolitic.
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It can help the parasite to eliminate the training of thrombi, one of the
most serious processes of the cardiopulmonary dirofilariosis (Oleaga et al.,
2009). The molecules that possess affinity for other molecules (galectin,
protein of thermal shock and a hypothetical protein) might be expressed
as a response to stress, since it happens in the case of the protein of
thermal shock HSP 70. The inhibitor of dissociation of proteases might
intervene in some form in the regulation of the transport of proteins and,
finally, the structural proteins (actine) might intervene in the changes of
vascular endothelium.
In natural and experimental feline infections 41 proteins have been
identified (not published information). One is the predecessor of the
neutrophil quimiotac factor, one of the persons in charge of the attraction
of neutrophils towards the area of inflammation, and that of the
transglutaminase, which might take part in the apoptosis, cellular
differentiation and the stabilization of the counterfoil extracellular of the
endothelial cells. Another protein takes as a principal function the
disorganization

of

muscular

cells

which

might

contribute

in

the

proliferation of muscular cells in the cases of endarteritis. The rest of
proteins possess catalytic activity (aldolase, enolase and deshidrogenase),
which might intervene also in the metabolism of carbohydrates and
organic acids. More studies are necessary that allow us to obtain
additional information about D. immitis molecules and its possible
functions in relation with the processes responsible for the pathology of
this disease.
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Epidemiology
Heartworms are considered at least regionally endemic in each of
the contiguous 48 states of the US, Hawaii, Puerto Rico, U.S. Virgin
Islands and Guam. Relocation of infected, microfilaremic dogs appears to
be the most important factor contributing to further dissemination of the
parasite. The ubiquitous presence of one or more species of vector
competent mosquitoes makes transmission possible wherever a reservoir
of infection and favorable climatic conditions co-exist. In a few words if
canine heartworm is present in any region of the world feline heartworm
infection is also present.

Biology of Feline Heartworm Infection
There are significant differences between feline heartworm disease
and its classical canine counterpart, and these are consistent with
characteristics of partially adapted host-parasite relationships. Although
cats are susceptible hosts, they are more resistant to infection with adult
Dirofilaria immitis than are dogs. When dogs not previously exposed to
heartworms are injected with 100 L3 larvae, approximately 75 adult
worms develop in almost 100% of the dogs whereas in cats, 3 to 10 adult
worms develop in 75% of the cats. These L3 larvae molt to L4 and L5
stages with some loss along the way but there is a very high mortality
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rate of the L5 as they reach the lungs 3 to 4 months after infection. Most
heartworm infections in cats are comparatively light and consist of less
than

six

adult

occasionally,

worms.

usually

Although

only

one

or

much
two

heavier
worms

infections

are

present,

occur
and

approximately one third of these consist of worms of the same sex.
Because of their relatively small body size, cats with only a few worms are
still considered to be heavily infected in terms of parasite biomass. The
Culex spp. mosquito, which is the most common species in many urban
areas, feeds on both cats and dogs without preference. The true
prevalence of heartworm infection in cats is probably understated due to
diagnostic limitations, and the greater tendency of cats to exhibit only
transient clinical signs or die without confirmation of infection. Necropsy
surveys of shelter cats have placed the prevalence of adult heartworm
infections at 5 to 15% of the rate in unprotected dogs in a given area.
Circulating

microfilariae

are

seldom found

in

infected cats. When

microfilaremias do develop in cats, they appear only about one week later
than in dogs (195 days postinfection at the earliest), but seldom persist
beyond 228 days postinfection. Since heartworms transplanted from cats
are capable of resuming production of circulating microfilariae in dogs, it
appears feline infections become occult due to host immune-mediated
clearance of the microfilariae and perhaps a reversible suppression of
microfilariae production.

Pathophysiology of Feline Heartworm Disease
The clinical importance of heartworms is amplified in cats because
even a small number of heartworms are potentially life-threatening.
Although live adult worms in the pulmonary arteries cause a local arteritis,
some cats never manifest clinical signs. When signs are evident, they
usually develop during two stages of the disease: 1) arrival of heartworms
in the pulmonary vasculature and 2) death of adult heartworms. The first
stage coincides with the arrival of immature adult worms in the pulmonary
arteries and arterioles; approximately three to four months postinfection.
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These early signs are due to an acute vascular and parenchymal
inflammatory response to the newly arriving worms and the subsequent
death of most of these same worms. This initial phase is often
misdiagnosed as asthma or allergic bronchitis but in actuality is part of a
syndrome now known as Heartworm Associated Respiratory Disease
(HARD). Clinical signs associated with this acute phase subside as the
worms mature but demonstrable histopathological lesions are evident
even in those cats which clear the infection. The most notable microscopic
lesion is occlusive medial hypertrophy of the small pulmonary arterioles,
but other changes are also noted in the bronchi, bronchioles, alveoli, and
pulmonary arteries
Once the pulmonary infection is established, evidence suggests that
live heartworms are able to suppress immune function. This allows many
cats to tolerate their infection without apparent ill effects. That is until the
mature worms begin to die, which initiates the second stage of disease
expression. The degenerating parasites result in pulmonary inflammation
and thromboembolism which often leads to fatal acute lung injury. Such
reactions in cats can occur even in single worm infections as the result of
the death of that worm. Caval syndrome occurs rarely in cats as infections
are usually light. However, even one or two worms may cause tricuspid
regurgitation and resultant heart murmur.
Arterial intimal proliferation resembling the characteristic heartworm
arteritis found in dogs also develops in the major lobar and peripheral
pulmonary arteries of cats. Since heartworm infections in cats usually are
light, and of relatively short duration, these lesions are localized and
ordinarily
significant

fail

to

cause

pulmonary

sufficient

hypertension.

obstruction

to

Consequently,

produce
right

clinically

ventricular

hypertrophy and right heart failure are less common in cats than in dogs.
Even when narrowing of a lumen is compounded by worm-induced
thrombosis, bronchopulmonary collateral circulation usually is adequate to
prevent infarction of the lung.
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Physical Diagnosis
Clinical signs and physical findings: Many cats tolerate their
infection without any noticeable clinical signs, or with signs manifested
only transiently. Clinical signs associated with feline heartworm disease
may be only a vague malaise or can comprise predominantly respiratory,
gastrointestinal (e.g., emesis) or occasionally neurologic manifestations,
chronically or acutely. Signs of chronic respiratory disease such as
persistent tachypnea, intermittent coughing and increased respiratory
effort are most common. A systolic heart murmur may be present in cats
when worms reside in the right atrioventricular junction interfering with
tricuspid valvular function. Anorexia and weight loss occur in some cats.
Intermittent vomiting unrelated to eating is reported frequently and in
endemic areas when no other cause is evident, should raise suspicion of
heartworm infection. Other abnormalities, such as ascites, hydrothorax,
chylothorax, pneumothorax, ataxia, seizures and syncope have been
reported but are uncommon. A peracute syndrome consisting of some
combination of signs including respiratory distress, ataxia, collapse,
seizures, hemoptysis, or sometimes sudden death may arise without
warning.

Diagnostic Testing
Heartworm infection in cats is a more elusive diagnosis than in dogs
and can be overlooked easily.

Microfilariae
Cats are seldom microfilaremic when examined. In the Americas,
only D. immitis microfilariae have been identified in cats but in northern
Italy, microfilariae of Dirofilaria repens also have been identified.

Serology
Interpretation of antibody and antigen test results is complicated
and a thorough understanding of the limitations of both tests is necessary
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in order to use these assays in a clinical setting with any confidence. The
antigen test is the "gold standard " in diagnosing heartworms in dogs but
because unisex infections consisting of only male worms or symptomatic
immature infections are more common in cats, none of the presently
available antigen tests can be relied upon to rule out heartworm disease in
cats. The sensitivity of commercially available tests has increased and
they are highly effective in detecting single adult female worm infections.
Antibody tests have the advantage of being able to detect infection
by both male and female worms, as larvae of either sex can stimulate a
detectable immune response as early as two months postinfection.
However, antibody tests do not offer an indication of the continued
existence of an infection, just that an infection occurred. Limited evidence
from several research studies suggests that the antibody level in cats
decreases with time as the parasite matures and that heartworm infected
cats with clinical signs are more likely to be antibody positive than
infected asymptomatic cats.
Necropsy studies of shelter cats indicate a distinct correlation to
antibodies and occlusive medial hypertrophy of substantial numbers of
small pulmonary arterioles. These pathologic changes are evident in 79%
of necropsy confirmed adult worm infections and 50% of adult heartworm
negative but antibody positive cats. These findings have been confirmed in
experimental models and are significant as they indicate pulmonary
disease occurs even in those cats that do not develop adult worm
infections.
Correct interpretation of antibody test results requires additional
information and thoughtful analysis. However, when infection with adult
female worms actually exists, antigen tests are more reliable than
generally credited. Since both L5 larvae and adult worms are capable of
causing clinical disease in the cat, both antibody and antigen tests are
useful tools and when used together increase the probability of making
appropriate diagnostic decisions.
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Thoracic radiography
Independent of serologic test results, radiography may provide
strong evidence of feline heartworm disease, and is valuable for assessing
the severity of disease and monitoring its progression or regression. The
most characteristic radiographic features of heartworm disease in cats, as
in dogs, are a sometimes subtle enlargement of the main lobar and
peripheral pulmonary arteries, characterized by loss of taper, and
sometimes tortuosity and truncation in the caudal lobar branches. These
vascular features are visualized best in the ventrodorsal view and may be
visible only in the right caudal lobar artery, where heartworms are found
most often. The characteristic morphology of the pulmonary arteries in
infected cats, unlike dogs, tends to normalize and may disappear
completely, leaving no residual evidence of infection. In some cases of
feline heartworm disease, thoracic radiographs provide no evidence of
infection. Radiographic features suggestive of feline heartworm disease
can be found in about half of the cats suspected of being infected, based
on historical and physical signs. Also, about half of those cats with
pulmonary arterial enlargement indicative of feline heartworm disease are
antibody positive. Temporal differences in the development of the
parasite, host immune responses and organic disease, as well as
spontaneous regression of lesions, may account for discrepancies between
radiographic, clinical and serologic findings.

Echocardiography
The chambers of the right side of the feline heart can be thoroughly
interrogated by 2D ultrasonography and limited access also can be gained
to the main pulmonary artery, and a long segment of the right and a short
portion of the left pulmonary arteries. Although heartworms are found
most often in the main and right lobar branch of the pulmonary artery, it
is necessary to probe methodically all of these locations, since worms in a
typical light infection may occupy only one or two sites and may escape
detection. The body wall of an adult heartworm is strongly echogenic and
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produces short, segmented, parallel linear artifacts where the imaging
plane transects the parasite's body, producing the signature signs of live
worms. Sometimes dead heartworms can be recognized by collapse of the
parallel sides of the body wall. An experienced sonographer has a very
good chance of making a definitive diagnosis in cats that are actually
infected with adult heartworms, particularly when there are several
worms. In suspected cases, the high specificity of this examination
generally allows for confirmation of heartworm infection of at least five
months duration.

Necropsy confirmation:
Since making an antemortem diagnosis of heartworm infection may
be difficult, necropsy confirmation should be attempted in cats suspected
of dying of the disease or in which the cause of death is unexplained. A
thorough search of the vena cavae, right side of the heart and pulmonary
arteries must be performed since one or two worms easily can be
overlooked, particularly if immature, dead and fragmented. Special
attention should be paid to examining the distal extremities of the
pulmonary arteries as any dead worms would be forced and compressed,
by blood flow, into the most distal and smallest possible space. Because
heartworms occasionally are restricted to ectopic sites, the systemic
arteries, body cavities and, if neurologic signs were present, the brain and
spinal canal should also be examined thoroughly.

Treatment
Medical options:
If a cat displays no overt clinical signs despite radiographic evidence
of pulmonary vascular/interstitial lung disease consistent with feline
heartworm disease, it may be prudent to allow time for a spontaneous
cure to occur. Prednisone in diminishing doses often is effective medical
support for infected cats with radiographic evidence of lung disease,
whether or not they appear ill. Also, this should be initiated whenever
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antibody and/or antigen positive cats display clinical signs. An empirical
oral regimen is 2 mg/kg body weight/day, declining gradually to 0.5
mg/kg every other day by two weeks and then discontinued after an
additional two weeks. At that time the effects of treatment should be
reassessed based on the clinical response and/or thoracic radiography.
This treatment may be repeated in cats with recurrent clinical signs.
Cats that become acutely ill need to be stabilized promptly with
supportive therapy appropriate for treating shock.
Adulticide administration is considered the treatment of last resort
for cats in stable condition, but which continue to manifest clinical signs
that are not controlled by empirical corticosteroid therapy. There is
insufficient experience with melarsomine dihydrochloride at this time, thus
melarsomine is not recommended for use in cats. Preliminary data
suggests that melarsomine is toxic to cats at doses as low as 3.5 mg/kg.
Ivermectin at 24 ug/kg monthly given for 2 years has been reported
to reduce worm burdens by 65% as compared to untreated cats. Since
most cats have small worm burdens, it is not worm mass alone that is
problematic, but the "anaphylactic" type reaction that results when the
worms die. This will likely also occur when the ivermectin-treated worms
die but the extent of the reaction is unknown.

Surgical options:
In principle, it is preferable to remove heartworms rather than
destroy them in situ. This can be accomplished successfully by introducing
brush strings, basket catheters, or loop snares via right jugular venotomy,
or after left thoracotomy, alligator forceps can be inserted through a right
ventricular purse string incision.
Although it may not be possible to retrieve every worm, the surgical
option may be a reasonable alternative to symptomatic support or
adulticide treatment of cats that are heavily infected and/or are in critical
condition.
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Additional Considerations for Adulticide Therapy
Wolbachia
Most filarial nematodes, including D. immitis, harbor obligate,
intracellular, gram-negative bacteria belonging to the genus Wolbachia
(Rickettsiales). These bacteria have been implicated in the pathogenesis
of filarial diseases, possibly through their endotoxins. Recent studies have
shown that a major surface protein of Wolbachia (WSP) induces a specific
IgG response in hosts infected by D. immitis. It is hypothesized that
Wolbachia contribute to pulmonary and renal inflammation through its
surface protein WSP, independently from its endotoxin component.

Surveillance of infected cats:
Serologic retesting at 6- to 12-month intervals for the purpose of
monitoring infection status is recommended for all infected cats, whether
or not they have clinical signs that are treated empirically or are given
medical/surgical adulticide therapy. For asymptomatic cats, an annual
retest may be adequate.

Chemoprophylaxis
Monthly chemoprophylaxis is a safe and effective option for cats
living in areas where heartworm infection is considered endemic in dogs
and exposure to infective mosquitoes is possible. Administering a
preventive year-round has merit due to the following reasons: (1) activity
against some common intestinal parasites and in the case of selamectin
and the combination of imidacloprid and moxidectin, external parasites,
(2) increased compliance, and (3) retroactive efficacy as a safeguard for
inadvertent missed doses.

Drugs:
Heartworm chemoprophylaxis can be achieved in cats with monthly
doses of either oral (ivermectin or milbemycin oxime), or topical
(moxidectin or selamectin) preventive medications. Preventives should be
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started in kittens at eight weeks of age and be administered to all cats in
heartworm endemic areas during the heartworm transmission season. The
individual

monthly

prophylactic

dose

of

ivermectin

is

24

µg/kg,

milbemycin oxime 2 mg/kg, moxidectin 1 mg/kg and selamectin 6-12
mg/kg of body weight. Administration of these drugs in cats is not
precluded by antibody or antigen seropositivity.

Serologic testing:
Since seroepidemiologic data for most communities is presently
meager, it behooves veterinarians to become familiar with the local risk
potential, by testing cats before initiating heartworm chemoprophylaxis.
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Updated American Heartworm Society Canine Guidelines, with
Emphasis on the Role of Doxycycline in Adulticidal Therapy.

John W. McCall
American Heartworm Society, Batavia, IL 60510 USA

These recommendations are based on the latest information
presented at the 2007 triennial symposium of the American Heartworm
Society. This document was intended to represent a condensed version of
these updated guidelines, however, they have not yet been finalized and
approved at the time of this writing, and therefore are subject to change.

EPIDEMIOLOGY
Heartworm infection in dogs has been diagnosed around the globe,
including all 50 of the United States. In the U.S., its territories and
protectorates, heartworms are considered at least regionally endemic in
each of the contiguous 48 states, Hawaii, Puerto Rico, U.S. Virgin Islands
and Guam. Heartworm transmission has not been documented in Alaska,
however there are regions in central Alaska that have mosquito vectors
and climate conditions to support the transmission of heartworms for brief
periods.

Relocation of infected, microfilaremic dogs continues to be an

important factor contributing to further dissemination of the parasite.
Moreover, commercial and residential developments of non-endemic areas
has facilitated mosquito breeding and the resulting spread and increased
prevalence of the disease.

For example, it has expanded habitats and

microclimates for vector mosquitoes such as Aedes sierrensis (western
knot hole mosquito) and the more recently introduced A. albopictus (asian
tiger mosquito).
A climate that provides adequate temperature and humidity to
support a viable mosquito population, and also sustain sufficient heat to
allow maturation of ingested microfilariae to infective, third-stage larvae
(L3) within this intermediate host is a pivotal prerequisite for heartworm
144

transmission.

Maturation

of

larvae

within

mosquitoes

ceases

at

temperatures below 57ºF (14ºC) in three species of mosquitoes tested.
Heartworm transmission does decrease significantly in winter months but
because micro-environments are common in urban areas, the risk of
heartworm transmission may never reach zero.
The length of the heartworm transmission season in the temperate
latitudes is critically dependent on the accumulation of sufficient heat to
incubate larvae to the infective stage in the mosquito.

Predictive risk

maps have been produced coupling these basic models with Geographic
Information Systems (GIS) based on a thermal regime and information
about mosquito vectors.

While these model-based predictions are

academically appealing, they do not yet consider several potentially
important factors, such as influence of microclimate and the unique
biological habits and adaptations of the mosquito vectors on larval
development.
Where heartworm prevalence is low, a nidus of infection may be
detected which usually represents both a spread of infection and
heightened veterinary awareness through increased testing. Once a
reservoir of microfilaremic domestic and wild canids is established beyond
the reach of veterinary care, the ubiquitous presence of one or more
species of vector competent mosquitoes makes transmission possible and
eradication becomes improbable.
Basic

knowledge

of

the

timing

of

heartworm

transmission,

the

development of the parasite in the animal host, the pre-detection period
and the effectiveness of preventatives and adulticides against the different
life cycle stages is essential to selection of the most appropriate adulticide
treatment option, treatment time and interpretation of the outcome of
therapy.
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PRIMARY DIAGNOSTIC SCREENING
Test Timing for Optimal Results
The earliest that heartworm antigenemia and microfilaria can be
detected is about

five

and six months

post-infection, respectively.

