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WElCOmE mESSaGE 

Dear colleagues,

It is with great pleasure that we welcome you in the 11th Annual Meeting 
of ESVCP/ECVCP, from 7-9 October 2009, which will be held in the port 
city of Thessaloniki, Greece. This year our congress venue is the prestigious 
Electra Palace hotel, dominating over Aristotle square right in the heart of 
the city and overlooking the Thermaikos gulf. Following the ECVCP tra-
dition, the program consists of scientific, continuing education, case pre-
sentation, free communication and poster sessions, aiming at providing the 
delegates with up-to-date information on many aspects of the ever expand-
ing field of veterinary clinical pathology. Keynote subjects of the congress 
include clinical pathology-based diagnostics of infectious diseases and lym-
phoma, but attention-capturing lectures on toxicological clinical pathology 
and hematology analyzers will be delivered by many authoritative speakers. 
Our social program includes a welcome reception on Wednesday evening 
and the gala dinner on Thursday evening. We would also like to express 
our gratitude to all our sponsors for their support in the organization of 
this meeting. It is our firm belief that clinical pathology will experience its 
best in a friendly and relaxing atmosphere that will favor the dissemination 
of clinical and research knowledge, on top of providing the opportunity to 
cultivate and strengthen the ties among colleagues coming from different 
countries.

We are very much looking forward to greeting you in Thessaloniki,

On behalf of the organizing committee,
Zoe Polizopoulou and Mathios Mylonakis

Proceedings BOOK.indb   5 9/25/09   3:24:10 PM



�

11th ESVCP-ECVCP MEETING 7-9 OCTOBER 2009 • THESSALONIKI, GREECE

lOCal ORGaNISING COmmIttEE

Zoe Polizopoulou, Diagnostic Laboratory, School of Veterinary Medicine, 
Aristotle University of Thessaloniki

Mathios Mylonakis, Clinic of Companion Animals, School of Veterinary 
Medicine, Aristotle University of Thessaloniki

Alexander Koutinas, Clinic of Companion Animals, School of Veterinary 
Medicine, Aristotle University of Thessaloniki

Maria Kritsepi, Diagnostic Laboratory, School of Veterinary Medicine, Ar-
istotle University of Thessaloniki

Nikolaos Roubies, Diagnostic Laboratory, School of Veterinary Medicine, 
Aristotle University of Thessaloniki

Timoleon Rallis, Diagnostic Laboratory, School of Veterinary Medicine, Ar-
istotle University of Thessaloniki

SCIENtIfIC PROGRammE

The meeting will address a wide range of topics spanning a number of areas 
within the field of Veterinary Clinical Pathology. The meeting will touch on 
the following topics:

Continuing Education Day
Diagnostics of infectious diseases
Flow cytometry and lymphoma diagnosis
Toxicologic clinical pathology
Applications of hematology analyzers
Case review session
Scientific research abstracts presentation

Proceedings BOOK.indb   6 9/25/09   3:24:10 PM



�

7-9 OCTOBER 2009 • THESSALONIKI, GREECE 11th ESVCP-ECVCP MEETING

PlaN VIEW

EquIPmENt

Computers and projectors are available in the halls. 

Presenters are kindly requested to pre-load their presentations by contact-
ing the technical secretariat prior to their presentation.

The technical secretariat will be located outside the conference hall I. 

laNGuaGE
The language of the meeting is English.
There will be no simultaneous translation.
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aNalYtICal PROGRammE

Wednesday, October 7th (CE-day)
08.30-09.00 Registration

09.00-10.30

Hall 1
•  M. Christopher: The cytomorphology of infectious agents

•  M. Fürll: Diagnosis of most important metabolic and organ 
disorders in ruminants

10.30-11.00 Coffee break

11.00-12.30
Hall 1

•  L. Leontides: Best practice of interpreting antibody test results

•  K. Papasouliotis: Update on new tests for in-clinic use

12.30-14.00 Lunch break

14.00-15.30

Hall 1
•  M. Christopher: Erythrocyte shape abnormalities: visual 

clues to systemic biochemical changes

•  M. Christopher: Blood cell production “out of the box”: the 
what, where, when and why of extramedullary hematopoiesis

15:30-16:00 tea

16:00-17:30 HALL 1: Meeting of residents and trainers

18.00 Welcome reception

thursday, October 8th

9.00-10.30

HALL 1: INfECtIOuS DISEaSES
•  S. Harrus: Clinicopathological prognostic indicators of ca-

nine monocytic ehrlichiosis.

•  S. Harrus: Diagnosis of canine monocytic ehrlichiosis – mo-
lecular versus classical techniques

10.30-11.00 Coffee break

11.00-12.30

HALL 1: INfECtIOuS DISEaSES
•  A. Koutinas: Diagnosis of canine leishmaniosis – an update

•  W. Baumgärtner: Diagnosis and pathogenesis of canine 
distemper virus – Who cares about conjunctival swabs?

12.30-14.00 Lunch break
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thursday, October 8th

14.00-15.30

HALL 1: CAse RepoRts
•  P. Crosse: Anaemia in an alpaca
•  P. Formisano: An unusual cause 

of lymphadenopathy in a dog
•  R. Gunn-Christie: Blood from 

a young puppy with fever and 
weight loss

•  A. Hillström: A dog with severe 
anemia

•  E. Hooijberg: Interesting haemo-
gram in a young DSH cat

•  E. Hooijberg: Anaemia in a cat
•  P. Loukopoulos: An oral mass in a 

dwarf rabbit

HALL 2:
tOxICOlOGIC  

ClINICal  
PatHOlOGY

•  A. Provencher Bol-
liger: Best practices 
for evaluation of bone 
marrow in non-clinical 
toxicity studies

•  M. Becker: Update on 
advanced hemostasis 
technologies and appli-
cations in drug safety 
evaluation

15:30-16:00 tea

16:00-17:30

HALL 1: CAse RepoRts

•  P. Monti: Lymph node cytology in 
a mastiff dog with a gingival mass

•  M. Mylonakis: A dog with abnor-
mal liver findings

•  A. Pastorello: Cerebrospinal fluid 
from a bitchwith neurological signs

•  E. Piseddu: Unsual abnormal fluid 
in a dog 

•  L. Pintore: Cerebrospinal fluid 
findings in a tetraparetc dog

•  C.- C. Sommerey: An intratho-
racic mass in dog

•  C. Trumel: A case of anemia in a 
young boxer

HALL 2:
tOxICOlOGIC  

ClINICal  
PatHOlOGY

•  H. Mechine: Review of 
rat bone marrow anal-
ysis by flow cytometry 

•  D. Ledieu: Bone mar-
row flow cytometric 
techniques and case 
studies

17:30 ESVCP aGm

21:00 Gala dinner
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friday, October 9th

9.00-10.30

HALL 1: FLoW CYtoMetRY AND LYMpHoMA
•  S. Comazzi: Usefulness of flow cytometry in lymphoma 

diagnosis

•  S. Comazzi: Correlation between cytology and flow 
cytometry in lymphoma diagnosis

10.30-11.00 Coffee break

11.00-12.30

HALL 1: FLoW CYtoMetRY AND LYMpHoMA
•  D. Bienzle: Influence of chemotherapy on immunophenotype 

of canine lymphoma

•  D. Bienzle: Lymphoma diagnosis in species other than dogs

12.30-14.00 Lunch break

14.00-15.30

HALL 1: 
SCIENtIfIC abStRaCtS

1.  G.Baneth et al.: Babesia gibsoni 
infection in Israel 

2.  M.Kjelgaard Hansen: Clinical ap-
plicability of a patient-near specific 
commercially available quantitative 
assay for determination of C-reac-
tive protein

3.  B.Siliart et al.: Reference values of 
blood components in high produc-
ing goats 

4.  L.Giori et al.: Prevalence of grey 
eosinophils in racing hounds and 
comparison of manual and instru-
mental counts

5.  S.Klenner et al.: Acquired my-
eloperoxidase deficiency in dogs

6.  L.Jaillardon et al.: Biochemical and 
endocrine profile of 78 obese dogs

7.  P.Katsoulos et al.: Assesment 
of lactate dehydrogenase (LDH), 
alkaline phosphatase (ALP) and 
aspartate aminotransferase (AST) 
activities in milk for the diagnosis 
of subclinical mastitis in sheep and 
goats

HALL 2: 
HaEmatOlOGY 

aNalYSERS
•  M. Gelain: How not 

to flow every patient: 
first approach 
and monitoring 
of leukaemia 
with automated 
hematology analyzer 
(Sysmex XT- 2000iV)

•  D. Bienzle: Analysis 
of body fluids 
with automated 
hematology 
analyzers
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friday, October 9th

15:30-16:00 tea

16:00-17:30

HALL 1: 
SCIENtIfIC abStRaCtS

1.  G.Rossi et al.: Homocysteine 
in canine serum increases in 
severe renal failure but not in 
inflammatory bowel disease

2.  B.Riond et al.: Performance 
evaluation of the Sysmex PocH-
100iV Diff hematology analyzer for 
canine, feline, equine and bovine 
blood

3.  I.Lilliehook and H.Tvedten: 
Automatic digital image analysis 
system (CellaVision DM96) used 
for canine leukocyte differential 
counting

4.  E.Leidinger et al.: Step by step 
introduction of QC validation and 
application of sigma metrics using 
the hematology analyser CELLDYN 
3500 as an example

5.  I.Schwendenwein et al.: 
Application of sigma metrics: a 
“reverse approach”

6.  M. Pinches et al.: Evaluation of 9 
novel renal urinary biomarkers

7. S.Safi et al.: New indirect ELISAs 
for the diagnosis of bovine leukosis

HALL 2: CYtoLogY/
ImmuNuCYtOlOGY
•  A. Koutinas: 

Cutaneous and 
subcutaneous non-
neoplastic cytology 
in the dog and cat

•  K. Papasouliotis: 
Immunocytology of 
canine (and feline) 
non-haematopoietic 
tumors

INtERNEt aCCESS
Inside the hotel, there will be a wireless free internet connection as well a 
business station with computers available to all delegates

ROOmS
The oral presentations will take place at Hall I & II and posters will be 
displayed at the Poster session area. Both halls are located at the first floor 
of Electra Palace. 
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REGIStRatION & CONfERENCE baDGES
All delegates shall receive their conference printed material, relevant 
information and conference badges upon registration at the Conference 
Secretariat

Registration includes:
•  Attendance to the Scientific Programme
•  One congress bag (including programme, abstract book and other 

printed material)
•  Free refreshments during the academic sessions’ programme 
• Lunch breaks
• Opening reception 

All delegates are requested to retain their badges at all times in order to be 
able to enter the meeting venues and area of social events. 

Coffee breaks: Coffee breaks take place during the hours mentioned on 
the programme at the exhibition area at the first floor of the hotel. 

Lunch Breaks: Lunch breaks will take place at different restaurants 
located within a walking distance from the Meeting Venue. More details 
regarding lunches will be available in your personal envelope given to you 
upon your registration.

mEEtING SECREtaRIat
The Meeting Secretariat will be located 
outside the meeting halls 

Opening Hours:
Wednesday, 7th - Friday, 9th • 08:30 to 17:30

CultuRal & SOCIal PROGRammE
Considering Thessaloniki a city of great archaeological and historic interest, 
yet at the same time a modern city of vivacious urban life and one of great 
significance for the socio-political geographical region of Eastern Mediter-
ranean, the Organizing Committee of the Conference in collaboration with 
SYMVOLI – Conference & Event Organizers have structured a multidi-
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mensional cultural and social parallel programme, which will be given to 
you upon your arrival at the registration desk, in order for delegates to get 
acquainted with the cultural identity of Northern Greece and enjoy their 
stay in Thessaloniki. 

Wednesday 07/10
19:30 Opening Reception, Hall II at Electra Palace

thursday 08/10
21:00 Gala Dinner (individuals pay accordingly)- Yacht Salon & 
Restaurant (Macedonia Palace, 2 M. Alexandrou Avenue)
Delegates can purchase their dinner invitations from the registration desk. 
saturday 10/10
Post-Meeting Trip (optional – individuals pay accordingly)

please consult the Conference Secretariat for final arrangements,
according to final participation numbers

Excursion: Vergina
Cost: € 40,00 per person (including transportation, professional guide, 
entrance to museum and lunch)
The bus will depart from the conference venue. The participants will be head-
ing to Aigai, the ancient first capital of the Kingdom of Macedonia which was 
discovered in the 19th century near Vergina, in northern Greece. Some of 
the most important remains we are going to see are the monumental palace, 
lavishly decorated with mosaics and painted stuccoes, and the burial ground 
with more than 300 tumuli, some of which date from the 11th century B.C. 
We can also see the royal tomb in the Great Tumulus which is identified as 
that of Philip II, who conquered all the Greek cities, paving the way for his 
son Alexander and the expansion of the Hellenistic world. Visitors will leave 
Vergina in order to have lunch in a local traditional restaurant. After a 3-hour 
tour, the participants will be back in the city.

Delegates who wish to participate to the tour
should register to the meeting secretariat.

Minimum participation: 30 persons
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The 11th ESVCP & ECVCP Meeting
would like to express its acknowledgements
to the following Institutions, Organizations

and private Companies for their kind support:

NOVARTIS
1j2

SYSMex europe GmbH
1j2

IDexx Laboratories
1j2

ALTAVeT, D. Fokos – J. Papatsas & Co JSC.
1j2

Veterinary Clinic “St. Modestos” G. Alatzas
1j2

Veterinary Diagnostic Laboratories  
“VeT IN PROGReSS” , D. Bithava

1j2

BIOVeT, Veterinary equipment Co., 
www.biovet.com.gr
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PatHOGENESIS aND DIaGNOSIS Of CaNINE DIStEmPER 
viRus-WHo CARes About CoNjuNCtivAL sWAbs?
prof. Dr. Wolfgang baumgärtner, ph.D.
Department of Pathology, University of Veterinary 
Medicine, Bünteweg 17, 30559 Hannover, Germany

Canine distemper is a worldwide occurring infectious disease, caused by 
a morbillivirus belonging to the Family Paramyxoviridae closely related to 
measles and rinderpest virus. The Family Paramyxoviridae has been reclas-
sified into two subfamilies, the Paramyxovirinae and Pneumovirinae. Para-
myxovirinae contains the three genera respiro-, rubula- and morbillivirus. 
Beside canine distemper virus (CDV), the genus morbillivirus comprises 
measles virus, dolphin morbillivirus (DMV), peste-des-petits-ruminants 
virus (PPRV), rinderpest virus (RPV), porpoise morbillivirus (PMV), and 
phocine distemper virus. 

The disease in dogs has been termed canine distemper, canine plaque, 
canine glanders or catarrhal fever. Beside dogs, the natural host range com-
prises predominantly other carnivore species including ferrets and seals. 
The enveloped, negative-sense, single-stranded RNA virus contains six 
structural proteins, the nucleocapsid, the phospho-, the large, the matrix-, 
the hemagglutinin, and the fusion protein. 

The incubation period may vary from one to four weeks and depends on 
viral strain, age of the animal at the time of infection and immune status of 
the host. Disease manifestation ranges from virtually no clinical symptoms 
to severe disease with approximately 50% mortality. The virus is shed pri-
marily by oro-nasal secretion and infects susceptible dogs by inhalation of 
airborne viruses or via infective aerosol droplets followed by virus replica-
tion in lymphoid tissues of the respiratory tract. Following this local burst 
of virus replication the pathogen is then disseminated by lymphatics and 
blood to distant hematopoietic tissues during the first viremic phase. Both a 
cell-free viremia and a cell-associated virus spread have been described. The 
leukocyte-associated viremia is believed to represent the major source of 
hematogenous infectivity. Neuroinvasion of CDV occurs predominantly via 
the hematogenous route followed by ependymal and subependymal white 
matter infection indicating CNS spread along the cerebrospinal fluid (CSF) 
pathway. In addition, virus spread via the olfactory nerve or direct from 
meningeal cells of the pia mater has been assumed. 

CDV infects an abundant number of different cell types, including epi-
thelial, mesenchymal, neuroendocrine and hematopoietic cells. Thus, CDV 
can be found in cells of the respiratory, gastrointestinal and urinary tract, 
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endocrine system, lymphoid tissues, central nervous system (CNS) and 
vasculature including keratinocytes, fibroblasts, thrombocytes and differ-
ent lymphoid cell subsets, as well as bronchial, endothelial and epithelial 
cells. Within the CNS, astrocytes, microglia, oligodendrocytes, neurons, 
ependymal cells, choroid plexus cells and, as indicated by most recent find-
ings, aldynoglia can get infected. A recent study revealed the importance 
of vimentin-positive cells in distemper brain lesions. Though virus antigen 
can be found frequently in GFAP-positive astrocytes in early lesions, vimen-
tin-positive astrocyte-like cells represent the main cell type harboring the 
pathogen in advanced lesions, indicating a change in cell tropism and/or 
susceptibility of glial cells during lesion progression in nervous destemper. 

CDV infection of dogs is characterized by a systemic, often fatal clini-
cal course. Here, the main manifestations include respiratory and gastroin-
testinal signs, a polioencephalitis or demyelinating leukoencephalomyelitis 
(DL), and immunosuppression. The latter can be found during the viremic 
phase and after viral clearance from the periphery. Degree of severity of le-
sions and clinic various and is influenced by secondary pathogens especially 
in dogs suffering from spontaneous disease. 

However, despite elimination of the virus from several organs and the 
peripheral blood due to a strong immune response, CDV can persist in cer-
tain tissues including uvea, CNS and footpads.

Ante mortem diagnosis of canine distemper is usually based on clinic, 
history, neurological, respiratory and/or intestinal symptoms as well as other 
findings, such as nasal and digital hyperkeratosis (hard pad disease) or enam-
el hypoplasia. A variety of clinical parameters and different types of assays 
have been used for a definitive diagnosis of distemper. However, due to the 
unpredictable and variable course of distemper including length of viremia, 
organ manifestation, and a lack of or delayed humoral and cellular immune 
response, the final clinical diagnosis for most animals remained uncertain. 
Therefore, in infected dogs without characteristic clinical signs, a definitive 
diagnosis of CDV infection depends on virus isolation, the detection of vi-
ral antigen or RNA resprectively. Generally, dogs that recovered from acute 
distemper have lower antibody titers than dogs with inapparent infection or 
vaccination-induced immunity. Serum-neutralization antibody titers in dogs 
above 1:100 are regarded as protective. However, serological methods, such 
as ELISA, serum-neutralization assay, indirect immunofluorescence assay 
and immunoperoxidase linked assay are of limited diagnostic value especial-
ly during the acute phase of infection when virus-specific antibodies are not 
yet produced. Moreover, high titers of antibodies to CDV may be the result 
of previous vaccination as well as a subclinical or clinical infection. 

Antigen detection can be performed in epithelial cells collected from 
the conjunctiva or mucous membranes (e.g. biopsy of gastric mucosa) and 
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in lymphoid cells using a blood smear, buffy coat or CSF by immunofluo-
rescence or immunohistochemistry, respectively. The immunocapture en-
zyme-linked immunosorbent assay represents a rapid and sensitive method 
to detect CDV. However, antigen detection by immunological techniques 
can give false negative results, especially in the subacute and chronic phase 
of the disease. Sensitivity can be increased by the application of immu-
nochromatography, predominately using conjunctival samples during the 
early phase of the infection. However, false positive results are especially 
frequently encountered in smears due unspecific sticking of the antibodies 
to cellular debris. High levels of sensitivity and specificity can be reached by 
using PCR-based molecular techniques. More importantly, the viral genome 
can also be detected in blood samples of animals with subacute or chronic 
distemper encephalitis without detectable viral antigen. Conventional RT-
PCR represents a reliable method for in vivo diagnosis of distemper by us-
ing serum, whole blood and CSF regardless of clinical signs, neutralizing 
antibody titers, pathological findings, and antigen distribution. However, 
sensitivity varies with the sample source, viral nucleic extraction method 
and choice of primers. In addition, CDV mRNA can be detected in urine 
samples of infected dogs. Additionally, application of Taqman-based real-
time RT-PCR enables the quantification of viral load in clinical specimens 
of CDV-infected dogs. 

Virus isolation can be performed using permanent cell cultures such as 
African green monkey kidney (Vero) cells and Madin-Darby canine kidney 
(MDCK) cells, pulmonary macrophages and tissue explants from infected 
dogs. In addition, inoculation of ferrets with tissue homogenate or isolates 
represents a reliable method to distinghuish between field and vaccine 
strains. Recently, canine SLAM-expressing Vero cells have been shown to 
represent a highly efficient tool for virus isolation.

Post mortem diagnosis depends upon the presence of characteristic 
morphological lesions in various organs including cytoplasmic and nuclear 
inclusion bodies and can be confirmed by the detection of viral antigen or 
genome using immunohistochemistry and/or in situ hybridization, respec-
tively. Diagnosis of CDV infection can also be accomplished by the demon-
stration of viral RNA using conventional and quantitative RT-PCR in nec-
ropsy samples. Subsequent sequence analysis or genotyping assays using 
hemi-nested multiplex PCR enables the identification of new genetic CDV 
variants within the dog population, which might be responsible for disease 
outbreaks in vaccinated animals. 

Summarized, distemper in dogs represents a highly contagious viral in-
fection characterized by a variable clinical course and a complex pathogen-
esis, displaying both direct virus-mediated and immunopathological lesions 

Proceedings BOOK.indb   21 9/25/09   3:24:14 PM



22

11th ESVCP-ECVCP MEETING 7-9 OCTOBER 2009 • THESSALONIKI, GREECE

predominantly found in lymphoid tissues and the central nervous system. 
Diagnosis of canine distemper is often complicated by a variable clinical 
courses and delayed formation of CDV specific antibodies. Furthermore, 
CDV antigen detection can be negative in the chronic phase of the disease. 
Therefore, highly sensitive PCR-based molecular techniques and sophisti-
cated tissue culture systems suing SLAM-expressing cells represent nowa-
days important diagnostic tools as a part of an effective disease control. 

1g2

INfluENCE Of CHEmOtHERaPY ON tHE 
ImmuNOPHENOtYPE Of CaNINE lYmPHOma
Dorothee bienzle, DvM, phD, Dipl. ACvp
Department of Pathobiology, University of Guelph 
Guelph, Ontario, CANADA

Lymphoma is very common in dogs, and has much similarity with non-
Hodgkin lymphoma of people. Studies from multiple veterinary institutions 
across the world concur that approximately 2/3 of lymphoma in dogs arises 
from B-lymphocytes and 1/3 from T-lymphocytes. The most common clini-
cal presentation consists of painless enlargement of multiple lymph nodes. 
Enlarged abdominal or thoracic lymph nodes, splenomegaly or hepatomeg-
aly, are detected radiographically in more than 50% of cases during initial 
evaluation, but do not constitute prognostically adverse factors. 

Among canine B-cell origin lymphomas, histopathologically more than 
80% have diffuse effacement of lymph nodes and are composed of large cells 
with a prominent large single central nucleolus, classified as “immunoblas-
tic” (IB) by criteria of the World Health Organization Working Formulation 
(WHO-WF).1 With application of immunocytochemistry to canine samples, 
this cell type was shown to express markers typical of mature B-cells, and 
of antigen presenting cells.2 Immunoblasts are considered to arise from the 
center of antigenically stimulated follicles, and molecular studies of human 
immunoblastic lymphoma have shown consistent rearrangement of im-
munoglobulin (Ig) heavy and light chains and expression of cytoplasmic or 
surface Ig.3 Flow cytometric assessment of >100 lymphomas in my labora-
tory has characterized the immunophenotype of canine IB lymphoma as 
CD1, CD21, CD45RA, CD90, and major histocompatibility (MHC) class II 
“bright”, CD18 and CD11 “dim”, and lacked CD3, CD4, CD8 and T cell recep-
tor (TCR) expression. Molecular studies indicated that at least the Ig heavy 
chain is typically rearranged in IB canine lymphoma.4 IB lymphoma of dogs 
appears to be a relatively homogeneous entity with predictable response to 
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multi-agent chemotherapy. Survival times achieved at multiple institutions 
approximate 1 year, and are characterized by a relatively good quality of life. 

Among T cell lymphomas in dogs, histopathologic patterns and cellular 
phenotypes are variable. Lymphoblastic (LB) lymphoma, a diffuse lympho-
ma composed of large cells with pleiomorphic nuclear shapes and indistinct 
nucleoli, is consistently recognizable. Other T cell lymphomas affecting the 
nodes also have diffuse patterns, but diverse cellular phenotypes ranging 
from small cell predominant with few mitotic figures to intermediate size 
with rare or numerous mitotic figures to highly anaplastic. In my laboratory 
we have identified some immunophenotypes corresponding to T cell lym-
phomas: LB lymphoma consistently expressed CD3, CD4 and alpha/beta 
TCR “bright”, and MHC class II and CD18 “intermediate”. All dogs with hy-
percalcemia had LB lymphoma. Small cell T cell lymphomas were either 
of CD4 or CD8 subtype, sometimes lacked cell surface expression of CD3 
or TCR, and CD8 expression was highly associated with overt leukemia. 
Anaplastic T cell lymphoma was most commonly of hepatosplenic origin, 
associated with expression of CD8, and concurred with leukemia and cy-
topenias. Survival after standard multi-agent chemotherapy was relatively 
consistent between 4 and 6 months for LB lymphoma, but highly variable 
for small cell CD4 or CD8-expressing lymphomas. Some dogs with small 
cell T cell lymphoma had an extremely indolent course of disease with sur-
vival times of >3 years, while dogs with anaplastic hepatosplenic lymphoma 
survived less than 2 weeks.

This brief summary illustrates that dogs uniquely have one predominant 
and relatively homogeneous type of lymphoma, and, in addition, a wide 
range of other types of lymphoma, similar to observations in people.1 Most 
dogs with nodal lymphoma at diagnosis do not have overt leukemia or cy-
topenia, but with highly sensitive techniques such as PCR-based antigen 
receptor rearrangement (PARR) assays, clonal populations may be readily 
identified among blood lymphocytes. Bone marrow involvement may be de-
tectable through careful morphological evaluation of a large number of he-
matopoietic cells or through immunocytochemistry or immunohistochem-
istry.5 Similarly, morphologically abnormal circulating leukemic cells may 
be detected on enriched leukocyte preparations such as buffy coat smears, 
but are typically in low number. In either blood or bone marrow, PARR is a 
more sensitive method for detection of clonal populations than microscopic 
evaluation. Neither low-grade bone marrow nor blood involvement is an 
adverse prognostic factor for treatment of lymphoma. 

Treatment of dogs with multi-agent chemotherapy in most cases in-
duces rapid death of neoplastic lymphocytes and a marked reduction in 
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tumor volume within a few days. Dogs who have achieved remission from 
lymphoma, as determined by lack of detection of palpable tumor masses, 
typically become lymphopenic. We have investigated whether circulating 
lymphocytes in dogs with lymphoma in remission (LIR) are similar to those 
in healthy dogs, or may indicate residual circulating tumor cells.6 We found 
that dogs with LIR had significant differences in some types of lymphocytes 
in circulation, but that the type of lymphoma did not have a significant in-
fluence. More specifically, relative increases in CD3, TCR alpha/beta and 
CD90 expressing lymphocytes, concurrent with decreases in CD45RA ex-
pressing lymphocytes, were consistent with reduced lymphopoiesis. Thus, 
chemotherapy appears to affect entry of naive lymphocytes into circulation, 
and may be of importance to immunocompetence. 

Does chemotherapy affect immunophenotype? It is generally not pos-
sible to obtain sufficient cell numbers from lymph nodes aspirated during 
remission, as they are inpalpable. However, we have re-assessed a number 
of dogs during relapse, and compared the “relapse” to the original immuno-
phenotype. In every case assessed the recurrent lymphoma was identical in 
expression of 15 antigens to the original tumor. Therefore, chemotherapy 
does not appear to affect the immunophenotype of the recurring lympho-
ma, but most likely the original tumor persisted and recurred.
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lYmPHOma DIaGNOSIS IN SPECIES OtHER tHaN DOGS
Dorothee bienzle, DvM, phD, Dipl. ACvp
Department of Pathobiology, University of Guelph 
Guelph, Ontario, CANADA

Lymphoma is a relatively common tumor in all species and can affect at all 
ages from in utero to old age. Veterinarians are most familiar with lympho-
ma in dogs, but lymphoma is also among the more common tumors in cats, 
horses, cattle and ferrets. Viruses that cause specific types of lymphoma in 
cats and cattle are the feline leukemia virus (FeLV) and the bovine leuke-
mia virus (BLV), respectively. Classically, FeLV-associated lymphoma oc-
curred in young animals as a result of neoplastic transformation of thymic 
T cells, presented as a large mass in the mediastinum, and was rapidly fatal. 
During the past 2-3 decades, FeLV infection has become relatively uncom-
mon among North American and European domestic cats due to testing 
and vaccination, and other forms of lymphoma, unrelated to FeLV infection, 
have become more common.1 BLV-associated lymphoma occurs in older, 
and therefore more commonly dairy cows, and has predilection for certain 
organs such as the abomasum, uterus and myocardium. BLV is widespread 
among North American cows as viral infection has minimal impact on pro-
ductivity, and incentives for testing and culling of infected cows have not 
been rigorously installed. BLV infects a subset of B-lymphocytes causing 
reduced apoptosis, which manifests in approximately 50% of infected ani-
mals with persistent lymphocytosis. Only 2-3% of infected cows proceed 
to development of tumors.2 Study of lymphomagenesis by FeLV and BLV 
is of comparative interest, since humans and non-human primates are also 
susceptible to lymphocyte-tropic transforming retroviruses, such as the hu-
man T-cell leukemia virus (HTLV). However, in the majority of human non-
Hodkin lymphomas, and in canine, equine, and mustelid lymphomas, viral 
agents have not been identified.