However, antigenemia may precede or lag the appearance of microfilariae
by a few weeks.

In low worm burdens or with animals on macrocyclic

lactone chemoprophylaxis, antigenemia may be delayed by a few months.
To determine when testing might become useful, a predetection period
should be added to the approximate date on which infection may have
been possible. A reasonable interval is seven months. To detect an
infection occurring any time during the preceding transmission period in a
geographical area where seasonal transmission occurs, the predetection
period should be added to the approximate end of that period.

Microfilaria vs. Antigen Testing
Whether screening a population of asymptomatic dogs or seeking
verification of a suspected heartworm infection, antigen testing is the
most sensitive diagnostic method. Microfilaria testing is complementary
and may be done in tandem with antigen testing.

Even in areas where

the prevalence of heartworm infection is high, many (~20%) heartworminfected dogs may not be microfilaremic, and this figure is even higher for
dogs on a macrocyclic lactone prevention program. The current generation
of heartworm antigen tests identify most "occult" (microfilaria negative
but adult worms present) infections consisting of at least one mature
female worm and are nearly 100% specific. Since less than 1% of
infections are patent but not antigenemic, testing for antigen will detect
more infections than testing only for microfilariae.

Antigen Tests
ELISA and immunochromatographic test systems are available for
detecting circulating heartworm antigen. Each testing format has proved
to be clinically useful. Differences in sensitivity exist but these are
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statistically insignificant when limited numbers of dogs are

used.

Unexpected negative results can sometimes be reconciled by retesting
with a different test.

Specificity is consistently very high with all the

antigen tests.
The amount of antigen in circulation bears a direct but imprecise
relationship to the number of mature female heartworms. A graded test
reaction can be recognized by ELISA test systems but quantitative results
are not readily displayed by immunochromatographic tests. Quantitative
analysis of antigen results is highly speculative and requires correlation
with other relevant information. Antigen tests must be performed in strict
compliance with the manufacturer's instructions. This has been simplified
for several tests that use devices that minimize the number of steps and
partially automate the procedure. False positive results can occur but
usually are due to technical error. If there has not been much potential for
exposure, it is recommended to confirm all positive antigen tests in
asymptomatic dogs prior to any adulticide therapy.
False-negative test results occur most commonly when infections
are light, female worms are still immature, only male worms are present
and/or the test kit instructions have not been followed.

Antigen test

results should be interpreted carefully, taking other relevant clinical
information into consideration. However, in general, it is better to trust
rather than reject antigen test results.

Microfilaria Tests
Most microfilaremic dogs can be detected by microscopically
examining a fresh drop of blood for cell movement created by the motility
of the microfilariae. A stationary rather than a migratory pattern of
movement is indicative of a dirofilaria species, nearly always D. immitis in
the USA.

Movement beneath the buffy coat in a microhematocrit tube

also may be visible microscopically.

However, these are insensitive

methods for examining blood in which low numbers (50-100/ml) of
microfilariae are present. Therefore, at least 1.0 ml of blood should be
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examined using a concentration technique (modified Knott test or filtration
test). The modified Knott test is the preferred method for observing
morphology and measuring body dimensions to differentiate D. immitis
from non-pathogenic filarial species such as Acanthocheilonema (formerly
Antigen-positive dogs should also be tested

Dipetalonema) reconditum.

for microfilariae, because a microfilaremia validates the serologic results,
identifies the patient as a reservoir of infection and alerts the veterinarian
to potential severe reaction if administering a fast-acting microfilaricide to
a dog with a high microfilarial count.

HEARTWORM CHEMOPROPHYLAXIS
Canine heartworm infection is preventable, despite the inherently
high susceptibility of dogs. Since dogs living in heartworm endemic areas
are at risk, chemoprophylaxis is a priority. Puppies should be started on
chemoprophylaxis no later than 8 weeks of age.

Evidence strongly

suggests that by reducing the reservoir population through increasing the
number of dogs receiving chemoprophylaxis, a disproportionately large
decrease in the prevalence of infection among unprotected dogs may
occur

relative

to

the

percentage

of

additional

dogs

receiving

chemoprophylaxis. Even though continuous, year-round, transmission
may not be occurring throughout the northern half of the country, year
around treatment is recommended to enhance compliance.
chemoprophylaxis

products

with

endoparasite

activity

during

Using
this

extended period enhances compliance and assists in preventing zoonotic
parasitic infections.
Options

for

effective

chemoprophylaxis

include

several

drugs

administered either in oral, topical or parenteral formulations on a
monthly or six-month interval. Before starting a prophylactic regime, all
mature dogs that may have been infected at least seven months earlier
should be antigen tested, and in appropriate instances, also tested for
microfilariae.
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Heartworm chemoprophylaxis requires authorization by a licensed
veterinarian having a valid relationship with the client and patient. To
establish this relationship, heartworm prevention should be discussed with
the client and if a record of past treatment does not exist, it may be
necessary

to

test

the

patient

before

dispensing

or

prescribing

chemoprophylaxis.

Macrocyclic lactones
The most commonly used heartworm chemoprophylactics are the
macrocyclic lactones (ivermectin, milbemycin oxime, moxidectin and
selamectin). These drugs have exceptionally high therapeutic/toxic ratios,
and possess anthelmintic activity against microfilariae, third- and fourthstage larvae, and in some instances young adult heartworms. The
filaricidal effect of oral and topical formulations is achieved by brief pulsing
at very low doses to kill the accumulated precardiac larvae, which makes
these drugs virtually 100% effective at the prescribed doses and intervals
of administration, and among the safest used in veterinary medicine.
The single dose efficacy of all the monthly products is assured for
one month, and remains high for an additional month. However, efficacy
against

late

L4

declines

and

requires

progressively

longer-term

administration as the worms age to achieve a high level of protection. The
extended post-infection efficacy of the macrocyclic lactones is a safeguard
in the event of inadvertent delay or omission of regularly scheduled doses
and does not justify lengthening the recommended one month interval of
administration for the oral and topical formulations.
The extent of efficacy against late L4 and juvenile worms has
important implications for chemoprophylaxis in dogs that have either
missed several doses during the transmission season, or are already well
into the transmission season before chemoprophylaxis is started and may
already be infected. Short lapses in administration may be accommodated
in areas where challenges are low.

However, when the dosing interval

exceed eight weeks during the transmission period, continuing monthly
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prophylaxis throughout the year in cooler climates has merit, since
substantial protection still may be provided. This precautionary practice is
acceptable even when the integrity of a seasonal prophylaxis program
appears to remain intact, as some compliant owners’ dogs become
infected and year-round chemoprophylaxis will provide some safety-net
coverage for these dogs, even when the owners and veterinarians are not
aware the dogs are infected.

When chemoprophylaxis is extended to

compensate for interruptions, antigen testing should be performed after
the predetection period has passed.
Testing prior to first starting chemoprophylaxis in dogs seven
months of age or older is advocated for the reasons stated elsewhere in
this article. The macrocyclic lactones may be administered to heartworminfected dogs with few or no microfilariae. However, dogs with moderate
to high microfilarial levels should be carefully monitored for potential
severe reaction following administration of these drugs, as they are the
most effective microfilaricides available.
Some Collie dogs (autosomal recessive inheritance) and other
p-glycoprotein deficient dogs are unusually sensitive to high doses of
ivermectin (in excess of 16 times the minimum effective prophylactic
dose) but

toxicosis has

been reported with overdosage

of other

macrocyclic lactones as well. Often, these instances have occurred when
concentrated livestock preparations of these drugs have been ingested.
Dose miscalculation with extra-label use makes livestock formulations
hazardous for dogs.

The standard chemoprophylactic doses have been

shown to be safe in all breeds.

Oral administration: Ivermectin, milbemycin oxime and moxidectin are
available for monthly oral administration. Some of these formulations are
flavored and chewable to increase patient acceptance and facilitate
administration. Dose units are packaged for dogs within prescribed weight
ranges. To be maximally effective, administration should begin within one
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month of the anticipated start of transmission and the last dose should be
given within one month after transmission ceases.

Topical administration: Moxidectin and selamectin are available as a
topically applied liquid. The parameters for treatment with topical products
are the same as for monthly oral chemoprophylaxis.

Parenteral administration:
subcutaneously

injected

A slow release (SR) formulation of

moxidectin-impregnated,

lipid

microspheres

provides single dose continuous protection in excess of six months.
Moxidectin SR should be administered within one month of exposure to
infective mosquitoes but is still more than 80% effective four months
post-infection. Although information about the duration of back-end (>6
months post-treatment) efficacy is not presently in the public domain, full
protection extends beyond six months.

In areas where the risk of

infection is limited to six months or less, a properly timed injection of
moxidectin SR provides a comfortable margin of protection.
Moxidectin SR was voluntarily removed from the US market in
September 2004 for issues related to safety. However, the product was
not withdrawn from the market in other countries. With the return of this
product to the U.S. market in June of 2008, the U.S. Food and Drug
Administration (FDA) put certain restrictions in place. These restrictions
are described in a risk minimization plan (RiskMAP) based on programs
used for human drugs.

The RiskMAP is an educational program for

veterinarians that covers the risks and benefits of the drug and provides
information about the product to pet owners.

The effort includes

comprehensive veterinarian training, pet owner education and consent
forms, and specific requirements for the purchase and administration of
the product.
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Lack of Efficacy
Lack of efficacy (LOE) of a heartworm preventive product is defined
by the Center for Veterinary Medicine (CVM) as a dog testing heartworm
positive when it was considered to have been on heartworm prevention.
The CVM considers the report of lack of efficacy against heartworm larvae
as a serious adverse drug event, because the resulting condition or the
treatment of the condition is life threatening. There are numerous possible
reasons for LOE, including failure to administer medication when it should
be given, failure of a dog to retain a dose, failure of absorption of active
ingredient, and failure of the active ingredient to kill the intended parasite.
Most LOE claims in the highly endemic coastal and Mississippi River
Valley areas can be attributed to non-compliance, an increase in the
number of heartworm infected canids, an increase in vector mosquito
populations, increased transmission potential and greater sensitivity in
current heartworm antigen tests.

However, the increase in LOE reports

since 2003 has led some veterinarians and scientists to belief that
heartworms are becoming resistant to the current drugs. Parasites do not
become resistant, resistant strains are inadvertently selected.

Some

conditions are known to favor the selection of resistant strains, as occurs
with some trichostrongylid nematodes of small ruminants and with horn
flies.

Limited refugia, a direct life cycle, treatment of entire herds of

confined animals, and the presence of heavy parasite burdens reduces the
refugia and supports the concentration of selected, resistant gene.

Then,

the shorter the life cycle of the parasite, the more rapidly the resistantgene selection process proceeds.
Conversely, the epidemiology and treatment patterns for parasites
such as Dirofilaria immitis do not favor the selection of resistant strains.
Factors such as a long life cycle, relatively light worm burden, an indirect
life cycle with mosquitoes as vectors, a large refugia of untreated pets and
wild canids, and very mobile pets means there are large populations of
heartworms that are not under selection pressure, and their wild-type
genes serve to dilute any resistance genes that may exist in a worm
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population. These conditions greatly decrease the likelihood of emergence
of resistant heartworm strains.

RETESTING
As LOE has been reported for all macrocyclic lactones, annual
retesting is an integral part of ensuring that prophylaxis is achieved and
maintained.

Where heartworm transmission has a local seasonal cycle,

scheduling for retesting should take into consideration the seven-month
predetection period used for primary screening.

Evaluation Following Noncompliance and Changing Products
Evaluation of the efficacy of a heartworm preventive product
administered to unprotected dogs over six months of age, to dogs in
which there is a known or suspected breach in dosing compliance for two
months or longer, or when changing products should be done with
caution.

Such dogs should be tested for antigen prior to starting,

resuming or changing preventive therapy and if antigen-negative, should
be tested again three to four and eight to nine months later. Considering
that an antigen test may be positive as early as five months after infection
and most dogs are positive by nine months (and assuming that
noncompliance during the nine-month period was not an issue), a positive
test result before dosing is started, resumed or the product is changed
and/or at three to four months indicates that the dog was infected
previously—indicating

earlier

infection

before

treatment

started

or

resumed or original product failure. If the dog was not tested previously
and is positive only at nine months, it is equally possible that the dog was
infected prior to the first dose (resuming dosing or changing products) or
later. If the dog was negative at three to four months and is positive after
nine months, infection probably occurred after restarting, resuming or
changing preventives—suggesting new or only product failure.
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Monthly Ivermectin, Milbemycin Oxime, Moxidectin and Selamectin
Macrocyclic lactone chemoprophylaxis will clear microfilariae from
the blood of dogs with patent infections by exerting a direct or indirect
microfilaricidal effect, depending on the specific product used, and
retarding repopulation by gradually suppressing embryogenesis. With
uninterrupted dosing, elimination of microfilariae is usually complete
within six to 12 months of oral dosing with monthly macrocyclic lactones
or one month following moxidectin SR injection.

Once the adults are

sterilized and year-round preventive administered is assured, clearance is
generally permanent unless the dog is re-infected.

In the event a pre-

existing prepatent infection matures after starting macrocyclic lactone
chemoprophylaxis, microfilariae are unlikely to be found, or appear only
transiently in small numbers. Since macrocyclic lactone chemoprophylaxis
may negate microfilaria testing and microfilariae do not contribute to
heartworm antigenemia, antigen testing is the most reliable method of
retesting.
To verify that a chemoprophylaxis program has been successfully
started, retesting approximately seven months following the end of the
first transmission season is advised. A negative antigen test at this time
generally ensures that a prepatent infection did not precede initiation of
chemoprophylaxis, and that an adequate dose was administered to dogs
started on chemoprophylaxis before attaining their mature weight

Moxidectin SR Injections
Since administration of this form of chemoprophylaxis is completely
under the control of a veterinarian, the medical record should leave no
doubt about the timing and frequency of treatment. A retest should be
performed after completion of the first cycle of protection to ensure that a
prepatent infection was not present.

As with all chemoprophylaxis

products, annual testing will ensure that re-infection has not occurred.
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OTHER DIAGNOSTIC AIDS
Additional testing methods are useful for confirming the diagnosis
and staging the severity of heartworm disease.

Radiography
Radiography provides the most objective method of assessing the
severity

of

heartworm

cardiopulmonary

disease.

Typical

(nearly

pathognomonic) signs of heartworm vascular disease are enlarged,
tortuous and often truncated peripheral intralobar and interlobar branches
of the pulmonary arteries, particularly in the diaphragmatic lobes. These
findings are accompanied by variable degrees of pulmonary parenchymal
disease. The earliest and most subtle pulmonary arterial changes are
found in the dorsal caudal wedge of the diaphragmatic lung lobes. As the
severity of infection and chronicity of disease progress, the pulmonary
arterial signs are seen in successively larger branches, and in the worst
cases, eventually the right heart also enlarges.

Echocardiography
The body wall of adult heartworms is highly echogenic and produces
distinctive, short parallel-sided images with the appearance of “equal
signs” where the imaging plane cuts across loops of the parasite.
Echocardiography can provide definitive evidence of heartworm infection,
as well as allow for assessment of cardiac anatomic and functional
consequences of the disease. However, it is not an efficient method of
making this diagnosis, particularly in lightly infected dogs, since the
worms often are limited to the peripheral branches of the pulmonary
arteries beyond the echographic field of view. When heartworms are
numerous, they are more likely to be present in the main pulmonary
artery, right and proximal left interlobar branches, or within the right side
of

the

heart

where

they

can

be

imaged

easily.

In

dogs

with

hemoglobinuria, visualization of heartworms in the orifice of the tricuspid
valve provides conclusive confirmation of caval syndrome.
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PREADULTICIDE EVALUATION
The extent of the preadulticide evaluation will vary depending on the
clinical status of the patient and the likelihood of co-existing diseases that
may affect the outcome of treatment. Clinical laboratory data should be
collected selectively to complement information obtained from a thorough
history,

physical

examination,

antigen

test

and

usually

thoracic

radiography.
The most important variables influencing the probability of postadulticide thromboembolic complications and the outcome of treatment
are the extent of concurrent pulmonary vascular disease, the severity of
infection,

and

cardiopulmonary
prognosis.

the

activity

status

is

level

of

the

indispensable

dog.

for

Assessment

evaluating

a

of

patient’s

Post-adulticide pulmonary thromboembolic complications are

most likely to occur in heavily infected dogs already exhibiting clinical and
radiographic signs of severe pulmonary arterial vascular obstruction,
especially if congestive heart failure is present.
Although a very crude method of assessing the severity of infection,
the strength of ELISA-based antigen test reactions may provide an
indication of whether an infection is light or heavy.

Since radiographic

signs of advanced pulmonary vascular disease may persist long after an
infection has run its course, some of the most severely diseased dogs may
have disproportionately low levels of circulating antigen by the time they
are tested.

Also some inactive dogs can have large worm burdens and be

clinically asymptomatic with minimal radiographic changes.

PRINCIPLES OF TREATMENT
Successfully treating heartworm disease in asymptomatic patients or
those exhibiting signs of mild disease can be demanding.

Those with

moderate or severe heartworm disease or patients with concurrent
disease are especially challenging.

Clinical signs of heartworm disease

can be summarized as follows: Early infection (Class 1), no signs; mild
disease (Class 1), cough; moderate disease (Class 2), cough, exercise
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intolerance, abnormal lung sounds; severe disease (Class 3), cough,
exercise intolerance, dyspnea, abnormal heart and lung sounds, enlarged
liver (hepatomegaly), syncope, ascites, death; and caval syndrome (Class
4), sudden onset of severe lethargy and weakness accompanied by
hemoglobinemia and hemoglobinuria.
The goal of any heartworm treatment is to improve the clinical
condition

of

the

animal

by

elimination

of

adult

heartworms

microfilaria, with minimal post-treatment complications.

and

Dogs exhibiting

significant clinical signs of heartworm disease should be stabilized before
administering

an

adulticide.

This

may

require

administration

of

glucocorticosteroids, diuretics, vasodilators, positive inotropic agents and
fluid therapy.
The host-parasite interaction plays a vital role in the severity of
disease, thus a thorough understanding of the this relationship is
necessary to effectively manage all cases.

As expected, the number of

worms has an effect on the severity of disease but of equal, if not greater,
importance is the activity level of the dog. Controlled studies have shown
that dogs infected by surgical transplantation of 50 heartworms and
exercise-restricted took longer to develop clinical disease and developed
less pulmonary vascular resistance than dogs with 14 heartworms that
were allowed moderate activity. This was also evident in naturally infected
dogs where there was no correlation between the number of heartworms
and pulmonary vascular resistance and in dogs treated with melarsomine.
Whereas live heartworms can cause endarteritis and muscular
hypertrophy of arteriole walls primarily of the caudal pulmonary arteries, a
significant portion of pathology seen in clinical disease is a result of the
effects of dying heartworms. As worms die from either natural causes or
as a result of administration of adulticidal drugs, they decompose and
small worm fragments lodge in the distal pulmonary arteriole and capillary
beds in the lung lobes, blocking blood flow. These worm fragments along
with

the

elicited

thromboembolism.

inflammation

and

platelet

aggregation

result

in

During periods of increased activity or exercise, the
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increased blood flow to these blocked vessels can cause capillary
delamination, rupture and subsequent fibrosis. This leads to increased
pulmonary vascular resistance and potential right-sided heart failure.