In cats, contrary to in dogs, lymphoma more commonly occurs at ex-
tranodal sites. Epidemiologically, the intestine is the most common site af-
fected, with a higher incidence in the small intestine than the large intestine. 
At our institution, other sites affected most frequently with lymphoma in 
cats are, in order, kidneys, nasal cavity, lymph nodes, stomach and central 
nervous system.3 As with all intra-abdominal or intra-thoracic neoplasia, 
tumor development is generally occult until interference with physiological 
function. Hence, cats with intestinal lymphoma typically develop intermit-
tent but increasingly frequent vomiting and/or diarrhea corresponding to 
sizeable tumor volume. Obtaining relatively large and well-preserved en-
doscopic biopsies is the most rewarding diagnostic procedure. Since most 
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intestinal lymphomas appear to develop as clonal outgrowths from chronic 
antigenically stimulated lymphocyte proliferation in inflammatory bowel 
disease (IBD), histopathologic assessment has to attempt to distinguish in-
flammation from neoplasia. That is a challenge for the surgical pathologist 
since many intestinal lymphomas in cats are of small or mixed cell size, and 
accompanied by plasma cell proliferations. In this scenario, PCR-based de-
tection of clonal antigen-receptor rearrangement is a very valuable adjunct 
to diagnosis, and can be performed on DNA extracted from small pieces 
of formalin-fixed tissue.4 Intestinal lymphomas comprise a range of histo-
pathologic patterns, a mixture of T- and B-cell origins, and subsequently 
vary in their response to surgical and/or chemotherapeutic treatment. Re-
nal lymphoma in cats is similar to intestinal lymphoma in that it is not a 
homogeneous entity, but rather may consist of T- or B-cell proliferations, 
and comprise variable histomorphology. Occurrence of bi-lateral renal 
lymphoma in virtually all cases is suggestive of unique micro-anatomical 
homing features for lymphocytes in the kidney, and precludes surgical treat-
ment. Cytological approaches are of limited value for diagnosis of intestinal 
and renal lymphoma, since architectural assessment is necessary in almost 
all cases. As reported before, nasal and gastric lymphomas in cats are almost 
exclusively of B-cell origin, and generally consist of homogenous and mor-
phologically abnormal lymphocytes, rendering cytological diagnosis useful. 
Lymphoma developing in the context of chronic feline immunodeficiency 
virus (FIV) infection is a unique tumor. These lymphomas are consistently 
of B cell origin, lack clonal viral integration, have an anaplastic appearance, 
variable extranodal locations, and are poorly responsive to chemotherapy. 
Overall, much remains to be learned about the many facets of feline lym-
phoma and optimal treatments.

In horses, tumors are rare, but lymphoma is among the more common 
neoplasms. Extranodal sites are far more commonly involved than lymph 
nodes, intestinal and splenic tumors prevail over other sites, and paraneo-
plastic phenomena are common. Lack of external lymph node enlargement 
means potentially neoplastic tissues are generally inaccessible for biopsy, 
making the diagnosis of lymphoma in horses often difficult and protracted. 
Furthermore, few abdominal or thoracic lymphomas exfoliate sufficient 
numbers of tumor cells to allow diagnostic confidence on cytologic evalua-
tion of cavity fluids. However, many horses with lymphoma (~70%) have he-
matological abnormalities such as anemia, thrombocytopenia, neutropenia, 
or morphologically abnormal lymphocytes on blood smears.5 The anemia is 
most commonly due to immune mediated mechanisms, and associated with 
a polyclonal gammopathy. Furthermore, systemic inflammation as indicated 
by hyperfibrinogenemia and hypoalbuminemia is common. With elimina-
tion of infectious causes, these laboratory abnormalities permit an index of 
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suspicion. Sometimes a mass can be visualized by ultrasound or an enlarged 
spleen may be palpated rectally, but definitive tissue-based ante mortem di-
agnosis generally requires laparoscopic biopsy or laparotomy. Histopatho-
logically, many equine lymphomas are heterogeneous and include plasma 
cells, histiocytes, and a mixture of T and B-lymphocytes. Among 37 cases 
assessed, 26 were considered to be of T cell origin, but also included many 
different histomorphologic types. Chemotherapy has been attempted in a 
number of equine lymphoma patients, and in a few cases survival times in 
excess of 1 year suggests that some tumors are indolent. Cytology is useful 
in only the subset of equine lymphomas comprised of homogeneous and 
morphologically abnormal cells, but flow cytometric assessment of cavity 
effusions may be of diagnostic utility.5

While adrenal masses far outnumber other tumors in neutered ferrets, 
lymphoma is nevertheless relatively common. As in horses and cats, en-
largement of peripheral lymph nodes is much less common than involve-
ment of abdominal and/or thoracic viscera.6 Identification of “incidental” 
lymphoma involving the mesenteric lymph nodes at necropsy suggests that 
this may be the site of origin of neoplastic transformation in multicentric 
lymphoma of ferrets. Histomorphologically, tumors composed of homoge-
neous small to medium lymphocytes of T cell origin are most common. 
Anemia, not due to immune-mediated hemolysis, is very common, and pre-
sumably due to erythropoiesis-suppressing cytokines elaborated by the tu-
mor. Occasional ferrets have Hodgkin-type lymphomas, which present as a 
solitary massively enlarged lymph node and are composed of small and large 
lymphocytes, necrotic debris, fibrosis and pathognomonic Reed-Sternberg-
type cells. Cytological approaches to diagnosis are valuable, in particular 
since ferrets are small and amenable to detailed palpation and percutaneous 
mass aspiration. Response to chemotherapy in mustelids appears to be quite 
variable, but comparable to those achieved in other species, considering the 
relatively short natural lifespan of the animal.
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aNalYSIS Of bODY fluIDS WItH 
autOmatED HEmatOlOGY aNalYzERS
Dorothee bienzle, DvM, phD, Dipl. ACvp
Department of Pathobiology, University of Guelph 
Guelph, Ontario, CANADA

Automated blood cell analyzers have revolutionized information to be 
gained from evaluation of blood. In particular, laser-based interrogation of 
individual cells with complex software analysis of multiple parameters in-
tegrated with statistical interpretation yields a phenomenonal amount of 
information on all cellular constituents of blood in a very short time and us-
ing a very small amount of blood. Since body fluids outside the blood stream 
typically consist predominantly of leukocytes with similar morphology as in 
blood, it should be possible to also evaluate such fluids in automated hema-
tology analyzers. We have investigated this possibility using the ADVIA120 
analyzer for samples of cerebrospinal fluid (CSF), bone marrow, cavity fluids 
and bronchoalveolar lavages (BAL). 

1. CSF
In healthy dogs and cats the cell concentration in CSF is less than 3 cells per 
μL, and most automated cell counting methods are insufficiently sensitive to 
accurately measure such low concentrations. Hence, manual cell counting of 
all leukocytes and erythrocytes in 1 μL of CSF on 2 sides of a hemocytometer 
chamber is the standard method. Therefore, in CSF with normal cellularity, 
only 1 to 3 cells are counted per chamber. Artifact is readily introduced with 
this manual method by improper sample mixing prior to pipetting, use of a 
chamber containing detergent or other residue, over- or underloading the 
volumetric chamber, and incorrect differentiation of leukocytes from eryth-
rocytes or platelets. In people, the ADVIA120 equipped with software modi-
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fications was sufficiently sensitive for CSF absolute and differential counting. 
Since dog leukocytes are very similar to human leukocytes, we reasoned that 
the ADVIA120 should also be able to differentiate leukocytes in canine CSF. 
We installed special CSF software, and used procedures recommend by the 
instrument manufacturer to reduce background and prepare cells for CSF 
analysis. We, and others, found that while the instrument yielded similar 
results for total cell concentrations, differential counts were frequently dis-
similar to manual differential counts obtained from stained cytocentrifuge 
preparations.1,2 Clear cell populations for lymphocytes, large mononuclear 
cells and neutrophils were apparent, but the preset gates for analysis of hu-
man leukocytes would require adjustment for canine leukocytes. Thus, the 
instrument has potential for automated analysis of canine CSF, but software 
adjustments would be necessary and interruptions in workflow of blood 
analysis may render this application impractical in busy laboratories.

2. Bone marrow
Bone marrow aspirates contain precursor and differentiated hematopoietic 
cells as well as blood. While particularly large cells like megakaryocytes 
are probably beyond the forward scatter (size) detection capability of the 
instrument, we reasoned that all other normal hematopoietic cells should 
be detected and at least partly differentiated by the combination of light 
scatter, myeloperoxidase content and oxazine staining. We have analyzed 
approximately 50 canine, feline and equine bone marrow samples aspirated 
into EDTA-anticoagulant in the ADVIA120. Using simple precautions like 
removal of obvious clots prior to instrument aspiration minimized techni-
cal problems with analysis. We found that: 1) Automated analysis yielded an 
excellent indication of cellularity of smears prepared concurrently; 2) Good 
quality aspirates from hematologically normal animals had greater than 
100x109 nucleated cells/L; 3) Microscopic diagnosis of leukemia was consis-
tently supported by detection of a high proportion of large unstained cells 
(LUC); 4) There was strong correlation between microscopic assessment 
of erythropoietic activity and ADVIA reticulocyte number and maturity. 
Furthermore, unique changes in reticulocyte parameters corresponded to 
administration of erythropoietin in horses.3 Therefore, while microscopic 
assessment of bone marrow aspirates and core biopsies should not be dis-
continued, automated analysis may yield useful adjunct information.

3. Cavity fluids
Cavitary effusions reflecting inflammation should be readily characterized 
by automated analysis of leukocytes. This has been shown for abdominal, 
thoracic and pericardial effusions from dogs and cats.4 Our experience is 
similar, in that inflammatory effusions from dogs, cats and horses are read-
ily characterized by ADVIA cytograms, but that neoplastic cells either are 
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outside the size limit of the forward scatter window, or appear to fall into 
the “large unstained cell” gate. Also, bacterial or other organisms are obvi-
ously not detected by automated analysis, and cell aggregates appear to also 
fall outside the analysis limits. Hence, automated analysis of cavitary effu-
sions is of limited value for diagnostic purposes.

4. Lung lavages
Samples from the airways of horses are frequently assessed to analyze inflam-
matory populations affecting the bronchioles and alveoli, and from small an-
imals to investigate pneumonia. Collection of samples into saline-fluids and 
expected predominance of blood-derived leukocytes should enable detec-
tion by automated hematology analyzers. Hence, we have attempted analysis 
of equine and canine BAL fluid in the ADVIA120. Our results suggest that 
lung-derived samples are readily analyzed in the instrument, as long as ob-
vious mucus strands are removed first. However, alveolar macrophages of 
horse are too large, and probably too irregular in cell shape, to be consistently 
captured by standard ADVIA120 settings. Since alveolar macrophages com-
prise >50% of normal BAL fluid in horses, automated analysis is not suitable 
for this purpose. Alveolar macrophages in dogs are not as large, and are more 
consistently captured within the limits of the monocyte/neutrophil region 
by analysis windows. Since detection of microorganisms is an essential com-
ponent of all lung wash fluid analysis, microscopic assessment of cytospin 
preparations has to remain an essential part of diagnostic investigations, but 
may be assisted by automated leukocyte analysis.

In summary, analysis of body fluids by automated hematology analyzers 
is a valuable adjunct for samples containing exclusively or predominant-
ly cells derived in relatively “unaltered” condition from hematopoietic or 
blood cells. In particular bone marrow analysis has promise to be enhanced 
by data derived from automated instruments.
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tHE CYtOmORPHOlOGY Of INfECtIOuS aGENtS
Mary M. Christopher
DVM, PhD, Dipl ACVP, Dipl ECVCP

Cytopathology frequently involves the need to identify and diagnose bacte-
rial, fungal, protozoal, and parasitic organisms and associated inflamma-
tory responses and disease manifestations in animals. Cytology may be the 
first diagnostic procedure used to evaluate a lesion. In addition to making 
a diagnosis, cytologic findings are important in directing additional testing 
to determine species, strain, or pathogenicity. The cytologic appearance of 
organisms with Romanowsky stains and in tissue may differ from that us-
ing gram stain or in culture. I will present a series of Romanowsky-stained 
samples from various tissues and fluids obtained from dogs, cats, and a few 
other animals, many of which have been published previously in Veterinary 
Clinical Pathology. Many will be familiar but hopefully some will be chal-
lenging! Once you’ve made your diagnosis, I’ll discuss the cytomorphologic 
features, species, geographic range, and key aspects of pathogenesis and dif-
ferential diagnosis.

What Is Your Diagnosis?
1. Peritoneal fluid from a dog (bacteria • fungus • protozoa • parasite)
 Diagnosis: ____________________________________________________

2.  Draining lesion on the muzzle of a dog (bacteria • fungus • protozoa • 
parasite)

 Diagnosis: ____________________________________________________

3.  Gall bladder aspirate from a dog (bacteria • fungus • protozoa • parasite)
 Diagnosis: ____________________________________________________

4. Crop fluid from a pigeon (bacteria • fungus • protozoa • parasite)
 Diagnosis: ____________________________________________________

5.  Bronchoalveolar lavage fluid from a cat (bacteria • fungus • protozoa • 
parasite)

 Diagnosis: ____________________________________________________

6. Bronchial fluid from a dog (bacteria • fungus • protozoa • parasite)
 Diagnosis: ____________________________________________________

7. Subretinal aspirate from a dog (bacteria • fungus • protozoa • parasite)
 Diagnosis: ____________________________________________________
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8. Abdominal fluid from a dog (bacteria • fungus • protozoa • parasite)
 Diagnosis: ____________________________________________________
 
9. Gastric wall aspirate from a cat (bacteria • fungus • protozoa • parasite)
 Diagnosis: ____________________________________________________

10. Nasal mass from a cat (bacteria • fungus • protozoa • parasite)
 Diagnosis: ____________________________________________________

11. Fecal smear from a dog (bacteria • fungus • protozoa • parasite)
 Diagnosis: ____________________________________________________

12. Ulcerated mass on a cat (bacteria • fungus • protozoa • parasite)
 Diagnosis: ____________________________________________________

13.  Polypoid nasal mass from a dog (bacteria • fungus • protozoa • parasite)
 Diagnosis: ____________________________________________________

14. Splenic aspirate from a dog (bacteria • fungus • protozoa • parasite)
 Diagnosis: ____________________________________________________

15.  Conjunctival swab from a guinea pig (bacteria • fungus • protozoa • 
parasite)

 Diagnosis: ____________________________________________________

16.  Bronchoalveolar lavage fluid from a horse (bacteria • fungus • protozoa • 
parasite)

 Diagnosis: ____________________________________________________

17. Gastric lavage from a boa (bacteria • fungus • protozoa • parasite)
 Diagnosis: ____________________________________________________

18.  Gastric wall aspirate from a dog (bacteria • fungus • protozoa • parasite)
 Diagnosis: ____________________________________________________

19.  Lymph node aspirate from a dog (bacteria • fungus • protozoa • parasite)
 Diagnosis: ____________________________________________________

Cytomorphology of Infectious Agents-Bibliography
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eRYtHRoCYte sHApe AbNoRMALities: visuAL 
CluES tO SYStEmIC bIOCHEmICal CHaNGES
Mary M. Christopher
DVM, PhD, Dipl ACVP, Dipl ECVCP

Both within the bone marrow during erythropoiesis and during the 2-5 
months spent in circulation, red blood cells (RBCs) are exposed to the bio-
chemical milieu of the plasma and are reliant on the availability of biochem-
ical precursors needed for membrane and hemoglobin synthesis. Red cell 
shape is a result of both the environment of the cell and its metabolic status. 
Biochemical abnormalities linked to changes in erythrocyte shape include 
alterations in lipid and iron metabolism, oxidative stress, sepsis and toxins, 
and metabolic alterations such as electrolyte depletion and uremia. Most 
shape changes result from alteration of the red cell membrane.

The erythrocyte membrane
The cytoskeleton. The cytoskeletal network helps determine and maintain the 
shape of red cells through the arrangement and interactions of cytoskeletal 
proteins. The principal proteins—spectrin, actin, protein 4.1, and ankyrin—
form a hexagonal lattice that underlies and attaches to the lipid bilayer via 
transmembrane proteins (band 3 and glycophorins). Ankyrin (band 2.1) links 
spectrin to band 3, which in turn binds to anionic phospholipids, forming the 
primary anchor between the cytoskeleton and lipid bilayer. Protein 4.1 links 
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spectrin both to band 3 and to glycophorins. In addition, both spectrin and 
protein 4.1 bind weakly to phosphatidylserine in the inner leaflet of the lipid 
bilayer. These vertical connections between proteins and lipids are critical to 
stabilization of the lipid bilayer and its attachment to the cell. The cytoskel-
eton delimits membrane deformability and confers the physical properties 
necessary for normal shape changes during circulation.

The lipid bilayer. The lipid bilayer of the erythrocyte membrane is a per-
meability barrier composed of about equal amounts of cholesterol (neutral 
lipid) and phospholipids (polar lipid), with a few glycolipids and free fatty ac-
ids. Cholesterol is in the free, unesterified form; phospholipids are a mixture 
of lecithin (phosphatidylcholine), phosphatidylethanolamine, sphingomyelin, 
phosphatidylserine, and phosphatidylinositol, with relative proportions dif-
fering among species. Phospholipid classes are asymmetrically distributed 
within the bilayer, with hydrophobic long chain fatty acids oriented towards 
the inner core of the lipid leaflets. Molecular interactions between choles-
terol and adjacent phospholipids are crucial to membrane integrity. Mem-
brane ATPases are dependent on the integrity of phospholipids in the inner 
bilayer for normal function. Because mature RBCs cannot synthesis lipids, 
they rely on a continuous exchange of lipids between their membranes and 
plasma lipoproteins for homeostasis. Transmembrane movement of free cho-
lesterol between plasma and lipid bilayer is rapid and dynamic. Conversely, 
net membrane phospholipid turnover with plasma (in which 90% of lipids are 
sphingomyelin and lecithin) is a passive process that occurs very slowly. An 
ATP-dependent membrane enzyme (aminophospholipid translocase) cata-
lyzes the translocation of phosphatidylserine and phosphatidylethanolamine 
from the outer to the inner leaflet of the bilayer. Changes in the distribution 
of the phospholipids may have profound effects on red cell shape and other 
cell properties.

The lipid bilayer-couple hypothesis (the stomatocyte-discocyte-echino-
cyte equilibrium). Erythrocytes are smooth discs under normal biochemi-
cal conditions. In the “bilayer-couple hypothesis”, incorporation of excess 
lipids or other substances into the outer hemileaflet leads to its expansion. 
The resulting asymmetry between the two halves of the lipid bilayer leads 
to a spiculated (echinocytic) shape. With splenic conditioning, some cells 
may form acanthocytes, with a few large spicules that vary in width, length, 
and surface distribution. Echinocytes may form in a variety of conditions, 
for example, in red cells depleted of ATP or enriched in calcium. Altered 
phospholipid distribution between the two lipid leaflets may result at least 
in part from inactivation of the aminophospholipid translocase enzyme. 
Spheroechinocytes, the most severe stage of deformation, are irreversible. 
In contrast, preferential accumulation of lipids and an ensuing surface area 
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expansion of the inner half of the lipid bilayer lead to an invaginated cup 
(stomatocytic) shape. With this type of environmental stress, discocytes 
develop a deeper biconcavity and irreversibly form spherostomatocytes. 
While the bilayer-couple hypothesis is not a complete explanation for all 
stomatocytes or echinocytes, it is at the root of many of the shape changes 
induced by biochemical and metabolic abnormalities.

erythrocyte morphologic changes linked to lipid metabolism
Abnormal lipid metabolism alters the lipid composition of RBC membranes 
and reduces their deformability. Hepatic disease is the most common causes 
of lipid-induced red cell shape changes because of its wide-ranging effects 
on phospholipid metabolism and plasma phospholipid concentrations. The 
most common red cell shape abnormalities in humans, dogs and cats with 
liver disease are echinocytes and/or acanthocytes (spur cells). Acanthocytes 
(and echinocytes) form when erythrocyte membranes contain excess cho-
lesterol compared to phospholipids (increased cholesterol:phospholipid ra-
tio), due to hypercholesterolemia or abnormal plasma lipoprotein composi-
tion. Once produced, the shape change usually is irreversible. Cholesterol 
enrichment of the membrane expands the outer leaflet of the lipid bilayer, 
distorts cell contours, disturbs cell functions, and accelerates cell destruc-
tion. Acanthocyte membranes are enriched with cholesterol by 50–70%. 
Hypercholesterolemis generally is associated with severe cholestatic disease 
and is accompanied in dogs and humans by increased serum levels of lipo-
protein X as well as other abnormal lipoproteins. Hypercholesterolemia and 
cholesterol uptake into red cell membranes is further enhanced in hepatic 
insufficiency and obstructive liver disease by decreased activity of lecithin 
cholesterol acyltransferase (LCAT), the enzyme responsible for cholesterol 
esterification, resulting in decreased production of cholesterol esters and a 
subsequent increase in free cholesterol. Acanthocytes also are characterized 
by decreased glycerophospholipids and relatively increased sphingomyelin. 
Normal red cells acquire an irregular, scalloped shape when transfused into 
patients with severe liver disease, when incubated in the serum of patients 
with liver disease, when incubated with cholesterol-enriched liposomes, or, 
in dogs, after ingestion of a cholesterol-rich meal.

In cats, acanthocytes often have few blunt projections and may appear 
to be misshapen RBCs. More than 50% of cats with liver disease have poi-
kilocytosis (usually acanthocytes), and serum cholesterol concentrations 
are higher in cats with more severe poikilocytosis. Cats with liver disease 
also often have elliptocytes or ovalocytes in addition to acanthocytes, which 
suggests some uncoupling of cytoskeletal proteins from the lipid bilayer, 
perhaps secondary to changes in phospholipid composition. Acanthocytes 
also have been recognized in dogs with fragmentation disorders caused by 
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hemangiosarcoma, DIC, and glomerulonephritis.
Hypocholesterolemia, which may occur in hepatic insufficiency, results in 

loss of membrane cholesterol and resultant decrease in surface to volume ratio, 
transforming cells to spheroidal shape, although spherocytes are not usually 
observed clinically. Also in hepatic insufficiency, red cell fragmentation (schis-
tocytes, keratocytes, and blister cells) may occur when microangiopathy devel-
ops secondary to decreased coagulation factor production and clearance.

Leptocytes and target cells (codocytes) also are observed in hepatic in-
sufficiency, especially in dogs and cats with portocaval shunts. Compared 
with acanthocytes, target cells result from a balanced accumulation and ex-
cess of both cholesterol and phospholipids. In addition, excess membrane 
relative to decreased hemoglobin concentration may occur secondary to al-
tered iron metabolism, which has been implicated in hepatic insufficiency. 
Target cells form later in the course of cholestatic disease compared with 
acanthocytes. In experimental bile duct ligation, changes in plasma and 
erythrocyte lipid composition resulted in echinocyte/acanthocyte forma-
tion within 8 hours. On day 7, however, target cells were prominent, ac-
companied by increased levels of both cholesterol and phosphatidylcholine 
in erythrocyte membranes. Plasma levels of these phospholipids increased 
immediately after ligation but because of the slower rate of phospholipid 
exchange (in comparison with cholesterol exchange), changes in RBC phos-
pholipid composition (which mirrored the phospholipid content of bile) 
and target cell formation were more gradual. Like acanthocytes, target cells 
can be reproduced by incubating red cells in serum from affected patients.

Altered lipoprotein metabolism can profoundly influence the maturation 
of erythrocytes in the bone marrow, the time at which they are discarding their 
nuclei and organelles and assuming a flexible biconcave shape. Hypercholes-
terolemic mice with abnormal lipoproteins due to inactivation of the high-
density lipoprotein (HDL) receptor Sr-B1 gene have a defect in late erythroid 
maturation characterized by macrocytosis, irregular shape, accumulation of 
large intracellular phagolysosomes, and anemia. Sr-B1 mediates cellular up-
take of cholesterol and plays a key role in the transport of cholesterol from 
peripheral tissues to the liver by HDL. Genetically modified mice with a muta-
tion in the gene encoding apolipoprotein E (apoE) have defects in lipoprotein 
metabolism that result in hypercholesterolemia and early spontaneous devel-
opment of atherosclerosis. Plasma cholesterol concentration of double-knock-
out Sr-B1-/- apoE-/- mice is 2-fold higher than that of apoE-/- mice. Affected 
erythrocyte membranes have abnormally high cholesterol content and resem-
ble reticulocytes. The defects are eliminated when RBCs are transfused into 
normal mice, or incubated with normolipidemic serum. These data suggest 
that phagolysosome expulsion is an essential step in erythroid maturation that 
is inhibited in the presence of markedly increased cellular cholesterol.
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Dietary lipid also can affect RBC membrane lipid composition and mor-
phology, as well as red cell receptor activity. Animals fed sunflower oil had 
an increased percentage of target cells and animals fed fish oil had a higher 
percentage of echinocytes compared with animals fed olive oil. Olive oil is 
rich in monounsaturated fatty acids, whereas, sunflower oil is rich in lin-
oleic and arachidonic acids (n-6 PUFAs), and fish oil is rich in n-3 PUFAs. 
Animals fed olive oil had the highest percentage of normal discocytes, sug-
gesting yet another beneficial aspect of this dietary fat.

erythrocyte morphologic changes linked to iron metabolism
Iron deficiency, whatever the underlying cause, results in microcytic hypo-
chromic anemia, often with mild to moderate poikilocytosis. The poikilo-
cytes described most often in iron deficiency are target cells, leptocytes, 
schistocytes, dacryocytes, keratocytes, echinocytes, acanthocytes, and 
elliptocytes. In people, elongated elliptocytes (pencil cells, cigar cells) with 
parallel sides are noted. Dacryocytes and fusiform erythrocytes are espe-
cially common in iron-deficient animals with elliptical RBCs, such as llamas 
and birds. Fusiform red cells recently were described in ducks with func-
tional iron deficiency secondary to zinc toxicosis. In calves, poikilocytosis is 
inversely related to plasma iron concentration. Target cells in iron deficiency 
result from excess membrane relative to intracellular hemoglobin concentra-
tion. Other poikilocytes in iron deficiency result from membrane lipid and 
protein abnormalities that alter red cell shape and decrease deformability, 
making them more fragile and susceptible to fragmentation. One mechanism 
for these changes is increased susceptibility to oxidative stress, which results 
in membrane lipid and protein crosslinking and reduced intracellular cat-
ion content consistent with in vivo peroxidative damage. Elliptocytes suggest 
qualitative or quantitative abnormalities in spectrin and other membrane 
proteins and their interaction with the lipid bilayer. Membrane electropho-
resis of RBCs from iron-deficient calves with poikilocytosis showed protein 
4.2 consisted of two polypeptides rather than one. A decrease in band 3 con-
centration and function, and a significant decrease in Na/K ATPase activity 
also have been observed in erythrocytes from iron-deficient rats.

erythrocyte morphologic changes linked to oxidative stress
Oxidative damage to hemoglobin results in Heinz body formation (oxida-
tion of the globin chains) and/or methemoglobinemia (oxidation of iron). 
While methemoglobinemia does not alter RBC morphology, Heinz bod-
ies may be visible as spherical, slightly bulging projections on the RBC pe-
riphery. Heinz bodies in most species are accompanied by hemolysis, which 
can cause keratocytes, schistocytes, and spherocytes. RBC fragmentation 
is not usually seen in Heinz body hemolytic anemia in cats, because the 
feline spleen does not contribute to RBC lysis. An increased percentage of 
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Heinz bodies in cats without a history of drug toxicity may reflect dietary 
oxidants (eg, onions, fish) or underlying disease, especially ketoacidotic dia-
betes mellitus, lymphoma, and hyperthryoidism. The biochemical altera-
tions responsible for induction of oxidative stress in these diseases are not 
fully elucidated. eccentrocytes also are formed with oxidative stress by the 
adhesion of opposing inner cytoplasmic aspects of the erythrocyte mem-
brane. Eccentrocytes that have become spherical with only a small tag of 
cytoplasm remaining may be called pyknocytes.

erythrocyte morphologic changes linked to sepsis or toxins
Sepsis results in decreased RBC deformability and altered morphology, with 
formation of echinocytes, spheroechinocytes, and spherostomatocytes. 
These changes are thought to be a combined result of oxygen free radicals, 
toxins/endotoxin, depletion of ATP, altered intracellular ion composition, 
and complement activation. These toxic factors are likely absorbed from the 
gut in association with gut ischemia secondary to sepsis. Bacteria, parasites, 
poisonous snakes, and bees may secrete phospholipases that have a destruc-
tive effect on red cell membrane phospholipids, resulting in shape changes. 
Phospholipases secreted by intestinal parasites such as Haemonchus contor-
tus cause spherocytosis of sheep red blood cells; the spherocytes have numer-
ous micro-projections on their surface, consistent with spheroechinocytes. 
Marked echinocytosis and ultimately membrane holes that lead to hemolysis 
eventually develop. Corynebacterium pseudotuberculosis produces a sphingo-
myelin-specific phospholipase D exotoxin that causes erythrocytes to assume 
a spherostomatocytic shape and the development of vacuoles on their periph-
ery (pits, as observed by scanning electron microscopy) that lead to extensive 
scalloping of the membrane surface. Membrane sphingomyelin content is sig-
nificantly decreased, whereas glycerophospholipid content is significantly in-
creased. Phospholipases in rattlesnake and coral snake venom result in dose-
dependent echinocytosis, with spheroechinocytes formed at higher doses. 
Echinocytic change cased by rattlesnake venom is mediated primarily by the 
action of phospholipase A2, a calcium-dependent enzyme. Other potential 
mechanisms include erythrocyte calcium loss and ATP depletion.

erythrocyte morphologic changes linked to electrolyte and other meta-
bolic abnormalies
Echinocytes are one of the most common shape changes in metabolic dis-
ease. Echinocytic transformation may occur when fatty acids or phospho-
lipids distribute preferentially to the outer half of the lipid bilayer, or when 
erythrocytes are dehydrated, pH is increased, ATP is depleted, or intracel-
lular calcium is increased. Two of the most common underlying biochemi-
cal abnormalities leading to echinocyte formation are uremia (renal insuf-
ficiency) and total body cation depletion.
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Echinocytes and echinocytic elliptocytes (burr cells) have been reported 
in dogs with renal disease (glomerulonephritis) and in human patients with 
uremia, where they are thought to reflect changes in the metabolic environ-
ment and are associated with decreased red cell lifespan. Red blood cells in 
uremic patients have decreased activity of transketolase, an enzyme in the 
hexose monophosphate shunt, that may lead to increased susceptibility to 
oxidants; and decreased Na/K ATPase activity, leading to altered shape, in-
creased rigidity, and increased susceptibility to mechanical fragmentation. 
Fragmentation may result in schistocytes and acanthocytes; acanthocytes 
also may be seen in conjunction with renal disease-induced lipid abnormali-
ties. The biochemical factor(s) responsible for echinocytosis in renal disease 
is unknown. Echinocytes also have been described in dogs with neoplasia 
(lymphoma, hemangiosarcoma, mast cell tumor, carcinoma).