ADULTICIDE THERAPY
Melarsomine Dihydrochloride
Melarsomine is the only adulticidal drug approved by the FDA for
heartworm treatment and is administered via deep intramuscular injection
into the epaxial lumbar muscles. Mild swelling and some soreness at the
injection site may be present for a few days, but this can be minimized by
ensuring that the injection is deposited deeply with a needle of
appropriate length and gauge for the size of dog and body condition.
Melarsomine has not been shown to be effective against worms less
than 4 months old. The two injection protocol listed on the product insert
for treating Class 1 & 2 heartworm disease kills only about 90% of the
adult worms, with less than 82% of the dogs cleared of worms.

The 3

dose alternate protocol listed for treating Class 3 heartworm disease kills
98% of the worms, with less than 89% of the dogs cleared of worms. The
percentage efficacies relate to the proportion of worms killed in a group of
dogs. The percentage of dogs cleared of worms is considerably lower than
the percentage of dogs cleared, as most dogs with remaining worms have
only a few female worms but are antigen-positive.
The three-injection alternative protocol is the treatment of choice of
the

American

Heartworm

Society

and

several

university

teaching

hospitals, regardless of stage of disease, due to the increased safety and
efficacy benefits and subsequently fewer dogs that require further
treatment with melarsomine.

By initially killing fewer worms and

completing the treatment in two stages, the cumulative impact of worm
emboli on severely diseased pulmonary arteries and lungs can be reduced.
Exercise restriction should be enforced from the time of diagnosis
through the treatment period to minimize cardiopulmonary complications.
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ADJUNCT THERAPY
Macrocyclic Lactones
When treating a heartworm-positive dog it is possible for the dog to
have heartworms ranging in age from less than one month to about seven
years old. As mentioned previously, melarsomine is not effective against
worms less than 4 months old. Thus, a susceptibility gap exists between
the age at which heartworm larvae are killed by macrocyclic lactones and
the age at which juvenile heartworms are killed by melarsomine. This gap
can be eliminated by administering a macrocyclic lactone preventive for
two to three months prior to administering melarsomine.

This will

eliminate the migrating larvae less than 2 months old and allow those
worms between 2 and 4 months of age to reach an age at which they are
susceptible to melarsomine.
While controversial due to the theoretical risk of inducing resistance
to macrocyclic lactones, it is beneficial to administer a macrocyclic lactone
for up to three months prior to administration of melarsomine, when the
clinical presentation does not demand immediate intervention.

The

reasoning for this approach is to reduce circulating microfilariae, kill
migrating D. immitis larvae, stunt immature D. immitis and reduce female
worm mass by compromising the reproductive system. Administration for
up to three months should result in reduced antigenic mass, which in turn
may reduce the risk of pulmonary thromboembolism. Depending on the
season and geographic locale, administration for two to three months also
will allow immature worms to reach the age of four months.

Doxycycline
Many filarial nematodes, including D. immitis, harbor obligate,
intracellular, gram-negative bacteria belonging to the genus Wolbachia
(Rickettsiales).

In infections with other filarial parasites, treatment with

tetracyclines during the first month of infection is lethal to some
Wolbachia-harboring filariae, but not to other filariae that do not harbor
Wolbachia, and treatment of Wolbachia-harboring filariae suppresses
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microfilaremia. Similar prophylaxis studies with D. immitis have not been
reported, but in other studies, tetracycline treatment of heartworminfected dogs resulted in infertility in the female worms. These bacteria
also have been implicated in the pathogenesis of filarial diseases.
hypothesized

that

Wolbachia

contribute

to

pulmonary

and

It is
renal

inflammation through its surface protein WSP and other molecules,
independently from any endotoxin component. Studies have shown that a
major surface protein of Wolbachia (WSP) induces a specific IgG response
in hosts infected by D. immitis, and it has been reported that Wolbachia
molecules are involved in immune-tolerance that allows for long-term
survival of filariae. Doxycycline is now being tested for the treatment of
several human filarial disease and has been the subject of several studies
in heartworm treatment. One such study showed that heartworm-positive
dogs pretreated with ivermectin and doxycycline prior to receiving
melarsomine injections had less pulmonary pathology associated with
death of the adult heartworms. If doxycycline is included in a heartworm
treatment protocol it should be given before the administration of
melarsomine, so the Wolbachia organisms and their metabolites are
reduced or absent when the worms die and disintegrate.

Doxycycline

administered at 10mg/kg BID for 4 weeks has been shown to eliminate
over 90% of the Wolbachia organisms and their numbers remain low for 3
to 4 months.

ALTERNATIVE THERAPIES
Long-term Macrocyclic Lactone Administration
Continuous

monthly

administration

of

prophylactic

doses

of

ivermectin, moxidectin and selamectin is effective in reducing the life span
of juvenile and adult heartworms. The full adulticidal effect of macrocyclic
lactones generally requires more than a year of continuous monthly
administrations and may take more than two years before heartworms are
eliminated completely. The older the worms when first exposed to
macrocyclic lactones, the slower they are to die. In the meantime, the
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infection persists and continues to cause disease. Therefore, long-term
continuous administration of macrocyclic lactones generally is not a
substitute for conventional arsenical adulticide treatment.

If arsenical

therapy is declined, a lengthy course of prophylactic doses of ivermectin
will gradually reduce the number of adult heartworms, but in chronic
mature infections this may not be clinically beneficial. Exercise should be
restricted in dogs treated with prophylactic doses of ivermectin as the
adulticide.
The results of a recent study in which monthly ivermectin was
administered to client-owned, heartworm-infected dogs for two years
indicated that this method of killing adult heartworms should not be used
in dogs with signs of heartworm disease or very active dogs, and if used in
asymptomatic dogs, the dogs should be examined by a veterinarian at
least once every four to six months until all of the worms are dead.

As

worsening of radiographic signs were observed, periodic radiographic
evaluations may be useful in monitoring the treatment.
Another

concern

in

using

macrocyclic

lactones

long-term

in

heartworm-positive dogs as stand-alone therapy is the assumed possibility
of selection of resistant strains of heartworms.

This has been a widely

discussed topic lately because of increased LOE claims arising from the
Mississippi River Valley area. There has been no scientific evidence of any
resistant strains, but the use of heartworm preventives in this manner is
assumed to increase the risk the emergence of such strains.

Ivermectin/Doxycycline
In cases where arsenicals are contraindicated or the animal’s overall
condition makes standard adulticidal therapy impractical, the use of
prophylactic doses of an ivermectin preventive along with doxycycline
could be considered. A recent study in which ivermectin and doxycycline
were administered periodically over 36 weeks resulted in a 78% reduction
in adult worm numbers. Moreover, microfilariae exposed to doxycycline
that were ingested by mosquitoes developed into L3s that appeared to be
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normal in appearance and motility but did not develop into adult worms.
Under field conditions the administration of doxycycline would virtually
negate the risk of selecting for resistant strains.

The administration of

doxycycline at 10 mg/kg BID for a 4 week period every four months
should eliminate most Wolbachia organisms and not allow them to fully
repopulate.

PULMONARY THROMBOEMBOLISM
Pulmonary

thromboembolism

is

an

inevitable

consequence

of

successful adulticide therapy and may be severe if infection is heavy and
pulmonary arterial disease is extensive. If signs of embolism (low grade
fever, cough, hemoptysis, exacerbation of right heart failure) develop,
they are usually evident within 7 to 10 days but occasionally as late as
four weeks, after completion of adulticide administration. Mild embolism in
relatively healthy areas of lung may be clinically inapparent. A pivotal
factor in reducing the risk of thromboembolic complications is exercise
restriction during the entire treatment period and the month following
treatment. Administration of diminishing anti-inflammatory doses of
glucocorticosteroids
thromboembolism.

may

help

control

clinical

signs

of

pulmonary

Whereas studies showed a decrease in efficacy of the

arsenical thiacetarsamide when glucocorticosteroids were administered,
no such problem has been reported with melarsomine. In highly endemic
areas where animals are likely to have significant worm burdens, the use
of prednisone is advocated by many clinicians.

It is routinely dosed at

0.5mg/kg BID for the first week and 0.5mg/kg SID for the second week,
followed by 0.5mg/kg every other day for 1 to 2 weeks.
The empirical use of aspirin for its antithrombotic effect or to reduce
pulmonary arteritis is not recommended for heartworm-infected dogs.
Convincing evidence of clinical benefit is lacking, and there is some
research suggesting that aspirin may be contraindicated.
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SURGICAL EXTRACTION OF ADULT HEARTWORMS
Caval Syndrome (Dirofilarial Hemoglobinuria)
Caval syndrome develops acutely in some heavily infected dogs
when large numbers of adult heartworms partially obstruct blood flow
through the tricuspid valve and also interfere with valve closure. Severe
passive congestion of the liver, a coarse systolic murmur of tricuspid
regurgitation and jugular pulsations are characteristic features of the
syndrome. The diagnosis is based on a sudden onset of severe lethargy
and weakness accompanied by hemoglobinemia and hemoglobinuria.
Caval syndrome can be confirmed conclusively by echocardiographic
visualization of heartworms within the tricuspid orifice. The clinical course
usually ends fatally within two days if surgical extraction of the worms is
not pursued promptly.
Surgical removal of worms from the right atrium and orifice of the
tricuspid valve can be accomplished using local anesthesia and either a
rigid or flexible alligator forceps or an intravascular retrieval snare
introduced preferentially via

the

right external jugular

vein. With

fluoroscopic guidance if available, the instrument should continue to be
passed until worms can no longer be retrieved. Immediately following a
successful operation, the murmur should soften or disappear, and within
12 - 24 hours hemoglobinuria should disappear. Fluid therapy may be
necessary in critically ill, hypovolemic dogs to restore hemodynamic and
renal function. Within a few weeks following recovery from surgery,
adulticide chemotherapy is recommended to eliminate any remaining
worms, particularly if many are still visible echocardiographically.

Pulmonary Arterial Infections
The main pulmonary artery and lobar branches can be accessed with
flexible alligator forceps, aided by fluoroscopic guidance.
mortality with this technique is very low.

Intraoperative

Overall survival and rate of

recovery by dogs at high risk of pulmonary thromboembolism is improved
significantly by physically removing as many worms as possible before
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beginning adulticide therapy.

When the facilities are available, worm

extraction is the procedure of choice for the most heavily infected and
high risk dogs. However, before electing this method of treatment,
echocardiographic visualization of the right heart and pulmonary arteries
should be performed to determine that a sufficient number of worms are
in accessible locations.

CONFIRMATION OF ADULTICIDE EFFICACY
Clinical improvement is possible without completely eliminating the
adult heartworms. The worms that survive adulticide treatment are
invariably the antigen-producing females. Previously microfilaremic dogs
eventually become occult, with or without microfilaricide treatment, and
particularly if they are on a macrocyclic lactone preventative during and
after adulticidal therapy. Adult worms may continue to die for more than a
month following adulticide treatment, and if all of the adult female worms
have been destroyed, heartworm antigen should become undetectable by
six months post-treatment.

Although heartworm antigen testing is the

most reliable method of confirming the efficacy of adulticidal therapy,
microfilaremia should be monitored at the same time as antigenemia.
The health risk of a few residual heartworms should be assessed on
an individual case basis, since complete elimination does not assure
further clinical improvement.

Factors to consider before electing

retreatment are the general health of the patient, age in relation to life
expectancy and the performance expectations for the dog. Before
committing to retreatment there should be a strong expectation that
additional benefit will be achieved.

ELIMINATION OF MICROFILARIAE
Prior to the introduction of the macrocyclic lactones, elimination of
circulating microfilariae was the second step in the stage-specific
sequential treatment (adult, microfilariae, precardiac larvae) of heartworm
infection. If an accelerated rate of clearance of

microfilariae is sought,
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microfilaricidal treatment should be done about three weeks after
adulticidal therapy. Several treatments are often required to completely
eliminate circulating microfilariae.

Today, the broad life-cycle filaricidal

activity of the macrocyclic lactones has generally reduced microfilaricide
treatment

to

a

by-product

of

chemoprophylaxis.

Microfilariae

are

eliminated eventually, even from non-adulticide treated dogs, after
several months of treatment with prophylactic doses of the macrocyclic
lactones. Attempts to clear circulating microfilariae prior to completion of
adulticide therapy are not usually immediately successful. Controlling the
spread of heartworms entails decreasing the reservoirs of infection in the
dog population.
No drugs are approved currently as microfilaricides by the U.S. Food
and Drug Administration. However, under the Animal Medicinal Drug Use
Clarification Act of 1994, licensed veterinarians are permitted extra-label
use of certain drugs having an established clinical application, if a valid
veterinarian-client-patient relationship exists. The dispensing veterinarian
is personally responsible for ensuring administration of the proper dose
and providing appropriate aftercare when products are used in an extralabel

application.

The

use

of

monthly

administered

heartworm

chemoprophylactics as microfilaricides is governed by this regulation.
The macrocyclic lactones are the safest and most effective drugs for
eliminating microfilariae to become available to date. All are effective at
the prescribed prophylactic doses. Of the products formulated for dogs,
milbemycin oxime parenteral moxidectin and topical selamectin are the
most potent microfilaricide at their label dose and produce the most rapid
rate of clearance, thus they should be used with caution in dogs with high
microfilarial counts. If prompt termination of a dog’s reservoir potential
following adulticide treatment is considered important, this can be
achieved most rapidly with one of these products. Monthly administered
macrocyclic lactones allow the flexibility of shortening the customary
intervals between treatments (perhaps to two weeks) in order to
accelerate removal of microfilariae. The rapid death of large numbers of
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microfilariae during the early elimination phase, 4-8 hours following the
first dose, can cause systemic side effects such as lethargy, inappetence,
salivation, retching, defecation, pale mucous membranes and tachycardia.
If reactions occur, most are transient and the signs usually are too
innocuous

to

be

appreciated.

Occasionally,

however,

a

dog

with

microfilaremia as low as 5000 mf/ml develops acute circulatory collapse.
Prompt treatment with parenteral fluids and one or two shock therapy
doses of glucocorticosteroids is an effective antidote. Close observation of
higher risk dogs is advised for the first 8-12 hours following administration
of microfilaricidal drugs at doses that produce a rapid reduction in
circulating

microfilariae.

This

precaution

becomes

unnecessary

for

subsequent doses since the pool of microfilariae will have been depleted
below the critical level.
For dogs with patent infections administered only chemoprophylaxis,
microfilaria testing prior to beginning the next seasonal treatment cycle is
recommended.
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Plenary Session: Zoonotic infections.

Human dirofilariosis in the Mediterranean Basin. Review of the
epidemiological and parasite/host relationships knowledge

Fernando Simón Martín
University of Salamanca, Faculty of Pharmacy, Laboratory of Parasitology,
Avda. Campo Charro s/n, 37007 Salamanca, Spain.

Introduction
The first cases of pulmonary dirofilariasis were described by Dashiel
in 1961 and by Beaver & Orihel in 1965, when the causal agent of a case,
previously attributed to Ascaris by Moore in 1954, was redefined as D.
immitis.

Related

to

human

subcutaneous

dirofilariasis,

the

first

documented case could be the one described by Amatus Lusitanicus in the
XV century in a girl resident in Southern France (Pampiglione et al.,
1995). From these first reports until now, the number of cases has been
progressively increasing in parallel with the knowledge of these parasites
and the improvement of diagnostic techniques.
Man is not an adequate host for Dirofilaria species. Parasites do not
reach, habitually, the adult stage, causing amicrofilaremic infections.
Thus, the human host is not important for the transmission point of view.
Radiologically,

pulmonary

dirofilariasis

is

characterized

by

the

appearance of benign solitary pulmonary nodules. Most cases are
asymptomatic and when symptoms appear they are unspecific. Some of
the cases are transitory. Subcutaneous dirofilariasis is characterized by
the appearance of benign subcutaneous nodules. Subconjuntival location
of an immature worm is also possible. In this case is the patient himself
who seeks medical attention.
The objective of this work is to review the current situation of the
research on human dirofilariasis in the Mediterranean Basin, including the
current incidence of clinical cases as well as the progress of the
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parasite/host relationships knowledge.

Clinical

cases

of

human

dirofilariosis

in

the

Mediterranean

countries. Incidence between 2000-2009.
The Mediterranean Basin is an endemic zone of canine dirofilariosis
(Genchi et al., 2001). There exist areas in which D. immitis and D. repens
coexist in canine populations, predominating one of them and others
where only one of these two species has been identified. Nevertheless, the
distribution of human dirofilariosis is not well known in spite of it has been
detected with increasing frequency in the last decade.
Cases of both human pulmonary and subcutaneous dirofilariosis
have been reported in Spain. Most of pulmonary cases, attributed to D.
immitis, have been observed in the Western of the country, while
subcutaneous dirofilariosis, caused by D. repens, is frequently observed in
the Mediterranean coast. Only three cases have been published in last 9
years, two pulmonary caused by D. immitis and Dirofilaria spp.,
respectively, and 1 ocular attributed to D. immitis, being this attribution
based on serological analysis.
In France 9 cases have been observed after 2000, seven of
subcutaneous dirofilariosis caused by D. repens and 2 pulmonary caused
by D. repens and Dirofilaria spp. Human infections are detected with
increasing frequency in the Atlantic coast (Raccurt, 1996).
Italy is the European country where most cases of human
dirofilariosis have been observed until now. After 2000, 35 new cases, 33
of subcutaneous/ocular dirofilariosis and 2 of pulmonary dirofilariosis,
have been published, all attributed to D. repens.
In Greece 8 new cases have been identified after 2000, 6
subcutaneous and 2 pulmonary, caused by D. repens. Moreover, a
microfilaremic case of human dirofilariasis was described for the first time
in this country.
Until 2000, at least 23 cases have been reported in Ukraine
(Pampiglione et al., 2007). Moreover, the presence of human Dirofilaria
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infections have been reported in Nicolayev and Krimea regions after 2000
(Bolgarenko, 2002; Korolev et al., 2005).
Human dirofilariosis has been reported in different Russian areas
(Pampiglione et al., 2007). Rostov on Don (Southwestern Russia) is,
probably, the European area were more cases of human dirofilariosis are
being currently detected (Kartashev., com. pers.; Kramer et al., 2007).
Human dirofilariosis has been reported in some Balkan republics like
Eslovenia (imported from Canary Islands), Croatia, Servia-Montenegro
and Romania. Nevertheless, the exact number of cases is not easy to
determine because most of them were published in local journals with few
dissemination (Bezic, 2009, Dzamic et al., 2009).
In

the

Asian

countries

of

the

Mediterranean

coast,

human

dirofilariosis is also present. Between 2002 and 2009, 6 cases of
subcutaneous/ocular dirofilariosis, 3 in Turkey and 3 in Israel, have been
reported.
In Northern Africa human dirofilariosis has been reported only in
Egypt

and

Tunisia.