Echinocytosis in horses has been linked to total body cation depletion 
resulting from systemic disease, endurance exercise, or furosemide adminis-
tration. Echinocytosis was observed in 44% of hospitalized horses, in which 
the most frequent diagnosis was colitis. Low serum sodium concentration 
(<136 mmol/L) was significantly associated with echinocytosis, and many 
echinocytic horses also had hypochloremia, low TCO2, hypoosmolality, 
and hypocalcemia. In horses undergoing treadmill exercise, rapid increases 
in serum sodium and potassium concentrations were accompanied by sig-
nificant changes in RBC potassium and chloride concentrations. Electro-
lyte changes secondary to furosemide administration included depletion of 
serum sodium and potassium and decreasesd intraerythrocytic potassium 
concentration.
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blOOD CEll PRODuCtION “Out Of tHE bOx” 
tHE WHat, WHERE, WHEN, aND WHY Of 
ExtRamEDullaRY HEmatOPOIESIS
Mary M. Christopher
DVM, PhD, Dipl ACVP, Dipl ECVCP

Extramedullary hematopoiesis (EMH) is the formation and development of 
blood cells outside the medullary spaces of the bone marrow (ie, the “box”). 
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The ability of blood cells to home, proliferate, and mature in extramedullary 
organs of adult animals involves pathophysiologic alterations in stem cells 
and the tissue microenvironment. EMH involving single or multiple cell 
lineages is observed frequently by veterinary pathologists in tissues exam-
ined by fine needle aspiration or histopathology. EMH may be interpreted 
as an incidental finding, a response to the increased need for blood cells, 
evidence of severe underlying hematologic disease, organ-specific disease, 
or secondary to neoplasia or tissue repair. While many pathologists dismiss 
EMH as an epiphenomenon, a better understanding of its molecular basis 
may enhance our ability to more fully appreciate its pathophysiologic and 
diagnostic implications.
The ontogeny of mammalian blood cell production
Primitive hematopoiesis (primarily erythropoiesis) occurs first in the blood 
islands of the yolk sac. Definitive hematopoiesis begins in the yolk sac and 
embryo before shifting to fetal liver, via colonization by hematopoietic stem 
cells (HSCs), and then spleen. In cats, the liver is the major center of hemo-
poiesis during most of fetal life. Progression to marrow occurs once bone 
cavities develop in midgestation, with granulopoiesis beginning prior to 
erythropoiesis. Bone marrow is the main hematopoietic organ at birth. In 
dogs, splenic hematopoiesis is active at birth and gradually recedes over 5-6 
months. Postnatally, hematopoiesis is restricted almost exclusively to bone 
marrow, except in mice, in which the spleen continues to play an active role, 
especially in erythropoiesis.

Stem cells and the hematopoietic microenvironment
Microenvironment plays a central role in the homing, retention, support, 
and differentiation of hematopoietic cells, and includes cellular and humoral 
factors. Cellular components include osteoblasts, fibroblasts, adipocytes, 
chondrocytes, macrophages, and vascular cells, most of which derive from 
mesenchymal stem cells (MSCs). Stromal cells create a microenvironment 
supportive of hematopoiesis via elaboration of growth factors, chemokines, 
adhesion molecules, and extracellular matrix. Two types of HSC niches are 
proposed. In the osteoblastic niche, HSCs tend to lodge close to the endosteal 
surface, and osteoblasts regulate hematopoiesis by producing growth factors 
such as stromal cell differentiation factor 1 (SDF-1), an α-chemokine that 
binds to the G-protein–coupled receptor CXCR4 on hematopoietic cells, and 
induces homing, adhesion, and survival of HSCs. In the vascular niche, HSCs 
are associated with sinusoidal endothelium in bone marrow and spleen. Re-
cruitment of progenitor cells to the vascular niche involves signaling via SDF-
1 and FGF-4. Endothelial cells are required for thrombopoiesis and release 
soluble factors that promote HSC expansion. The vascular niche is thought to 
sustain hematopoietic activity in extramedullary sites such as spleen.
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Theories of the development of extramedullary hematopoiesis
A complete understanding of the pathophysiology of EMH is not yet elu-
cidated. No one theory explains it all; different mechanisms may apply in 
different organs and diseases.
1. Splenic filtration of hematopoietic stem cells. The spleen normally fil-

ters displaced stem cells and immature hematopoietic precursors. With 
myelophthisis, damaged medullary spaces, or other marrow disorders, 
stem cells and other hematopoietic precursors are forced into circula-
tion, filtered by the spleen, and may result in EMH.

2. Myelostimulatory theory (compensatory reactivation). Upregulation of 
hematopoiesis in the bone marrow mobilizes stem cells and upregulates 
hematopoiesis in embryonic sites (liver, spleen). Because of the abundant 
available marrow space in adult animals, compensatory reactivation of 
extramedullary sites is thought to be uncommon without prolonged and 
intense demand for additional blood cells.

3. Increased chemokine production. Abnormal cytokines or other growth 
factors induce stem cell populations to differentiate into cells of hema-
topoietic lineage and/or lead to local simulation of the marrow micro-
environment. For example, constitutive overexpression of IL-5 causes 
colonization of spleen and other sites with MSCs.

4. Tissue injury and repair. EMH is prominent in healing infarcts in myo-
cardial samples with abundant granulation tissue and large numbers 
of fibroblasts, macrophages, and lymphocytes, which are recognized 
sources of hematopoietic growth factors such as IL-3 (activated T-cells) 
and GM-CSF (macrophages, endothelial cells, fibroblasts).

5. Active recruitment for local inflammatory processes. Eosinophil and ba-
sophil progenitors and possibly HSCs and MSCs are recruited from mar-
row under the orchestrated control of specific chemokines (eg, eotaxin, 
SDF-1, IL-5) and home to the respiratory mucosa of atopic humans (“in 
situ hemopoiesis”).

General underlying causes of eMH
Neonatal EMH. In neonates, lack of reserve space in bone marrow forces 
reactivation of extramedullary foci (especially erythroid) in liver and spleen, 
in small amounts normally, and whenever the hemopoietic system is chal-
lenged by blood loss, hypoxia, or hemolysis.

Hematologic disorders (“reactive” EMH). Disorders associated with chronic 
accelerated erythropoiesis, especially hemolytic diseases such as babesio-
sis, IMHA, and pyruvate kinase deficiency, are most often associated with 
EMH; hypoxia is the primary stimulus. Comparable conditions for granu-
locytes and platelets include pyometra, treatment with granulocyte colony-
stimulating factor, and immune-mediated thrombocytopenia.
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Hemic neoplasia. Leukemias (eg, AML) and other hemic neoplasms affect-
ing marrow may be accompanied by trilineage EMH in the spleen, lymph 
nodes, liver, and other organs because of myelophthisis and disruption of 
both cellular and humoral aspects of the hematopoietic microenvironment. 
Other types of tumors (eg, metastatic carcinoma), and bone marrow dam-
age (inflammation, necrosis) may have a similar effect.

Stromal disorders affecting bone marrow. Chronic myelofibrosis (idiopathic 
or secondary to prolonged accelerated erythropoiesis or neoplasia) results 
in widespread EMH. Myeloid metaplasia is a rare clonal disease of mar-
row, with hyperproliferation followed by deposition of connective tissue, 
subsequent sclerosis, and marked EMH. Fibrosis is related to production of 
thrombopoietin, PDGF, collagenase inhibitors, and TGF-β.

Tissues involved in eMH
Spleen. The spleen is a frequent site of EMH, which may occur diffusely 
in red pulp (myeloid metaplasia) or focally. Erythroid and megakaryocytic 
precursors predominate. In histologic surveys, 6% of canine and 4% of feline 
spleens had EMH as a primary diagnosis. EMH associated with hyperplastic 
nodules and hematomas accounted for another 43% of splenic diagnoses in 
dogs. In 1 study, EMH was diagnosed more often by cytology than histology, 
in a variety of inflammatory and neoplastic conditions.

Liver and lymph nodes. These are relatively frequent sites of EMH. Hepatic 
EMH is seen in necrosis, inflammation, and neoplasia, with presumed local 
or systemic production of hematopoietic growth factors. In hemic neopla-
sia, EMH begins in medullary cords of lymph nodes and shifts to medullary 
sinuses as neoplastic cells invade and displace cords. EMH was found in 
mandibular lymph nodes of monkeys infected with simian HIV.

Heart and pericardium. In a retrospective study of 805 consecutive myocardial 
samples from humans, foci of EMH were found in intramyocardial capillaries 
or stroma in ~5% of cases, 65% of which were infarcts > 72 hours old in various 
stages of repair. Myocardial and pericardial EMH are also seen in animals.

Central nervous system. Five dogs with seizures had EMH in the choroid 
plexus. EMH also occurs in the spinal and cranial dura mater or secondary 
to osseous metaplasia. The vertebral column is a relatively frequent site of 
nonhepatosplenic EMH in people, and may form masses that result in neu-
rologic deficits.

Upper respiratory tract and lung. Megakaryocytes are observed in histo-
logic sections of lung, and as noted earlier, eosinophilopoiesis may occur in 
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the lung and airways in respiratory disease. Eosinophil myelocytes may be 
found in BAL specimens.

Eye. Young cats with ocular disease (neonatal corneal degeneration leading 
to corneal destruction) had uveal hematopoiesis in the iris, ciliary body, and 
choroids, concurrent with lymphoplasmacytic infiltrate. Ocular EMH has 
been reported in humans with inflammatory or traumatic eye disorders and 
is a site of fetal hematopoiesis.

Neoplasms. EMH in humans and animals has been reported in many types 
of tumors. In cytologic specimens, EMH has been found in hemangiosar-
comas (including nonsplenic) and histiocytic sarcomas. Myelolipoma is a 
benign tumor composed of fat and hematopoietic elements, often in the 
spleen, liver, or adrenal gland.

Other organs. EMH has been described in essentially every organ in the body. 
Adrenal gland, kidneys, and pituitary gland, like spleen, liver, and lymph nodes, 
have a fine reticular vascular network, which may predispose them to EMH.

Diagnosis and clinical implications of eMH
Diagnosis of EMH is typically by fine needle aspiration, biopsy, or at nec-
ropsy. EMH is not usually associated with clinical signs. Because it is usually 
secondary to underlying bone marrow disease, hematologic evaluation of 
blood and bone marrow is indicated. It has been suggested that EMH re-
sults in inappropriate release of NRBCs into blood, but there is no evidence 
to support this. Differentiation of EMH from hematopoietic neoplasia oc-
casionally may require immunochemical staining or molecular testing.

Acknowledgment: Many thanks to Jennifer Johns for her contributions to 
this article.
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uSEfulNESS Of flOW CYtOmEtRY 
IN lYmPHOma DIaGNOSIS
Stefano Comazzi
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Università degli Studi di Milano, Italy 
stefano.comazzi@unimi.it

Flow cytometry (FC) has become a fundamental tool for diagnosis of hae-
matologic diseases since it allows to simultaneous measure a very high 
number of cells and to record multiple parameters (both physical and fluo-
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rescence) for each single cell. The use of monoclonal antibodies coupled by 
different fluorochromes greatly improved flow cytometric analysis allow-
ing investigation of antigen pattern of neoplastic cells. Gating technique al-
lows to restrict analysis only to neoplastic population avoiding interferences 
with other cells, such as, in lymphoma, residual lymph node population. 
Diagnosis of canine lymphoma requires a multidisciplinary approach in-
volving clinical features, cytological aspects, haematological and chemical 
aspects, immunophenotyping and histopathology. In human medicine clas-
sification schemes of lymphoid malignancies is quite complex and the new 
REAL classification integrates all these different aspects. In particular the 
use of cytology and flow cytometric immunophenotype is often considered 
enough to reach a diagnosis in most lymphoma cases and histopathology is 
not yet considered compulsory in all the cases. In veterinary medicine cyto-
logic classifications (such as updated Kiel) are often of great use to predict 
outcome since different prognosis has been reported for selected entities, 
however immunophenotype can be only suspected based on cytological 
features alone. 

FC of fine needle biopsies is useful to refine cytological diagnosis since: 
1) it allows to easily detect B or T phenotype or to detect aberrant pheno-
types; 2) it allows to quantitate antigen espression thus detecting under or 
over-espression; 3) it gives information about pseudoclonality, thus helping 
in differentiate between neoplastic and reactive diseases; 4) it can be use-
ful to detect neoplastic cells in other tissues (staging) and to check the re-
sidual percentage of neoplastic cells after chemotherapy (minimal residual 
disease).

Determination of immunophenotype of lymphomatous cells is of ex-
treme usefulness since different prognosis has been reported in B vs T lym-
phomas especially when also cytological aspects are taken into consider-
ation (Ponce et al., 2004). FC allows to rapidly evaluate B or T phenotype 
investigating membrane antigens CD21, IgM, IgG (B cells) CD3, CD5, CD4 
and CD8 (T cells) or intra-cytoplasmic antigens CD79a, CD20 (B cells) and 
CD3cy (T cells). Moreover flow cytometric panels can be useful to show ab-
errant espression (both quali- and quantitative) of lymphoid or other mark-
ers (such as common markers CD45 and CD18). In human medicine aber-
rant antigen expression are often considered linked to bad prognosis even 
though limited studies in veterinary medicine are available at the moment.

Quantitation of antigen expression is an important tool not only to de-
tect under- or over-espression of some selected antigens (such as in particu-
lar CD45, CD18 and CD21) thus confirming aberrant pattern and clonality 
but also to distinguish between lymphomatous and cells of other lineage 
(histiocitic cells, for instance) and to check the grade of differentiation, since 
precursors often express selected membrane antigen at a low extent. Flow 
cytometric antigen quantitation is quite difficult requiring a very standard-
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ized approach and controls but a semiquantitative analysis can be easily per-
formed making a comparison with other cell populations such as residual 
lymphocytes or non-neoplastic neutrophils for common antigens.

In human medicine, clonality of B lymphomas is mainly assessed in 
FC testing kappa/lambda light chain of immunoglobulins. This ratio vary 
in a very limited range in humans and high variations are always linked to 
clonal espansion (i.e, neoplasia); thus this test can help to differentiate reac-
tive vs neoplastic lymphocytes. In veterinary medicine the k/λ ratio varies 
significantly also in reactive conditions. thus it is not possible to demon-
strate clonality using this test in dogs and cats. However the detection of 
quali-quantitative aberrant patterns or the espansion of a normally limited 
subpopulation of lymphoid cells is usually considered a good suspicion of 
clonal espansion (pseudoclonality) that can helps to differentiate lymphoma 
from reactive lymphocytosis.

The evaluation of the percentage of neoplastic cells in different organs 
(such as for instance blood and bone marrow) is particularly important 
since stage V lymphoma are reported to be linked to a worst prognosis than 
those cases without blood and bone marrow infiltration. However a cor-
rect identification of the cut-off value for bone marrow infiltration is neces-
sary to prognosis. An infiltration of 30% of total nucleated cells is generally 
suggested but to the author’s experience this cut off value is probably to 
be decreased. FC allows to recognize infiltration of neoplastic cells with a 
high sensitivity even if specificity is quite variable and it depends upon the 
immunophenotype and the type of lymphoma (large vs small cells). In par-
ticular staging is more easy to perform and sensitivity is higher if aberrant 
patterns are present or multicolour approach using different antibodies is 
possible. 

Finally FC could be useful for determination of minimal residual disease 
(MRD) after chemotherapy. Several different techniques have been proposed 
for evaluation of MRD in human medicine, including cytology, histology, 
immunohistochemistry, flow cytometry, molecular biology and cytogenet-
ics. In comparison with other techniques FC, using a multicolour approach 
allows to easily detect a percentage of 1 neoplastic cell out of 10000 and this 
improve sensitivity in comparison with cytology and histology alone even 
if molecular biology techniques are usually more sensitive. However iden-
tification of MRD by real time PCR is not yet available in canine medicine 
as a routine tool and it is very expensive thus FC can be considered, at the 
moment, a useful tool also for this purpose. 

References
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CORRElatION bEtWEEN CYtOlOGY aND flOW 
CYtOmEtRY IN lYmPHOma DIaGNOSIS 
Stefano Comazzi
Dipartimento di Patologia Animale, Igiene e Sanità Pubblica Veterinaria, 
Università degli Studi di Milano, Italy 
stefano.comazzi@unimi.it

Diagnostic algorithm of lymphoma both in human and in veterinary medi-
cine involves several different features including history, clinical examina-
tion, cytology, histology, immunophenotype and molecular biology. In hu-
man medicine the new REAL classification includes many of these aspects 
and tends to identify single entities with well recognized biological behav-
iour (i.e. growth rate, response to chemotherapy, malignancy). This new 
approach substituted the “old” conventional classification based mainly on 
cytological or histological and architectural patterns. 

The use of flow cytometry in lymphoma diagnostic pathway has been 
widely discussed in human medicine since the “classic” pathologists tend 
to underline the necessity of histology and of evaluation of architectural 
pattern for a correct classification of almost all lymphoma subtypes. How-
ever many extensive papers have stressed the importance of flow cytometric 
analysis to refine cyto-morphological diagnosis in most lymphoma cases, 
expecially using a multicolour approach. This approach is much less inva-
sive and requires a small amount of tissue then surgical removal of lymph 
node thus it is strongly recommended as a first approach since many types 
of lymphoma show peculiar characteristics that induce to limit the necessity 
of the evaluation of architectural pattern only to a low percentage of cases. 
Thus, according to many authors (Dong, 2001; Zeppa et al., 2003; Bangerter 
et al., 2007), the diagnosis obtained using cytology and flow cytometry to-
gether are strongly in agreement with those of excisional biopsy. 

In veterinary medicine the most diffuse classification schemes are those 
based on cytological aspects (updated Kiel classifification) or histopathology 
(WHO classification). In particular cytological classification is widely use in a 
diagnostic algorithm since: 1) cytology does not require sedation that is often 
poorly accepted by the owner and it is rapid and cheap; 2) diffuse lymphomas 
greatly exceeds nodular ones in dogs thus evaluation of architectural pattern 
is not always necessary; 3) different prognosis have been described for some 
lymphoma cytological entities; 4) no different therapeutic approaches for dif-
ferent lymphoma subtypes are validated in dogs, thus classification schemes 
using a more complex approach are often considered of little use.

FC allows to record both morphological (i.e. scatter) and fluorescence 
properties of cells and gating procedures are often very useful to limit analy-
sis only to neoplastic cells. However, even if data on both cellular size (FSC) 
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and complexity (SSC) can be recorded by FC these results have always to be 
interpreted together with cytological smear because morphological appear-
ance of air dried cells on glass slide can be slightly different from those seen 
in liquid isotonic medium by flow cytometer.

The evaluation of cytological smear and flow cytometric results (both 
morphology and fluorescence) can be of great use to identify some selected 
types of lymphoma such as high grade B cell lymphoma, pleomorphic me-
dium and large T cell lymphoma, small clear cell T-lymphoma, and to solve 
differential diagnosis between lymphomas and other similar entities with 
different prognosis such as acute leukaemias, thymoma and histiocytic tu-
mours. Moreover FC results can be very useful to differentiate small cell 
lymphoma from reactive lymph nodes since clonality is often well recogniz-
able due to the frequent expression of aberrant antigen expression (such as 
CD45 underexpresion for instance) in this kind of tumours.

Until nowadays only a limited number of papers on flow cytometric 
aspects of canine lymphoma are available, however some characteristic 
phenotypes have been described for most diffure lymphoma subtypes. The 
availability of a wider panel of antibodies against different lymphocyte sub-
types and different maturational stages, together with the higher number of 
pre-labeled antibodies with different fluorochromes could lead, in the next 
future, to identify selected antigen patterns for each lymphoma subtypes 
thus improving specificity also in veterinary medicine as already done in 
humans.
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DIaGNOSIS Of mOSt ImPORtaNt mEtabOlIC 
aND ORGaN DISORDERS IN RumINaNtS
manfred fürll
Department of Internal Medicine, Veterinary Faculty, 04103 
Leipzig, Germany • E- mail: mfuerll@rz.uni-leipzig.de

1. Morbidity in dairy cows
Reasons for selecting dairy cows are analysed and results vary. Reproduc-
tive disorders, mastitis and inadequate milk yield (tab. 1) get the main focus, 
however it is often overlooked that disturbances of metabolism contribute 
substantially to the development of organ disorders resp. fertility distur-
bances.

Table 1: causes of selection of HF-Cows 
(1: DLZ 2004, 2: WANGLER 2007)

Infertility ↓milk yield Mastitis Milking 
speed

Claw 
diseases

Meta-
bolism Age 

1 36 % 17 % 13 % 7 % 9 % 4 % 14 %
2 13 % 20 % 30 % 5 % 12 % 4 % 9 %

Investigations of metabolism give a different insight. While monitoring the 
metabolism of 2500 dairy cows for one year, the main changes were found 
in urea-, ß-carotin-, Na-, Cu- and inorganic phosphate (Pi) concentrations 
(tab. 2):

Table 2.: Disturbances of metabolism (%) of 2500 dairy cows 
two till eight weeks post partum (p.p.) (LOBER 2003)

↑Urea ↑Bili-
rubin

↓
Ca

↓
Pi

↓
Mg

↓
Na

↓
Se ↓Cu ↓Zn

↓
ß-Ca-
rotin

↓
NABE

↑
NABE

18 55 11 12 35 4% 40 5 37 31 44 16 31

An analysis of 969 dairy cows shows the following morbidity (%) (FÜRLL 
et al. 2005): 
mastitis (16,8), retentio sec. (13,8), fever 1-3 d p.p. (11,,6), hypocalcemia 
(11,2), diseases of claws (8,0), endometritis/lochiometra (5,4), dead birth 
(4,7), ovarian cysts, (4,7), twins (3,4), milk fever (2,9), dislocatio abomasi 
(2,9), birth traumas (2,6), premature birth (1,2), i.e., only 34,2 of cows were 
healthy in early lactation stage and 65,8% fell ill with one of mentioned ill-
nesses during this period. Hence, the following focal points arose for the 
clinical and chemical diagnostics in dairy cows:
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Metabolic disorders Organ disorders
1 Energy Protein metabolism Mastitis
2 Liver metabolism Infertility/ ovarian cysts 

3 Acid base state (acute/chronic) Endometritis/Retentio 
secundinarum/uterus

4 Mineral metabolism Dystocia/stillbirth/ premature birth/ 
twin birth

5 Trace element metabolism Milk fever
6 Vitamins/Antioxidants Abomasal displacement
7 Claw diseases
8 Rumen disorders

2. Control times for monitoring in dairy cows
The peripartal period (2-1 weeks a.p., 1 week p.p., 3-4 weeks p.p.) is the 
most informative time for most potential clinical disturbances (tab. 3).

3. Sensititive indicators for metabolic disorders (tab. 3)
Useful indicators for the energy protein metabolism are FFA, BHB (ß-0H-
butyrate), cholesterol, bilirubin as well as urea, total protein and albumin in 
the blood serum (tab. 3). 

Table 3: Metabolic focal points, periods for tests 
and the proven laboratory parameters 

metabolic 
problems

control time 
(weeks) labor parameters 

in blood or other 
substrates 

Information
2-1 
a.p.

1 
p.p.

3-4 
p.p.

Energy 
metabolism 
Protein 
metabolism

X X X FFS, BHB, 
cholesterol, 
bilirubin: B urea, 
protein (Albumin): B

 Fat mobilisation 
 Ketosis
 Protein excess, 
 Energy lack

X X

Liver 
metabolism X X X GLDH, GGT, AST: B  „Lever state“

Alcalosis/ 
Acidosis X X X K, NABE, pH-value, 

Pi, Ca: U
-K supply 
- Acid Base State

inorganic 
Phosphate X X X Pi.: B, U - Indigestion, 

- Acidosis

Calcium X X Ca: B, U - Ca-supply 
- milk fever 

Milk fever check X AP: B; Nabe: U Milk fever 
prädisposition
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metabolic 
problems

control time 
(weeks) labor parameters 

in blood or other 
substrates 

Information
2-1 
a.p.

1 
p.p.

3-4 
p.p.

Sodium/ 
Potassium/Mg X X Na, K, Mg: U Na/K/Mg supply

Uterus X X X CK: B acut endometritis
Iodine, 
Manganese

early lactation

2 till 8 W. p.p.
2 bis 4 W. p.p.

J: B, Ha; Mn: whole-
B, Ha, AP: B

Supply state
Cupper, Zink Cu: B, Ha; Zn: Ha
Selenium Se: B, GPX: whole-B
ß-Carotin ß-Carotin (B, L)

Vitamin E, -C, -A Vitamin E, -C, -A 
(Vit A: B, L)

Antioxidants 2 to 8 W. p.p. TEAC,(SOD, ACW, 
ACL)

Antioxidative 
Capacity

B=Blood, U=Urine, Ha=Hair, L=Lever, ABS=Acid Base State; a.p.=ante par-
tum; p.p.,=post partum

For the liver metabolism, useful indicators are GLDH, GGT, AST in 
blood serum.