In

Egypt

three

subcutaneous/ocular

and

one

pulmonary case were reported from 2000 to 2009. In Tunisia, six new
subcutaneous/ocular cases were detected in the same period of time. All
these cases have been attributed to D. repens.
The retrospective review of previously published clinical cases does
not show the real distribution of the human dirofilariosis because only
gives information related to the areas where these parasites exist. In fact,
a review of the publications from some countries with high number of
cases like Italy, Greece or Russia, shows that most cases have been
published by one specialist or few research teams. Nevertheless, this type
of

reviews

suggests

that

human

dirofilariosis,

almost

all

subcutaneous/ocular dirofilariosis, is emerging as a public health problem
in different Mediterranean countries where this parasitosis has been
reported sporadically until now.
Other interesting fact that occurs in some endemic areas is the
divergence

among

the

epidemiological

results

obtained

in

animal
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reservoirs and humans. These studies indicate that while D. immitis is
more prevalent in canine populations, the great majority of human cases
reported have subcutaneous/ocular location and all have been attributed
to D. repens.
Pampiglione et al. (2009) argue that there are not data to affirm
that D. immitis plays a relevant pathogenic role in the human populations
of the Old World, while the opposite situation occurs in America. They
attribute this fact to different causes, like the possible existence of two
different genotypes with different infective capacity for dog and for
human, and that the infective capacity for human host is modified, only in
the Old World, as a cause of an unknown factor related to the mosquito
vectors.
In our opinion, the most important cause influencing the low number
of pulmonary cases, compared to subcutaneous/ocular cases published is
that this last is evident even for the patients themselves, while pulmonary
dirofilariosis

pass

undetected,

given

its

internal

location

and

its

asymptomatic course.

Seroepidemiological studies
In the last decade, to our knowledge, only two seroepidemiological
studies on human populations have been carried out in this area. In one of
these, human seroprevalences to D. immitis and D. repens in three
endemic Spanish and Italian areas were compared (Prieto et al., 2000).
The other was made in the Rostov area (Russia) (Kramer et al., 2007).
The results obtained reveal a close relationship between seroprevalences
in the humans and the prevalence in dogs living in the same areas. These
and other seroepidemiological studies demonstrate that, in endemic areas,
the reinfections by Dirofilaria parasites in humans are frequent, becoming
this parasitosis an emergent problem. Moreover, the results show that in
spite of the frequency of the contacts between humans and Dirofilaria
spp., clinical cases are very scarce. Probably, the most important factors
influencing this situation are that the human immune response early
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eliminates the migrant larvae and/or many cases can pass undetected.

Dirofilaria spp./human relationships
As indicated above the reason why most Dirofilaria human infections
pass

undetected

and

only

a

low

number

causes

pulmonary

or

subcutaneous nodules is an unsolved problem.
It has been demonstrated that the existence of pulmonary nodules
appears associated to the production of IgG and IgM (only in a few cases),
while specific IgE predominate in infected individuals without pulmonary
nodules (Espinoza et al., 1993). These was attributed to the fact that, in
individuals with pulmonary dirofilariosis, the inflammatory reaction is
mediated by IFN-gamma (related to the Th1-type response) that
downregulates the production of IgE (Th2-type response), while this is not
the case in infected individuals without nodules.
After, the existence of a predominant Th1-type response against the
Wolbachia surface protein (WSP) in patients with pulmonary nodules as
well as a predominant Th2-type response against D. immitis antigens in
infected individuals without pulmonary nodules, was verified (Simón et al.,
2006), being these results in agreement with the previous hypothesis.
Recently, we have identified the D. immitis molecules involved in the
stimulation of specific IgE in humans. We have demonstrated, using
serum samples from atopic individuals with high levels of specific anti-D.
immitis IgE, that this response is stimulated by two parasite molecules of
33 and 42 kDa, respectively, while no IgE response against Wolbachia was
detected. The mass spectrometry combined with the comparison of the
sequences obtained with data bases identified these molecules as a
galectin and an aldolase. Galectins are potent stimulators of the Th2-type
response, maintaining the levels of IL-10 and downregulating the
expression of IFN-gamma and IL-2 (Th1-type response). Aldolases also
stimulate the Th2-type response and downregulate the Th1-type response
and they have been associated to mechanisms against the oxidative
stress.
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We don’t know the facts influencing that the infection takes one or
another way. It is probable that the asymptomatic resolution of the
infection or the formation of a nodule can be a consequence of a thin
balance between the elimination of larvae before their arrival to the lungs
and the predominance of the survival mechanisms that permits the arrival
of the preadult worms into the pulmonary arteries.
An adequate knowledge of the parasite/host relationships and of the
molecules involved in them can contribute to understand the problem of
the development of Dirofilaria parasites in humans. Ongoing studies in our
laboratory,

using

2D

electrophoresis

and

mass

spectrometry

are

contributing to construct the proteomic map of D. immitis (Oleaga et al.,
2009). Moreover, immunogenic as well as non-immunogenic proteins in
each host, are being identified. The immunomic map of human pulmonary
dirofilariosis is closer to the immunomic map obtained in cats than that
obtained in dogs. Approximately 60 proteins are recognized by serum
samples from patients with pulmonary dirofilariosis. Enzymes related to
fibrinolytic mechanisms (galectins, aldolases, enolases, GAPDH) among
others, are intensely recognized by humans with pulmonary nodules.
Moreover, there are some non-immunogenic proteins whose role in the
parasite/host relationships must be evaluated.
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Human Dirofilaria repens infection in Hungary

István Kucsera, Zsuzsanna Szénási
National Center for Epidemiology, Department of Parasitology, Budapest,
Hungary

In the temperate regions of Europe, mainly Italy, France, Greece,
and in recent years Hungary, a specific filarioid worm, Dirofilaria
(Nochtiella) repens, a parasite of dogs, cats and some other carnivores,
transmitted by mosquitoes, has occasionally been contracted, causing
dirofilariosis in humans. Babes (1879) reported the first case of
dirofilariosis in Hungary. Kotlán (1951) worked on the causal clarification
of 9 suspected cases of dirofilariosis in period of 1879 to 1950. In Hungary
ocular symptoms caused by filarioid worm were described for the first
time by Nemeth and Kugler in 1968 (1, 2, 3).
According

to

current

scientific

literature,

Addario’s

Filaria

conjunctivae is considered to be D. repens, at least in the Old World.
However, we may suppose that the helminth described as Filaria peritonei
hominis by Babes in Budapest might also belong to the Dirofilaria species.
This reasoning can be accepted on the basis of the drawings reported by
Babes and on the interpretation of Desportes. Babes’ case was reported in
1879 and 1880, and preceded Addario’s paper by six years. Thus, we
propose that Babes’ findings should be reconsidered and taken as the very
first scientific report to document an infection due to D. repens in Hungary
(1, 4). We have noted six probable but not confirmed cases of Dirofilaria
(repens?) infection during the more than one hundred years that followed
the first of Babes’ case. In contrast, seven cases have been published
between 1999 and 2000, all of them confirmed as D. repens infections (1,
5) (Table 1).
The autochthonous occurrence of D. repens infections in Hungary
has long been suspected but has not been undoubtedly confirmed till 2000
(5, 6). Consider the first case of D. repens infection to be worth reporting
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in detail because it is the first human case in Hungary in which an intact,
living

worm

macroscopic

has
and

been

recovered

microscopic

and

identified

examinations.

during

thorough

Furthermore,

its

autochthonous origin was traced and verified (1, 6, 7).
Presentation of a case: In 2000, a 56-year-old man was referred to
the Department of Ophthalmology at Szeged University Hospital with the
diagnosis of “conjunctival tumor“. The man was a farmer living in close
proximity to dogs, cats, pigs and also to stagnant water where mosquitoes
were frequent during hot weather. He had not traveled abroad, except for
a short trip to Vienna ten years previously. He did not have any history of
visual

disorder

or

complaints

regarding

his

vision.

By

slit-lamp

examination a subconjunctival nodule of approximately 4 x 3 x 2 mm in
size was found in which a slow moving, whitish, thread-like worm was
discerned. Blood cell count was normal (no eosinophilia). No microfilariae
were detected by the Knott concentration technique. Surgically an intact,
living, moving worm was removed. On the basis of macroscopic,
microscopic and histopathological examinations, it could be stated with
certainty that a living immature male D. repens specimen was found in
the subconjunctival nodule of the patient (Fig. 1).
At the Department of Parasitology, National Center for Epidemiology
(NCE) in the period 2001–08 we diagnosed 44 cases of dirofilariosis
caused by D. repens in 23 male and 21 female patients. The mean age of
the patients was 55 years. D. repens was identified on the basis of the
morphological characteristics and measured microscopic parameters of the
intact worm and in the histopathological section. Twenty-three cases had
ocular localization, 21 were subcutaneous and one case was diagnosed in
a histopathological section of removed axillary lymph node in patient with
lymphoid leukemia. Eosinophilia was found in one case. We used the Knott
concentration technique for detection of microfilariae in 26 cases, with 1
positive result! Most of the patients were living in close or general
proximity to dogs and/or cats. In their history in terms of dirofilariosis no
significant trips abroad had been recorded. Analyses of the territorial
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distribution of these 44 cases showed that they were localized on the
watershed of the Danube and Tisza River, and in one case in close
proximity to Lake Balaton. The differential diagnosis from the other filaria
species, which occur in humans, is not required in these cases, since the
patients’ histories contain no data that refer to that possibility. Based on
the available epidemiological data, it can be deduced that most of these
cases are autochthon infections (1, 8-13, and unpublished data).
Case 2: An eighty-two years old female patient has been examined
for complaining of heavy pain in her left eye at the Outpatient Department
of Ophthalmology of ” Bugát Pál” Hospital, Gyöngyös in 2001. In rural
environment where she lives dogs and cats are present. In her history a
travel to abroad was not recorded. By slit-lamp examination a thread-like,
moving worm could be seen under the conjunctiva in the temporal region
of the left eyeball (Fig. 2). Blood examination did not show eosinophilia.
After parabulbar and subconjunctival anesthesia by Lidocain, an 11 cm
long living worm has been removed under surgical microscope. The
removed worm was identified as Dirofilaria repens (8).
Case

3:

In

one

case

we

detected

microfilariae

by

Knott

concentration technique. Because of this rare finding and because 5
worms were surgically removed from the patient, this case deserves
special attention. A 69-year-old female patient from Rackeve (near
Budapest) from January 2007 has had the urticaria, followed by oedema
and pruritus on the skin of the lower abdomen. She is occupied as
shepherd. In her environment dogs are present and mosquitoes are
abundant. In her history a travel to abroad was not recorded. In May 2007
in the lower abdominal skin a subcutaneous node has been evolved. It has
been removed surgically and in the PH section a worm-like structure was
fined. At the Department of Parasitology NCE it was diagnosed as
Dirofilatria repens (D. repens No 1) (Fig. 3). In June the similar skin
manifestation occurred on the right forearm followed by oedema. The
patient has felt and “seen” the movement of the worm under the skin in
the cubital region. Surgically was removed a small piece of fat tissue
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together with a part of the Dirofilaria repens (No 2). Blood examination by
Knott concentration technique was performed from blood samples taken in
3 subsequent days at about 8.00 p.m. and it showed microfilariae in low
number, only one microfilaria was found by slide (Fig. 4). The clinicians
insisted on drag treatment and it was started by Mebendazol (Vermox),
fallowed by Levamisolum (Decaris), Albendazol and finally by Ivermectin.
In July one further subcutaneous nodule was removed under the skin of
the right wrist and D. repens was diagnosed in PH section (No 3), in
September an intact worm was removed under the left posterior thigh
skin (No 4) (Fig. 5), and finally in October one more worm was removed
from the right subclavian region (No 5). Control blood examination
performed in October 2007 and April-May 2009 did not show micrifilariae.
During the clinical examinations the immune status of the patient seems
to

be

normal.

During

next

year

(2008)

and

subsequent

clinical

examinations Non-Hodgkin lymphoma was diagnosed (unpublished data).
Supposedly, the immunodeficiency could be in the background of the
presence of multiple D. repens and microfilariemia.
Human dirofilariosis in adjacent countries: Information about human
dirofilariosis was available in this moment from Slovakia and Serbia. In
Slovakia the first case was reported in 1994 and further 2 cases in 2008
(14, 15, 16). In Serbia the first human Dirofilaria infection was reported in
1971. Eight additional cases were reported until mid-2001 (17, 18). The
most frequent site of infection was subcutaneous tissue, with the
exception of two cases, in which parasites were found in epididymis and
under the conjunctiva. Study of Džamić A. et al (18)
conducted from 2001 to 2008, encompasses 19 new cases. Most of them
(63.1%) presented as ocular or periocular infections, in which the parasite
was typically found under the conjunctiva. In other cases a parasitic
nodule was localized in the temporal region of the head, epididymis,
testicle, abdomen, breast or arm. Human infection by Dirofilaria repens in
Serbia has been increasing steadily
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CONCLUSION
Visiting or living near riverbanks where mosquitoes are abundant appears
to be a significant risk factor in contracting the infection. The veterinary
reports complete and confirm our opinion that dirofilariosis is an emerging
zoonosis in Hungary. Several factors may contribute to the apparent
increase in observed cases of human and canine dirofilariosis recently
reported in Hungary and in other European countries: better knowledge of
distinctive features of the parasite in microscopical sections and of its
clinical aspects; increased tourism with pets; increased number of dogs
and cats kept as pets; a significant number of recent publications drawing
the attention of the medical community to the diagnostic probability of
dirofilariosis; and climatic change, the spread of the “greenhouse effect”
leading to the extension of the Mediterranean climatic belt to the north,
giving better opportunity for both vectors (mosquitoes) and filarias to
thrive and spawn infection. The increasing number of diagnosed cases
suggests that direct attention must be paid to this zoonosis, since its
incidence

may

rise

with

the

improvement

of

clinical

diagnosis.

Furthermore, the diagnosed immunodeficiency, presence of multiple D.
repens and microfilariemia propose the possibility of opportunistic nature
of human dirofilariosis.
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Table 1.
Human dirofilariosis in Hungary in 1879-2000 period
No.

Date

Age
(in years)

Sex

1
2
3

1879
1920
1941

41

f
f
f

4

1942

-

m

5
6
7
8
9

1951
1968
1999
2000
2000

21
37
57
52

m
m
f
f

10

2000

48

m

11

2000

64

f

12

2000

76

f

13

2000

56

m

Locality/
County
Budapest
Budapest
Debrecen /
Hajdú-Bihar
Budapest
Budapest
Budapest
Budapest
Hódmezıvásárhely /
Csongrád
Szegilong / BorsódAbaúj-Zemplén
Csobaj / BorsódAbaúj-Zemplén
Szeged / Csongrád

Patients` data
Describer / Author (s)
/ (reference)
Babes
Kotlán
Anda , Makara, Mihályi

ligamentum gastro-splenicum
subcutaneous
subcutaneous, temporal region

Kettesy / Makara, Mihályi

subconjunctival

Kıhegyi / Kotlán
Németh, Kugler
Pampiglione et al
Parlagi et al
Elek et al

subcutaneous, temporal region
subconjunctival
spermatic cord
ocular, right lower eyelid
eyelid

Elek et al

subcutaneous, brow

Elek et al

subcutaneous, back

Elek et al

subcutaneous, upper arm

Szénási et al
Hári Kovács András et al

subconjunctival
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Localisation of the lesion

Fig. 1. Caudal part of D. repens. Two unequal spicula, caudal
alae and cloaca are shown (Blue-lactophenol, x 100)

Fig. 2. A thread-like worm under the conjunctiva
in the temporal region of the left eyeball

b
a
Fig.3. Transverse section of D. repens: a. x 100 ; b. x 400 (HE)
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Fig. 4. Anterior part of the microfilaria
(Knott concentration technique, Giemsa, x1000)

Fig. 5. Intact female of D. repens.
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O 02 - Recent Investigations on the Occurrence of Dirofilaria
immitis in France.
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Concern over vector-borne diseases in domestic dogs (e.g.
heartworm) is evidenced by the common use of preventative measures
against ticks, mosquitoes and heartworm in small animal practice. The
current discussions on climate change (global warming) are raising renewed
interest in the origin and endemic behaviour of arthropod-borne diseases.
In France, a country which borders several climatic and ecological
influences, Dirofilaria immitis occurs mainly in the South including Corsica,
but in the past, infections were also found in the department of Dordogne in
the South-West, as well as Brittany and Normandy. The aim of the present
study was to collect current data on the occurrence and distribution of
heartworm infection in two differently preselected canine populations in
France. The occurrence of D. immitis antigen was analysed in a
geographically broad serological survey using two different rapid-assay test
systems. Samples were submitted to a commercial laboratory for various
routine diagnostic investigations with no suspicion of infectious disease
(Group A; n = 919) or with a tentative diagnosis of heartworm disease
(Group B; n = 131). Results were plotted in geographical maps. Occurrence
of D. immitis antigen in Group A (0.22%; 95% CI: 0.03% - 0.78%) was
significantly lower (p < 0.0001) than in Group B (6.87%; 95% CI: 3.19% 12.64%). Heartworm infections in both groups were regionally restricted to
the areas of Bouches-du-Rhône and Corsica in the South of France. The
only two positive cases from the northern part of the country likely came
into France from abroad: one dog was brought in from Martinique (French
West Indies) and one from French Guyana. Our data suggests that an
expansion of the Southern endemic areas of D. immitis into the North has
not occurred. It also indicates that dogs in the Southern areas of the ountry
are at a higher risk of heartworm infection.
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O 03 - Canine Dirofilaria infections in Austria.
Duscher G.a, Joachim A. a
a

Institute of Parasitology, Department of Pathobiology, University of Veterinary
Medicine, Veterinärplatz 1, A-1210 Vienna.