The diagnosis of the acid base state is a special problem: for the diag-
nosis of acute metabolic disturbances, a measurement in blood using the 
blood-gas-analysis is necessary (pH-value, base excess, pCO2, HCO3

-); the 
securest way for the diagnosis of a rumen acidosis is the direct analyses 
of rumen fluid after rumen punction in the left side. The urine analysis is a 
more or less safe way to test chronic alkalosis using net acid base elimina-
tion (NABE). For testing the rumen acidosis, the urine analysis (pH, NABE) 
is only partially useful because each anorexia induces aciduria.

The determination of minerals is on the one hand useful for controlling 
the Na, K and Mg supply (urine or saliva), on the other hand the minerals 
are needed to diagnose special diseases (Ca – milk fever, Ca and Pi – [ru-
men] acidosis; Mg – grass tetany, Na - infertility; K – infertility/ alkalosis).

The trace elements are import for a lot of functions, especially Cu, Mn, 
Se, Zn and J (fertility, resistance, bone and muscle metabolism, antioxi-
dants). The best way to test the supply state is by hair analysis, - for some 
elements the blood analysis too.

4. early diagnosis of organ diseases (tab. 4)
For some organ diseases we have possibilities to check the risk for clini-

cal illness after parturition.
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Mastitis: Predictors to get mastitis are elevated FFA, a lack of antioxi-
dants (TEAC) and decreased leukocytes a.p.; furthermore elevated BHB as 
well as (subclinical) acidosis.

Infertility/ ovarian cysts: Cows with ovarian cysts in the early lacta-
tion have a.p. low IGF1- and insulin- as well as higher FFA- and glucose 
concentrations.

Table 4: Most common modifications of metabolism 
that are reasons for frequent organ diseases

Infertility mastitis Claws 
diseases

indigestion/ 
Enteritis

abomasal 
displace-

ment

Milk 
fever

Fat mobilisation +++ +++ +++ + +++ ++
Ketosis +++ +++ +++ +++ +++ -
↑urea +++ ++ ++ ++ + -
Acidosis + +++ +++ +++ - -
Alkalosis +++ +++ ++ +++ - +++
Minerals +++ (Na) ++ ++ + + +++
Trace elements +++ +++ (Se) +++ ++ + ++
Vitamins +++ +++ +++ ++ + -
Antioxidants +++ +++ ++ ++ + -

further 
important 
factors

Monitoring, 
sperm etc.

Technique 
and 
hygiene of 
milking,
etc.

hygiene 
and care 
of claws 
etc.

hygiene, 
epidemic 
status 
etc.

Stressors, 
feed 
texture, 
-quality

Age, 
hygiene

Acute endometritis (Retentio secundinarum, lochiometra): cows with 
a stronger acute endometritis have elevated FFA, bilirubin, BHB concentra-
tions a.p. and 1 week p.p., increased CK-activity and a leucopenia.

Septicaemia: Severe endometritis is often accompanied with septicae-
mia. In blood, biochemical signs for septicaemia are leucopenia, hypergly-
cemia, hyperketonemia as well as hyperbilirubinemia and a strong elevated 
CK activity.

Dystocia, stillbirth, premature birth: Characteristics are increased 
FFA, glucose, bilirubin and decreased cholesterol concentrations four to 
one week a.p. as well as one week p.p.

Twin birth: Cows with twins are mostly in the dry period under-condi-
tioned and have elevated BHB and bilirubin as well as decreased cholesterol 
concentrations.

Abomasal displacement: The strongest deviations are observable on 
the 3rd day p.p.: FFA, bilirubin, glucose and CK activity.
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Milk fever: A decreased AP activity < 45 U/l during the whole dry pe-
riod is characteristic for developing milk fever during the first 3 days after 
parturition. Additional indicators are lowered K, NABE and pH values dur-
ing the last two weeks a.p.

Claw diseases: Predispositional metabolic disorders for claw diseases 
are elevated FFA, Haptoglobin as well as decreased IGF-1 concentrations 
a.p. and one week p.p.

5. Interpretation of laboratory results
Similar analytic conditions are a required for a uniform interpretation of 
analytic results, for example similar temperature for the enzymatic analyses. 
The most important physiological conditions are the age (AP, Pi) and the 
lactation stage such as FFA, cholesterol, CK, haptoglobin and TEAC (tab. 
5). Our goal is to know when the animals are leaving the normal range and 
when the risk for diseases starts. This state is reached when more than 20 % 
of animals resp. results are outside of the physiological range.

Table 5: Limiting values for important indicators 
in serum of cows (Tu = lower limit; To = upper limit)

blutserum/-plasma cows

Parameter unit tu to

FFA  a.p.
   1 W p.p.
   >1 W p.p.

µmol/l
150
620
350

Bilirubin µmol/l (3,3) 5,3
Cholesterol  1 W pp
      4 W pp
      8 W pp

mmol/l
2,0
3,0
4,0

ß-0H-butyrat mmol/l (0,34) 0,62
IGF1 µmol/l 40,0
Glucose mmol/l 2,22 3,30
Ca mmol/l 2,00 2,54
AP
seit 2006:

U/l 100
40

300
120

1g2
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ΗoW Not  to FLoW eveRY pAtieNt: FiRst 
aPPROaCH aND mONItORING Of lEuKaEmIa 
WitH  AutoMAteD HeMAtoLogY ANALYZeR.
 maria Elena Gelain, DVm, PhD, Dipl ECVCP 
Department of Veterinary Pathology, Hygiene and Health, 
University of Milan, Via Celoria 10, Milan, Italy

During the past few years, automated blood cells counter used in human 
medicine have undergone a great technological evolution with the intro-
duction of new principles for cell analysis and of advanced software. In ad-
dition to the traditional parameters (CBC and differential leukocyte count) 
the innovative analysers are able to produce an extended differential count 
in which also cells normally absent from peripheral blood, such as imma-
ture granulocytes, atypical lymphocytes and blast cells, are identified and 
counted. The possibility to automatically screen for neoplastic changes in 
peripheral blood had improved the laboratory productivity by reducing the 
number of samples that require blood smear reviews, by allowing a quick 
identification of patients needing definitively diagnostic testing and by in-
creasing the sensitivity of detection of small proportion of leukaemic cells 
after therapy.

The most popular automated analyzers used in veterinary laboratories 
are based on combined light scatter signal with electrical impedance (Ab-
bott Cell-Dyn 3500), cytochemistry (ADVIA 120) or impedance and con-
ductivity (Coulter LH 750). The efficiency of these instruments in recogniz-
ing neoplastic cells in peripheral blood was extensively proved in human 
medicine where they showed a comparable false negative rate (less than 
5%), but different false positive rates (2%-15%). On the contrary, in veteri-
nary medicine, the use of these new technologies in the matter of identifica-
tion and classification of leukaemic samples is still in its infancy. In dogs, the 
correct recognition of neoplastic cells is generally done by examination of 
peripheral blood smears and require, for the definitive diagnosis, advanced 
and expansive techniques such as flow cytometry or molecular methods. 

The introduction of new automated hematology analyzers adapted to 
veterinary medicine and equipped with a specific software should enhance 
the ability of detection of neoplastic cells, providing a potential screening 
tool for the fast identification of those cases that need additional testing. 
One of this new analyzer is the Sysmex XT-2000iV which is able to per-
form a complete blood count and a five-part white-cell differential on blood 
samples from several animal species by combining optical laser and fluores-
cence methods with impedance measurement. Total leukocyte counts are 
determined in the BASO channel using forward and side light scatter of nu-
clei after contact with an acidic reagent which lyses RBCs, PLTs and shrinks 
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the WBCs. Differential leukocyte counts are determined in DIFF channel 
using light scatter and the fluorescence signal produced by staining nucleic 
acid with polymethine dye. Differential leukocyte counts are based on preset 
gates for each cell type. The operator may also define in the “Extend-BASO” 
and in the “extend-DIFF” scattergrams, additional gates to differentiate and 
to enumerate atypical cell types, such as cells with high fluorescent intensity 
(HFI events) in the DIFF channel and cells in the “lysis resistant region” 
(LRR events) of the Baso channel. Moreover, the instrument can be settled 
up in order to generate a flag when WBC counts, percentage of HFI events 
in DIFF scattergrams or of LRR events in BASO scattergrams are higher 
than established cut-off values. In that way, is possible to set up a completely 
automated multiparametric approach able to avoid false negative results in 
recognized leukaemic samples and characterized by high specificity with a 
false positive rate comparable with that recorded in humans. The same ap-
proach could also be used in monitoring the presence of neoplastic cells in 
dogs with leukemia or lymphoma after therapy.

In veterinary medicine the increasing technologies of blood cells analyz-
er, based on flow cytometry techniques, could help clinical pathologists in 
many topics of hematology, such as the first approach to leukaemic samples, 
but the initial step is the knowledge of  analyzer’s principles, with their “tips 
and tricks”, for the appropriate utilization and for optimizing the interpreta-
tion of the results.

1g2

ClINICOPatHOlOGICal PROGNOStIC INDICatORS fOR 
CANiNe MoNoCYtotRopiC (MoNoCYtiC) eHRLiCHiosis 
Shimon Harrus, DVm, PhD, Dipl ECVCP
Koret School of Veterinary Medicine, The Hebrew 
University of Jerusalem. Israel.

Canine monocytotropic (monocytic) ehrlichiosis (CME) is caused by the ob-
ligate intracellular rickettsia Ehrlichia canis. This bacterium appears intracy-
toplasmically within monocytes and macrophages in clusters of organisms 
called morulae. The organism infects dogs and other canids and is trans-
mitted by the brown dog-tick, Rhipicephalus sanguineus. The disease has a 
worldwide distribution, however Australia appears to be free of CME. 

Most CME cases occur during the warm season when the vector ticks 
are abundant; however, the disease may occur all year long as a result of the 
prolonged subclinical period in chronically infected animals. Dog owners 
living in or traveling to endemic regions should be aware of this disease. 
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Common clinical signs include depression, lethargy, anorexia, weight 
loss, lymphadenomegaly and splenomegaly. Hemorrhagic tendencies (main-
ly petechiae, ecchymoses and epistaxis) are also common manifestations. 

The most common hematological sign in CME is thrombocytopenia oc-
curring in more than 90% of infected dogs. The relationship between the 
degree of thrombocytopenia and infection with E. canis in an endemic area 
was investigated. It has been shown that while only one of 71 (1.4%) non-
thrombocytopenic dogs was found positive for E. canis DNA (16S rRNA), 
13 of 62 (21%) dogs with platelet counts of 100,000-200,000 per mL, and 53 
of 84 (63.1%) dogs with platelet counts of less than 100 000 per mL were 
found positive. The authors concluded that platelet counts and their magni-
tude may be a good screening test for canine monocytic ehrlichiosis (Bulla 
et al., 2004).

Pancytopenia is a common hematological finding in dogs suffering from 
the chronic severe form of the disease. In a previous study, infected dogs 
were divided into two subgroups according to haematological parameters, 
defined as pancytopenic (n = 13) and non-pancytopenic (n = 29). When 
compared, the pancytopenic group revealed significantly lower concentra-
tions of total protein, total globulin and gammaglobulin (P < 0.01, P < 0.05 
and P < 0.005 respectively). The lower concentrations of the gammaglobu-
lins coupled with the pancytopenia suggest that the immune state of the 
pancytopenic E. canis infected dogs is more compromised, and therefore 
secondary infections should be expected more frequently in these dogs 
(Harrus et al., 1996). In another study, nineteen dogs with chronic ehrlichio-
sis were studied. The dogs exhibited bicytopenia or pancytopenia ((packed 
cell volume (PCV) <36%; white blood cell (WBC) count <6.0 x 103/µL; plate-
let count <175 x 103/µL)). All these animals eventually died, irrespective of 
the treatment applied indicating the poor prognosis of this disease phase 
(Mylonakis et al., 2004).

Common Biochemical abnormalities in CME are hypoalbuminaemia, 
hyperglobulinaemia and hypergammaglobulinaemia. Serum protein elec-
trophoresis reveals a polyclonal gammopathy in most dogs infected with 
E. canis. However, some dogs may develop monoclonal gamopathy (Harrus 
et al., 1996). The latter dogs may have high serum protein concentrations 
and may suffer from hyperviscosity which may lead to subretinal bleeding, 
retinal detachment and acute blindness (Harrus et al., 1998). The blindness 
in most of these dogs is irreversible despite intensive anti-rickettsial and 
anti-inflammatory treatment.

In a retrospective study including 40 CME cases, prognostic indicators for 
survival were investigated. The signalment, anamnesis, clinical and clinico-
pathological signs of the dogs, treatment protocols and outcome were com-
pared. Based upon their outcome, the dogs were assigned to two groups: sur-
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vivors and non-survivors. The survivor group included dogs which showed 
clinical improvement and had platelet count above 175 × 103/μL within 4 
weeks of initiation of treatment. The non-survivor group included dogs which 
did not show clinical improvement, had a platelet count below 175 × 103/μL 
within 4 weeks of treatment, and died or were euthanized due to the dete-
riorating disease process Pale mucous membranes, bleeding tendencies and 
weakness were more prevalent in the non-survivors compared to the survi-
vors. Dogs in the non-survivor group had significantly lower white blood cell 
(WBC), hematocrit (HCT), and platelet (PLT) counts. Pronounced pancyto-
penia (WBC < 4 x 103/µL; HCT < 25%; PLT < 50 x 103/µL) was found as a risk 
factor for mortality. In this study, severe leucopenia (WBC < 0.93 x 103/µL), 
severe anemia (PCV < 11.5%), prolonged activated partial thromboplastin 
time (APTT>18.25s) and hypokalemia (K<3.65 mmol/L) were each found 
to predict mortality with a probability of 100%. In contrast, WBC counts 
above 5.18 x 103/µL, platelet counts above 89.5 x 103/µL, PCV > 33.5%, APTT 
< 14.5s and serum potassium concentration above 4.75 mmol/L, each pro-
vided 100% prediction for survival. These prognostic indicators can be easily 
obtained at presentation, are inexpensive, and may be useful aids when treat-
ment and prognosis are being considered (Shipov et al., 2008).
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DIaGNOSIS Of CaNINE mONOCYtOtROPIC 
(MoNoCYtiC) eHRLiCHiosis – CLAssiCAL 
VERSuS mOlECulaR tECHNIquES
Shimon Harrus, DVm, PhD, Dipl ECVCP
Koret School of Veterinary Medicine, The Hebrew 
University of Jerusalem. Israel.

Canine monocytotropic (monocytic) ehrlichiosis (CME) is caused by the ob-
ligate intracellular rickettsia Ehrlichia canis and transmitted by the brown 
dog-tick, Rhipicephalus sanguineus. Diagnosis of the disease is challenging 
due to its different phases and multiple manifestations. The suspicion of CME 
should be considered when a compatible history (tick infestation, travel to or 
living in endemic region), typical clinical signs (lymphadenomegaly, spleno-
megaly, dermal and mucosal petechiae and ecchymoses, epistaxis), typical 
hematological signs (thrombocytopenia, pancytopenia) and biochemical ab-
normalities (hypoalbuminaemia, hyperglobulinaemia) are present. 

Classical diagnostic techniques (hematology, cytology, serology, isola-
tion) are useful tools in the diagnosis of CME, however a definitive diagno-
sis of E. canis infection should be done by polymerase chain reaction (PCR) 
and sequencing. 

Platelets
Platelet counts and their magnitude were suggested as a screening test for 
CME in endemic regions. It has been shown that while only one of 71 (1.4%) 
non-thrombocytopenic dogs was found positive for E. canis DNA (16S 
rRNA), 13 of 62 (21%) dogs with platelet counts of 100,000-200,000 per mL, 
and 53 of 84 (63.1%) dogs with platelet counts of less than 100 000 per mL 
were found positive (Bulla et al., 2004). 

Cytology
Demonstration of a typical morula within the cytoplasm of a monocyte in 
blood smear indicates a monocytotropic ehrlichial disease. Evaluation of 
blood smears is usually unrewarding as the sensitivity of morulae detection 
is low. Multiple buffy coat smears have been shown to have a high sensitivity 
for detection of E. canis morulae (Mylonakis et al., 2003). Blood smears of 
infected dogs may present reactive monocytes, erythrophagocytosis, platelet 
phagocytosis and granular lymphocytosis.

Serology
The indirect immunofluorescence antibody (IFA) test is considered the sero-
logical “gold standard“ test, indicating exposure to E. canis. It is considered as 
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a valuable screening test for CME. The appearance of IgM antibodies after ex-
perimental infection was shown to be inconsistent and therefore IgM-serol-
ogy is not in use. In contrast, IgG titers of 1:40-1:80 or greater are considered 
positive. Two consecutive IFA tests, 7-14 days apart, are recommended, and a 
4-fold increase in antibody titers is suggestive of an active infection. 

Enzyme linked immunosorbent assay (ELISA) kits for the detection of 
E. canis are also available and are in common use in clinics. Three different 
ELISA kits (recombinant major antigenic protein 2 (rMAP2)-ELISA, the Im-
munocomb (Biogal, Israel) and the Snap 3Dx assay (IDEXX Laboratories Inc., 
USA)) were compared with the IFA test in detecting anti-E. canis IgG anti-
bodies. Samples tested were collected from dogs suspected to be naturally in-
fected with E. canis and from experimentally infected dogs. When qualitative 
results (positive/negative) were compared, there was an overall agreement of 
81% (54/67) between the IFA test and the rMAP2-ELISA. An overall agree-
ment of 94% (63/67) was found between the IFA test and the Immunocomb, 
and an overall agreement of 91% (61/67) was found between the IFA test and 
the Snap 3Dx assay. In 50 of 67 (74.6%) samples tested, complete agreement 
in the qualitative results was found in all four tests. Sixteen of 17 samples with 
disagreement in the qualitative results (false negative) were found to have IFA 
titers of 1:320 or lower. Repeating the serological tests 1-2 weeks after the first 
antibody assay may overcome this sensitivity problem (Harrus et al., 2002).

Serologic cross-reactivity between E. canis and other related rickett-
sial organisms has been documented, complicating the diagnosis of CME. 
Western immunoblotting is a more specific serologic test which usually as-
sists in determining the infecting agent. 

Isolation
Ehrlichia canis has been cultured in canine DH82 and in murine J774.A1 
cells. However, blood cultures are not commonly available. As the growth 
of the organism may take up to 8 weeks, it may not be useful in a clinical 
setting where a much earlier result is needed. 

Molecular Detection 
Polymerase chain reaction (PCR) and sequencing are sensitive methods for 
detecting and characterizing E. canis-DNA, respectively. Detection of E. canis 
DNA can be achieved as early as 4 to 10 days post-inoculation. Several assays 
are based on different target genes, however the 16S rRNA and the p30-based 
PCR assays are most commonly used. The p30-based assay is more sensitive 
than the 16S rRNA-based assay (Stich et al., 2002), probably due to the fact 
that each E. canis contains one gene copy of the 16S rRNA while multiple cop-
ies of the p30 gene. Splenic samples are considered more sensitive samples for 
the evaluation of ehrlichial elimination by PCR. The advantages of PCR over 
serology are: 1.) the fact that DNA can be detected before sero-conversion 2.) 
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it is very sensitive 3.) it indicates infection rather than exposure. The latter 
characteristic may allow clinicians a better monitoring of treatment.

Real time PCR is a more sensitive assay than conventional PCR allowing 
quantitative analysis of specific DNA (and RNA). It is less prone to contami-
nations than conventional methods and therefore is rapidly becoming the 
preferred method for diagnosis of E. canis. DNA/RNA chimeric primers were 
recently constructed for E. canis-16S rRNA. Several RNA bases were incor-
porated into specific positions in the DNA primers while no RNA stretches 
were allowed and the reactions were carried out without pre-amplification 
steps. This resulted in a decreased undesirable byproduct formation (such as 
primer-dimer) and a ten-fold increase in assay sensitivity (Peleg et al., 2009). 
The capabilities of real-time PCR machines allow the construction of multi-
plex assays for the simultaneous detection of several pathogens in one tube. 
Another new molecular approach using the real time PCR is the high reso-
lution melt (HRM) analysis. HRM real-time PCR is a molecular approach 
originally developed for single nucleotide polymorphism genotyping which 
may be found useful for the discrimination between different strains. 
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Veterinary Medicine, Aristotles University of Thessaloniki, Greece

Introduction
Canine leishmaniosis (CanL) is a severe zoonotic disease affecting millions 
of dogs in many places worldwide, apart from Oceania and the polar regions. 
The domestic dog is the main reservoir for Leishmania infantum in the Old 
World, with phlebotomine sand flies acting as biological vectors1. CanL is a 
multisystemic disease that mimicks many other diseases, either infectious 
(e.g. mycotic, mycobacterial) or not (e.g. autoimmune, immunologic) and 
is expressed by different clinical signs of variable severity1,2. However, epi-
demiological studies, conducted in CanL-endemic areas, have shown that 
only a relatively small proportion of the general canine population develops 
a symptomatic disease, another fraction has persistent asymptomatic in-
fection, while the last fraction is resistant to the infection or is eventually 
self-cured1. The majority of symptomatic dogs are presented with poor body 
condition, masseter muscle atrophy, peripheral lymphadenomegaly and ex-
foliative dermatitis. Other, less common clinical manifestations, include 
multifaceted ocular disease, proteinuric chronic renal failure, lameness, 
epistaxis, fever and episodic weakness occurring in various combinations2-7. 
Histopathologically, CanL is highlighted by a granulomatous inflammatory 
reaction associated with the presence of Leishmania amastigotes within 
macrophages8,9. In CanL it is important to distinguish Leishmania infec-
tion from disease and to apply different diagnostic techniques, preferably in 
combination10. The former situation may have significant epidemiological 
implications since asymptomatic dogs are also infectious to phlebotomine 
vectors, but pose a lower risk compared to symptomatic ones11.

Diagnosis is typically carried out 1) to confirm the disease in symptom-
atic dogs showing clinical and/or clinicopathological compatibilities, 2) to 
investigate the prevalence and incidence of the infection, 3) to screen clini-
cally healthy dogs residing in the endemic areas, 4) to rule-out the possibility 
of infection in blood donors, 5) to avoid the import of infected dogs into 
non-endemic countries and 6) to monitor the response to antileishmanial 
treatment12. In both the asymptomatic and symptomatic dogs the most use-
ful methods employed for the diagnostic investigation of CanL are 1) the 
detection of amastigotes in cytological smears and/or in tissue biopsy sec-
tions, preferably stained with the use of immunohistochemistry or immuno-
fluorescence, 2) that of specific serum antileishmanial antibodies with the aid 
of several serological assays and 3) the demonstration of leishmanial DNA in 
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tissues by applying molecular techniques11-13. The goal of the present lecture 
is to provide information on the recently validated parasitological, immuno-
logical and molecular tools developed for the detection of Leishmania infan-
tum in the dog. Different levels of sensitivity, specificity, cost, ease of test-
ing and especially the purposes for pursuing laboratory diagnosis should be 
taken into account in the selection of the method or methods employed1,13.

Direct diagnostics
Cytology and histopathology 
Search for amastigotes in Giemsa-stained cytological smears (e.g. aspiration, 
impression) made from lymph nodes, bone marrow, skin lesions and spleen, 
and less often from other tissues or body fluids, could be unrewarding due to 
their low numbers present, even in dogs with well established disease14. Also, 
it has a questionable specificity, because other objects viewed by light micros-
copy could be erroneously mistaken as amastigotes, especially in lymph node 
smears1. However, by increasing the time devoted to observation and micro-
scopic field evaluation the sensitivity of the method can be improved15. Sensi-
tivity may also be increased by applying a direct and fast method (QBC®)16.

Leishmania parasites may also be viewed in biopsy sections stained with 
hematoxylin – eosin and obtained from infected organs such as lymph nodes, 
spleen and bone marrow14. However, the diagnostic value of tissue histopa-
thology is also limited, even with the application of special stains. Suspicion 
of CanL should be raised when either pyogranulomatous, granulomatous 
or lymphoplasmocytic inflammation6,8,9,17,18 and/or lymph node reactive hy-
perplasia are observed19. Visualization of amastigotes could be enhanced 
by applying immunohistochemical20 or immunofluorescence techniques21. 
It is important to note that even with these techniques the identification of 
amastigotes requires considerable expertise and training.

Isolation of parasites, by inoculating material taken from spleen, lymph 
nodes or bone marrow in specific substrates22 or in golden hamsters23 and 
xenodiagnosis, exemplified by the detection and isolation of L. infantum 
with the aid of its natural arthropod vector24 are rarely used in the routine 
diagnosis of CanL; this is because their sensitivity is lower than that of PCR 
and serology, can be carried out in specialized laboratories, are time con-
suming, laborious and have a high cost. At the present, they are mainly used 
for research purposes12.

Molecular techniques
PCR-based techniques are more sensitive and specific diagnostic tools in 
CanL not only in the symptomatic and asymptomatic dogs but also for 
monitoring parasitological cure after the antileishmanial treatment11. To 
this cause, different assays targeting genomic or kinetoplastic DNA (kDNA) 
have been developed. Assays based on kDNA appear to be the most sensi-
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tive working with infected tissues12. Leishmanial DNA can be demonstrated 
in fresh or formalin-fixed tissues (e.g. lymph nodes, bone marrow, skin) and 
whole blood and urine or preferably buffy coat and conjuctival swabs25-27. In 
epidemiological studies, whole blood spotted on filter paper can be used for 
PCR, preferably in combination with IFA or ELISA serology22. Leishmania 
DNA was also found in several other biological materials which are not used 
regularly for routine diagnosis11. Of the three currently available PCR tech-
niques (conventional, nested, real-time), quantitative kDNA real-time PCR 
is the most sensitive because it can detect extremely low parasitic loads28. 
Finally, the efficacy of every PCR technique is influenced by different factors 
such as primers, number of copies of the target, method of DNA-extraction, 
biological material and PCR protocol11.

In the endemic areas of the disease, and for the asymptomatic dog in 
particular, the interpretation of PCR results should be made with caution 
and always in association with those of clinicopathological and serologi-
cal evaluation10. However, PCR is a valuable tool for screening dogs sched-
uled for importation to non-endemic countries and for those used as blood 
donors10. Because of the conflicting results obtained in two well-organized 
epidemiological studies with asymptomatic dogs tested with both PCR and 
serology25,29, it is recommended to continue monitoring these animals as 
well as other suspicious or inconclusive CanL cases and repeat testing after 
3 months1.

Indirect diagnostics (serology)
A high level of specific IgG antibodies is conclusive of CanL because it is 
strongly associated with severe parasitism and a disease state30. However, 
in some typical and atypical cases and in asymptomatic animals, the pres-
ence of a low antibody titre is not always diagnostic and further work-up 
is needed by employing cytology, histopathology and PCR12. Interestingly, 
the measurement of Ig subclasses is currently not applied since it does not 
add anything, either diagnostically or prognostically31,32. In a similar way, 
measurements of Leishmania specific IgA, IgM and IgE have given rather 
inconclusive results.

Conventional serology techniques
Immunofluorescence antibody test (IFA), enzyme-linked immunosorbent 
assay (ELISA) and immunochromatographic devices are the most frequently 
used serology techniques for the detection of antileishmanial antibodies in 
the dog11,12. It is strongly advised to prefer the quantitative techniques (IFA, 
ELISA) and to submit serum samples to the same reliable laboratory, espe-
cially when we have to do with serologically monitored or treated dogs10. 
With both techniques, false positive results due to serological cross-reactiv-
ity with Trypanosoma cruzi and/or other Leishmania species may occur33,34, 
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but this is extremely uncommon in Europe and by using recombinant pep-
tides such as vA2, rK9, rk26 and rk3934,35. 

Despite the fact that in symptomatic dogs IFA is the “gold standard” in the 
serodiagnosis of the disease, it lacks the sensitivity necessary to deal with the 
asymptomatic ones and therefore it is not suitable for epidemiological stud-
ies and perhaps for the other purposes where PCR works in a better way36,37. 
Although the specificity of ELISA is greatly enhanced by using recombinant 
antigens (K9, K26, K39), its sensitivity is almost equal to that of IFA. Finally, 
immunochromatographic assays are easy to use and provide qualitative in-
office results, but their general performance is still not optimal36.

Non-conventional serology techniques
In direct agglutination test (DAT), promastigotes are used either as a sus-
pension or a freeze dried form. Although it is a cheap and simple to perform 
test38, with high sensitivity and specificity value39, there are some limitations 
such as the relatively long incubation time and the serial dilutions of blood 
or serum required40. However, a modified DAT (the easy DAT) has been de-
veloped that offers the advantages of cost reduction and decrease of antigen 
elaboration time41.