In the past decades infections with Dirofilaria spp. were diagnosed
only sporadically in Austrian dogs. Although the acquisition of the infection
was suggested to be outside Austria, the establishment of an autochthonous
Dirofilaria-population still had to be considered. Especially for D. repens this
appears feasible, due to both the presence of vectors and suitable climate
conditions in eastern Austria. Additionally, in recent years new findings of
Dirofilaria spp. in countries neighbouring Austria (Slovak Republic, Hungary
etc.) were reported, many of them presumably endemic. Furthermore, the
first autochthonous canine case of D. repens in the province of Burgenland
(near the Hungarian border) was described in 2009. In a pilot study EDTA
blood of 142 dogs from the eastern area of Austria was investigated with
realtime PCR for the presence of Dirofilaria DNA. Twelve dogs were found to
be positive for D. repens. Seven of these have been to an endemic area for
Dirofilaria at least once, whereas five had never have been abroad and
therefore were supposed to have acquired the infection in Austria. D.
immitis was not detected. For more detailed information the veterinary
surgeons of this area were asked to provide canine blood samples;
however, the number of submitted samples was low. It is assumed that
logistic problems are the major reasons for the poor sampling rate. To
overcome this we tested Dirofilaria-positive blood samples spotted on FTAElute® filter cards and recovered Dirofilaria DNA for realtime PCR. It was
possible to detect approx. 6 larvae per 100 µl blood with this filter method.
The DNA recovery rate in regard to the initial blood ranged from 5 to 50%.
Therefore quantification of Dirofilaria in the samples was not possible,
presumably due to inhomogenous distribution of larvae on the filter cards.
On the filter cards the storage of blood at room temperature for years
should be possible, and the collection of blood on filter paper could be
simplified with easier screening for this pathogen in field samples. The FTAElute® cards are an adequate tool to sample and store Dirofilaria DNA from
dog blood and to use for qualitative PCR analysis. By using these cards
hopefully more samples are obtained for a comprehensive distribution map
of Austrian Dirofilaria cases and other haemotropic pathogens.
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O 04 – Progressive spread of Dirofilaria infections in dogs along
rivers in the southeastern Czech Republic.
Dobešová R., Svobodová V.
Faculty of Veterinary Medicine, University of Veterinary and Pharmaceutical
Sciences Brno, Czech Republic

The dirofilariosis is caused by the filarial nematodes Dirofilaria immitis
and Dirofilaria (Nochtiella) repens was a parasitic disease typically seen in
tropical and subtropical countries. With recent climatic changes, the disease
has spread into previously infection-free temperate zone countries,
including the Czech Republic. These filarial worms are transmitted by
mosquitoes such as Anopheles, Culex or Aedes. The life cycle of vectors is
shortly connected with water and humid areas while the larval development
of Dirofilaria is dependent on the ambient temperature. The first
documented autochthonous Dirofilaria infection in dogs in the Czech
Republic, a Central European country, was in the turning of 2005/2006.
Both dirofilaria species were confirmed, but only D. repens by polymerase
chain reaction (PCR). Positive dogs were from Břeclav area, close to Slovak
and Austrian border which is the junction of two rivers, Morava and Dyje
(Thaya). Systematic research on the surroundings over the years 2007 2009 showed the character and progress of dirofilaria infection. The blood
samples of 430 dogs in different age and breed were tested. All tested dogs
had no history of traveling abroad and mainly lived outdoors. Blood was
examined by modified Knott test to detect microfilariae that were then
species identified by histochemical staining of acid phosphatase activity
and/or by polymerase chain reaction. We can conclude that all the positive
dogs are close connected with river area that enable D. repens to spread
mainly to the northern area of this region Czech Republic while D. immitis
follows with slower speed. In the first year of our study we found only D.
repens positive dogs (22 out of 93 dogs). In the year 2008 we found not
only D. repens positive dogs, but also 3 dogs with mixed infection with D.
immitis (23 + 3 positive dogs out of 111). The research of this year 2009 is
a work in progress. Our results could contribute to better understanding of
spreading of Dirofilaria infections in new countries.
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During recent years, as reported in the literature, the canine filariosis
has spread to areas previously considered not at risk. In Italy there was an
increase of cardiopulmonary filariosis in zones where, until a few years ago,
only few isolated cases were described (Umbria) and also an increase of
Dirofilaria repens prevalence (15% in Lombardy, 31% in Sicily and some
cases in Lazio and in the Aosta Valley). The aim of the present study is to
provide an update on the actual prevalence of the filarial species infecting
dogs in Tuscany (D. immitis, D. repens, Acantocheilonema reconditum),
investigating also hinterland areas never studied so far. During the years
2007-2008, 561 blood samples have been collected from dogs, which do not
underwent to prophylactic intervention for filariosis, housed in kennels of all
the provinces of Tuscany. In total 25 kennels were involved in the study; up
to 30 animals were examined from each of them. The samples were
subjected to analysis of species with the modified Knott technique; the
method of Barka was used in cases of doubt. The samples were also
subjected to ELISA for the detection of antigens of D. immitis. Of the 561
samples tested, 137 samples were positive for filariosis (prevalence
24.4%). Overall D. immitis was found in 74 cases (13%), D. repens in 67
(12%) and A. reconditum in 12 (2.1%). In detail, 62 samples were positive
for D. immitis, 52 for D. repens, 7 for A. reconditum. In 11 cases was
observed a double infestation with D. immitis and D. repens, in one case
from D. immitis and A. reconditum and in 4 cases from D. repens and A.
reconditum. The difference among the prevalence of the three filarial
species in the various provinces was highly significant (P <0.0001). A case
of human filariosis by D. repens was found at Orbetello (Grosseto). D.
repens and D. immitis were present in areas not previously investigated,
such as areas of Siena, and Arezzo and the hinterland on the border
between the provinces of Siena and Florence. These data confirm the
tendency to expansion of endemic areas and suggest possible directions of
further extension to the Marche, Lazio and Liguria. The spread of D. repens
and the presence of mixed infections (D. repens and D. immitis)
recommend, in dogs, the prevention of either.
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Dirofilaria immitis is the agent of canine heartworm (HW) disease
wordwide. In Spain, canine dirofilariosis has been reported in western,
eastern regions and Canary and Balears Islands. Nevertheless, canine HW
infections have not been observed until now in central and northern regions.
In the preset study, we show the results of seroepidemiological study
carried out in dogs from Galicia (Northwest of the Iberian Peninsula). We
analyzed 119 dogs serum samples from A Coruña (Galicia) by PetChek®
HW PF, IDEXX Laboratories, Inc., Maine, USA, for circulating D. immitis
adult antigens and by Knott test microfilariae in blood. Five out 119 serum
samples analyzed were positive to one or both test, indicating a prevalence
of 4,2%. These results demonstrate, for the first time, the existence of
canine dirofilariosis in Galicia, in the Cornisa Cantabrica, and it suggests
that dirofilariosis is spreading into the north regions.
Research supported by Agencia de Desarrollo Económico de Castilla y León
(cofinanced with FEDER funds) and Junta de Castilla y León (grant
SA090/A09), Spain.
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Canary Islands sited in front of the north-western African coast are
considered an endemic area of the dirofilariosis. Specifically, in the Gran
Canaria Island, the importance and severity of dirofilariosis has been
corroborated as the highest ever found in Spain (58%). Most veterinarians
in Canary Island include heartworm (HW) disease as the first differential
diagnosis in dogs with cardiopulmonary signs. The aim of this survey was to
update HW disease prevalence in dogs and to evaluate if the climatic factors
that characterize Gran Canaria Island can influence the infection prevalence
in dogs. Five hundred and fifty one privately owned dogs presented to
veterinary clinics between 2006 and 2007 for routine health examinations
and procedures were included in the study. The criteria for inclusion were
>5 months of age, no HW chemoprophylaxis, no previous history of
heartworm infection and owner consensus to participate in the survey. A
complete record was kept for each dog, including identification (age, sex,
breed), clinical history, and demographic data. Sera were examined using
SNAP Filaria RT (Idexx Laboratories) for detection of HW infection in dogs
following manufacturer instructions. Of 551 dogs, 45.2 % were male and
54.8% were female. 86.8 % of dogs lived outdoors and 85.7% had the hair
short. The overall prevalence of D. immitis in dogs was 18.51%. One of the
most important factors that affect the prevalence of HW disease in Gran
Canaria Island is the climate. We have found a higher prevalence in the dry
steppe climate zone and in the temperate climate but with a hot and dry
summer and mild winter zone. Gran Canaria Island is high and
homogeneously distributed in the canine population of island. However, it is
encouraging that the prevalence of D.immitis in Gran Canaria Island is
decreasing slowly, so it is necessary to realize new surveys and to verify if
the effort in its prevention and treatment has been effective
We thank Sara Pérez y Tara de León, students of veterinary medicine in Las
Palmas de Gran Canaria University, Canary Islands, Spain, for its
collaboration. Research supported by Junta de Castilla y León, Spain (grant
SA090/A09).
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Several species of culicid mosquitoes have been identified as vectors
of canine and feline dirofilariosis in different parts of the world. Although
previous studies on the Canary Islands (Spain) have demonstrated the high
prevalence of dirofilariosis (58.89% in dogs and 18% in cats), no precise
information on which vector species is involved in the transmission of D.
immitis is still available. Female mosquitoes sampling was carried out from
May to November of the years 2005–2006 in different localities of the
islands (three localities in Gran Canaria island: Las Palmas de Gran Canaria
Botanic Garden, Artenara and Veneguera; and four in Tenerife island:
Granadilla, Isora, Güímar and San Cristobal de La Laguna). A total of 905
female mosquitoes were captured: Anopheles cinereus hispaniola (76),
Culex pipiens (348), Culiseta longiareolata (70), Culex laticintus (4), and
Culex theileri (407). The presence of D. immitis larvae in mosquitoes was
evaluated by PCR examination with specific ribosomal primers named S2S16. Dirofilaria immitis DNA was observed only in the abdomen of one Cx.
theileri female from Güímar (Tenerife island). No one of the Cx. pipiens
specimens captured was infected. Cx. pipiens haplotype characterization
demonstrates that the haplotype H1 (reported as implicated in dirofilariasis
transmission in Salamanca, Spain) is not present on the Canary Island. This
is the first time that another Culex species is reported as infected by D.
immitis in Spain. Ribosomal haplotyping of this new vector was made by
means of the complete 18S rRNA gene and ITS-2 sequences. Sequence
comparison with other Cx. theileri populations in Spain allows us to define
specific ITS-2 rDNA haplotypes for Canary Islands showing an intraspecific
variability. At the level of 18S rRNA gene, no sequence variation was
observed in comparison with other Iberian Cx. theileri populations.
Work supported by RICET (project no. C03/04 of the Program of Redes
Temáticas de Investigación Cooperativa), by Project “Emerging Diseases in
a Changing European Environment-EDEN” (GOCE-2003- 010284), and by
the Consellería de Empresa, Universidad y Ciencia of the Generalitat
Valenciana, Valencia, Spain (GVACOMP2007-294)
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Canine and feline cardiopulmonary dirofilariosis is a disease
transmitted by culicid mosquitoes. The measures for the control of this
parasitosis are focused nowadays on the application of preventive and or
filaricide chemotherapy on animal reservoirs. Nevertheless, the possibility
exists, at least theoretically, of application of measures for the control of
mosquito populations or to avoid mosquito bites, at least partially. Since
dirofilariosis is essencially a disease from urban or peri-urban areas, the
application of these measures is a difficult option. Nevertheless, the use of
agricultural insecticides has helped to control the mosquito populations in
general, in some areas. The protection of pets against the vector bites is
also difficult. Probably, in areas with low density of mosquitoes, animals
living indoor can be partially protected, as has been demonstrated in some
studies, but in areas with high vectors density this is not the case. For
animals living in cages, the use of mosquito nets can constitute a barrier
that avoids the contact of the mosquitoes with the pets. The last possible
option is the application of insecticides with a residual effect in the animal.
Currently there are several products on the market against vectors, such as
Exspot, Scalibur and Advantix. Exspot contains imidacloprid and permethrin,
the mortality rate of mosquitoes rise 90% after 7 days and 50% at 28 days
in Aedes aegypti, and the repellent effect is almost 90% after 7 days and
60% at 28 days. Scalibur with deltamethrin, is the only dog collar that
exists in the market with an anti-eat effect 98-100% over 27 weeks and an
insecticide effect 63-86% during 16 weeks. Finally, with permethrin and
imidacloprid Advantix has a repellent affect on phlebotomos, ticks and fleas,
and could serve as a mosquito repellent. Recently, studies conducted to
determine the efficacy of doxycycline, alone or in combination with
medications to eliminate endosymbiont Wolbachia bacteriae have shown
that mosquitoes feed on blood from animal treated with the antibioticcontaining L3 which appeared normal, but were not infective to dogs.
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Subcutaneous dirofilariosis caused by Dirofilaria repens is increasingly
reported in dogs and humans in Europe. This infection is endemic in
southern Europe, including southern Italy. In the subcutaneous connective
tissues of infected animals, the adult females of D. repens release
microfilariae that circulate in the blood. These microfilariae, as
demonstrated for other parasites, could induce vascular lesions and chronic
stimuli could switch neoplastic transformation. The international literature
records at least 30 cases of breast human dirofilariosis. Except in rare
cases, the parasite is located subcutaneously in the breast, and nested in a
nodule; the clinical diagnoses are usually wrong, the nodule being
diagnosed as a suspected tumour of the breast. Here we report a case of
breast tumour in a dog infected by D. repens. A 15-yr-old female dog living
in southern Italy was referred to the obstetric clinic of the Faculty of
Veterinary Medicine in Naples because of a nodule localized to the inguinal
right breast. The lesion was 10 cm in diameter and presented a diffuse
hyperaemic area suggesting an inflammatory carcinoma. Fine needle
aspiration cytology (FNAC) from the mass showed inflammatory cells, such
as, macrophages, granulocytes and eosinophils and some lymphocytes,
and atypical mesenchymal and epithelial cells suggesting a mixed mammary
tumour. An interesting findings were larvae measuring about 350 µm in
length, compatible with those of D. repens. For parasitological examination
a blood sample was drawn from cephalic vein, collected in EDTA vacuum
tubes and analyzed using the Knott’s technique. The morphometric
identification of microfilariae confirmed a severe infection by D. repens. The
tumour was then removed surgically and examined histologically. The
samples were fixed in 10% neutral buffered formalin, embedded in paraffin
wax and the sections (4 µm) were stained with haematoxilin and eosin. The
histological diagnosis of breast tumour was confirmed. Previous studies
have reported the presence of vascular tumours associated with D. repens
infection in dogs from southern Italy. While the clinical and radiologic
findings of dirofilariosis of the breast are usually nonspecific and mimic
those of breast neoplasms or inflammatory conditions, the association
between tumour and D. repens infection - in terms of induction of chronic
stimuli by the parasites leading to neoplastic transformation - should be
further investigated.
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O 11 - Is a heartworm preventive treatment also advisable in
Sardinia?
Scala A.¹, Pazzola M.¹, Giobbe M.¹, Sanna G.¹, Briguglio P.2, Lutzu M.3,
Carta A.3, Genchi M.4
¹Dipartimento di Biologia Animale, Università degli Studi di Sassari. 2Clinica
Veterinaria “Duemari” Merops Veterinaria e Ambiente, Oristano. 3Veterinary
Practitioner. 4DIPAV, Università degli Studi di Milano, Italy.

Canine heartworm (Dirofilaria immitis) disease has been reported
from Sardinia since 1934 (Pegreffi, 1934). However, the first
epidemiological study was carried out in 1969 (Arru et al, 1969 Riv Parasitol
30: 49-58). At that time, the infection prevalence ranged from 0 in northern
areas to 4.1% in the south of the island. More recently, Scala et al (Atti
Sisvet, 2004 58: 120) reported a prevalence of 0.6% to7.4% in the same
areas, and of 17% in Oristano province, an area on the west coast of the
island, characterized by high humidity and abundant mosquito populations
due to the presence of large ponds. Nevertheless, currently very few dogs
and no cats are preventively treated against the parasite. Here, we present
two severe clinical cases from Oristano area, one in a dog and one in a cat.
A male, 6-year-old Deutsch Kurzhaar dog was referred for a tumour at the
right testis. At surgery, an immature filarial worm was found while opening
the external vaginalis of the scrotal sac. A Knott test on the whole blood
and an antigen test (SNAP test, IDEXX Laboratories, Westbrook, Maine,
USA) confirmed the presence of adults heartworms in the heart and
pulmonary arteries. PCR performed on the DNA extracted from the worm
(Casiraghi et al, 2006 Vet Parasitol 141: 368-372) also confirmed that the
worm found in the testis was D. immitis. A neutered female, 4-year-old cat
was found dead by the owner. No previous symptoms were referred. The
cat showed good body conditions but had evident signs of epistaxis. At
necropsy, one D. immitis female worm was found in the right ventricle and
in the pulmonary artery associated with clear signs of severe
thromboembolism. Ectopic migration of D. immitis has been reported
previously in the eye, brain and abdominal cavity of dogs (Kotani et al,
1975 Jap J Vet Sci 37: 141-154; Miller and Cooper, 1987 Vet Med 82: 381385; Oh et al, 2008 Korean J Parasitol 46: 171-173), thus localization in the
testis is not to be unexpected. Even though it was not possible to establish
with certainly that the presence of the parasite was the cause of the
tumour, this finding confirms that heartworm infection is a severe condition
not only when the parasite is localized in the right heart and in pulmonary
arteries. Regarding the case in the cat, sudden death in asymptomatic
animals is not an unusual finding in feline heartworm infection even when
only one worm is present (Genchi et al, 2008 Vet Parasitol 158: 177-182).
The disease is unpredictable in cats and epistaxis is one of the possible
symptoms, along with vomiting, anorexia and respiratory distress. In
conclusion, both cases show the need for a preventive treatment also in
Sardinia and confirm that, in the presence of a canine reservoir
(microfilaemic dogs), cats can be infected.
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O 12 - Cardiopulmonary biomarkers in dogs infected by Dirofilaria
immitis.
Carretón E.a, Corbera J. A.a, Juste M. C.a, Morchón R.b, Montoya J. A.a
a

Medicina interna, Facultad de Veterinaria, Universidad de Las Palmas de Gran
Canaria, 35307- Arucas (Las Palmas), Spain. bLaboratorio de Parasitología, Facultad
de Farmacia, Universidad de Salamanca, Avda. Del Campo Charro s/n, 37007
Salamanca, Spain.

Dirofilaria immitis produces relevant injuries in different organs,
principally at cardiovascular and pulmonary systems. Cardiopulmonary
biomarkers are biological parameters that can be objectively measured and
quantified as indicators of pathogenic processes (heartworm disease), or
responses to a therapeutic intervention. Biomarkers are typically thought of
as tools for screening, diagnosing, or monitoring of a disease process, but
they may also be used to determine disease susceptibility and eligibility for
specific therapies. The aim of the present study was determined the levels
of cardiopulmonary biomarkers (cardiac troponin T, mioglobin and D-dimer)
in dogs parasitized by D. immitis. Sixty two dogs were analyzed: 9 healthy
animals (control group), 10 seropositive and amicrofilaremic dogs and 43
microfilaremic and seropositive dogs. The measurement of circulating
cardiopulmonary biomarkers concentration was performed in heparinized
blood using specific troponin T, myoglobin and D-dimer immunoassay
system, (Cardiac Reader ® Roche Diagnostics) following manufacturer
instructions. In all groups of dogs troponin T values were below the
detection limit of the equipment (<0.03 ng/ml). The control group and the
amicrofilaremic dogs group were myoglobin values <30 ng/ml, In the
microfilaremic group a 23.26% of dogs had higher values of myoglobin (100
ng/ml). The control group presented levels of D-dimer <0.1 mg/ml. The
50% of the amicrofilaremic dogs showed detectable values of D-dimer
between 0.1 and 0.5 mg/ml, not considered pathological, and 10% of dogs
of this group had pathological levels of D-dimer. In the microfilaremic dogs
group 27.9% had pathological values of D-dimer higher than 0.5 mg/ml. In
conclusion our results suggest that in dogs infected with D. immitis
biomarkers of pulmonary thromboembolism (D-dimer) were elevated,
especially in microfilaremic dogs. In this group myoglobin concentration are
also abnormally elevated.
We thank Sara Pérez y Tara de León, students of veterinary medicine in Las
Palmas de Gran Canaria University, Canary Islands, Spain, for its
collaboration. Research supported by Junta de Castilla y León, Spain (grant
SA090/A09).
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O 13 – Proteomic and immunomic studies in cats naturally and
experimentally infected by Dirofilaria immitis.
González-Miguel J.1, González M.1,2, De Jesús Rojas W.1,2, Simón F.1,
Morchón R.1
1

Laboratorio de Parasitología, Facultad de Farmacia, Universidad de Salamanca, Av.
del Campo Charro s/n, 37007 Salamanca, Spain. 2Escuela de Medicina, Universidad
de Puerto Rico (Programa NIH-MHIRT) Puerto Rico.

The Dirofilaria immitis/hosts relationships are extremely complex. The
course of heartworm disease in felines is unpredictable. This fact reflects
that the relationships between the parasite and cats are, in some aspects,
different from that of the canine dirofilarisois. We present here a proteomic
study in which immunogenic as well as non-immunogenic proteins of D.
immitis, in the feline dirofilariosis, are identified and their role in the D.
immitis/cat relationships discussed. Forty one proteins of D. immitis were
identified of which thirteen have not been identified previously in this
parasite. Twenty seven proteins were immunoreactive against serum
samples from naturally infected cats. Regarding their function, the proteins
were categorized as heat shock proteins (Hsp 90, OV25-1, P27 and sHsp),
cyclophilins and proteins with roles in protein folding (Ovcyp-2, Bmcyp-2
and others peptidyl-propyl cis-trans isomerases), galectins, antioxidants
(Di29, Glutathione transferase, thioredoxin peroxidase, and other
oxidoreductases), metabolic enzymes (fructose-bisphosphate aldolase,
GAPDH, fumarase, nucleoside diphosphate kinase and others), structural
proteins and other proteins. Furthermore, the proteins identified were
chronologically studied in experimental infections in cats, having appeared
at 2, 4 and 6 months post-infection (p.i.). The results point to the existence
of gradual antigen recognition in feline dirofilariosis. In addition, the
parasite can block too early (2 months p.i.) important proteins of D.immitis,
involved in process such as glycolysis or fibrinolytic system, which could be
related to the acute pathology in feline dirofilariosis. Finally eight proteins
(Hsp 70, Hsp 90, actin-2, calreticulin, disulphide isomerase, wb-thioredoxin,
myosin regulatory light chain 1 and Ftt-2) were identified as nonimmunogenic proteins. Moreover these proteins were, at the same time,
some of the most abundant spots in the DiSA Sb extract. These proteins
might be related to mechanisms of immune response evasion by the
parasite.

These investigations were supported in part by the UPR-MHIRT
program in Infectious Diseases and Molecular Biology # 2
T37MD001477-09 through the National Center on Minority Health and
Health Disparities International Research Training and the Fogarty
International Center, National Institutes of Health.
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O 14 - Structure of Dirofilaria immitis Ovary: Wolbachia and
development of oocytes.
Kozek W. J.a,c, Cangani C. C.c, Santiago N. b,c
a

Departments of Microbiology and Medical Zoology and bPathology, and cCentral
Electron Microscope Unit, Medical Sciences Campus, University of Puerto Rico, P.O.
Box 365067, San Juan, Puerto Rico 00936-5067.

After the discovery that many filariae of human and veterinary
importance harboured endosymbiotic bacteria, now identified as belonging
to the Wolbachia group, numerous studies were undertaken (i) to elucidate
the role of these bacteria in pathological and immunological manifestations
of filarial infections in the vertebrate hosts and (ii) to evaluate the
elimination of Wolbachia as a possible means for control and eradication of
selected filarial infections of man and animals. These applied and justifiable
objectives overshadowed many aspects of the basic biology of Wolbachia
that have remained undefined, but could assist in correct interpretation of
the experimental results. As part of our ongoing studies on Wolbachia, we
are tracing the distribution of these bacteria within the reproductive system
of the female filariae.Adult D. immitis females, recovered in Carolina, Puerto
Rico, from dogs harbouring naturally-acquired infections, were transported
to the Medical Sciences Campus for dissection and examination of the
ovary, by light and transmission electron microscopy, to determine whether
or not pre-rachis components of the ovary harboured Wolbachia. Dirofilaria
immitis has a didelphic, approximately 8.5 cm-long ovary. The posterior tip
of the ovary (approx. 16 x 48 um) is dilated, without any evidence of a cap
cell. Subsequent portions of the ovary can be divided into the germinative
zone (approx. 2.5 cm), followed by a maturation zone (approx. 2 cm),
containing multi-branched, extremely thin rachis, and the longest portion of
the ovary, the growth zone (approx. 4 cm), where the oocytes, now
detached from the rachis, increase in size and mature before entering the
seminal receptacle through a 3-5 mm long oviduct. Wolbachia were found
in all developmental stages of the oocytes, pre- and post- rachis, being
more numerous in the early stages. These preliminary results suggest that
vertical transmission of Wolbachia depends primarily on their presence in
the primordial germinal cells, with transmission by the route of the rachis
being of secondary importance in D. immitis. Since apparently Wolbachia of
D. immitis are not concentrated in the rachis, as they may be in other
species of filariae, their dispersion in different cells need to be considered
in the design and interpretation of chemotherapeutic trials and may explain
the re-reappearance of Wolbachia after antibiotic treatment.
Supported, in part, by the RCMI Award G12RR-03051 from the NCRR, NIH,
USA.
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O 15 - Dirofilaria immitis: Structure of its Anterior Nervous System
and Immunoreactivity to FMRFamide in Principal Ganglia.
Nieves-Mendez D. E.a,b and Kozek W. J.a
a

Department of Microbiology and Medical Zoology, Medical Sciences Campus, of
Puerto Rico, P.O. Box 36-5067, San Juan, Puerto Rico, 00936-5067; bPresent
address: Department of Biology, University of Puerto Rico at Humacao, P.O. Box
CUH, !00 Carr. 908, Humacao, Puerto Rico, 99791-4300.

Relative paucity of information about the nervous system in filarial
nematodes prompted us to conduct anatomical and immunohistochemical
studies of the cephalic sense organs and the related ganglia in the anterior
end of adult Dirofilaria immitis. Scanning electron microscopy (SEM) and
vital staining revealed the presence of eight papillae and two amphids in the
head region of male and female worms, and two phasmids; males also had
seven to eight pairs of papillae in the caudal region. Internal cuticular
ridges, located between the inner and outer papillae, appeared to connect
the papillae located in the same quadrant. Examination of serial thick
sections, and corresponding thin sections by transmission electron
microscopy (TEM), of the anterior 800 um-long segment of the female
worm revealed six ganglia (two lateral, ventral, dorsal and two papillary)
associated with the nerve ring and the route of papillary and amphidial
axons from their origin in the sensory neurons and the cephalic sense
organs. The lateral, ventral and dorsal ganglia are located posterior to the
nerve ring. Each lateral ganglion consists of 32 cells, including the 9
neurons that innervate the amphids; the dorsal and the ventral ganglion
contained two and 21 cells respectively. Two large papillary ganglia, each
one consisting of 21 cells (including neurons and supporting cells), are
located anterior to the nerve ring. Papillary neurons appear to be divided
into two subgroups, each consisting of eight cells, within the papillary
ganglion; three neurons from each subgroup extend axons that innervate
the cephalic papillae. The presence of FMRMamide peptide in the whole
mount preparation of the anterior end of D. immitis was determined by
immunocytochemistry and confocal microscopy. FMRMamide-like activity
was detected in the papillary ganglia, papillary axons, nerve ring, glial cells
of the nerve ring and in other neurons of the lateral and dorsal ganglia. Our
results suggest that the nervous system of D. immitis has been modified
from that of free-living and intestinal nematodes, especially in the
morphology of papillary and ventral ganglia, and the structure of the
cephalic
sense organs, may reflect an adaptation for survival in an
environment which provides limited sensory stimuli.
The presence of
neuropeptides from FMRMamide-related peptides (FaRPs) in the anterior
nervous system of D. immitis suggests that they are part of the
neuropeptidergic component of this, and possibly other filariae, and could
be of interest for pharmacological research and applications.
Supported, in part, by the Deanship of Biomedical Sciences, Medical
Sciences Campus, UPR, RCMI Award G12RR-03051 from the NCRR, NIH,
USA, and the MBRS Program).
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O 16 - Efficacy of a moxidectin microsphere sustained release
injectable formulation for the prevention of Dirofilaria repens
infection in experimentally infected dogs.
Genchi M.¹, Mortarino M.¹, Traldi G.¹, Pengo G.², Genchi C.¹
¹DIPAV, Università degli Studi di Milano, Italy; ²Centro Veterinario Oriolo, Cremona,
Italy.

A study was carried out to assess the efficacy of a moxidectin
microsphere sustained release (SR) injectable formulation (Guardian® SR
Iniettabile, Fort Dodge®) for the prevention of Dirofilaria repens infection
(subcutaneous dirofilariosis) in experimentally infected dogs. On Day 0, 18
Beagle dogs, 8 male dogs and 9 female dogs, weighing 8.8-10.5 Kg bw
were ranked in ascending order of body weight and blocked into pairs.
Within each pair, dogs were allocated to Group 1 or Group 2 at random
using computer randomized tables. On the same day, dogs in Group 1 were
injected with 0.05 ml/kg bw of saline solution and dogs in Group 2 were
injected with moxidectin SR at the label dose 0.17 mg/kg bw (0.5 ml/kg
bw). On day 180, 6 months from moxidectin SR injection, each dog in the
two groups was challenged with 50 infective larvae (L3) of Dirofilaria repens
collected from experimentally infected Aedes aegypti reared in laboratory.
Dogs were humanely euthanized on day 380 of the study, 6.6 months form
D. repens challenge. At necropsy, no worms were found in dogs treated
with moxidectin SR (Group 2) while several adult worms were found in
saline-treated dogs (total 90; 38 male and 52 female; arithmetic mean
10±2.87, median 9, range 7-15) (Group 1 vs Group 2 P<0.001). In
previous field studies carried out in heavy endemic areas, moxidectin in
tablet or in SR injectable formulations (Rossi et al, 2002 Vet Rec 150: 383;
Rossi et al, 2004 Vet Rec 154:26-27), ivermectin alone (Marconcini et al,
1993 Parassitologia 35: 67-71) or in combination with Pyrantel (Pollono et
al, 1998 Parassitologua 40: 457-459) and selamectin (Genchi et al, 2003
Veterinaria 16: 69-71) were found effective in preventing D. repens
infections in dogs. However, in experimental studies ivermectin given at 6
mcg/kg bw,12 mcg/kg bw and 24 mcg/kg bw showed an efficacy of 86.6%,
92.8% and 87.9%, respectively (Cancrini et al, 1989 Parassitologia 31:
177-182). In this experimental study, moxidectin microsphere sustained
release (SR) injectable formulation demonstrated full efficacy (100%)
lasting at least 6 months, able to prevent subcutaneous Dirofilaria patent
infection throughout the entire transmission season in Europe.
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O 17 - Long lasting elimination of Dirofilaria repens microfilariae in
dogs with monthly treatments of moxidectin 2.5 % /imidacloprid 10
% (Advocate®, Bayer) spot on.
Fok E.1, Jacsó O.1, Szebeni Z.2, Gyırffy A.3, Sükösd L.4, Lukács Z.5, Schaper
R.6
1
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Animal Ambulance, Tatabánya, Hungary. 4Animal Health Centre of Csepel,
Budapest, Hungary. 5Bayer Hungaria Ltd, Budapest, Hungary. 6Bayer Animal Health
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Nowadays the infection with Dirofilaria repens in dogs occurs not only
in south-eastern in Europe. The prevalence of the disease seems to be
increasing in Central Europe with most recent confirmed cases in Austria,
the Netherlands and Germany. Treatment options would be desirable to
reduce further spreading and the risk of zoonotic transmission. Currently,
there is no licensed treatment for D. repens infections in dogs. Moxidectin
has demonstrated efficacy against microfilaria (mf) and safety in dogs
infected with Dirofilaria immitis and could be an option against D. repens. A
multi-centre (Budapest/Pécs) field study with 64 dogs previously confirmed
positive for D. repens mf was conducted where a spot on (Advocate®,
Bayer) was tested in different treatment schedules. Modified Knott’s method
for the screening of dogs was used and microfilariae were identified after
their size and shape. The species diagnosis was confirmed by using a PCR
method. Treatments were applied to 44 dogs either monthly over 3 month
(5 dogs) or 6 months (22 dogs), alternatively biweekly over 6 months (17
dogs) and 20 dogs remained untreated. Mf counts were performed monthly
and the efficacy criterion extense efficacy (EE) and intense efficacy (IE) was
the absence of microfilariae during the observation period of 6 month
starting one month after the application of the last drug application. The
efficacy criterion extense efficacy (EE) and intense efficacy (IE) was the
absence of microfilariae during the observation period of 6 month starting
one month after the application of the last drug application. Two weeks
after the first treatment 38 from 44 dogs were mf negative. Four weeks
after initial treatment one dog still showed low mf count. Following the
second treatment, all treated dogs were negative. This status was
maintained in all treated dogs during the treatment period and the 6 month
observation period following the last treatment. These data demonstrate the
successful long lasting elimination of microfilariae from positive dogs.
Moreover it maybe supposed that adults of zoonotic D. repens have been
killed based on the observation that no more microfilariae were seen up to 6
months following the end of the treatment period. The applied treatment
regime would help to avoid spreading of D. repens when moving infected
dogs to areas free of this parasite but suitable to prevent the establishment
of the parasite due to climatic conditions and availability of suitable vectors.
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O 18 – Novel adulticide therapy for Dirofilaria immitis infection: a
clinical case in a naturally-infected dog.
Grandi G.a, Mavropoulou A. a, Volta A. a, Quintavalla C. a, Gnudi G. a, Kramer
L.a
a

Department of Animal Helath, University of Parma Veterinary School, via del Taglio
10 43100 Parma, Italy.