The highly sensitive Western blot analysis of whole-parasite antigens is 
valuable when low serum antibody titers are present42. Recently, a quantita-
tive computerized Western blot test was evaluated in experimental CanL 
cases by employing immunodominant antigents and is believed to improve 
early detection rates and treatment evaluation43.

An immunodiffusion with polyethylene glycol (PEG) has also been de-
veloped for diagnosing CanL with sensitivity and specificity ranging from 
69% to 100% and 98% to 100%, respectively44. This is an easy to perform as-
say, does not require sophisticated equipment and facilitates the processing 
of various serial samples at the same time11.
Other immunodiagnostic tests (checking cellular immunity)
Symptomatic dogs typically have a depressed cellular response to Leishma-
nia antigents in contrast to their asymptomatic counterparts45. Ideally, cel-
lular response to Leishmania antigens could be assessed by applying the in 
vivo leishmanin test, in vitro lymphocyte stimulation with these antigens, 
detection of IFN-γ and/or TNF-α, and the flow cytometry of CD4 and CD8 
lymphocyte subpopulations46,47. However, and apart from the fact that all 
these tests are available in research laboratories, their diagnostic and prog-
nostic value is still questionable because they need further standardization 
and validation11.
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CutANeous AND subCutANeous NoN-
NEOPlaStIC CYtOlOGY IN tHE DOG aND Cat
Alexander F. Koutinas, DvM, phD, DipeCvD
Clinic of Companion Animal Diseases (Medicine), Faculty of 
Veterinary Medicine, Aristotle University of Thessaloniki, Greece

GeNeRAL AND TeCHNICAL ASPeCTS
Cytology is an important diagnostic tool in small animal dermatology where 
both cutaneous and subcutaneous lesions are easily accessible, thus mini-
mizing the need for sophisticated laboratory equipment. To increase the 
diagnostic value of cytology the type, number and localization of the cuta-
neous and subcutaneous lesions should be taken into account, along with 
the history and the clinical picture of the animal. There is no need for clean-
ing and disinfecting the superficial lesions in contrast to deep ones to avoid 
both misleading results and the contamination of masses after puncturing. 
Since in cutaneous cytology no attention is paid to tissue architecture of 
the lesions but to cells themselves, it cannot replace histopathology which 
remains the “gold standard” in the diagnosis of dermatologic cases. The cli-
nician should be aware of the advantages such as the quick diagnosis, timely 
determination of action, use of simple equipment, and the noninvasive, safe 
and inexpensive character of cytology. On the other hand, the major limita-
tions of cytology are the difficulty in obtaining cells, especially in the fibrot-
ic lesions and the generalization rather than the specification of diagnosis 
compared to histopathology. A trained clinical pathologist or cytologist is 
the right person to interpret the relevant preparations. Providing pertinent 
clinical information will be of great help to cytologist when making an in-
terpretation. 
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A thoughtful categorization of cutaneous and subcutaneous lesions 
is a useful clinical guidance. Cytology is indicated for almost all dogs and 
cats admitted with pruritic, scaly, crusty, vesicular-pustular, odoriferous, 
alopecic, ulcerative or nodular skin diseases. Skin scrapings, direct smears, 
fine-needle aspirations, impressions, cotton-tipped swabs and adhesive 
tape preparations are the most popular techniques employed to obtain cy-
tologic samples. Most slides are air-dried before staining, with the excep-
tion of greasy smears that may be briefly heat-fixed. The slides are routinely 
stained with a modified Romanowsky-type stain (e.g. Diff Quik) which is 
fast, easy-to-perform and suitable for the evaluation of almost all kinds of 
samples, although Gram stain is also suitable in bacterial infections. Addi-
tional stains such as traditional Giemsa for mast cells and eosinophils, new 
methylene blue to accentuate nuclear and nucleolar details, acid-fast stains 
for Mycobacteria, India ink for Cryptococcus spp. and Sudan Red for lipids 
are occasionally applied. The examination of stained slides should proceed 
from the low (10x objective) to high (40x objective) power and oil immer-
sion (100x objective). However, before their interpretation, the examiner 
has to answer the following three questions: 1) is the slide well stained (e.g. 
outdated stain)? 2) is the smear of good quality (e.g. thick cell layer, hemo-
dilution, many ruptured and distorted cells)? 3) is the tissue inflammatory, 
neoplastic or just normal? For instance, epitheliotropic lymphoma mimics 
inflammatory skin disease while chronic inflammation may result in a neo-
plastic-looking (dysplastic) epidermis. Finally, the unstained preparations 
should not be mailed in the same package with formalin-fixed biopsy sam-
ples because the exposure to its fumes will result in poor staining and a non 
diagnostic preparation. 

Superficial skin scrapings are attempted when the skin appears nor-
mal, slightly moist or greasy and the anatomic areas sampled are not easily 
accessible (e.g. interdigital webs). Scrape smears are taken with the non-
cutting-edge of a scalpel blade or a spatula and the collected material is 
gently spread over the microscope slide. Dermatological indications for 
scrape smears may include Malassezia dermatitis, bacterial overgrowth 
and surface pyoderma, feline indolent ulcers and eosinophilic plaques plus 
the poor sample cellularity obtained by other techniques. Direct smears 
are prepared from intact pustules, vesicles or bullae, which are punctured 
with the tip of a needle and the exposed material is directly spread onto the 
microscope slide. Smears should be made gently to minimize cell disrup-
tion. Fine needle aspiration (FNA) is most often used to sample nodules, 
tumors, and perhaps plaques although intact fluid-containing lesions can 
also be sampled; the latter lesions are aspirated with 20G or 22G needle and 
a 3-ml syringe while the nodules with a 20G needle and 5 to 10 ml syringes. 
These authors prefer to use a 21G or 18G needle and apply first the non-as-
piration technique in which the needle is inserted into the lesion, redirected 
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and advanced 2-3 more times without exiting the skin, withdrawn and con-
nected to a 5-ml syringe filled with air. The content of the needle hub is then 
forcefully expelled onto the microscope slide and streaked across its surface 
with a coverslip, a needle or by applying the squash technique. The classi-
cal fine needle aspiration can follow when the slides are of poor cellularity. 
When the non-aspiration technique is successful, cellular distortion and 
blood contamination are usually minimized. Because of the necrotic center 
frequently present in voluminous masses, it is suggested to take multiple 
samples from their periphery and the skin should be cleaned and disinfect-
ed before sampling. Good examples for applying FNA would be abscesses, 
sterile or septic pyogranulomas and granulomas, xanthomas, cysts and bul-
lae. It should be mentioned that the diagnostic value of FNA cytology is very 
high (sensitivity 89.3%, specificity 97.9%) regarding the palpable cutaneous 
and subcutaneous lesions, as it has been recently shown in an Italian cy-
tologic study with dogs and cats (Ghisleni et al. 2006). In order to prepare 
impression smears, the slide is pressed against moist, greasy or ulcerated 
surfaces, punctured fluid-filled lesions, squeezed fistulae or the underside 
of crusts. Impression smears can also be prepared by pressing or rolling the 
biopsy material onto the microscope slide before immersing it in formalin. 
In adhesive tape preparations, clear sticky tape is used to collect debris 
from the surface of the skin. The tape is pressed sticky side down onto the 
skin and then onto a drop of methylene blue or the blue stain of Diff-Quik 
put on a slide, with the tape serving as cover slip. Both dry and greasy areas 
can be sampled to look for Malassezia yeasts, bacteria, inflammatory cells, 
and nucleated keratinocytes. However, enough training is required to es-
tablish what is “normal”. This technique is also valuable to sample not easily 
accessible areas. Samples from draining tracts or sinuses, interdigital webs, 
and dry crusting lesions, can be collected with a cotton-tipped applicator, 
moistened or not, that is subsequently rolled over the microscope slide.

SPeCIFIC ASPeCTS
Normal skin cytology with which the clinician should be familiar, includes 
angular and anuclear and occasionally nucleated keratinocytes, lipid and 
surface debris (which should not be mistaken with bacteria!) and keratohya-
line granules, mainly within stratum granulosum keratinocytes. 

A. INFLAMMATORY LeSIONS
When many inflammatory cells are visualized with few or no tissue cells, the 
lesion is most likely the result of an inflammatory skin disease. The inflam-
matory process should be further classified as neutrophilic, eosinophilic, 
or (pyo) granulomatous. In the former, the predominating neutrophils may 
be degenerated (septic conditions) or not (sterile conditions) and accom-
panied or not by phagocytosed cocci and acantholytic cells. Neutrophilic 
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inflammation has been associated with infectious agents, foreign body re-
actions, autoimmunity, chemical or thermal injury, tissue necrosis second-
ary to trauma or neoplasia or with idiopathic neutrophilic dermatoses (e.g. 
pyoderma gangrenosum, Sweet’s syndrome). Eosinophilic inflammation 
has been defined as the presence of more than 10% eosinophils among the 
inflammatory cells. When eosinophils are degranulated they look like neu-
trophils with the dispersal of eosinophilic granules at the background of the 
slide as the main differentiating point. Eosinophilic inflammation has been 
associated with allergies (especially in the cat), eosinophilic granulomas and 
plaques, parasitic and fungal infections, mastocytomas or with some very 
uncommon eosinophilic dermatoses (e.g. eosinophilic pustulosis, Well’s 
disease). Finally, the inflammation is characterized as (pyo) granulomatous 
when more than 15% macrophages are present. The inflammatory infiltrate 
in this cytologic pattern is actually mixed (small lymphocytes, plasma cells, 
epithelioid and multinucleated giant cells, mast cells) and has been seen 
in conditions such as deep pyodermas, subcutaneous and systemic fungal 
infections, canine leishmaniosis, cutaneous mycobacteriosis, foreign body 
reactions, sterile pyogranulomas and panniculitis, cutaneous reactive his-
tiocytosis and resolving hematomas. 

1. Non-infectious inflammatory dermatopathies 
The cytology of canine acral lick dermatitis is characterized by a mixed 
mononuclear cell population along with intermediate layer keratinocytes due 
to acanthosis. Fibroblasts, related to superficial healing response and numer-
ous erythrocytes due to increased neovascularization may also be seen. In 
foreign body reaction, an admixture of neutrophils and macrophages, many 
of which are epithelioid and much fewer multinucleated giant cells, is usually 
visualized. Eosinophils are occasionally present as well as lymphocytes and 
plasma cells. In some cases the foreign body material is refractile. However, 
when there is strong evidence of foreign body reaction, the smear should be 
polarized in an attempt to differentiate it from endogenous debris (e.g. hemo-
siderin). The characteristic features of injection site reactions, for which vac-
cinations have most often been incriminated, is the presence of large amounts 
of amorphous, homogenous, brightly eosinophilic material that is both ex-
tracellular and intracellular (macrophages). Within the macrophages this 
material may be concentrated in phagosomes and appear as round spheres 
that resemble the mast cell granules from which should be differentiated. 
Another finding is the clustering of reactive mesenchymal cells which may 
raise the suspicion of fibrosarcoma, especially in cats. Cytology of arthropod 
bite reaction (insects, ticks, spiders) reveals a mixed inflammatory infiltrate 
composed of neutrophils, macrophages and frequently increased numbers of 
eosinophils due to hypersensitivity reaction. Eosinophilic granulomas and 
eosinophilic plaques occur most commonly in cats (eosinophilic granuloma 
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complex) and only occasionally in the dog (e.g. Siberian huskies). In eosin-
ophilic granulomas, eosinophils predominate along with a few neutrophils 
and macrophages, and fewer lymphocytes, plasma cells and fibroblasts, some 
of which may show anaplastic features. The eosinophilic component in the 
impression smears obtained from eosinophilic plaques is more prominent 
and the macrophages fewer. Occasionally, FNAs taken from eosinophilic 
granulomas fail to yield eosinophils. Xanthomas are uncommon granu-
lomas in the cat that have been associated with diabetes mellitus, high-fat 
diets and hereditary hyperchylomicronemia. They are caused by cholesterol 
and/or triglyceride deposition in the dermis. Aspirates contain numerous 
foamy macrophages that stain positive with lipid stains; lymphocytes along 
with occasional eosinophils and neutrophils are also present. Panniculitis, 
which refers to necrosis and inflammation of subcutaneous adipose tissue oc-
curs secondary to many different causes or is idiopathic (idiopathic sterile 
nodular panniculitis). Cytology of FNAs usually reveals variable numbers of 
macrophages and inflammatory multinucleated giant cells, fewer lympho-
cytes and neutrophils and reactive fibroblasts, interspersed with clusters of 
adipocytes and free fat droplets. All these cells may contain clear vacuoles 
indicating ingestion of fat, while fibroblasts may exhibit dysplastic changes. 
Canine juvenile cellulitis is a granulomatous to pustular skin disease of 
puppies, occasionally accompanied by systemic signs. Cytologic slides made 
from pustules and/or the purulent exudates of draining tracts contain many 
neutrophils and macrophages without bacteria. The same holds true for the 
other sterile neutrophilic dermatoses of the dog which are very uncommon 
clinical entities. Pemphigus foliaceus is the most common autoimmune skin 
disease in the dog and cat, with the majority of cases being idiopathic. Direct 
imprint of the underside of a crust or aspiration of a pustule reveals numer-
ous non-degenerating neutrophils, some eosinophils and acantholytic kera-
tinocytes, arranged either individually or in rafts. Neutrophils are very often 
seen adjacent to keratinocytes, giving a wheel-like appearance. It is important 
to note, that the presence of acantholytic cells is not pathognomonic for this 
disease, as they have been also found in bacterial superficial pyodermas and 
superficial pustular dermatophytosis, especially when the cause of the latter 
disease is Trichophyton mentagrophytes. Allergic dermatitides are cytologi-
cally characterized cytologically by numerous eosinophils, especially in the 
feline diseases and flea bite dermatitis, interspersed with variable numbers of 
mast cells and neutrophils. If the condition becomes chronic, lymphocytes, 
plasma cells and macrophages may also be seen.

2. Infectious inflammatory dermatopathies 
In superficial pyodermas (impetigo, folliculitis, mucocutaneous, spread-
ing), pus cytology reveals numerous extracellular cocci, neutrophils in vari-
ous stages of degeneration, some eosinophils and most importantly, evidence 
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of bacterial phagocytosis. Actually, the picture is that of “bacterial invasion” 
with Staphylococcus pseudointermedius penetrating the skin. The charac-
teristic of deep pyodermas (furunculosis, cellulitis), in which phagocytosed 
cocci and perhaps rods are less frequently seen, is a pyogranulomatous re-
action consisting of more macrophages, plasma cells and eosinophils and 
less neutrophils than superficial pyodermas. Impression smears in bacterial 
overgrowth syndrome reveal only an abundance of cocci onto or between 
the keratin bars and keratinocytes, also appearing in large numbers. In the 
other surface pyodermas or “pseudopyodermas” (intertrigo, pyotraumatic 
dermatitis), the predominance of healthy neutrophils and extracellular cocci 
or rods is clearly consistent with “secondary bacterial colonization”; a few de-
generate neutrophils, eosinophils and phagocytes may also be seen. Higher 
bacteria (Actinomyces, Nocardia), which are often associated with plant 
awns or foxtails, may cause supurative and/or (pyo) granulomatous inflam-
matory response. In cytologic preparations they are recognized by their thin 
filamentous, branching appearance, often found in mat-like accumulations; 
these organisms frequently contain visible blue to pink dots. Mycobacterial 
granulomatous dermatitis has been associated with cutaneous atypical 
mycobacteriosis, canine leproid granuloma, feline leprosy and cutaneous 
tuberculosis. Macrophages, many of which are epithelioid and multinucle-
ated giant cells, predominate in lesions caused by these acid-fast bacteria 
appearing as clear, non staining rods intracellularly and as clear spaces ex-
tracellularly. Mycobacteria can be visualized by applying a modified acid-fast 
stain (Ziehl-Nielsen). In Malassezia dermatitis, which is mainly secondary 
to many skin or internal diseases, increased yeast numbers may be found 
while absence of inflammatory cells is common, especially by applying the 
adhesive tape technique. Malassezia yeasts stain deep blue to purple (Diff 
Quik), have round to oval shape and sometimes feature monopolar bud-
ding of daughter cells. In mucocutaneous candidiasis, the yeast Candida 
albicans occurs as septate, branching hyphae and is usually accompanied by 
(pyo) granulomatous reaction. In cytology preparations obtained from der-
matophytosis cases and stained with Romanowsky-type stains, mycelia and 
spores stain deep blue with a thin clear halo and are observed within (Tricho-
phyton spp.), or on the hair shafts (Microsporum spp.). Fungal elements are 
associated with a (pyo) granulomatous reaction in kerion cases or a puru-
lent one, along with the presence of acantholytic keratinocytes, in superfi-
cial pustular dermatophytosis; in kerion disease, neutrophilic phagocytosis 
of spores may be occasionally seen. It is true that in cytologic slides made of 
material obtained from feline or canine cryptococcosis cases, Cryptococcus 
neoformans may outnumber inflammatory and tissue cells. This extremely 
pleomorphic (spherical to fusiform with narrow-based budding) organism is 
easily recognized because of its thick mucoid capsule which typically appears 
clear and homogeneous but sometimes stains pink. In this systemic fungal 

Proceedings BOOK.indb   75 9/25/09   3:24:22 PM



��

11th ESVCP-ECVCP MEETING 7-9 OCTOBER 2009 • THESSALONIKI, GREECE

disease, a deep-seated and prominent granulomatous response (epithelioid 
macrophages and/or multinucleated giant cells) is elicited, especially with 
the rough form of Cryptococcus. In the quite uncommon subcutaneous my-
cosis, sporotrichosis, caused by the dimorphic fungus Sporothrix schenckii, 
the diagnosis is easily made only in cats due to the abundance of organisms 
in the smears. The latter are round to oval or fusiform (cigar-shaped), stain 
pale to medium blue, are surrounded by a small clear halo and have a small 
pink to purple nucleus. S. schenckii organisms are numerous within macro-
phages, which along with the neutrophils are the primary inflammatory cells 
on cytologic examination. In canine leishmaniosis (Leishmania infantum 
syn. chagasi), a very common protozoan and multisystemic disease at least 
in our area, the involvement of the skin and subcutaneous tissues may lead 
to ulcers, pustules, papules, nodules, plaques or even subcutaneous tumors, 
along with a moderate to severe psoriasiform scaling. Imprints, scraping and 
aspirates yield an admixture of inflammatory cells, with neutrophils (ulcers, 
pustules) or macrophages (nodules) predominating. The number of parasites 
visualized both within macrophages and free in the preparation, though quite 
variable, is dramatically increased in the nodular type of cutaneous disease. 
Leishmania amastigotes (2-4 microns) have an oval and light purple nucleus 
and a rod-shaped kinetoplast which stains darker. It is the presence of ki-
netoplast that distinguishes Leishmania from Toxoplasma and Histoplasma. 

B. NON-INFLAMMATORY LeSIONS
Calcinosis cutis circumscripta
When aspirated, the fluid of these lesions is often thick and appears chalky 
white. Under the microscope it may consist of only small granules of cal-
careous material with no tissue cells present or may be intermingled with 
macrophages and/or blood. 

Sebaceous hyperplasia
Clinically, it is expressed as masses which are alopecic and have a cauli-
flower or papilliferous appearance. Aspiration cytology reveals mature se-
bocytes appearing in clusters or as single pale foamy cells with a small dense 
and centrally located nucleus, often mistaken for phagocytic macrophages. 
Sebaceous hyperplasia is impossible to distinguish from the less common 
sebaceous adenomas. 

Cutaneous cysts
Cytology of epidermal inclusion or epidermoid and follicular cysts is con-
sistent with the presence of keratin bars, squamous and other keratinocytes, 
along with cholesterol crystals which appear as negative-stained, irregularly 
notched, rectangular plates. In contrast, the fluid in apocrine cyst cytology 
is usually acellular with a clear background. 
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Hematomas
Cell population, visualized in the aspirated fluid, usually consists of activat-
ed macrophages, with phagocytosed erythrocytes and/or their break down 
products, non-degenerate neutrophils and numerous erythrocytes. 
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1. Introduction
The correct interpretation of antibody test results depends on two indepen-
dent measures: accuracy and precision. Accuracy (for which some authors 
prefer the term validity) relates to the closeness of agreement between the re-
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sult of a measurement and the true value of the measured (e.g. the agreement 
between the proportion of antibody positive (negative) and infected (non-
infected) animals in a population). Precision (for which some authors pre-
fer the term reliability) refers to the closeness of agreement among repeated 
measurements (e.g. the agreement among antibody positive (negative) results 
obtained after testing/re-testing a serum-sample within or among laborato-
ries – respectively termed as repeatability and reproducibility). In my presen-
tation I will focus on several accuracy-related issues and their relationship to 
the interpretation of antibody test results. I will skip the precision-associated 
issues because they are mostly related to well-documented principles of stan-
dardization, quality assurance and validation of serological tests.

2. Factors affecting sensitivity and specificity
The two key measures describing the accuracy of a test are the diagnostic 
sensitivity (Se) and specificity (Sp), which denote the conditional probabilities 
of a positive test result (P(T+/D+)) given the animal (or any other unit of in-
terest) is truly diseased (D+) and the conditional probability of a negative test 
result (P(T-/D-)) given the animal is truly non-diseased (D-) (I use the terms 
D+/D- to represent not only clinically or sub-clinically diseased/non-diseased 
but also infected/non-infected or immunologically protected/non-protected). 
Se and Sp are population parameters, which may vary among populations or 
subpopulations. They measure test accuracy in a reference population with 
specified factors that co-vary (such as the stage of disease and animal age in 
sero-diagnosis of ruminant paratuberculosis) under defined conditions (labo-
ratory, gold standard, cut-off, etc.). In practice, these factors, their impacts 
and their interrelationships are mostly unknown and Se and Sp estimates are 
average values calculated in non-homogenous populations. Biological factors 
potentially influence the concentration of antibodies thus affecting diagnostic 
Se and Sp on a population level. The impact of such factors cannot be rem-
edied technically. For example, markedly different Ses of serological diagno-
sis of ruminant paratuberculosis have been described for animals in different 
stages of disease (Nielsen and Toft, 2008). Although no formal relationship 
exists between disease prevalence and Se, the distribution of biological fac-
tors related to disease may be different in low- and high-prevalence popula-
tions (shown for swine salmonellosis by Sørensen et al., 2006). Furthermore, 
influential factors for Se may vary over time and time-dependent changes in 
the Se may be predictable in epidemic situations, where knowledge exists on 
the change in the proportions of disease stages over time. On the other hand, 
non-target components in serum samples such as antibodies elicited by other 
cross-reacting pathogens or maternal antibodies or antibodies that persist af-
ter self-cure or treatment may cause false-positive results and influence the 
Sp of a test which may vary among populations (or subpopulations) if these 
biological factors are differently distributed. An increase of the Sp may occur 
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over time when a disease-eradication program based on removal of test-posi-
tive animals from the population is applied (because of the removal of animals 
with true-positive and false-positive test results).

3. estimation of sensitivity and specificity of antibody tests
The Se and Sp of a test can be easily determined by comparison with a refer-
ence test (often referred to as a “gold standard”), which, when available, deter-
mines the true disease state of the animals unambiguously. The true disease 
state, however, is rarely known in practice, because perfect test results may be 
difficult or impossible to obtain. If classification errors in the reference test are 
ignored, serious bias may be introduced in the assessment of the accuracies of 
the new test. However, when the error probabilities of the reference test are 
known, it is possible to obtain unbiased estimates of the accuracies of the test 
in question. Interestingly, the Se and Sp and the true disease prevalence can 
also be calculated, in the absence of a reference test, with latent-class models 
(Enøe et al., 2000; Branscum et al., 2005; Kostoulas et al., 2006). With these 
measurements the conditional on D+ (D-) post-test probabilities of positive 
(negative) test results can be calculated (termed by some authors predictive 
values of positive (PV+) (negative (PV-)) test results).

4.  Principles and applications of the receiver-operating characteristic 
(ROC) analysis

The results of antibody tests are usually measured on ordinal or continuous 
scales. For practical application, a value on the original scale is selected as a de-
cision threshold (cut-off value) to dichotomise positive and negative test out-
comes. Comparison of the dichotomised test results against the true disease 
status of animals allows estimation of the Se and Sp, which, depending on the 
choice of cut-off value, are inversely related. Hence with increasing levels of 
antibodies associated with increasing probability of disease higher (lower) cut-
off values are generally associated with lower (higher) Se and a higher (lower) 
Sp. This relationship has two important implications. First, one needs to select 
a cut-off value such that the Se and/or Sp are optimised. Second, because Se 
and Sp at a single cut-off value do not describe the test performance at other 
potential cut-off values, the effect of any selected cut-off value should be taken 
into account when comparing overall diagnostic test performance. These is-
sues are addressed by the ROC analysis, which assesses the diagnostic perfor-
mance of the test in terms of Se and (1-Sp) for each possible cut-off value of the 
test. The area under the ROC curve (AUC) is a global (i.e. based on all possible 
cut-off values) summary statistic of diagnostic accuracy, which summarises 
the ROC curve as a whole, and therefore attributes the same weighting to both 
relevant and irrelevant parts of the curve. In practice, the diagnostic context 
might dictate that Se must be higher than Sp (or Sp>Se) or that Se and/or Sp 
assumes certain minimum values. In this case, partial ROC analysis on the 
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pre-specified region of diagnostic relevance rather than the whole range of 
potential cut-offs is recommended. Kostoulas et al. (2006) computed partial 
AUC for an ELISA for serological diagnosis of sub-clinical ovine and caprine 
paratuberculosis. The AUC can be used in comparisons of diagnostic perfor-
mance of two or more tests. Furthermore, the ROC analysis results can be 
combined with the consequences of possible test outcomes for optimisation of 
test cut-off selection (Greiner et al., 2000; Kostoulas et al., 2006).

5. Herd-level interpretation of test results
The objective of the herd test is, similar to the objective of an individual-
animal test, to classify herds as T+/T-. With the term “herd” I mean any 
cluster or aggregate of animals, e.g. litter, pen, paddock, farm, flock, barn. 
A herd test is an evaluation of a sample of (or all) animals from a herd and 
the application of decision rules that classify the herd as D+/D- based on 
the test results from individual animals. To qualify as a herd test, the sample 
must include at least two animals from the herd where results are obtained 
by individual-animal testing. Decision rules that are applied to interpreta-
tion of a herd-test result usually will be applied at an individual-animal level 
first and then will be aggregated across results for all sampled animals from 
the herd. For an antibody test, such as an ELISA, it is therefore important to 
note that the herd-test result is a function of two decision thresholds: (1) the 
selected cut-off for the individual-test result and (2) the selected cut-off value 
for herd-level interpretation (herd cut-off value). The latter value is the num-
ber (or proportion) of individual-animal positive test results that is sufficient 
to designate the herd as positive. For example, if a herd cut-off of 2 is used, 
then ≥2 positive results in n samples would be interpreted as a positive herd-
test result and 0 or 1 positive sample would be a negative herd-test result. 
Herd-level sensitivity (HSe) is the probability that a D+ herd yields a positive 
herd-test result and herd-level specificity (HSp) is the probability that a D- 
herd yields a negative herd-test result. The HSe and HSp are dependent on 
the Se and Sp of the individual-test, the number of animals sampled/tested, 
the true within-herd prevalence in infected herds (TP), the herd cut-off value 
(e.g. 1, 2, or 3 positive test results) used to classify the herd as positive and the 
variation in Se, Sp and TP among herds (Christensen and Gardner, 2000).

6. Recommendations
Population-specific estimation of antibody test Se and Sp is a pre-requisite 
for estimation of TP, PV+ and PV-. Lack of knowledge of or disregard for 
test errors (false positives and negatives) can lead to inaccurate sample size 
calculations for prevalence surveys, misclassification of D+ and D- states, 
and biased estimates of measures of effect in risk factor studies. All of these 
negatively impact disease surveillance, control and eradication programs.
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Measurement of clotting times: Coagulation monitoring including acti-
vated clotting time (ACT), activated partial thromboplastin time (APTT) 
and prothrombin time (PT) is available with dedicated devices. In one study 
the coagulation analyser SCA 2000 (Synbiotics, USA) which uses cuvettes 
(50µl whole blood) was evaluated by comparing the generated results from 
clinically healthy and diseased dogs to those obtained by standard laboratory 
methods (Tseng and others 2001).Using citrated whole blood, the sensitivity 
& specificity for APTT were 100% & 83% and for PT 86% & 95.5%. When non 
anticoagulated whole blood used for the SCA 2000, the sensitivity & specific-
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ity for APTT were 87% & 89% and for PT 86% & 68%. The authors concluded 
that the point-of-care analyzer can detect abnormalities in a similar fashion 
to reference methods and that better results are achieved with citrated whole 
blood. In another study (Mineo and Garabed 2007) the bench-top analyser 
Amax Destiny Plus (Trinity Biotech, USA) was evaluated for measuring PT 
and APTT in healthy dogs. Correlations (95% CI) between the bench-top 
analyser and a laboratory based Amax 200 coagulation analyser (Trinity Bio-
tech) were 0.76 (0.61-0.86) for PT and 0.70 (0.45-0.72) for APTT. The authors 
concluded that the correlations were not strong but the generated results 
from the in-house analyser would still be considered clinically reliable. It is 
worth mentioning that similar studies in cats have not been published yet.