Dirofilaria immitis is a filarial nematode that resides in the pulmonary
arteries, and occasionally in the right cardiac chambers, of dogs and cats. In
dogs, the presence of adult worms causes chronic changes in the pulmonary
vascular system (inflammation, endothelial proliferation with thickening of
the vessel wall, etc) that lead eventually to pulmonary hypertension and, if
not treated, to congestive heart failure. Treatment options for adulticide
therapy include administration of the arsenic derivative melasomine
hydochlorate
(Immiticide®,
Merial),
but
side
effects
due
to
thromboembolism can be severe. Monthly administration of preventive
doses of ivermectin have also been shown to be filaricidal, but dogs become
negative for circulating D. immitis antigens (indication of complete
elimination of the parasite population) only after 24-36 months. Like many
filarial worms, D. immitis harbours the bacterial endosymbiont Wolbachia,
that is essential for worm reproduction and long-term survival. Removal of
the bacteria from the worm through antibiotic treatment of the infected host
with tetracyclines can lead to worm death. Here, the authors show the
results of a combination of doxycycline (10mg/kg/ s.i.d. for 30 days) and
ivermectin (6ug/kg/15 days for 6 months) in a naturally-infected dog from
Italy. The dog was evaluated once a month for six months and again 4
months later. Parameters evaluated at each visit included: microfilarial
enumeration (modified Knott’s test), testing for circulating D. immitis
antigens (PetCheck®, IDEXX), thoracic radiography and cardiac ultrasound.
The dog became negative for the presence of both circulating microfilariae
and antigens at day 90. None of the clinical parameters worsened during
therapy, the dog remained negative throughout the study period and is still
completely cured at the 4-month follow-up. The authors suggest that a
combination of doxycycline and ivermectin (or another macrocyclic lactone)
may be a valid alternative for adulticide therapy in D. immitis naturallyinfected dogs.
Acknowledgements. This study was funded by the project “FIL, fondo
dipartimentale 20%” of the University of Parma.
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O 19 - Is Dirofilaria repens spreading in Germany?
Pantchev, N.1, Sassnau, R.2, Lorentzen, L.3, Rossi, M4., Brand, B.4,
Daugschies, A.5, Dyachenko, V.5
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In the recent years the significance of Dirofilaria repens has
increased. The spread of this vector borne parasite from its traditional
habitats to central and northern Europe is conceivable. The first
autochthonous case of canine cutaneous dirofilariasis in Germany was
registered in Central Upper-Rhine (federal state of Baden-Württemberg)
valley in July 2004. Additionally one case report on a presumably
autochthonous occurrence of Dirofilaria immitis from this area was reported.
The Central Upper-Rhine is one of the warmest regions in Germany and also
harbours abundant numbers of mosquitoes. To obtain data about further
cases of infection and to identify a potential endemic area 44 hunting dogs
of 36 owners living in the Central Upper Rhine region were examined for
presence of microfilariae in June 2007. Furthermore a kennel of 29 sled
dogs living near to Berlin (distanced 500 km northeast of Central Upper
Rhine) was examined in October of the same year, due to clinical suspicion
of cutaneous dirofilariasis of one animal based on accidental microfilariae
detection in a blood sample during a haematological examination. While 30
of 44 hunting dogs had no travel history, the sled dogs left North Germany
only in late autumn and winter months for sled dog races. To identify the
pathogens, modified Knott-test was performed and the positive results were
confirmed by PCR. Additionally blood samples were tested for circulating
heartworm antigen using two rapid assay test systems (IDEXX SNAP® 4Dx®
and IDEXX SNAP® canine heartworm, respectively). The Knott’s test
revealed unsheathed microfilariae identified as D. repens by PCR in 3
(6.8%; 95% CI: 2.4–18.2%) of the 44 hunting dogs without history of
travelling. The three D. repens positive dogs never travelled outside the
Central Upper-Rhine region, indicating infection at the local site, and
showed no clinical symptoms at the time of sampling. Concerning the sled
dogs, five animals were found to be positive for D. repens microfilariae,
being presumably also infected in Germany based on the seasonal travel
pattern. Heartworm antigen was not detected in any of the samples of
both groups. Positive sled dogs were treated by orally doxycycline (approx.
5 mg/kg daily) and subcutaneously ivermectine (50 µg/kg weekly) for 6
weeks. No microfilariae could be detected on 4th and 19th week after
treatment. Canine cutaneous dirofilariosis in Germany must now be
regarded as a disease that is not exclusively imported. Dogs that are
exposed to a high rate of mosquito bites (e.g., hunting or sled dogs) appear
to be particularly at risk.
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O 20 - Dirofilariasis is an emerging infection in Rostov Region
(South-Western Russia).
Kartashev V.a, Kartashov S.b, Beskrovnaya J.b, Ermakov A.b, Kolodiy I.b,
Morchón R.c, Simón F.c
a
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Both canine dirofilariosis (CD) and human subcutaneous dirofilariosis
(HSD) have been reported in different Russian territories. In the Rostov
Region (South Western Russia), until the middle of 1990th, only sporadic
cases of HSD were reported and canine prevalence of CD was 3%. Between
1995 and 2003 we have reported about 64 cases of HSD and 2 pulmonary
cases (HPD) in this area. The present study is focused on the occurrence of
Dirofilaria spp. in both dogs, humans and mosquito vectors of the Rostov
Region in the last 9 years. Starting from 2000 there were recognized 191
HSD and 2 HPD cases. The age varied from 8 to 79 years, females (135)
were more frequently affected than males (58). The location of nodules
were: head (and eyes) – 57,5%; extremities – 24,9%; trunk – 12,4%;
genitalia – 4,1% (boys aged 8-14), lungs – 1,0%. Worms were surgically
removed in 182 patients and discharged spontaneously in 11 cases (female
worms – 84,8%). Three hundred and seventeen serum samples randomly
taken among the general population were analyzed by an ELISA test to
detect antibodies against D. repens, being positive 33 serum samples
(10.4%). Prevalence was higher in males (12%) than in females (6%) and
in individuals older than 60 years (25%). Moreover, 110 serum samples
from a higher risk group – patrol dog kennel students (79) and staff (31),
obtained in different Russian areas were analyzed. In the general sample,
10 sera (9.1%) were positive. Nevertheless, seroprevalence in Rostov was
significantly higher because 8 out 42 serum samples from this city (19%)
were positive; all of the positive sera were taken from the staff. In the
2007-2008 period some different studies have been carried out in dogs
from different cities of Rostov region. The highest prevalence of CD
detected by the Knott test were observed in Novocherkassk (280/731,
38.3%) and Rostov (155/836, 18.5%), while the lowest prevalence
appeared in Taganrog (3/150, 2.0%) and Shakhty (50/975, 5.1%). A
similar study focused in Rostov in 2008 revealed that dogs living indoor
have a higher risk of infection (42/75, 56.0%) than dogs living outdoor
(6/68, 8.8%). D. immitis circulating antigens were detected (IDEXX test) in
51 out 78 (65.4%) microfilaremic dogs, indicating the presence of other
filarias species. Authopsy revealed that all the 21 dogs died of CD harbour
D. immitis adult worms; additionally, subcutaneous worms were detected in
11 of them. Between 2000-2007, 991 culicid mosquitoes were captured and
dissected. Species of the genera Aedes, Culex and Anopheles were present,
withrates of infection from 5.1% to 13.6%. From 5,1% to 13,6% harboured
microfilariae each year. All these data suggest a dramatic increasing
incidence of Dirofilaria spp. in canine, human and mosquito population of
SEDD 2009
ISBN-13: 978-84-692-3583-6
Nº de registro: 09/60899
Edited by Morchón R., Morchón R., Simón F., Montoya J. A., Genchi C.

206

the Rostov Region. One of the most interesting features is that, in spite of
canine population is infected mainly by D. immitis, most cases of human
dirofilariosis until now are subcutaneous cases caused by D. repens. Further
studies have to be planned to control this parasitosis.
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P 01 - Microfilariae in canine and feline bone marrow smear.
1
2
Silvestre-Ferreira A. C. , Colaço A.
1
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Canine and feline heartworm has been, for a long time, recognized
and highly prevalent in Portugal and Spain, depending upon geographical
region. The disease is caused by Dirofilaria immitis (Nematoda:
Onchocercidae), which is transmitted by mosquito genus Aedes as primary
vector, while genus Culex is recognized as a secondary vector. Infection
with the intravascular parasite Dirofilaria immitis is an increasingly
recognized problem in domestic dogs and cats. Heartworm infection is
preventable; however, once an animal is infected, heartworm disease and
potentially life-threatening complications can develop. Clinically, diagnosis is
based on clinical signs (e.g., coughing, exercise intolerance, dyspnea,
weight loss, cyanosis, hemoptysis, syncope, epistaxis, and ascites).
Diagnostic confirmation usually requires a combination of tests. The
infection is confirmed by the observation of microfilariae in blood smears or
blood using the modified Knott's test, or the detection of antigens produced
by adult heartworms using commercial enzyme-linked immunosorbent
assay kits. However in veterinary, as in human medicine, there are cases of
microfilariae that could not be detected in the blood or hosts are
immunologically normal but they can be present in bone marrow. Their
presence in bone marrow shows the ability of microfilariae to cross the
vessel wall. A work done in centre of Portugal studied 746 dogs for filaria
(blood smear and modified Knott's test), and leishmania (bone marrow
cytology), 95 (12.5%) animals were positive for Dirofilaria immitis. 5
animals classified as negative presented microfilariae on bone marrow
smear. Bone marrow cytology is a simple and inexpensive technique, and
bone marrow smear analysis for parasite detection only requires knowing
the parasite morphology. This work describe bone marrow cytology as an
auxiliary test on clinical practice heartworm disease diagnosis.
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P 02 - Seroepidemiologic study of D. immitis in humans living in
Gran Canaria, Canary Islands, Spain.
Cabrera-Pedrero, E. D.a, Mellado I.b, Carretón E.a, Montoya J. A.a, Simón F.b
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Dirofilaria immitis is the causative agent of heartworm disease in
dogs and cats. The infection is transmitted by several species of mosquitoes
that are frequently able to bite both humans and animals. Cases of human
pulmonary dirofilariosis caused by D. immitis have been reported in areas
where an endemic infection of D. immitis predominates largely in canine
populations. People living in endemic areas are thus at risk of infection.
Humans are, however, “dead-end hosts,” since larvae do not normally
develop into the adult stage in humans. Human pulmonary dirofilariasis
develops when the nematode dies, embolizes and travels to the lung, and
lodges in a small branch of the pulmonary artery. In these cases, chest
radiography shows well-circumscribed, no calcified or calcified nodules. In
subtropical and temperate areas worldwide and in zones in which
heartworm infection in dogs is endemic, like Gran Canaria Island (Canary
Island, Spain) clinically healthy people are frequently found positive for
antibodies against D. immitis antigens. The aim of this study was to
investigate the IgG response against a D. immitis in humans living in Gran
Canaria. Four hundred and ninety-two random serum samples from humans
(285 women and 207 men) were analyzed at from human insular hospital.
The confidentiality of the information of the patients was always supporting.
Somatic antigen of D. immitis was used in ELISA for detection of IgG in
serum samples. Briefly, micro plate wells were coated with 0.8 µg of
somatic antigen of D. immitis. Serum samples were analyzed at a 1:100
dilution, and anti-human peroxidase conjugated IgG was diluted 1:5,000.
The optical density (OD) was measured at 492 nm. The cut-off (0.7) was
the OD arithmetical average plus three standard deviations for the 100
serum samples from the clinically healthy blood donors living in the D.
immitis-free area. The seroprevalence of D. immitis in humans in Gran
Canaria Island was 18.5 % (17.9 % and 19.3 % in women and men
respectively). With these results we can confirm that the seroprevalence of
D. immitis and its distribution in humans, in the different areas of Gran
Canaria Island, shows a similar pattern than canine dirofilariosis.
Research supported by Junta de Castilla y León, Spain (grant SA090/A09).
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P 03 - Are Canary hound dog’s reservoirs of heartworm disease in
the Canary Islands?
Montoya J. A.a, Juste M. C.a, Carretón E.a, Mellado I.b, Morchón R.b
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The Canary hound is a canarian native breed of dogs. This breed of
dogs is traditionally used in the Canary Islands for hunting. These dogs are
maintained primarily outdoors in rural areas, and have low sanitary,
hygienic and nutritional cares, without protection against vectors. Usually
hunters-owners of Canary hounds not use chemoprophylaxis. For that
reasons the prevalence of heartworm disease (HW) in these breed of dogs
is high. The aim of this study was to compare the incidence of Dirofilaria
immitis in Canary hound in the Gran Canaria Island with the prevalence of
the disease in the canine population of the island. Three thousand two
hundred seventy owned dogs (1,211 Canary hounds), from 1994 to 2008,
were included in the study. From 1994 to 1996, 708 Canary hounds of
2,034 dogs were evaluated. The prevalence of HW disease in all dogs was
58%, while in the Canary hound dogs was over 65%. In the year 2000, a
total of 255 dogs (94 Canary hounds) were studied. The general prevalence
of canine HW disease was 30,19%, in the canary Hound the incidence was
40%. In the year 2002, a population of 310 dogs was studied (87 were
Canary hounds). The prevalence was 24,19% in the canine population and
36% in the population of the Canary hound dogs. In the years 2006/2007,
the number of dogs studied was increased to 551 dogs, (202 were hounds).
The canine HW seroprevalence, in these years, was 18,51%. In Canary
hound was diminished to 35%. Finally, in the year 2008 a total of 120
Canary hound dogs were studied, with a prevalence of HW disease of
41,6%. In conclusion, the data of this survey shows that canine HW
disease gradually has diminished in the canine population of Gran Canaria
Island. However in the Canary hound dogs the decrease of HW
seroprevalence was significant less. The Canary hound dogs and others of
hunting and farming breeds of dogs could be a reservoir of the disease in
the Canary Islands. It could be of interest to involve veterinary practitioners
and owners in a control campaign to understand that the small animals
should be treated to eradicate the parasite from the island.
Research supported by Junta de Castilla y León, Spain (grant SA090/A09).
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P 04 - Current prevalence of Dirofilaria immitis in Salamanca
(western Spain).
González-Miguel J.1, Mellado I.1, Bottari R.1,2, Rota E. 1,2, Hernández M. V.3,
Andrés-Pérez C.4, Rastrilla-Calleja M. C. V. 4, Morchón R.1
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Highest prevalence’s have been reported in the Canary Islands and
Southern provinces of the Iberian Peninsula. In the province of Salamanca
(western Spain), the first epidemiological study based on the used of the
Knott test, revealed a mean prevalence of 12.3% in the whole canine
population in 1989. The highest prevalence (33.3%) was observed in the
Tormes river valley, near Salamanca city, an area with high temperatures
and humidity during the summer months. The urbanistic and demographic
characteristics of the area have changed dramatically in the last 10 years,
but studies to the surveillance of canine dirofilariosis have not been carried
out. The aim of this work was to update the epidemiological information on
dirofilariosis in the canine population of this endemic area. Serum and blood
samples from 337 dogs were analyzed with IDEXX test for detection of D.
immitis circulation antigens and Knott test for detection of microfilariae.
Ninety eight out of 337 were positive to the IDEXX test (29.08%
prevalence). From these positive dogs, only 3 (3.06%) microfilaremic
infections, and only 1 dog (1.02%) showed mild symptoms of heartworm
(HW) disease. These results indicate the current prevalence is similar to
that observed in 1989, nevertheless a clear decrease of the microfilaremic
infections was observed. The causes of these differences are discussed.
Research supported by Agencia de Desarrollo Económico de Castilla y León
(cofinanced with FEDER funds) and Junta de Castilla y León (grant
SA090/A09), Spain.
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P 05 - Zoonotic infections in La Rioja, Northern Spain.
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Dirofilaria immitis is the causal agent of canine and feline
cardiopulmonary dirofilariosis. Moreover, the existence of canine
dirofilariosis implies a risk for human populations living in endemic areas in
which, the parasite can causes pulmonary dirofilariosis. The current
information on the epidemiological situation in Spain shows that canine
dirofilariosis present in Aragón, Cataluña, Valencia, Murcia, Andalucía,
Extremadura, Balears and Canary Islands and the provinces of Salamanca
(Castilla and León), La Coruá (Galcia) and Madrid. Dirofilariosis has not
been detected until now in the rest of the territory. In the present study,
epidemiological data on canine and human dirofilariosis of La Rioja
(Northern Spain) have been obtained for the first time. The overall
prevalence of D. immitis in dogs is 12% (9% of patent and 3% of occult
infections), being 11.6% the seroprevalence of human residents in this
province. The geographic distribution of both canine and human D. immitis
infections in La Rioja is restricted to humid and irrigated areas near the
Ebro valley river, being absent in the rest of the province where hills and
mountains predominate.
Research supported by Agencia de Desarrollo Económico de Castilla y León
(cofinanced with FEDER funds), Spain.
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P 06 - Prevalence of dogs dirofilarioses in Serbia.
Tasić A.ª , Tasić S.ª,b , Dimitrijević S.c , Miladinović Tasić N.ª,b , Adamovic
V.d, Djordjevic J.b , Zdravkovic D.ª
ªInstitute for microbiology and parasitology, Public Health Center Nis, Bul. Dr
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11000 Belgrade, Serbia; dClinic of Veterinary, Svetosavska 41, 12200 V. Gradiste,
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Systematic research of canine filarioses done in our country proved
that Vojvodina, North Serbia is hiperendemic for Dirofilaria repens infection
and endemic for Dirofilaria immitis infection of dogs. Aim of this paper was
to investigate the prevalence of dirofilariosis of dogs on the territory in the
border of Vojvodina and central Serbia in area of city Veliko Gradiste that
represent mosquito districts. Examination comprised total of 65 dogs. For
the detection of microfilariae in the canine peripheral blood two methods
were used: modified Knott's test and comercial Difil test (EVSCO, BUENA,
NJ, USA). Identification of species of microfilariae was performed according
to their morphological and morphometric characteristics. All morphometric
parameters were obtained using a modern automatic television system for
picture analysis Lucia M (NIKON, 3.51 ab). For detection of D. immitis adult
female antigen in serum samples of dogs three serological tests were
aplaied (ELISA test, PetChek® HTWM PF, IDEXX Laboratories, USA,
WITNESS® Heartworm, Canine Heartworm Antigen Test, Synbiotics
Corporation, San Diego, USA, and FASTest® HW Antigen, MegaCorDiagnostik, Austria). Applying parasitological and serological methods
dirofilarioses were detected at 16 examined dogs in total, so the determined
value for general prevalence of dirofilarioses amounted 25,40%. Infection
caused by D. repens was more prevalence and this dirofilariosis determined
in 28,81% of examined dogs. In spite of serological investigation, same as
in Vojvodina prevalence of D. immitis infection in dogs was significant lower
(3,17%). The territory of city Veliko Gradiste is a significant district area for
dirofilarioses of dogs.
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P 07 - Molecular diagnosis of human dirofilariosis from paraffinembedded nodules.
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Dirofilarioses are mosquito-borne diseases of dogs and other
carnivores that can be transmitted also to humans. Usually, in this host the
worm does not reach the adult stage and microfilaremia is absent, therefore
the diagnosis is very difficult. In the last 50 years the number of cases by
chance
detected
is
about
800.
Humans
often
develop
subcutaneous/pulmonary nodules that may be asymptomatic. All laboratory
examines are normal, except for a very rare and light eosinophilia. The
differential diagnosis includes many neoplastic or granulomatous skin
nodules and malignant or benign tumours. For many years the diagnosis
has been achieved by the histological examination of surgically removed
nodules. The identification of the worms was based on the features of the
cuticle of adult specimens and it was impossible when the cuticle was
altered by regressive phenomena or in the case of infection by larval
stages. Then, DNA diagnostics have been developed, which allow the
identification of all developmental stage of all zoonotic filariae examined
directly after their removal, or preserved dried, or frozen, or stored in
absolute or 70% ethanol. Recently, modified DNA extraction protocols from
archival formal-fixed and paraffin embedded tissues have been described
(Shang-Rong et al., 2002), which allow the study of even histological
material. Aim of this paper is to report the success of the application of
molecular diagnostics in the identification of filarial DNA extract from 4
paraffin-embedded nodules. Surgically removed (from the right breast, the
right leg, the periorbital region and from the scrotum) nodules were been
processed for histological analysis. Then, the haematoxylin-eosin coloured
sections and part of the worms embedded in the paraffin blocks were
submitted to DNA extraction following the abovementioned protocol, slightly
modified, and to PCR assays we developed, by using primers previously
designed. Morphological features of the sections of the worms, in optimal
state of preservation, were indicative of the presence D. repens; PCR assays
performed on the paraffin blocks confirmed the identifications. As the
development of the parasite in an unsuitable host could affect the stability
of crucial morphological parameters, making difficult even the identification
of the isolated intact worm, molecular diagnostics have to be considered the
gold method for the undisputable diagnosis of zoonotic filariae in humans,
mainly where many filarial species are present in the animals and when the
morphological diagnosis is influenced by the worm location. In fact, PCR
recently proved the presence of D.repens in pulmonary nodules (Rivasi et
al., 2006). The employment of this technique and of different DNA
extraction protocols on histological sections, to date hampered by the effect
of the formalin on the DNA quality, could permit the re-examination of
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archival formal-fixed cases, and the evaluation of the real importance of
each zoonotic filarial species in human infections.
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P 08 - Identification of immunoreactive proteins from humans with
subcutaneous dirofilariosis.
González-Miguel J.1, Rosario L.1,2, Rota E.1,3, Bottari R.1,3, Marcos-Atxutegi
C.1, Morchón R.1.
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Human subcutaneous dirofilariosis is a vector borne transmitted
disease caused by different species belonging to the genus Dirofilaria. In the
Old World is caused by D. repens. Most of infected individuals are able to
eliminate the migrating larvae but, in some cases, immature adult worms
causes subcutaneous nodules or present sub-conjunctival location. These
nodules cause suspicion of a malignant origin, thus differential diagnosis is a
key feature in human subcutaneous dirofilariosis. At present we don’t know
the reasons why in humans worms develop until preadult stage in some
cases while in others do not. The aim of the present study is to identify
immunoreactive and non reactive proteins in clinical cases of subcutaneous
dirofilariosis as well as in healthy seropositive individuals, using two
dimensional electrophoresis and mass spectrometry. Several proteins of D.
repens have been identified by western blot (immunoreactive) against
serum samples from both subcutaneous nodule and healthy seropositive
individuals. These first results demonstrate the existence of different
parasite proteins involved in the D. repens/humans relationships in cases of
subcutaneous nodules and in infections without nodules.
Research supported by Agencia de Desarrollo Económico de Castilla y León
(cofinanced with FEDER funds), Junta de Castilla y León (grant SA090/A09),
Spain and by the UPR-MHIRT program in Infectious Diseases and Molecular
Biology # 2 T37MD001477-09 through the National Center on Minority
Health and Health Disparities International Research Training and the
Fogarty International Center, National Institutes of Health.
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P 09 - Are microfilariae related to the production of eicosanoids in
dogs naturally infected with Dirofilaria immitis?
Morchón R.1, Juste M.C.2, Montoya J.A.2, González Miguel J.1, RodríguezBarbero A.3, Simón F.1
1

Laboratory of Parasitology, Faculty of Pharmacy, University of Salamanca, Avda.
Campo Charro s/n, 37007, Salamanca, Spain. 2Department of Animal Pathology,
Faculty of Veterinary, University of Las Palmas de Gran Canaria, 35416, Arucas,
Gran Canaria, Canary Islands, Spain. 3Department of Physiology and Pharmacology,
University of Salamanca, Laboratory of Cellular Biology, Campus Miguel de
Unamuno, 37007, Salamanca, Spain.

Dog heartworm infection (Dirofilaria immitis) is an inflammatory
disease that affects pulmonary arteries, lung parenchyma and heart.
Eicosanoids, lipid mediators produced by the metabolism of the arachidonic
acid, modulating immune and inflammatory reactions in mammals. The
levels of prostaglandin E2 (PGE2), thromboxane B2 (TxB2) and leukotriene B4
(LTB4) were measured in dogs naturally infected with D. immitis showing
both microfilaremic and amicrofilaremic infections. TxB2 is the predominant
eicosanoid in all infected individuals, followed by LTB4, while PGE2 appears
in very low levels. Significant higher values of TxB2 and LTB4 were observed
in microfilaremic dogs when compared to amicrofilaremic ones. No
significant differences in PGE2 levels were seen between microfilaremic and
amicrofilaremic dogs. Our data suggest that an association between
microfilariae and the production of TxB2 and LTB4 during canine heartworm
infections. The possible role of symbiont Wolbachia bacteria in the
stimulation of the synthesis of the eicosanoids is discussed.
This work was supported by Art.83, Agencia de Desarrollo Económico de
Castilla y León (FEDER), Spain and Chemical Ibérica Productos Veterinarios,
S.L.
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P 10 - Excretory/secretory antigens of Dirofilaria immitis adult
worms stimulate PGE2 and decrease monocite transmigration across
vascular endothelial cells.
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Simón F.1
1

Laboratory of Parasitology, Faculty of Pharmacy, University of Salamanca, Avda.
Campo Charro s/n, 37007, Salamanca, Spain. 2Instituto Reina Sofía de
Investigación Nefrológica, Departamento de Fisiología y Farmacología, Universidad
de Salamanca, 37007, Salamanca, Spain.

Cardiopulmonary dirofilariosis caused by Dirofilaria immitis is a
chronic disease. Sometimes acute thomboembolisms and endarteritis may
occur. When spontaneous or treatment induced worm’s death exacerbates
inflammatory reactions at the levels of pulmonary arteries, producing a
massive release of antigenic products. Nevertheless, adult worms survive
for years in immunocompetent hosts. To better understand the influence of
live worms on the blood vessel endothelium, human vascular endothelial
cells (HAAE-1) were treated with excretory/secretory antigens of D. immitis
adult worms (DiE/S). Significant increases in the COX-2, 5-LO expression
and PGE2 levels were detected in cells treated with DiE/S compared with
control cells. Moreover, DiE/S decreased monocite transmigrations across
vascular endothelial cells. The expression of other inflammatory mediators
and adhesion molecules like TxB2, LTB4, ICAM-1, VCAM-1, PECAM-1 and Ecadherin as well as some physiologic processes like permeability to
molecules, proliferation, migration, apoptosis and necrosis of cells, and on
cell cycle had no alteration in treated cells. These results suggest a very
selective stimulatory activity of the metabolic antigens of D. immitis adult
worms. Because PGE2 mediates in vasodilatation, decrease molecules
permeability and promotes a permissive Th2-type response and monocite
transmigrations, our results seem to indicate that DiE/S early stimulate the
production of mediators that favor the survival of the parasite, facilitate its
relationships and transiently restrict early vascular and lung damages in the
infected host.
Research supported by Junta de Castilla y León (grant SA090/A09), Spain.
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P 11 - Identification of immunoreactive proteins from humans with
pulmonary dirofilariosis.
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Dirofilaria immitis is the causal agent of cardiopulmonary
dirofilariosis, a serious and potentially fatal disease affecting both domestic
and wild dogs and cats worldwide. The infection is transmitted by several
mosquito species, some of which are able to feed also in humans. Thus, in
endemic areas, people are at risk of infection. Humans are not adequate
hosts for D. immitis, because larvae do not develop into the adult stage.
Nevertheless, sometimes adult immature worms lodge in a small pulmonary
artery, where they embolize, causing benign pulmonary nodules that can be
confused with lung cancer in radiology. Like other filarial species, D. immitis
harbours symbiotic gram-negative bacteriae of the genus Wolbachia
(Rickettsiales), which are implicated in the embryogenesis and molting of
the parasite. Previous studies suggest that antigens from Wolbachia are
responsible for the stimulus of inflammatory reaction causing pulmonary
nodules, while the role of D. immitis antigens is not well understood. The
present study has been designed to identify parasite proteins involved in
the parasite/host relationships in human pulmonary dirofilariosis. Using
two-dimensional
electrophoresis
and
mass
spectrometry
several
immunoreactive and nonreactive proteins of D. immitis have been identified
and their possible roles in cases of human pulmonary dirofilariosis and in
infections without nodules, discussed.
Research supported by Agencia de Desarrollo Económico de Castilla y León
(cofinanced with FEDER funds) and Junta de Castilla y León (grant
SA090/A09), Spain.
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P 12 - Human subcutaneous dirofilariosis in South Serbia-case
report.
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In human Dirofilaria repens (D. repens) causes abortive infections or
inflammatory nodule mostly located in subcutaneous/submucosal tissue.
The aim is to report a new case of human subcutaneous dirofilariosis in
Serbia. A 50-year-old female, permanently settled at the territory of the city
of Vranje, the southern part of Serbia, was admitted to the hospital because
of a nodule in the subcutaneous tissue of the periorbital region. Surgically
removed specimen was an almond-shaped mass measuring 0.7 x 0.5 cm.
During the extirpation, the capsule burst, and a motile, intact live nematode
was removed and preserved before in normal saline and then in 5%
glycerine in 70% ethanol. Parasitological analyses included an investigation
on macroscopic and microscopic characters of the parasite. Microscopic
morphometric characteristics were obtained by means of television image
analysis system Nikon Lucia M (Nikon, Japan). The adult parasite was
cylindrical, whitish, about 12 cm in length, 0.3 cm in width, the distance
between the oral opening and the vulva is 3,6 cm and worm had 4 pairs of
cephalic papillae, oblique section of the worm showed a thick cuticle (8µm)
with longitudinal ridges. Macroscopic and microscopic features prompted us
to identify the worm as a D. repens-like immature female specimen. The
patient had probably been infected in this part of Serbia since she did not
travel abroad, or in other part of Serbia such as Vojvodina that was
detected as hyperendemic area for D. repens infection of dogs.
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P 13 - Dirofilaria immitis (Leidy, 1856) infection in a dog, first
autochthonous case in Hungary.
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A 4 year-old, male dog which had never been abroad was referred
with poor general condition, decrease in body weight, haematemesis and
jaundice to the Central Clinic of Veterinary Science University, Budapest.
After symptomatic treatment abdominal ultrasonography and diagnostic
laparatomy were carried out. The dog was humanely euthanized two days
later following owner’s consent because of sudden worsening of clinical
conditions. Two adult Dirofilaria immitis were found in the right cardiac
ventricle, one male worm and one female worm (the proximal and middle
part of the uterus containing immature embryos and microfilariae). The
ventricle was enlarged and the worms were partially coiled around the
tricuspid valve. Modified Knott’s test for circulating microfilariae and
serology for circulating female antigens (Speed DIRO) were carried out.
PCR on blood was positive for both D. immitis and Dirofilaria repens while
only D. repens microfilariae were found by modified Knott’s test and the
serological test was negative for D. immitis antigens. It is likely that
heartworm infection was not the primary cause of the dog’s condition,
considering, that other pathological lesions were found such as necrotic
lesions in the liver, grey-whitish nodules in the kidney cortex and deep
mucosal ulcers on the pyloric part of the duodenum. Nevertheless, we
cannot exclude that the infection had played a role in the condition taking
into account that heartworms were coiling the tricuspid valve. This is the
first autochthonous case of canine heartworm infection reported from
Hungary, confirming the evidence of the spreading of dirofilarial parasites
from the Mediterranean areas to eastern countries of Europe. We may
hypothesize that hunting dogs from Italy with patent heartworm infection
acted as microfilarial reservoirs for the local mosquito population during
their stay in the area, resulting in the development and the transmission of
infective larvae to native dogs.
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P 14 - Efficacy of selamectin (Stronghold® Pfizer) in the treatment
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Cutan dirofilariosis caused by Dirofilaria repens is frequent in dogs
and an emerging helminthozoonosis in Hungary and worldwide, too.
Macrocyclic lactones are used to prevent the infection but their activity
against the microfilariae and matured forms of this species is questionable.
Selamectin (Stronghold® spot on, Pfizer) is widely used for prophylaxis
against heartworm infection. The purpose of the present study was to
evaluate the microfilaricid efficacy of selamectin using the topical
formulation in dogs infected naturally with D. repens. 78 beagle dogs, living
in outdoor kennels with high mosquito abundance, were examined by
modified Knott’s method to check microfilaria presence and 46% was
detected as positive for D. repens. From them 23 dogs were included into
the trial in four groups with monthly or biweekly treatment and monthly
blood testing. The animals were treated in group A and C for 168 days, and
in group B and D for 252 days. Sample collecting was prolonged 3 months
longer than the treatment period. At the end of the study 65% of the dogs
became free from larvae, and 35% of the dogs remained microfilaraemic
with a low number of microfilaria. Results showed that selamectin is reliable
to reduce the circulating larva concentration. Therefore, selamectin is able
to decrease the possibility of D. repens spreading among dogs and also
humans.
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P 15 - MiR-181a/miR-150 gene ratio as a sensitive peripheral blood
marker of Th-1 shift in Dirofilaria immitis infected, doxycycline
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MicroRNAs (miRNAs) are a new class of short (approximately 21-22
nucleotides) noncoding RNAs that are involved in gene expression negative
regulation through sequence-specific base pairing with target mRNAs,
usually in their 3’-UTR part. A large number of studies have suggested that
miRNAs play important roles in the regulation of innate and acquired
immunity, including the development and differentiation of immune cells,
the release of inflammatory mediators, and antibody production. Specific
miRNAs are considered useful clinical markers due to their intrinsic
expression stability in normal conditions, together with a generally clearcut
overexpression in pathological conditions, and to their marked resistance to
ribonuclease degradation in biological samples, compared to mRNA targets.
The aim of the present study was to investigate by RT-qPCR the expression
profile of two miRNAs (miR-181a, and miR-150, that are assumed to be
involved in Th1/Th2 differentiation in humans and rodents) in peripheral
blood from 15 beagle dogs before and after experimental infection with
Dirofilaria immitis. After successful infection, a subgroup of 5 dogs was also
long-term treated (34 weeks, intermittently) with Wolbachia-targeting
doxycycline that had a marked effect on worm fertility and circulating mf
compared to a subgroup of 5 controls left untreated. The expression of the
above miRNAs was then quantified in peripheral blood of both doxycyclinetreated and untreated dogs. The expression level of the above miRNAs was
compared in all samples to the expression of two cytokines, TNF-alpha and
IL-10, representative of Th1 response and Th2 response respectively. The
results show that the gene ratio miR-181a/miR150 has a significant (3-fold,
p<0.001) increase in beagles after D. immitis infection. In the same dogs,
the TNF-alpha/IL-10 gene ratio showed a comparable increase, that could
be related to the mounting of a Th1 response. After long-term treatment
with doxycycline, the miR-181a/miR150 gene ratio showed a more than
200-fold dramatic increase compared to untreated controls (p<0.001),
whereas the TNF-alpha/Il-10 gene ratio showed only an approximate 12fold increase. The observed cytokine shift following doxycycline treatment
was interpreted as mirroring the pronounced Th1-profile typical of dogs with
occult infection, since doxycicline treatment caused a 1000-fold decrease of
circulating mf compared to the untreated dogs. The results of the present
study are promising for the establishment of miR-181a/miR-150 gene ratio
as a sensitive peripheral blood marker of Th-1 shift in D. immitis infected,
doxycycline treated dogs.
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P 16 - Dirofilaria repens infection in a dog in Serbia– case report.
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Dirofillaria repens is a natural parasite of carnivorous animals,
primarily dogs, foxes and cats. Zoonotic filariasis occurs among those
individuals who handle cats and dogs (either as pets, as in our case or as in
professions like veterinary doctors). Subcutaneous dirofilariasis normally
affects the eyelids and periorbital region and at rare occasion they may
occur subconjunctivally. The length of female may vary from 8 to 13 cm and
males from 4 to 4.8 cm. The infection is transmitted to humans by insect
vector like Anopheles or Culex mosquito. In Srbia at dogs D.repens were
serological occured in Vojvodina by Dimitrijević et al. (2006) at 28,9552,38% and in Belgrade area at 37,4% (Pavlović at al.). Until now adult
parasites not established at dogs. First human isolation adult was performed
by Kujundžić et al.(1995) who occur subconjunctivally adult of D.repens. In
our paper we present first occurence of adult Dirofillaria repens in dog.
Sibirien Huskie, 3 years old, without owner, were arrival in ambulace from
diagnosis of reason of lameness at forwarding extremity. At RTG were
established complicated fractura of humerus which must be operated.
During surgery intervention during muscle preparation, from subcutaneous
tisues migrated two live tin white worm lengthy 9,6 and 11,2cm. Both
continued migration acros operation field. They seize and placed at 75%
ethanol. After operation we examined dogs blood using modificated Knott
test and occured microfilaria which determinated like D. Repens. Ou result
we confirmed by 3DX IDEXX test which were negative. The diagnosis is
confirmed by hystology studying the morphology after their removal.
Worms belonging to the genus Dirofillaria repens are identified by their
thick laminated cuticle, broad lateral ends and large muscle cells. This was
the first occurence of adult Dirofillaria repens at dogs in Belgrade and
Serbia.
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P 17 - Dirofilafilariosis – prevalence at stray and pet dogs at
Belgrade area in period 2007-2008.
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Dirofilariosis are zoonotic parasitic diseases of dogs caused by D.
Immitis and D. repens. D. immitis are found at right heart chamber, arteria
pulmonalis, rarely at cavum thoracis, bronchus and other organs. D. repens
cause a subcutaneous dirofilariasis and normally affects the eyelids and
periorbital region and at rare occasion they may occur subconjunctivally.
Dogs are dominant host by both species but they be occurred at other
mammals like cats, rodents or man. Infection transmited by various
mosquito species (Anopheles, Culex or other) whose with blood ingested of
infected host carry microfilaria to other hosts. Prevalence of dirofilariosis in
Serbia were sporadic examined (Dimitrijevic et al. 2006 at Vojvodina,
Pavlović et al.2007 at Belgrade, etc.) and those examination maintain
presence of D. immitis, D. repens and Dipetalonema reconditum. In period
2007-2008. we examined 327 blood samples of stray dogs from Belgrade
area and 97 pet dogs with clinical signs of heart disaster. To detection of
filaria we use Knott method and EDTA test. At stray dogs we occurred
presence of Dirofilaria immitis at 22,01% (72/327), D. repens 19,26%
(63/327) samples and mixed infection caused by D. immitis and D. repens
at 3,97% (13/327) dogs. At pets dogs we occurred presence of Dirofilaria
immitis at 19,58% (19/97), D. repens 14,43% (14/97) samples and mixed
infection caused by D. immitis and D. repens at 3,09% (3/97) dogs.
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RNA interference (RNAi) is a conserved mechanism for gene
regulation, that involves exogenous double-stranded RNAs (dsRNAs),
and/or small interfering RNAs (siRNAs, 21-30 nucleotides in length) that
could be endogenously synthesized or exogenously introduced, acting as
triggering signals of sequence-specific degradation of target mRNA. RNAi is
a widely used technique for gene silencing in a variety of organisms, both in
basic research and in applied pharmacological studies. MicroRNAs (miRNAs)
are a new class of endogenous and conserved, short noncoding RNAs that
are involved in downregulation of gene expression through sequencespecific base pairing with target mRNAs. The length of miRNA precursors is
approximately 70 nucleotides, the mature forms are 21-23 nucleotides. The
machinery of RNA silencing mediated by siRNA and miRNA is dependent on
several proteins. Among these, the ribonuclease Dicer is the key enzyme in
the biogenesis of mature, functionally active siRNAs and miRNAs, through
recognizing and processing their precursors. Consequently, Dicer expression
and functionality (e.g. presence of endogenous, mature miRNAs) is
regarded as a main hallmark of functional RNAi and miRNA pathways in a
certain organism. To our knowledge, no information is available on the
functionality of RNAi and miRNA pathway in Dirofilaria immitis. We thus
investigated Dicer expression in adult D. immitis and in different
reproductive organs and developmental stages. PCR primers pairs were
designed based on available information on Dicer nucleotide sequences in
nematodes (Caenorhabditis elegans, C. briggsae, and Brugia malayi).
Conventional PCRs were performed on genomic DNA and cDNA obtained
from adult D. immitis, and obtained amplicons were recovered and
sequenced. SYBR-Green-based reverse transcriptase, quantitative real time
PCR (RT-qPCR) was performed to quantify Dicer expression on total RNA
extracted from adult male and female D.immitis worms, from ovary and
uterus of fertilized females, and from purified L1 to L3 stages. In order to
confirm the functionality of Dicer in the regulation of D. immitis miRNA
pathway, the expression of let-7, a miRNA known to be developmentally
regulated in C. elegans and other organisms, was quantified in the same
samples, through TaqMan-based RT-qPCR. The result of the present work
show that Dicer is dynamically and functionally present in all developmental
stages of D.immitis. The presence and functionality of Dicer-mediated gene
expression regulation pathways in D. immitis indicate that RNAi- and
miRNA-based experimental studies could be applied in basic research on
this nematode, as well as on studies aimed at developing novel therapeutic
approaches.
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