Measurement of Microalbuminuria (ImmunoDip; Canine/Feline 
e.R.D.-Health Screen Urine test; Heska Corp): The test is a semi-quan-
titative immunoassay that uses species-specific monoclonal antibodies for 
the detection of small quantities of albumin (MA) in the urine of dogs or 
cats (first evidence of renal disease, Early Renal Disease). The results are 
reported as negative, low, medium, high or very high positive by compar-
ing different combinations of the intensity of 2 coloured bands. In a recent 
study of cats (100 ill, 22 healthy) (Mardell and Sparkes 2006) the authors 
reported discrepancies in the repeatability and reproducibility of the E.R.D. 
test and only a moderate correlation (r=0.68) between the UPC ratio and 
MA results. Out of 87 cats with a normal UPC (≤0.5), 13 had a positive MA 
result, while of the 84 cats with a negative MA result, 10 had a UPC>0.5 and 
no evidence of a lower UT disease. The authors concluded that the E.R.D. 
test should not be relied on as the only test for the detection of proteinuria. 
In a study of dogs (133 ill/138 urine samples) (Garner & Wiedmeyer 2007) 
the authors reported a good correlation (r=0.83) between the MA and UPC 
ratio results. Out of 77 samples with a normal UPC (<0.5), 21 had a low or 
medium positive MA result, while of the 61 with an abnormal UPC ≥0.5, 6 
samples had a negative MA result. The authors proposed that routine meth-
ods for canine proteinuria appear to be adequate for determining whether 
further testing for renal disease is needed. It has been shown that microal-
buminuria measured by the E.R.D. immunoassay can have better sensitivity 
than that with a UPC≥0.5 for the detection of systemic disease in dogs (37 
versus 4.5%) although the specificity may not be as good (92 versus 100%) 
(Whittemore and others 2006). Finally it has been shown recently that if the 
manufacturer could create a simpler Canine E.R.D. urine test with only 2 re-
sult categories (negative, positive) and with the positive result correspond-
ing to a MA concentration of >10mg/L that test would be adequate. This test 
would have a sensitivity and specificity of 91% and 92%, respectively for the 
detection of microalbuminuria using an immunoturbidometric assay as the 
reference method (Murgier and others 2009).
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Measurement of serum total T4 (SNAP® T4 and Vettest SNAP® Reader; 
IDexx Lab): Two studies compared serum total T4 concentrations ob-
tained with the SNAP test (ELISA) and a commercially available radioim-
munoassay (RIA) (reference method). In one study (Lurye and others 2002) 
the correlation coefficients (r) for results of the 2 methods were 0.84 for ca-
nine and only 0.59 for feline. The authors demonstrated that the SNAP test 
consistently overestimated T4 in feline samples and that reliance on results 
of the SNAP test would have led to inappropriate clinical decisions for 62% 
of canine and 50% of feline samples. In the second study (Kemppainen & 
Birchfield 2006) the correlation coefficients (r) for results of the 2 methods 
were 0.87 for canine and only 0.95 for feline. The authors concluded that 
the number of hyperthyroid-suspect cats with T4 values above the refer-
ence range was the same for each of the 2 methods. However, the SNAP 
test overestimated T4 concentrations especially in feline samples and this 
overestimation became more marked as the T4 values became higher. 

Investigating pancreatitis in dogs (SNAP® cPL™; IDexx Lab): An ELISA 
has been developed and validated for its assay in serum and is now commer-
cially available [Specific canine Pancreatic Lipase (Spec cPL®); IDEXX Lab]. 
Based on this test, the SNAP® cPL™ kit (IDEXX Lab) has been developed and 
become commercially available. It has been marketed as a semi-quantitative 
in-house test that can be run to screen for pancreatitis in symptomatic dogs 
when a quick result is needed. It is similar in appearance to the FeLV/FIV 
SNAP tests with a control spot and the patient spot. According to the test 
information if the patient spot is lighter in colour than the control spot, then 
this result correlates to a Spec cPL result of <200µg/L and pancreatitis is un-
likely. If the colour of the two spots is the same, the result correlates with a 
Spec cPL value between 200 and 400µg/L (equivocal result for pancreatitis) 
but if the patient spot is darker than that of the control then the result cor-
relates with a Spec cPL value of >400µg/L which is significantly elevated and 
pancreatic inflammation is present. The manufacturer has performed stud-
ies and has reported that with 95% confidence, there is a 94%-97% agree-
ment between the SNAP and Spec cPL results and a correlation coefficient 
(r) value of 0.92. Even so, independent studies evaluating the agreement be-
tween the SNAP and Spec cPL (ELISA) or the diagnostic usefulness of the 
SNAP test, have not been published.

Tests for the detection of Giardia: These are immunoassays which detect 
antigen in faecal samples. One of the most commonly employed in-house im-
munoassay in canine and feline studies investigating the sensitivity and speci-
ficity of different diagnostic tests is the SNAP® Giardia test (IDEXX Lab). 

In a recent study of cats (Mekaru and others 2007), 4 different human-
based and veterinary immunoassays were evaluated using direct immuno-
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fluorence (IF) as the reference standard method. The authors stated that the 
SNAP test was the easiest to use, had the lowest cost and an overall speci-
ficity of 100% and sensitivity of 85%. They demonstrated that when the test 
was used in parallel with faecal flotation/microscopic examination (ME), 
the combined sensitivity improved to 98%. The authors also concluded that 
human-based immunoassays are less sensitive (overall sensitivity 73-79.5%) 
when used in cats. Indeed in another study in cats (Gow and others 2009), a 
different human-based immunoassay was negative on all 55 faecal samples 
(SNAP positive on 3, ME negative on all) but also generated a negative re-
sult every time the internal positive control sample (positive for oocysts on 
microscopy) was analysed. 

In a study of dogs, (Geurden and others 2008) ME, IF and SNAP®Giardia 
were evaluated for the detection of Giardia in symptomatic/asymptomatic 
dogs. For the first time a Bayesian analysis was employed which allowed 
the authors to estimate the test characteristics without the need of a gold 
standard reference test. They concluded that SNAP is a specific test (speci-
ficities 94%/95%) and more sensitive than ME (sensitivities 67%/52% versus 
65%/34%). In the U.K., two more tests are available for in-house use [®Speed 
Giardia (supplied by Vet Lab supplies), Antigen Rapid Giardia Ag (Antigen 
Animal Genetic, Inc, Korea; supplied by Woodleys equipment)] but studies 
have not been published.
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Immunocytology or immunocytochemistry (ICC) is a technique which de-
tects antigens (immunomarkers) in cytological specimens by applying anti-
bodies specific for those antigens. The primary use of ICC is in the investiga-
tion of animals with tumours/cancer. The general principles of ICC and use-
ful technical details have been recently reviewed by Valli and other (2009). 

Various immunomarkers have been identified which can assist in the clas-
sification of tumours into specific types, reveal metastasis and/or predict the 
biological behaviour of various tumours. In veterinary medicine the employ-
ment and evaluation of these markers on tissue biopsies (Immunohistochem-
istry) is well established but very few studies employing ICC to cytological 
samples especially from non-haematopoietic tissues have been published.
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Samples: ICC for the investigation of animals with non-haematopoietic 
tumours can be performed on smears from fine needle aspirates, impres-
sion smears of biopsies and cytological preparations (Cytospin) of body cav-
ity effusions, urine, washes or lavages. Is worth mentioning that when there 
is no alternative, ICC may be performed on slides that have been already 
stained with routine cytological stains with or without distaining.

In human medicine, the use of liquid-based cytology (ThinPrep meth-
odology) has improved the quality of cytological preparations and this 
technique is now the procedure of choice in many institutions as it can be 
applied to urine, body cavity fluids, mucosal brushings, lavages and fine 
needle aspirates (Denton 2004). The main advantages of the ThinPrep tech-
nology over the conventional cytological (Cytospin) preparation are a) the 
preparation of slides with a cell monolayer and evenly distributed cells b) 
elimination of air-drying and spreading artefacts c) removal of obscuring 
elements such as erythrocytes, inflammatory cells and proteinaceous debris 
and d) ability to prepare multiple slides for immunocytochemical stains. As 
a result, with most immunoreagents the staining patterns and intensity on 
ThinPrep slides are excellent. However this methodology is expensive and 
as yet has not been employed in veterinary medicine.

Markers for the detection of cell types: Epithelial cells- Antibodies for 
the detection of cytokeratins have been used. Cytokeratins are a complex 
family of proteins (intermediate-sized monofilaments) which are found in 
the cytoplasm of nearly all epithelial cell types. A number of commercially 
available antibodies against cytokeratins have been studied and staining 
protocols have been developed in imprint smears of canine biopsies col-
lected from mammary gland, thyroid gland, gastrointestinal tract, prostate, 
urothelial tract, respiratory tract and skin (Höinghaus and others 2007). 
The authors concluded that ICC was found to be a reliable diagnostic tech-
nique especially suitable for the identification of undifferentiated epithe-
lial tumours and distant metastases of unknown origin. In another study 
by Höinghaus and others 2007b in dogs, the authors demonstrated that 
immunolabeling of lymph node fine needle aspirates with the cytokeratin 
antibodies AE1/AE3 identified metastases of malignant epithelial tumours 
more efficiently than conventional staining.

Mesenchymal cells-Antibodies for the detection of Vimentin (an inter-
mediate filament) have been used for the identification of sarcomas. Desmin 
is found in muscle (smooth and striated) and is considered the most sensi-
tive marker in the diagnosis of muscle tumours although can also be found 
in neuro-ectodermal tumours. Antibodies to von Willebrand factor are used 
to identify haemagiosarcomas and haemangiomas as this marker is fairly 
specific to endothelial cells of lymphatic and blood vessels. In addition, an-
tibodies against Melan A and S100 are included in the panel of markers 
for the identification of melanomas. Höinghaus and others 2008 developed 
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staining protocols utilising the above markers in imprint preparations from 
biopsy specimens in order to differentiate canine mesenchymal tumours. 
They demonstrated that all tumours and metastases were positive for vi-
mentin and negative for cytokeratin with the exception of mesotheliomas 
which were positive for both markers.

Markers of tumour behaviour: These can identify i)antigens/proteins 
which are indicators of cell proliferation [e.g. proliferating cell nuclear 
antigen (PCNA), Ki-67] ii)over-expression of gene products that protect 
cells from apoptosis [e.g. bcl-2], iii)increased levels of oncogen or suppres-
sor gene products [e.g. genes p53, HER-2/neu(c-erbB-2)] iv)expression of 
growth factors and their receptors [e.g. epidermal growth factor, oestrogen 
receptors] and v)proteins that can affect the action of different drugs [e.g. 
P-glycoprotein, cyclooxygenase2 (COX-2)]. Although the number of pub-
lished studies in dogs and cats investigating/evaluating markers of non-hae-
matopoietic tumour behaviour are numerous and continue to increase most 
of them employ immunohistochemistry rather than immunocytochemistry 
(Madewell 2001, Vernau 2005). 
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1.  CLiNiCAL AppLiCAbiLitY oF A poiNt oF CARe 
pAtieNt siDe CANiNe-speCiFiC CoMMeRCiALLY 
aVaIlablE quaNtItatIVE aSSaY fOR 
DeteRMiNAtioN oF C-ReACtive pRoteiN.

M. Kjelgaard-Hansen. 
Department of Small Animal Clinical Sciences, University 
of Copenhagen, Copenhagen, Denmark.

Background: Canine C-reactive protein (CRP) is a major acute phase pro-
tein in dogs, and is reported as a sensitive, specific and quantitative marker 
of systemic inflammation. Canine CRP is especially useful for detection of 
inflammation during establishment of diagnosis and for monitoring inflam-
matory activity during treatment. Laboratory-based methods are available; 
however, reliable quantitative methods for patient-side operation are war-
ranted. Objective: Evaluation of a novel point of care (POC) canine-specific 
commercially available quantitative assay for determination of CRP. Meth-
ods: CRP was determined by a commercially available magnetic permeabil-
ity based two-site immunoassay for canine C-reactive protein (LifeAssays, 
Sweden). Intra- and inter-assay imprecision was assessed by running pooled 
canine serum with low (37 mg/L) and high (89 mg/L) concentrations of CRP 
repetitively (n=7) within-day and across days, respectively. Linearity was in-
vestigated by an equal-step dilution (n=8) of a high content sample (180 
mg/L). Inaccuracy was investigated by method comparison (range 10-182.4 
mg/L, n=17) and by ‘spike and recovery’. A previously validated automated 
immunoturbidimetric assay (Kjelgaard-Hansen et al., 2003) was used for 
the method comparison. Purified canine CRP (LifeDiagnostics, USA) was 
used to spike the low pool to final concentrations of A)103 mg/L and B)152 
mg/L. Results: Acceptable intra-assay coefficient of variation (CV %) (9.6% 
and 8.5%) and inter-assay imprecision (12% and 11%) was observed for the 
low and high pool, respectively. Linearity was acceptable. Method compari-
son revealed a proportional overestimation above 100 mg/L, confirmed by 
recoveries of 115% and 127% for A and B, respectively. Conclusions: The 
quantitative patient- side POC canine specific CRP assay performed accept-
ably for clinical purposes; however, direct comparison with results obtained 
by other methods should be made with care. Patient-side POC operation 
and short run-time (15 min) should facilitate routine use.
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 2.  HoMoCYsteiNe iN CANiNe seRuM iNCReAses 
IN SEVERE KIDNEY DISEaSE but NOt IN 
INflammatORY bOWEl DISEaSE

Gabriele Rossi,1 Sara breda,1 alessia Giordano,1 andrea zatelli,2 
Saverio Paltrinieri1

1 Dept. of Veterinary Pathology Hygiene and Public Health –  
University of Milan, Italy 
2 Veterinary Clinic Pirani – Reggio Emilia, Italy

Background: In humans, homocysteine (Hcy) increases in inflammatory 
bowel disease (IBD) and chronic kidney disease (CKD). In a preliminary 
study hyperhomocysteinemia (HHcy) was detected in dogs with CKD 
(which, however, was not staged) but not with gastrointestinal disorders 
different from IBD. Objective: To assess whether dogs with IBD have HHcy 
and whether HHcy is associated with the severity of IBD or of CKD. Meth-
ods: This study was done on 111 serum samples from 98 dogs (6 of which 
were repeatedly sampled during the follow up). Based on clinical chemistry, 
haematology, urine analysis, and histopathology of intestinal biopsies, dogs 
were classified as controls (N=16), IBD (N=18) or CKD (N=64). The latter 
were subgrouped based on serum creatinine concentration, urine protein/
creatinine ratio and blood pressure, as suggested by the International Renal 
Interest Society (IRIS). Results: Hcy values were not significantly different 
between controls (mean±SD=6.2±2.7; median=6.3 µmol/L) and dogs with 
IBD (6.5±3.6; 6.1, without differences depending on the type of lesions) or 
CKD (9.7±10.4; 6.7). Among dogs with CKD, Hcy was significantly higher 
(P<0.05) in dogs with stage IV CKD (12.9±12.8; 9.5) proteinuria (11.3±12.4; 
7.0) or hypertension (16.6±15.2; 13.1). During follow up, Hcy decreased in 
dogs with improvement of creatinine or blood pressure. Conclusions: In 
spite of histological changes usually associated with malabsorption, canine 
IBD is not associated with HHcy. By contrast, HHcy is present in dogs with 
severe CKD or with CKD associated with proteinuria or hypertension. The 
potential role of Hcy as a prognostic factor in patients with CKD merits 
further investigation
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3.  peRFoRMANCe evALuAtioN oF tHe sYsMeX 
poCH-100iv DiFF HeMAtoLogY ANALYZeR FoR 
CANiNe, FeLiNe, eQuiNe AND boviNe bLooD. 

b. Riond, s. Weissenbacher, R. Hofmann-Lehmann, H. Lutz. 
Clinical Laboratory, Vetsuisse Faculty, University of Zurich, Switzerland

The Sysmex PocH-100iV Diff is one of the recent automated hematology 
analyzer developed for use in veterinary practice using impedance technol-
ogy only. Apart from a CBC, a three-part WBC differential (lymphocytes, 
eosinophils and “others”) is available for dogs and cats. A two-part-differen-
tial (lymphocytes and “others”) is provided for equine and bovine samples.

The purpose of this study was to validate the PocH-100iV Diff for its 
use in blood from diseased dogs, cats, horses and cattle. Fresh EDTA-blood 
samples (115 dogs, 94 cats, 91 horses and 78 cattle) were analyzed on the 
PochH-100iV (software version 17) and the CellDyn 3500. Results from the 
WBC differential were compared with a manual differential. Accuracy, pre-
cision, linearity and carryover of the PocH-100iV Diff were assessed. Coef-
ficients of correlation, the intercept and slope with 95% confidence inter-
vals calculated by Passing-Bablok regression, and biases with 95% limits of 
agreement using Bland-Altmann plots were reported for each analyte and 
species. 

In all species tested, most of the CBC results obtained by the PocH-
100iV correlated very well with the CellDyn 3500. Slightly lower correlation 
was observed for canine MCV and hemoglobin. Feline platelets showed a 
very strong negative bias. The mixed cell population “others” correlated very 
well in all tested species. Lymphocytes correlated well in horses and cattle, 
whereas feline and canine lymphocytes correlated less. Moderate correla-
tion was found in feline eosinophils. Canine eosinophils were overestimated 
by the instrument.

The overall performance of the Sysmex PocH-100iV Diff is excellent 
with limitations for feline platelet counts. The provided WBC differential is 
an accurate screening tool for veterinarians, in conjunction with the evalu-
ation of a blood smear.
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4.  ReFeReNCe vALues oF bLooD CoMpoNeNts 
IN HIGH PRODuCING GOatS

b. siliart1,2, L. jaillardon1,2, L.Martin1, H.Dumon1. 
1Endocrinology and Nutrition Unit, 2Hospital Clinical Laboratory, Department 
of Biology and Pathology, National Veterinary School, Nantes, France. 

Background: The metabolic profile of high-producing cows is well known 
and can be used to evaluate the risk of acidosis, ketosis and periparturient 
disease. Reference values of biological parameters, which could be used to 
determine the metabolic profile of high-producing goats, have never been 
published. We determined the reference values of some major biochemi-
cal parameters and their variations during lactation and gestation in goats. 
Protocol: 5 herds were selected. In each herd, 25 healthy (<300000 cells/
mL milk), high-producing (between 700 and 850 kg milk) goats, between 
the second and fourth lactation were selected for blood sampling. Blood 
was collected monthly for 12 months. Metabolic profiles were established 
for 20 blood components. Results (percentiles 2.5/97.5, data non-normally 
distributed): haemoglobin (Hb) 4.4/7.2 mmol/L, Packed cell volume (PCV) 
21/33%, glucose (Glc) 1.1/3.3 mmol/L, cholesterol (C) 1.8/4.9 mmol/L, tri-
glycerides (TAG) 0.1/0.9 mmol/L, NEFA 0/0.7 mmol/L, urea(U) 3.3/11.6 
mmol/L, creatinine(C) 53/106 µmol/L, total proteins (TP) 61/90 g/L, BHB 
0.2/1.7 mmol/L, Na+151/162 mmol/L, K+ 3.8/6.0 mmol/L, Cl- 106/109 
mmol/L, Mg++ 0.8/1.3 mmol/L, Ca++ 1.8/2.6 mmol/L, PO4—1.2/3.2 mmol/L, 
ASAT 63/165 U/L, ALP 81/1050 U/L, GGT 24/82 U/L, CK 52/579 U/L. 
Hb, Ht, C, TAG, TP, BHB NEFA, Na+, Cl-, Mg++, PO4— were lower (p<0.05) 
when the ration was richer in hay than in corn silage; Hb, Ht, were lower 
(p<0.05) during the dry period; Glc, TAG, TP, BHB, Na+, Cl-, Ca++ were low-
er during gestation than during the first two thirds of lactation; C and NEFA 
increased during the dry period. Conclusion: These reference values are 
useful to evaluate metabolic diseases in goat but must be interpreted with 
regard to herd data and physiologic states.
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5.  pRevALeNCe oF gReY eosiNopHiLs iN 
RaCING HOuNDS aND COmPaRISON Of 
maNual aND INStRumENtal COuNtS

luca Giori1, Sara Gironi2, Paola Scarpa2, massimo Gualtieri2, 
Saverio Paltrinieri1

1 Dept. of Veterinary Pathology Hygiene and Public Health, University of Milan 
2 Dept. of Veterinary Clinical Science, University of Milan

Background: Grey eosinophils (GE), which have been reported in Grey-
hounds and only occasionally in other breeds, have small non-stained gran-
ules and optically empty cytoplasmic vacuoles, likely due to abnormal stain-
ing properties rather than structural abnormalities. Objectives: 1) to inves-
tigate the prevalence of GE in racing hounds other than Greyhounds; 2) to 
assess the ability of haematology analyzers to identify GE. Methods: Blood 
from 20 Greyhounds (GH), 29 Italian Greyhounds (IG) and 24 Whippets 
(W) was analyzed with Advia120 (Siemens) and Sysmex XT2000iV (Sys-
mex) analysers. Two-hundred cells were counted on May Grunwald Giemsa 
stained smears by 2 independent observers. Differences in the prevalence of 
GE in the breeds were assessed using a Pearson’s chi-square analysis. Instru-
mental and manual results were compared to each other using a Wilcoxon 
test and the agreement between methods was assessed using Passing & 
Bablok and Bland-Altman tests. Results: GE were found in all breeds (GH: 
9/20, 45%; IG: 10/29, 34.5%; W: 15/24, 62.5%) without significant differenc-
es. The percentage of eosinophils in samples containing GE (4.1±2.1)(man-
ual differential) was significantly higher (P<0.01) than that recorded by 
Advia (3.1±2.4) or Sysmex (3.1±2.2). No significant differences were found 
in samples without GE (4.6±2.6%, 4.7±2.5% and 4.8±2.8%, respectively). A 
slight constant error between instrumental and manual counts was found 
on samples containing GE. Results from the two instruments were always 
not significantly different to each other and had good agreement. Conclu-
sions: GE can be found in blood smears from racing hounds other than 
Greyhounds. When GE are present, haematology analyzers can underesti-
mate eosinophil counts.
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6.  AutoMAtiC DigitAL iMAge ANALYsis sYsteM 
(CeLLAvisioN DM96) useD FoR CANiNe 
LeuKoCYte DiFFeReNtiAL CouNtiNg. 

i Lilliehook1, H tvedten2

1University Animal Hospital, 2Department of Clinical Sciences, 
Swedish University of Agricultural Sciences, Uppsala, Sweden.

CellaVision DM96 (CellaVision AB, Lund, Sweden) is a computerized mi-
croscope and software system that automatically takes digital photos of leu-
kocytes and structures that might be leukocytes in stained blood smears 
and pre-classified them into 16 or more groups. It then displays the photo-
graphs on a computer screen and facilitates final classification by a person. 
We evaluated the CellaVision DM96 as a potentially useful tool for canine 
leukocyte differential counts in a clinical setting. 

Blood smears from107 fresh samples from canine patients were stained 
with May Grunwald Giemsa stain and analysed with DM96. The DM96 was 
set to count 125 leukocytes. After analysis excellent quality photographs 
of pre-classified cells were well displayed in different formats. It was pos-
sible to enlarge the pictures, compare different cell groups to each other 
and move cells to proper classifications. On average 174 cells/structures per 
blood smear were photographed and displayed. The over all agreement of 
DM96 pre-classification and after reclassification was 78%. On average 38 
cells/structures per smear had to be reclassified. Pre-classification was in 
agreement with final classification for 91% of the lymphocytes, 88% of the 
neutrophils, 69% of the monocytes and 97% of the NRBCs. DM96 identi-
fied initially only 37% of the eosinophils and 2% of the basophils. CellaVi-
sion requires excellent staining quality and a good and consistently placed 
monolayer area. Weak staining sometimes caused many neutrophils to be 
erroneously pre-classified as artefacts. DM96 was easy to work with and 
showed excellent pictures of all cells in spite of the fact that the instrument 
only has human software. Pre-classification facilitated differential leukocyte 
counting especially in samples with abnormal cells or leukopenia.
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7.  ACQuiReD MYeLopeRoXiDAse DeFiCieNCY iN Dogs

s. Klenner, j. Richartz, N. bauer, A. Moritz. 
Department of Veterinary Clinical Sciences, Clinical Pathology, and Clinical 
Pathophysiology, Justus-Liebig-University Giessen, Giessen, Germany

Background: ADVIA 120/2120 haematology analyzers differentiate leu-
kocytes according to their cellular volume and myeloperoxidase activity. 
Shifting of the neutrophil population in the monocyte cluster and/or a low 
mean peroxidase activity index (MPXI) are indicative of neutrophil myelo-
peroxidase deficiency (MPOD), which has been described in humans but 
rarely in dogs. The aim of our study was to characterize disease conditions 
associated with acquired MPOD in dogs and to investigate the diagnostic 
use of the MPXI compared to the visual evaluation of ADVIA scattergrams. 
Methods: Peroxidase scatter plots indicative of MPOD were reviewed and 
severity of MPOD was classified semiquantitatively in three groups: MPOD 
grade 1 (MPOD-1): all neutrophils correctly classified but abnormal shift of 
the population, MPOD-2: approximately 50% of the neutrophils extending 
into the monocyte cluster and therefore misclassified, MPOD-3: all neu-
trophils were misclassified due to their location in the monocyte cluster. 
Sex, age, breed, diagnosis, and MPXI were recorded. Results: 34 dogs with 
43 analyses consistent with MPOD were found. Dogs included 11 females 
and 23 males of 23 different breeds. Age varied from 2 month to 14 years. 
Diseases were characterized by leukocyte consumption and included e.g. 
parvovirus infection (10/34), DIC/Sepsis (5/34), pyometra, pyothorax, as-
piration pneumonia, pancreatic abscess, and septic cystitis. 17 dogs were 
classified as MPOD-1 (MPXI= (mean±standard deviation) 16.95±9.2), 16 
as MPOD-2 (MPXI=10.08±9.3), and 10 as MPOD-3 (MPXI=6.8±11.8). Be-
tween the means of the MPXI in MPOD-1 and MPOD-3 a significant differ-
ence (P<.05) could be found. Conclusion: Acquired MPOD occurs in dogs, 
especially in patients with diseases associated with neutrophil consumption 
or impaired production. The diagnostic use of the MPXI for detection of 
MPOD is limited by its high standard deviation.
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8.  bioCHeMiCAL AND eNDoCRiNe 
PROfIlE Of 78 ObESE CatS

L. jaillardon1,2, b. siliart1,2, L. Martin1 
1Endocrinology and Nutrition Unit, 2 Hospital Clinical Laboratory, Department 
of Biology and Pathology, National Veterinary School, Nantes, France. 

Obesity in pets is increasing and seems to be a key health problem in cats. 
Many biological disorders have been proven to be associated with obesity. 
We therefore aimed to compare biochemical and hormonal profiles in obese 
and lean cats. 78 obese (group OB) and 88 healthy (group H) cats were in-
cluded in the study.

Most obese cats (41 females-33 spayed, 34 males-33 castrated) were 
common domestic (94.4%) ranging from 1 to 14 years old [7.1 ± 3.04 years]. 
Mean body weight was 8.3 ± 1.8 kg (from 4 to 13 kg). The biochemical pro-
file was unremarkable. Prolactin (PRL = 30.3 ± 33.2ng/mL), Leptin (LEP = 
14 ± 11.5ng/mL) and Insulin Like Growth Factor (IGF1 = 555 ± 250ng/mL) 
were significantly higher (p<0.001) in OB than in H (PRL = 3 ±3.7ng/mL, 
LEP = 3.6 ± 1.4ng/mL, IGF1 = 248 ± 82.5ng/mL) as well as free thyroxine 
(FT4 = 22.9 ± 4.8pmol/L for OB versus FT4 = 21.1 ± 6.2 for H p=0.02).There 
was no significant difference for cortisol both before and after an ACTH 
stimulation test between OB (106.3 ± 66.4 and 203.2 ± 88.1 nmol/L) and H 
(102.2 ± 68.8 and 208.9 ± 116.8 nmol/L). Mean insulin concentration in OB 
was 25.7 ± 53.7 µUI/mL and was not correlated with glucose concentration 
(1.54 ± 0.78 g/L, p=0.6). 

Feline obesity is associated with significant increase of prolactin, leptin, 
IGF1 and FT4. As these hormones are strongly implicated in adipose tissue 
development and/or glucose homeostasis, it could be interesting to assess 
the prognostic value of these parameters and their relationship to onset of 
diabetes mellitus.
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9.  NeW iNDiReCt eLisAs FoR DiAgNosis 
Of ENzOOtIC bOVINE lEuKOSIS 

s. safi1, b.Mohammadi2, F.Hemmatzadeh3

1Department of Clinical Pathology, Faculty of Specialized 
Veterinary Sciences, Islamic Azad University, Tehran, Iran; 2Islamic 
Azad University, Tehran, Iran; 3Department of Microbiology, 
Faculty of Veterinary Medicine, Tehran University, Iran.

Enzootic bovine leukosis (EBL) is a common retroviral infection in cattle, 
which is widely distributed in the cattle farms of many countries. Once a 
cow is infected, it remains as a virus carrier for life and such a state is cor-
related with a specific antibody, which is detectable by several serological 
tests. In the present study, two new indirect ELISAs were developed, based 
on various antigens including 1) FLK cells lysed chemically (LYS) and 2) 
supernatant from infected culture (SUP). To compare these developed ELI-
SAs with a commercial reference kit (Svanova, Sweden), 360 serum samples 
were collected from adult cows and tested by the developed ELISAs and the 
reference kit. In comparison to the reference kit, the LYS ELISA had sen-
sitivity (Se), specificity (Sp), negative predictive value (NPV) and positive 
predictive value (PPV) of 84%, 70%, 83% and 70%, respectively. The correla-
tion between the two tests was 68%. For SUP ELISA Se of 83%, Sp of 87%, 
NPV of 83% and PPV of 88% were obtained. The correlation between the 
two tests was 81%. The SUP ELISA had acceptable Se, Sp, NPV and PPV 
with the reference kit and can be used as an alternative test in monitoring 
and control programs considering its reasonable cost.
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10. BABESIA GIBSonI INfECtION IN ISRaEl 

Gad baneth1, thea molad2, Yael Yisaschar-Mekuzas1, Einat Yas1, 
Gilad Segev1, ludmila fleiderovich2 & varda shkap2

1School of Veterinary Medicine, Hebrew University of Jerusalem 
2Division of Parasitology, Kimron Veterinary Institute

Reports of canine babesiosis from Israel have included documentation only 
of large Babesia forms and genetic characterization has identified B. ca-
nis vogeli. A fourteen year old mongrel dog, brought from Hong Kong to 
Israel 12 years earlier, was referred to the Hebrew University and splenec-
tomized due to neoplasia. It was readmitted with anemia, spherocytosis 
and thrombocytopenia a month later. Following the tentative diagnosis of 
immune-mediated anemia and thrombocytopenia, treatment was initiated 
with immunosuppressive doses of prednisone. It was presented again with 
a hemolytic crisis and forms of a small Babesia species were detected in 
blood smears a week later. PCRs targeting a fragment of the Babesia18S 
rRNA gene and the ribosomal internal transcribed spacer and sequencing 
confirmed that the dog was infected with B.gibsoni. B.gibsoni infection is 
endemic in Southeast Asia and was reported sporadically in Europe. Pitt 
Bull terriers are frequently infected and may be sub-clinical carriers. In or-
der to investigate if B.gibsoni is prevalent in dogs in Israel and whether dis-
ease in the infected dog was likely to have been imported or autochthonous, 
a PCR survey that included Pitt Bull terriers (n=24) and dogs (n=159) from 
rural villages was done. Twelve (7.5%) of the dogs from the rural villages 
were positive for Babesia and none of the Pitt Bull terriers. Sequencing con-
firmed that all dogs were infected with B. canis vogeli. The lack of previous 
reports of B.gibsoni in Israel and the preliminary results of this study suggest 
that B.gibsoni is probably not endemic in Israel and that the first described 
case of this infection was likely to have been imported.
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11.  AssessMeNt oF LACtAte DeHYDRogeNAse 
(LDH), ALKALiNe pHospHAtAse (ALp) AND 
AspARtAte AMiNotRAsFeRAse (Ast) 
aCtIVItIES IN mIlK fOR tHE DIaGNOSIS Of 
subCLiNiCAL MAstitis iN sHeep AND goAts. 

p.D. Katsoulos1, g. Christodoulopoulos1, A. Minas2, K. pourliotis3, 
M.A. Karatzia3, s.K. Kritas4

1Clinic of Medicine, Faculty of Veterinary Medicine, University of 
Thessaly, Karditsa, Greece; 2Laboratory of Microbiology, Faculty of 
Health Professions, Technological Educational Institution of Larissa, 
Larissa, Greece; 3Clinic of Farm Animals, Faculty of Veterinary Medicine, 
Aristotle University of Thessaloniki, Thessaloniki, Greece; and 4Laboratory 
of Microbiology and Infectious Diseases, Faculty of Veterinary 
Medicine, Aristotle University of Thessaloniki, Thessaloniki, Greece

Objective: To evaluate whether the determination of LDH, ALP and AST 
in milk serum is valuable for the diagnosis of subclinical mastitis in sheep 
and goats. Materials and Methods: 217 milk samples (109 from sheep and 
108 from goats) from normal and 151 samples (97 from sheep and 54 from 
goats) from subclinically infected udder halves were used. LDH, ALP and 
AST were determined using enzymatic kinetic methods in the milk se-
rum. The optimum cut-off values, offering the highest diagnostic sensitivity 
(DSn) and diagnostic specificity (DSp), for each enzyme were determined 
by ROC analysis. Results: Milk serum activity of LDH was identified as the 
best indicator for subclinical mastitis in both species. The optimum cut-off 
values for LDH activity were determined at 197 U/l, 185 U/l and 197 U/l for 
sheep, goats and both species, respectively. The DSns for sheep, goats and 
both species for these cut-off values were 92.8%, 98.1% and 94.0%, whereas 
DSps were 95.4%, 96.3% and 96.3%, respectively. Conclusion: LDH activity 
in milk can be used for the laboratory assessment of subclinical mastitis in 
sheep and goats.
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12.  step-bY-step iNtRoDuCtioN oF QC 
ValIDatION aND aPPlICatION Of SIGma 
mEtRICS uSING tHE HaEmatOlOGY aNalYSER 
CEllDYN® 3500 As AN eXAMpLe.

e. Leidinger1, e. Hooijberg1 and K.p. Freeman2.
1IN VITRO-Veterinary Laboratory, Vienna, Austria,  
2IDEXX Laboratories, Grange House, Wetherby, West Yorkshire, UK.

QC validation is the approach to evaluation of the whole process of statisti-
cal quality control (QC). The purpose of QC validation is to determine a) 
whether statistical QC procedures are appropriate for detecting medically 
important errors and b) the quality of performance required by different 
tests. QC validation is documented in a few papers in the veterinary lit-
erature, but there is little information on how to apply QC validation in 
practice. 

The purpose of this study is to present an easy-to-follow, stepwise intro-
duction to EZ-Rules 3® (Westgard)-software-based QC validation and per-
formance of sigma metrics as flow diagrams. The QC validation is carried 
out according to the following five steps: 
1. Define the quality required for a test (e.g., WBC) as total allowable error 

(TEa) or clinical decision level, derived from the literature.
2. Determine method imprecision (CV) and inaccuracy (bias) for the 

methods of choice and calculate the total error.
3. Identify candidate internal quality control (IQC) procedures by OPSpecs 

charts.
4. Predict IQC performance by the criteria: probability of error detections 

(Ped), probability of false rejection (Pfr) and critical systematic or random 
error.

5. Calculate the sigma metrics; set performance goals and select appropri-
ate IQC procedures.
The whole validation process is explained using the example of the Cell-

Dyn 3500 (Abbott) haematology analyser. We explain how the process of 
QC validation was incorporated into the existing ISO 9001:2000 QMS, how 
improvements can be achieved by applying the process of QC validation, 
and where the limitations, mainly based on the analyser’s performance for 
certain parameters and the quality control material used, are seen.
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13.  evALuAtioN oF 9 NoveL ReNAL 
uRINaRY bIOmaRKERS 

M pinches, C. betts, s bickerton, L burdett, N Derbyshire, H jones, 
H Caddick, M. Moores, s sourial 
Safety Assessment AstraZeneca, Alderley Park, Macclesfield, Cheshire, UK

Background: Numerous novel urinary biomarkers have been proposed 
for the detection and monitoring of renal injury in the rat. Recently new 
multiplex kits containing assays for these biomarkers have become widely 
available for the first time. Objective: The aim of this study was to evalu-
ate over time and against histopathologic changes, 5 routine (2 plasma and 
3 urinary) and 9 proposed urinary markers of renal injury in the rat fol-
lowing the administration of a nephrotoxicant. The markers were plasma 
urea and creatinine, and urinary total protein(TP), glucose, n-acetyl-beta-d-
glucosaminidase(NAG), albumin, alpha glutathione s-transferase(α-GST), 
calbindin d28, cystatin C, glutathione S-transferase-yb1(GSTYB1), lipocalin, 
kidney injury molecule-1(KIM-1), osteopontin, and renal papillary antigen 
1(RPA-1). Methods: Multiple groups of 10 male han-wistar rats were given 
a single dose of 0.1mg, 1mg or 2.5mg cisplatin i.p. Multiple urine samples 
were taken at days -2, 3, 5, 8, 15 and 22, and blood sampling, necropsy with 
subsequent histopathology was performed on days 5, 8 and 22. Results: Re-
ceiver operator characteristic (ROC) curves and associated area under the 
curve (AUC) values were generated against the principal pathology of note 
(S3 segment proximal tubular necrosis) at days 5 and 8. At day 5, biomarker 
AUCs were KIM-1(0.97), albumin(0.94), glucose(0.94), osteopontin(0.91), 
GSTYb1(0.89), RPA-1(0.89), lipocalin-2(0.89), NAG(0.87), α-GST(0.83), 
TP(0.82), creatinine(0.82), calbindin d28(0.81), urea(0.79), cystatin C(0.67). 
At day 8, biomarker AUCs were KIM-1(0.99), RPA-1(0.90), NAG(0.89), os-
teopontin(0.86), lipocalin-2(0.83), albumin(0.83), glucose(0.83), cystatin 
C(0.71) urea(0.67), GSTYb1(0.62), creatinine(0.62), (0.61), α-GST(0.56), 
calbindin d28(0.53). By day 22, all biomarker values had returned to levels 
similar to concurrent control values with the exception of osteopontin and 
KIM-1 that remained 2.8 and 1.9 fold higher. Conclusions: Many of the 
proposed novel biomarkers have higher sensitivity and specificity than the 
traditional biomarkers in this model. Animal procedures were carried out 
under local Ethical Committee guidelines and approval, and followed the 
UK Home Office (1989) “Code of practice for the Housing and Care of Ani-
mals used in Scientific Procedures”.
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14.  AppLiCAtioN oF sigMA MetRiCs 
a “REVERSE aPPROaCH”

schwendenwein i., johler-Weißenbacher C., guija de 
Arespacochaga A.
Division of Clinical Pathology, University of Veterinary Medicine, Vienna

Individual tailoring of quality control (QC) procedures for each analyte 
ensures analytical quality and cost efficacy. Overall analytical goals are set 
by determining the required total allowable error (TEa) by merging clini-
cal and analytical aspects. In veterinary medicine guidelines such as CLIA 
recommendations are under development. Thus, a reverse approach apply-
ing sigma metrics was chosen. QC data of the Advia 120 (10 analytes, 3 
control levels) and the biochemistry analyzer Hitachi 911 (32 analytes, 2 
control levels) were accumulated coefficient of variation and bias was calcu-
lated. Then different levels of TEa starting from 5% were evaluated for each 
analyte and increased stepwise until a good method performance (sigma>4) 
was achieved by sigma metrics. Results were compared with published data 
of critical differences obtained in another study in our laboratory. Control 
rules were defined by use of charts of operating specifications (OPSpecs) 
charts. We aimed for a 90% level of error detection. Hematology: 13s rule 
can be applied for all analytes, but with a Probability for error detection 
( Ped) of 75% in the low control for platelets and hematocrit, and 80% for 
haemoglobin in the normal and high level. When a Ped of 90% is required, 
a 13s/2 or 32s/R4s rule can be used. Biochemistry: the 13s rule can be applied 
to 26 out of 32 analytes. For 10 analytes, TEa had to be increased. Still, for 
total protein, albumin, bile acids, sodium, potassium, and chloride, the 12s 
rule is necessary.

Most of the parameters can be controlled with a 13s rule. For the remain-
ing, 12s is necessary to obtain a high Ped. We consider it a time and cost sav-
ing improvement compared to the previously used multirule procedures. 

POStER
PRESENtatIONS
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15.  stuDY oF tHe eFFeCts oF iNFeCtious 
buRsAL DiseAse (guMboRo) iN NAtuRAL 
ENVIRONmENtal CONDItIONS ON SERum 
aCutE PHaSE PROtEINS HaPtOGlObIN aND 
α-1-ACiD gLYCopRoteiN iN bRoiLeRs. 

s. safi1, F.Mohammadi2, M.Rahimi3, A.Rahimi4.
1Department of Clinical Pathology, Faculty of Specialized Veterinary 
Sciences, Islamic Azad University, Tehran, Iran; 2Veterinary Group, 
Islamic Azad University, Kermanshah, Iran; 3Department of Clinical 
Sciences, Faculty of Veterinary Medicine, Razi University, Kermanshah, 
Iran; 4Department of Epidemiology & Biostatistics, Faculty of Public 
Health, Tehran University of Medical Sciences, Tehran, Iran.

138 blood samples, including 118 from poultry infected with Infectious 
Bursal Disease (Gumboro) and 20 from healthy poultry, were taken from 
one of the broiler farms in Kermanshah province, Iran. Serum samples 
were submitted for measurement of α-1 acid glycoprotein and haptoglobin 
and were also used to confirm the disease by ELISA test. The present study 
showed that the mean (± SD) concentration of α-1 acid glycoprotein in the 
healthy group was 437 ± 253 mg/L and in the diseased group was 1558 ± 680 
mg/L, respectively. The mean (± SD) concentrations of haptoglobin were 
0.10 ± 0.044 g/L and 0.22 ± 0.092 g/L in the healthy and diseased groups, 
respectively. The mean concentration of α-1 acid glycoprotein in the dis-
eased group was significantly higher than the control group (P<0.05). This 
increase can be attributed to the direct relationship between serum level 
of α-1 acid glycoprotein and the severity of pathologic lesions in Gumboro 
disease and bursa involvement. Haptoglobin level was significantly higher 
(P<0.05) in the diseased group in comparison to the control group. To the 
best knowledge of the authors there is no report on reference intervals for 
haptoglobin levels in poultry and the findings of the present study can pro-
vide novel information in this regard. The increase in haptoglobin levels can 
be attributed to the pathological lesions in this study.
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16. ptX3: A MARKeR FoR LoCAL iNFLAMMAtioN?

eve Ramery, Fabrice bureau, tatiana Art, pierre Lekeux
Functional Sciences, Faculty of Veterinary Medicine, 
University of Liège, Liège, Belgium

Background: The long pentraxin 3 (PTX3) is a recently discovered soluble 
protein of the acute phase of inflammation. In contrast to short pentraxins 
(e.g. CRP, SAP), it is produced at the site of inflammation. Objective: The 
purpose of this study was to evaluate PTX3 production in the respiratory 
tract, in response to an inflammatory challenge in horses. Methods: Two 
groups of six horses, healthy or affected by heaves, were submitted to a 10 
days hay dust challenge. At days zero and ten, clinical and functional param-
eters were evaluated, broncho-alveolar lavages (BAL) were retrieved and 
BAL cell counts were performed. PTX3 released was evaluated by western 
blotting in the BAL supernatant. In addition, bronchial sections were ob-
tained from two heaves-affected horses in crisis and two healthy horses. 
PTX3 production by the different cell types was evaluated by immunohis-
tochemistry. Results: In the healthy group, slight inflammation occurred in 
the respiratory tract (assessed by function tests and BAL cell counts) with 
no clinical signs. In the heaves-affected group, an important inflammatory 
response developed with the typical clinical signs of heaves. Following dust 
exposure, PTX3 was increased in both groups but the level of PTX3 detect-
ed in the supernatant of heaves-affected horses was markedly higher. The 
immuno-histochemistry revealed that macrophages and bronchial epithe-
lial cells were the major cellular sources of PTX3 in the airways. Moreover, 
epithelial cells of heaves-affected horses contained higher level of PTX3 
than those of healthy horses. Conclusion: PTX3 levels in BAL supernatant 
could be a good sensor of airway inflammation, even without the presence 
of clinical signs. Its level of excretion could help in evaluating the severity 
of inflammation.
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17.  A RARe CAse oF HAeMANgiopeRiCYtoMA 
iN AN AMAZoN pARRot. 

p. Loukopoulos, A. Komnenou, v. tsiouris, M. Zavlaris, A.-L. 
thomas, i. georgopoulou. 
Faculty of Veterinary Medicine, Aristotle University, Thessaloniki, Greece.

A 20-year-old male Amazon parrot (Amazona ochrocephala) was presented 
with a history of a painless mass developing over six months. On clinical 
examination a firm, well defined, 2.5x2cm mass was palpated at the right 
pelvic area. Haematology and biochemistry were normal while radiography 
revealed that there was no bone involvement. The tumour was removed un-
der general anaesthesia. The bird recovered fully and remains tumour-free 
two years post-surgery. The tumour was ovoid, whitish and moderately hard 
in cut section. Histologically, the mass was well demarcated and composed 
of spindle or fusiform cells sparsely arranged in perivascular whorls or in 
loose interlacing bundles, giving the lesion a translucent appearance. Tu-
mour cells were mildly pleomorphic with few mitoses. Based on the above, a 
diagnosis of benign haemangiopericytoma was offered, the first reported in 
this species. However, haemangiopericytoma, which is usually reported in 
dogs, is mainly composed of polygonal or spindle cells with uniform, ovoid, 
plump nuclei in that species. Furthermore, the presence of small wavy spin-
dle cells partly arranged in interlacing bundles, albeit not a dominant fea-
ture, was reminiscent of a benign peripheral nerve sheath tumour (BPNST 
/schwannoma) and allowed its diagnosis to be entertained. For this reason, 
immunohistochemistry was performed employing a streptavidin-biotin-
peroxidase protocol. Tumour cells were positive to S-100 and aSMA but 
not GFAP. Most cells arranged perivascularly or in bundles were positive 
for PCNA and vimentin, suggesting that they belong to the same tumour 
cell population. The immunohistochemical profile was consistent with and 
further established the diagnosis of haemangiopericytoma. This report 
demonstrates the value of immunohistochemistry, through the application 
of a specific panel of antibodies, in differentiating between haemangioperi-
cytoma and BPNST. 
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18.  tHe eFFeCts oF stoRAge tiMe AND 
tEmPERatuRE ON SElECtED HEmatOlOGICal 
VaRIablES IN CaNINE blOOD SamPlES

Maysam t.s.1, Mohsen j.p.2, seyed M.A.3, Amin v.H.3, shahriar A.j.3, 
Amir M. A.3, seyed g.A.3
1Faculty of Veterinary Medicine, Islamic Azad University, Garmsar, 
Iran, 2Faculty of Veterinary Medicine, Ferdowsi university, Mashad, 
Iran, 3Student, Islamic Azad University, Garmsar, Iran .

Background: Most hematological analyses are performed immediately af-
ter blood sampling, but occasionally samples are stored in a refrigerator. 
Objective: The aim of this study was to compare the results of PCV, Hb, 
RBC, WBC, MCV, MCH before and after storage at room temperature and 
in a refrigerator. Methods: Thirty-four K3-EDTA canine blood specimens 
from animal husbandry centres were analyzed within 2, 12, 24 & 48 hours 
later by a manual method. Blood samples were split into 2 aliquots and 
stored at 30° C or 5° C. Results: PCV did not change 12 hours after blood 
sampling in both room and refrigerated samples but increased gradually in 
both storage conditions after sampling (1% and 1% elevation at 24 hours 
and 3% and 2 % elevation at 48 hours after sampling in samples stored in 
room temperature and refrigeration, respectively). The RBC count did not 
change at 12 and 24 hours after blood sampling but decreased slightly after 
48 hours. The increased count was more prominent in room temperature 
stored samples. Hb and MCH remained stable. MCV increased slightly at 
24 hours after blood sampling in both room and refrigerated samples. The 
increase of MCV was more pronounced at 48 hours after blood sampling in 
comparison with 24 hours. Differences in WBC and platelet counts varied 
with the specimen, independently of the initial value. Conclusion: Blood 
samples stored for up to 24 hours in a refrigerator are suitable for cell count 
and Hb measurement. Although CBC should be done immediately after 
blood sampling, in specific conditions samples can be stored for 24 hours 
in a refrigerator. However, potential variations have to be known to avoid 
misinterpretations, especially near the decision limits.
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19.  CYtoLogiCAL AspeCts AND HistoLogiCAL 
CORRElatION Of EPItHElIal ODONtOGENIC 
tumORS WItHOut ODONtOGENIC 
MeseNCHYMe iN CANiNe speCies. 

u. bonfanti1, W. bertazzolo2, M. gracis3, s. Ferro4.
1Accelera-NMS, Nerviano, Italy; 2Clinica Veterinaria Tibaldi, 
Milan, Italy; 3Clinica Veterinaria San Siro, Milan, Italy; 
and 4Faculty of Veterinary Medicine, Padua, Italy.

Background and Objective. Ameloblastoma and acanthomatous amelo-
blastoma represent tumor originating from odontogenic epithelium with-
out odontogenic mesenchyme. The aim of the study was to describe the 
cytological features of ameloblastoma and acanthomatous ameloblastoma, 
and to compare them with histological findings. Material and methods. 
Evaluation of cytological characteristics of oral masses histologically clas-
sified as tumors of odontogenic origin was performed. Oral neoplasia in-
volved maxilla (7) and mandible (2). Nine dogs were included in the study. 
There were 3 mixed-breed dogs, and one each of the following breeds: Fox 
Terrier, Labrador Retriever, Bobtail, Schnauzer, Schipperkee, Shih-Tzu. Age 
ranged from 7 months to 17 years. Results. Histological diagnoses includ-
ed: acanthomatous ameloblastoma (6), and ameloblastoma (3). Cytological 
diagnoses included: ameloblastoma (4), acanthomatous ameloblastoma (3), 
and one low-grade epithelial neoplasia. One sample was hemodiluted. Cy-
tological examination of ameloblastomas revealed tightly packed clusters 
of small basaloid-type cells, as well as larger interdigitating neoplastic cells 
showing mild pleomorphism and minimal anisocytosis and anisokaryosis. 
In case of acanthomatous ameloblastoma, cytological examination often 
revealed variable-sized clusters of oval to polygonal cells, and sometimes 
variable nuclear:cytoplasmic maturation asynchrony with characteristics of 
squamous differentiation. Histologically ameloblastoma was characterized 
by islands of proliferating odontogenic epithelium with low nuclear atypia. 
In acanthomatous ameloblastoma cords of odontogenic epithelium showed 
a more plexiform pattern. Keratinization was sometimes present. Discus-
sion and conclusion. The most striking characteristics of the odontogenic 
neoplasms consisted in tightly packed clusters of epithelial cells, oval to po-
lygonal in shape. Some cellular atypia and asynchronous maturation of the 
nucleus and cytoplasm were more commonly detected in acanthomatous 
ameloblastoma.
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20.  evALuAtioN oF stAbiLitY oF RAt eDtA bLooD 
sAMpLes stoReD At DiFFeReNt CoNDitioNs. 

u. bonfanti, M. Rocchetti, A.M. giusti, p. Colombo
Accelera – Nerviano Medical Sciences, Nerviano, Italy

Background and Objective. The CBC represents an important diagnostic 
procedure used in every toxicological study in research animals. Objective 
of the study was to evaluate possible alterations that could occur in rat blood 
samples stored at different conditions, in case analysis is delayed for two to 
three days after sampling. Material and methods. EDTA blood samples 
were drawn from 20 healthy Sprague Dawley rats (10 males and 10 females). 
Within 1 hour after collection (T0), after 24 hours of storage at room tem-
perature, and after 24, 32, 48 and 72 hours of storage at 4°C, samples were 
analyzed with an ADVIA 120 hematology analyzer. The following parame-
ters were considered: RBC, Hgb, HCT, MCV, MCH, MCHC, CHCM, RDW, 
HDW, Reticulocytes, MCVr, CHr, Platelets, MPV, PCT, PDW, total WBC 
and differential count. After suitable ANOVA on log-transformed data, 90% 
simultaneous confidence interval (CI) of the mean ratio of the values ob-
served at the different storing conditions versus the corresponding value 
at T0 were obtained. Stability of each parameter was evaluated plotting 
the limits of these CI versus pre-selected reference intervals 0.8 – 1.25 (± 
20%), 0.9 – 1.1 (± 10%), 0.95 – 1.05 (± 5%). Results. For both genders, after 
24 hours at room temperature, 6/23, 11/23 and 19/23 parameters showed 
mean ratio 90% CI within ± 5%, 10% and 20% respectively; after 24 hours at 
4°C, 11/23, 14/23 and 19/23; after 72 hours at 4°C, 5/23, 13/23 and 17/23. 
Conclusion. Sample storage for 24 hours at 4°C improves the stability for 
the majority of parameters examined, with respect to storage at room tem-
perature. Storage for up to 72 hours at 4°C allows adequate interpretation of 
most of the parameters.
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21.  tHe seNsitivitY AND speCiFiCitY oF 
FibRiNogeN AND totAL pRoteiN: FibRiNogeN 
RatIO IN SCREENING HEaltHY aND 
DiseAseD DAiRY CAttLe At AbAttoiR.

gh. ghalamkari1, sh.safi2, s.R.jafarzadeh3, R.sedaghat4.
1Department of Animal Science, Agriculture Faculty, Islamic Azad 
University, Isfahan, Iran; 2Faculty of Specialized Veterinary Medicine, 
Islamic Azad University, Tehran, Iran; 3Department of Medicine and 
Epidemiology, School of Veterinary Medicine, University of California, 
Davis, USA; 4Faculty of Medicine, Shahed University, Tehran, Iran.

Fibrinogen is one of the acute phase proteins that changes in response to infec-
tion and inflammation. As it is important to discriminate between healthy from 
diseased cattle in meat inspection, the objective of this study was to measure 
the sensitivity and specificity of fibrinogen and total protein: fibrinogen ratio 
from healthy and diseased dairy cattle at abattoir, using the post – mortem 
findings as the gold standard. The plasma concentrations of fibrinogen, total 
protein and the fibrinogen total protein: fibrinogen ratio were determined in 
30 healthy dairy cows with no pathological findings and 50 cows with patho-
logic conditions. The mean of fibrinogen and total protein: fibrinogen ratio 
were significantly different between groups. Using ROC curves, the cut-off 
points for fibrinogen and total protein: fibrinogen ratio were 0.5 g/dL and 12.6 
g/dL, respectively, and the sensitivity and specificity of fibrinogen were 56% 
and 76.67% and for total protein: fibrinogen ratio were 68% and 76.67%. Also, 
the positive predictive value for fibrinogen and total protein: fibrinogen ratio 
were 65.15% and 80.40% respectively. The results of the present study indicat-
ed that total protein: fibrinogen ratio had better sensitivity and specificity than 
fibrinogen alone and could be used for animal screening at abattoir.
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22.  MACRotHRoMboCYtopeNiA iN gRoup oF 
ReLAteD NoRFoLK teRRieRs: A CoNDitioN 
SImIlaR tO maCROtHROmbOCYtOPENIa 
oF CAvALieR KiNg CHARLes spANieLs?

g. F. tutino1, e. pogliani1, W. bertazzolo1, M. e. gelain2.
1 Clinica Veterinaria Tibaldi, Milan, Italy 
2 Department of Veterinary Pathology, Hygiene 
and Health, University of Milan, Italy

Asymptomatic inherited macrothrombocytopenia of Cavalier King Charles 
spaniel (CKCS) is characterized by a low platelet count (less than 100.000/
µL), increase mean platelet volume and, as consequence, a normal platelet-
crit. The prevalence of macrothrombocytopenia in CKCS varies from 31-
56% with an autosomal recessive type of inheritance. The aim of this work 
is to describe the presence of a similar macrothrombocytopenia in a small 
group of related Norfolk terriers. Eight Norfolk Terriers were included (4 
males, 3 females). Blood samples were collected in EDTA tubes and a blood 
smear was immediately obtained for each sample. Samples were analyzed 
using a quantitative buffy coat analyzer (QBC, VetAutoreader, Idexx) and 
an impedance cell counter (IC, HecoVet SEAC) to evaluate RBC, WBC, 
Hb, HCT and platelet number. On blood smears, evaluation of platelet ag-
gregates and microscopic estimation (ME) of the platelet numbers were 
performed. All the Norfolk Terriers included in this study were clinically 
healthy without any history or signs of haemostatic dysfunction. Six dogs 
had platelet counts less than 100x109/L by IC and ME, whereas all dogs 
had a normal platelet count by QBC. Microscopic evaluation showed mac-
rothrombocytosis only in dogs with low platelet count. Pedigree analysis 
cannot reveal the inheritance pattern due to the low number of dogs. The 
group of Norfolk terriers described here showed a platelet dysplasia similar 
to CKCS macrothrombocytopenia. The platelet counts obtained through 
QBC, which is calculated from a measured platelecrit, showed a normal cir-
culating platelet mass despite a low platelet count on IC and ME. This may 
be explained by the macrothrombocytosis found in NT with a low platelet 
count on ME and IC. 
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23.  uteRiNe LeioMYosARCoMA AND 
pYoMetRA iN A 7-YeAR-oLD Dog. 

v.g. tsioli1, p. g. gouletsou1, p. Loukopoulos2, M. Zavlaris2, A.D. 
Galatos1. 
1Faculty of Veterinary Medicine, University of Thessaly, 
Karditsa, Greece; 2Faculty of Veterinary Medicine, Aristotle 
University of Thessaloniki, Thessaloniki, Greece.

Canine malignant uterine tumours are extremely rare. A 7-year-old intact 
female mongrel dog was presented with a two day history of reduced ap-
petite, abdominal distention and general dullness. Abdominal palpation 
revealed the presence of a large mass. Radiography showed a large mass oc-
cupying the left mid-abdominal area and mild opacity loops occupying the 
right mid-abdominal area. Ultrasonography revealed a large heterogeneous 
mass with an anechoic area and some hyperechoic foci, indicative of calci-
fication, in the mid-abdominal area. Anechoic areas were also found in the 
middle and caudal abdominal area, and were presumed to be the fluid-filled 
uterus. On laparotomy, a 10.5x14.5 cm, firm mass was found in the uterine 
body while the uterine horns were filled with a thick red-brownish exudate; 
ovariohysterectomy was subsequently performed. Histologic examination 
of the mass showed a malignant mesenchymal tumour with cells arranged 
in cellular, large interlacing bundles or streams with little stroma, as well as 
severe endometritis. Immunohistochemistry was performed employing a 
streptavidin-biotin-peroxidase protocol. The tumour cells were immuno-
histochemically positive to desmin and a-smooth muscle actin, indicating 
their smooth muscle origin and establishing the diagnosis of intermediate 
grade uterine leiomyosarcoma associated with pyometra. The use of immu-
nohistochemistry allowed the differentiation between tumours of smooth 
muscle origin and other tumour types, particularly fibrosarcoma and poorly 
differentiated tumours. To the best of our knowledge, this is one of the few 
cases of uterine leiomyosarcoma described in the dog.
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24.  CLiNiCAL evALuAtioN oF tHe bC-
2008 vet HeMAtoLogY ANALYZeR FoR 
uSE IN VEtERINaRY PRaCtICE

Carlo masserdotti
Laboratorio di Analisi Veterinarie San Marco, Padova, Italy

Background: The BC-2008 VET is a completely automated impedance 
counter cell hematology analyzer, which yields an 18-parameter blood 
count including a 3-part leukocyte differential. The software provides elec-
tronic printable results on a screen, with 3 histograms on the basis of the cell 
distributions. Objectives: The aim of this study was to examine the opera-
tional potential of the analyzer and its value for use in veterinary practice. 
Methods: The analyzer was tested for precision and accuracy. Compari-
son methods included the H8-SEAC analyzer and a 100-cell manual WBC 
differential. EDTA-anticoagulated blood samples for comparison of the 
methods were obtained from 58 dogs and 20 cats. Linear regression and 
difference plot were used to analyze results. Results: Correlations of RBC 
and WBC count, HGB and HCT measurement were very good between 
the BC2008 VET and the H8-SEAC. Platelets count showed a constant bias 
both in dogs and cats. Lymphocyte, neutrophil and monocyte differentials 
compared poorly with BC2008-VET and manual count. Conclusions: The 
BC2800VET is an usefull hematology analyzer for clinical purpose. RBC, 
WBC, HGB and HCT values obtained with canine and feline samples on 
the BC-2008 VET were highly comparable with an other impedance coun-
ter (H8-SEAC). The BC-2008VET had moderate precision and accuracy for 
platelets count, probably due to the software limitations: in fact there is no 
possibility to manually correct the WBC histogram, were, particularly in 
the cat, an overlap between platelet aggregates and leukocytes can affect the 
count. Implementation of the software would improve these results. The 
main disadvantages of the BC2800VET were poor precision in counting 
leukocyte subpopulations and poor concordance with manual differential, 
as previously observed with all in-office analyzers. 
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25.  CLiNiCAL pAtHoLogY FiNDiNgs iN Five CAts 
affECtED bY abSOlutE ERYtHROCYtOSIS

A. gavazza, g. Lubas, b. gugliucci
Dept. of Veterinary Clinic, University of Pisa, Italy

Absolute erythrocytosis is rarely described in cats and can be primary as a 
myeloproliferative disorder of the stem cell, EPO (erythropoietin)-indepen-
dent or secondary caused by disorders involving increased EPO production. 
From 2004 to 2009 five cases of absolute erythrocytosis were referred to our 
facility. Diagnostic plan (DP) included CBC, serum biochemical profile and 
protein electrophoresis, urinalysis, FIV-FeLV serology, bone marrow (BM) 
aspirate evaluation, full body radiology, abdominal ultrasound and serum 
EPO measurement. The most striking findings were:
#1 Persian, f, 15 ms - Hct .527 l/l, RBC 11.5 x 10^12/L, Hgb g/dL 16, RDW 
17.2, TP 8.4 g/dL- no additional diagnostic investigation.
#2 DSH, m, 42 ms – Hct .513 l/l, RBC 13.2 x 10 ^12/L, Hgb 17.2 g/dL, RDW 
18.9, TP 8.1 g/dL- no additional diagnostic investigation.
#3 DSH, m, 30 ms – Hct .527 l/l, RBC 12.8 x 10 ^12/L, Hgb 16.5 g/dL, RDW 
18.3, TP 8.7g.dL enlarged spleen removed and histopathologically diagnosed 
as hemangiosarcoma – mild erythrocytosis (Hct .52 l/l) persisted after the 
spleen removal for 1 month.
#4 DSH, f, 36 ms – Hct .653 l/l, RBC 16.9 x 10 ^12/L, Hgb 22 g/dL, RDW 
21.2, CRP 3.48 , PLT 1198 – Follow-up: Hct adjusted around .65 l/l for 2.5 
years.
#5 DSH, f, 54 ms - Hct .747l/l, RBC 16.02 x 10 ^12/L, Hgb 23.2 g/dL, RDW 
19.8, CRP 3, PLT 600, TP 8.1g/dL – Follow-up: Hct adjusted around .60l/l 
for 2.5 years.
In all cases the BM exam showed erythroid hyperplasia and EPO levels were 
0.1-1 mU/mL (r.r. 0.1-5). Case #3 could be related to tumour related EPO 
synthesis even if the serum EPO was low (0.19 mU/mL). In cases #4 & #5 
reticulocyte counts revealed regeneration both at initial DP and during hy-
droxyurea (HU) or pipobroman administration. Additionally, during HU 
therapy the occurrence of Heinz bodies was observed.
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26.  AssessMeNt oF MoLYbDeNuM 
stAtus iN DAiRY CoW. 

L.Martin, L.jaillardon, b.siliart, e. paniez, H. Dumon.
Laboratoire des Dosages Hormonaux, Ecole 
Nationale Vétérinaire, Nantes, France.

Molybdenum (Mo) is involved in vital biochemical processes but excess in-
take can lead to disease and toxicity. In particular, Mo forms a complex with 
copper (Cu) and sulphates, which is absorbed but cannot be metabolized 
and is excreted through the kidney. It is therefore important to determine 
the total dietary concentration of Mo and Cu to better interpret bioavail-
ability. Objectives: To establish reference values for plasma Mo and Cu for 
routine control in dairy cows. Superoxide dismutase (SOD) concentrations 
were also assayed as Cu is involved in defence against oxidative stress. Ma-
terials: 111 healthy lactating dairy cows from 8 different herds (2 to 11 yrs 
old). The rations were balanced with the same mineral mix. Mo and Cu were 
assayed in plasma by ICP-MS, SOD in whole blood by spectrophotometry 
(BP 144, Kit Ransod, Randox©), and haemoglobin (Hb) by reflectometry 
(Reflotron, Scil©). Daily intake of minerals was calculated. Results: (i) cen-
tiles [5%; 95%] were [3.0; 21.0] µg/L for Mo, [825; 1200] µg/L for Cu, and 
[1235; 2900] U/g Hb for SOD. (ii) Plasma Mo was not correlated with ra-
tion composition and stage of lactation but was significantly correlated with 
milk cell count (p<0.0002). There was a strong herd effect (p< 0.0001). (iii) 
Plasma Mo and Cu were unrelated and were not correlated with blood SOD. 
(iv) Plasma Mo was not correlated with dietary Cu. Conclusion: reference 
ranges for plasma Mo in dairy cows are [3-21 µg/L]. There was no correla-
tion between plasma Mo and plasma Cu in apparently healthy animals, and 
plasma Mo was unrelated to dietary Cu. Nevertheless, Mo concentration is 
closely related to herd condition and decreases when the cell count in milk 
increases. 
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27.  iMpACt oF iN vitRo HeMoLYsis oN KAoLiN-
aCtIVatED tHROmbElaStOGRaPHY 
pARAMeteRs AND ADviA 2120 pLAteLet 
aCtIVatION INDICES IN CaNINE SPECImENS

N. bauer, o. eralp, A. Moritz
Department of Veterinary Clinical Sciences, Clinical Pathology, and Clinical 
Pathophysiology, Justus-Liebig-University Giessen, Giessen, Germany

Background: The impact of hemolysis on kaolin-activated thromboelas-
tography (TEG) has not been evaluated before in dogs. Objective: To inves-
tigate the impact of two types of hemolysis, i.e. mechanical (HM) / freeze 
and thawing (HF) on canine kaolin-activated TEG®, platelet count(PLT) and 
mean platelet component concentration (MPC) reflecting platelet activa-
tion. Methods: TEG analyses were performed in 17 healthy dogs. Citrated 
whole blood samples were divided into aliquots serving as control, HM, and 
HF. TEG was performed after re-calcification, 1 hour after sample aquisi-
tion. Five TEG variables (R ;K angleα; MA; G) were evaluated. MPC was 
measured flow cytometrically with the ADVIA2120™ hematology analyser. 
Results: HM and HF resulted in a mean decrease in hematocrit PCV of 
6.3%±5.4% and 39.3%±4.6% compared to controls. PLT decreased signifi-
cantly after HM (181±68x109/L) but did not change significantly after HF. 
TEG-R-value was significantly shorter after HM than in controls (2.5±0.9 
minutes versus 5.2±1.9 minutes; p<0.001). HF induced a significant increase 
of K (15.2±8.6 versus 5.3±4.0; p<0.01) and α (20±11degrees versus 46±17de-
grees; p<0.001) compared to the controls. MA was significantly lower after HF 
(26±2mm) than after HM (38±8mm) or in the control specimens (49±9mm; 
all: p<0.0001). The same applied for G being 5.1±1.8Kdyn/cm2(controls), 
3.2±1.2Kdyn/cm2(HM) and 2.0±1.1Kdyn/cm2(HF)(all: p<0.0001). Hemoly-
sis induced a significant (<0.0001) decrease in MPC suggestive of platelet 
activation with means of 19.3±2.0g/dL(controls), 15.5±3.4g/dL(HM) and 
14.3±0.7g/dL(HF). Despite a decrease in MPC and R-value indicating ac-
tivated primary and secondary hemostasis respectively, markedly reduced 
clot firmness most likely due to decrease in hematocrit value was observed. 
Conclusion: TEG and MPC analysis is significantly affected by hemolysis.
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28.  DeveLopMeNt AND APPLICATIon oF PCR METHoD 
FoR THE DETECTIon oF BRuCELLA SPP. FRoM SHEEP, 
GOAT AND BOVINE NON-PASTEURISED MiLK. 

A. Katsiolis1, A. Minas2, C. Hadjichristodoulou3, A. vantarakis1, 
1Department of Public Health, Medical School, University of Patras, Greece. 
2Department of Medical Laboratories, Technological Educational Institution 
of Larissa, Greece. 
3Department of Hygiene and Epidemiology. Faculty 
of Medicine. University of Thessaly.

Background: Brucellosis remains a significant problem for both humans 
and animals in Greece. Brucella melitensis causes the most important in-
fectious disease from all the species of its family. Brucella spp. can be de-
tected and identified with serologic, culture and molecular methods. Ob-
jective: The objective of this study is the development and application of 
a PCR method for the detection and identification of Brucella spp. in milk. 
Methods: Twenty samples from non-pasteurized milk from different parts 
of South-Western regions of Greece were analyzed. Because Brucella spp. 
was mainly accumulated to the fat layer of the milk, it was cultured using 
Brucella Medium Base with Brucella selective supplement, horse serum, 
dextrose and methanon. Positive samples for Brucella spp. were confirmed 
by biochemical tests and PCR. The same PCR protocol was used for the 
direct detection of Brucella spp. in milk. PCR was performed using two set 
of primers, which amplify the gene encoding the 31-kDa B. abortus antigen 
(B4, B5) and a region of the 16S rRNA gene (F4, R2) accordingly. Specificity 
and sensitivity of the PCR method for both set of primers were evaluated. 
Results: Two milk samples were found positive for Brucella melitensis (con-
firmed by PCR). Also, PCR direct detection of Brucella spp. in milk using 
B4 B5 primers was developed. Sensitivity (10-6 dilution) and specificity of 
PCR method was determined. Conclusions: The PCR method is a promis-
ing method to perform a fast, reliable and specific detection of Brucella spp. 
in milk.
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29  pReLiMiNARY ResuLts About big eNDotHeLiN-
1 IN SERum fROm DOGS WItH KIDNEY DISEaSE 

alessia Giordano,1 Gabriele Rossi,1 alessandro Virtuoso,1 andrea 
zatelli,2 Saverio Paltrinieri1

1Dept. of Veterinary Pathology Hygiene and Public Health, University of 
Milan, Italy 
2 Veterinary Clinic Pirani, Reggio Emilia, Italy

Background: Endothelin-1 (ET-1), is a potent vasoconstrictor potentially 
associated with microangiopathy and development of chronic kidney dis-
ease. It stimulates the renin-angiotensin aldosterone system and has positive 
inotropic and chronotropic effects. ET-1 arises from its precursor bigET-1 
which has a longer half-life and it is thus more easily detectable in serum 
than ET-1. Objective: To determine the serum concentration of bigET-1 in 
dogs with chronic kidney disease (CKD) and to assess whether bigET-1 var-
ies, depending on the presence of inflammation or on the severity of CKD. 
Methods: BigET-1 was measured using a commercially available ELISA kit 
on serum samples from 56 dogs staged according to the classification of the 
International Renal Interest Society (IRIS). C-reactive protein was measured 
to identify inflammation. Serology for Leishmania was also performed on 53 
dogs. Results: The level of bigET-1 was higher (P<0.001) in dogs in stage IV 
(mean±SD.: 28.0±19.5; median: 21.8 pg/mL) compared with dogs in stage I 
(9.2±6.5; 7.9), II (8.2±3.4; 9.5) or III (10.4±6.1 9.1). No significant differences 
were found among proteinuric dogs (19.2±18.1; 14.7), dogs with borderline 
proteinuria (13.4±9.3; 12.4) and non proteinuric dogs (7.3±3.2; 6.9) or be-
tween dogs seropositive (15.8±25.6; 9.1) and seronegative (17.7±12.0; 15.6) 
for Leishmania. BigET-1 was correlated with creatinine (P<0.001; r2=0.68) 
and CRP (P<0.001; r2=0.52) but not with urinary protein/creatinine ratio 
(P=0.051; r2=0.27). Conclusions: Serum bigET-1 increases in dogs with 
severe CKD of inflammatory origin. Leishmania infection does not affect 
bigET-1 concentration. The pathogenic mechanisms of increased bigET-1 
and its possible association with clinically evident leishmaniasis should be 
further investigated.
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30.  seRuM AND uRiNARY iMMuNoFiXAtioN 
ElECtROPHORESIS IN a DOG WItH 
multIPlE mYElOma

A. Miglio1 , F. birettoni1 , M. t. Antognoni1 , p. Lalli2 , v. Mangili1

1Dipartimento di Patologia, Diagnostica e Clinica Veterinaria, 
University of Perugia; 2Azienda Ospedaliera Perugia, Italy.

Multiple Myeloma (MM), a neoplasm of plasma cells or their precursors, is 
a lymphoproliferative disorder usually associated with a monoclonal gam-
mopathy. Immunofixation electrophoresis (IFE) is considered the gold stan-
dard to detect and identify the suspected monoclonal component (MC). A 
10-year-old cross-breed dog was presented because of lethargy, weight loss, 
polyuria/polydipsia and exophthalmos. Complete blood tests revealed ane-
mia, thrombocytopenia and hyperproteinemia with a narrow spike in the 
β2-γ region of the electrophoretic pattern. Urine analysis showed a urinary 
proteine/creatinine ratio of 4.51 and a mixed incomplete proteinuria us-
ing sodium-dodecil-sulfate agarose gel electrophoresis. The bone marrow 
cytology showed the presence of 25% atypical plasma cells. The MC was 
identified as IgA-λ type both in serum and urine by IFE using mammalian 
immunoglobulins anti-human heavy (gamma, alfa and mu) and light (kappa 
and lambda both free and bound) chains. Paraproteins were quantified in the 
serum by densitometric scanning of High Resolution agarose gel (72.4 g/L). 
Bence-Jones proteins were not found in the urine by IFE. A treatment with 
melphalan (2 mg/day PO), prednisone (12.5 mg/day PO) and benazepril (10 
mg/day PO) was started. After 2 months of therapy complete clinical remis-
sion was obtained and serum paraproteins concentration decreased to 3g/L. 
Atypical plasma cells were still detectable on bone marrow cytology but 
markedly reduced (15%). We highlight the cross-reaction between antisera 
anti-human heavy and light chain (kappa and lambda, free and bound) and 
heavy and light chain canine. The use of IFE has proved crucial to the diag-
nosis of the MM and to monitor the course and treatment of disease.
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31.  Hepatozoon SPP INfECtION IN StRaY 
CatS fROm a fElINE COlONY IN NORtH 
EaStERN ItalY DEtECtED bY blOOD SmEaR 
ExamINatION aND mOlECulaR tEStING 

M. trotta1, e. Carli1, M. Nicetto1, R. Chinelli2, t. Furlanello1, L. 
Solano-Gallego3

1Laboratorio d’Analisi Veterinarie San Marco, Padova, Italy; 
2DVM, Trieste, Italy; 3Royal Veterinary College, UK.

Hepatozoon spp is an apicomplexan protozoan that infects a wide variety 
of hosts. Hepatozoon infection has been sporadically reported in cats. In 
Europe, Hepatozoon infection in cats has been odescribed only in Spain. 
Therefore, there is limited information about clinicopathological and epi-
demiological aspects of Hepatozoon infection in cats. The aim of the study 
was to investigate the presence of Hepatozoon in stray cats from a colony 
in northeastern Italy. Fifty-seven free ranging domestic cats from north 
eastern Italy, captured and anesthetized for sterilization were studied. They 
were apparently healthy and belonged to town colonies. Signalment, physi-
cal examination, K3EDTA blood samples and blood smears were available 
for all cats. Diagnosis of Hepatozoon infection was made by blood smear ex-
amination and molecular techniques. DNA extraction and 18S rRNA gene 
PCR were performed in all blood samples. Positive amplicons were further 
analyzed by direct sequencing. Sporadic Hepatozoon gamonts with an el-
lipsoidal shape and pleomorphic nucleus were detected in the cytoplasm of 
neutrophils by blood smear examination in two cats. PCR was only positive 
in the two cats (3.5%) where parasites were observed on blood smear exami-
nation. The sequences obtained showed 95% identity with Hepatozoon felis 
sequences from Spain deposited in GenBank. We report the first detection 
and identification of Hepatozoon spp in cats from Italy.
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32.  tHe utiLitY oF FiNe-NeeDLe AspiRAtioN 
CYtOlOGY IN tHE DIffERENtIal DIaGNOSIS Of 
CutaNEOuS maSSES CONtaINING KERatIN

g. ghisleni1, N. pinto da Cunha1, M. santos2, M. Florenti3, M. 
Caniatti1, p. Roccabianca1. 
1Dipartimento di Patologia Animale, Igiene e Sanità Pubblica Veterinaria, 
University of Milan, Italy; 2Instituto de Ciências Biomédicas de Abel 
Salazar, Porto, Portugal; 3Clinica Veterinaria Gran Sasso, Milan, Italy.

Fine needle aspiration (FNA) cytology is commonly used to evaluate canine 
cutaneous and subcutaneous masses in a clinical setting. Neoplastic and 
non neoplastic canine cutaneous masses containing keratin (CMCK) are a 
common finding in dogs; however a specific presurgical diagnosis by cytol-
ogy is useful for the correct surgical approach. Few studies have addressed 
the accuracy of FNA cytology in the evaluation of CMCK. The purpose of 
this study was to describe cytological features and compare the cytology 
and histopathology of CMCK in dogs. Specimens of 23 CMCK from 21dogs 
were retrospectively evaluated. Cytological specimens were obtained by 
FNA prior to surgery. Post-surgical tissue specimens were routinely pro-
cessed for histopathology. A cytological diagnosis of neoplasia was achieved 
in six cases confirmed by histology (all true positive). Negative cytology for 
neoplasia was obtained in 17 cases (10 true negative, 7 false negative). Cytol-
ogy had an overall 69.6% agreement with histopathology, with a specificity 
of 100%, a sensitivity of 46%, a predictive value of positive test of 100% and a 
predictive value for negative test of 58.8%. According with these results, cy-
tology is a good diagnostic tool for neoplastic CMCK and should be utilized 
to assist in the definition of the best surgical approach to CMCK. 
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33.  CYTAuXZoon sp. iNFeCtioN iN CAts 
FRoM NoRtH-eAsteRN oF itALY.

e.Carli1, M. trotta1, R. Chinelli2, s. tasca1, t. Furlanello1, L. solano-
Gallego3.
1Private laboratory San Marco, Padua, Italy; 2DVM, Trieste, 
Italy; 3 Royal Veterinary College, London, UK.

Cytauxzoon sp. (C. sp) infections have been sporadically reported in cats 
in Europe. Three sick cats were previously diagnosed with C. sp infection 
in Trieste (North-eastern Italy). The aim of this study was to investigate the 
presence of C. sp infection in cats living in Trieste. Sixty-three apparently 
healthy stray cats living in town colonies and 49 healthy and sick owned 
cats subjected to a routine blood screening were studied. C. sp infection 
was diagnosed by blood smear evaluation, PCR analysis for 18S rRNA gene 
fragment of 412 bp and sequencing. CBC was also evaluated, if available. 
Sequencing was assessed in 4 positive cases. Small, single or occasionally in 
pairs, piroplasms of 0.5-0.9 μm diameter were observed inside erythrocytes 
in 15/63 stray cats. C. sp. infection was diagnosed in 4/49 (8%) owned cats 
and in 19/63 (30%) stray cats by PCR analysis. The sequencing revealed a 
99% homology with C. sp from GenBank isolated in wild and domestic fe-
lids in Mongolia and Spain. The owned infected cats showed mild to moder-
ate non-regenerative anemia (2/4, 50%), normal leukocytes count (3/4, 75%) 
and normal platelets count (3/4, 75%). The stray infected cats presented 
mild to moderate anemia (5/19, 26%), leukocytosis (15/19, 79%) and normal 
platelet count (14/19, 74%). 
C. sp. infection in cats appears to be prevalent in Trieste (Northeastern Ita-
ly) with a higher proportion of colony cats being infected than owned cats. 
It appears that C. sp infection causes a subclinical infection in cats in North-
eastern Italy. Further studies are need to determine if C. sp infection might 
cause clinicopathological disorders in cats. 
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34.  CoMpARisoN betWeeN ADviA120 AND MANuAL 
LeuKoCYte DiFFeReNtiAL CouNts. 

F. Riondato, e. Maggi, b. Miniscalco
Dipartimento di Patologia Animale, University of Torino, Italy.

Objective: To compare automated (ADVIA120) with manual differential 
leukocyte counts and to evaluate the chance to identify cases with reliable 
vs unreliable automated counts. Methods: EDTA-blood samples from 82 
dogs, 52 cats, 30 cattle and 20 horses were used. ADVIA120 results were 
allocated to two different groups, based on the evaluation of the perox cy-
tograms: group A (reliable cytograms) and group B (unreliable cytograms). 
A 200-cell differential WBC count was performed by two observers (ex-
perienced and unskilled). Data comparison and methods agreement were 
assessed. Results: The T-test showed significant differences for many WBC 
classes. Differences in most cases only affected groups B and were always 
wider than in A. Differentials provided by the two observers showed larger 
differences between them than comparison between the skilled observer 
and ADVIA120. Agreement between methods was good for neutrophils 
and lymphocytes in group A, while it was poor or not reliable in group B. 
Monocyte counts did not agree or were unreliable in any species in both 
groups. In horses the confidence intervals were always too wide to be ac-
cepted. ADVIA120 tended to underestimate neutrophils and monocytes 
and overestimate lymphocytes in dogs cats and cattle ; the opposite hap-
pened in horses. Concerning monocytes, the bias was always linked to a 
proportional error. Conclusions: Statistical analysis revealed significant 
differences between automated and manual differentials; anyway, and the 
effects on clinical-hematologic interpretations appears unlikely. Absolute 
counts evaluation in normal and pathologic leukograms is needed to con-
firm this supposition. Results suggest that automated counts are more reli-
able than manual counts provided by unskilled observers, particularly in 
cases with a normal leukogram. The different results reported in the two 
groups suggest that a skilled operator can reliably select the cases for which 
a manual differential is needed.
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35.  CYtoLogiCAL ACCuRACY iN tHe 
DIaGNOSIS Of tHYmOma IN RabbItS

A. guija de Arespachochaga1, i. schwendenwein1, A. Fuchs-
baumgartinger2, A. bilek3, K. Hittmair4, j. Hassan4, F. Künzel3
1 Institute of Immunology: Laboratory medicine, 2 Institute of Pathology and 
Forensic Medicine, 3 Clinic of Internal Medicine and Infectious Diseases, 4 

Clinic of Diagnostic Imaging, Veterinary University of Vienna, Austria

Thymomas are uncommon tumours in the cranial mediastinum, arising 
from thymic epithelial cells with variable amounts of lymphocytic infiltra-
tion. Thus, they are sub-classified as lymphocyte predominant, epithelial 
predominant, or mixed. Thymic lymphoma is the most challenging differ-
ential diagnosis when a large number of lymphocytes are present. Accurate 
differentiation is required for prognosis and adequate treatment options. In 
a period of 3 years, 9 rabbits were presented with exophthalmos and dys-
pnoea: 8 were diagnosed as thymomas. In the remaining case, thymoma 
and thymic lymphoma could not been differentiated by cytology, and his-
tology was not available. Samples were taken by ultrasound-guided fine 
needle aspiration. In 6 cases histology was available and confirmed the cy-
tological diagnosis, resulting in a positive predictive value of 100%. Cyto-
logically, thymomas were characterized by a mixed population of small and 
occasional large lymphocytes and various amounts of epithelial cells. In 3 
out of 6 cases, subtypes suggested by cytology agreed with the histological 
results. This could be caused by an inherent sampling error in a tumour 
that often displays a patched pattern. However, in one case that was diag-
nosed by cytology as lymphocyte predominant thymoma, a differentiation 
between thymoma and thymic lymphoma could not be made by histologi-
cal examination after surgical removal. Nevertheless, histology of the mass 
that had recurred after 6 months confirmed finally the cytological diagnosis. 
The results showed that cytology is an accurate diagnostic tool to identify 
thymoma in rabbits. Nevertheless, the subtype must be determined by his-
topathology.
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36.  LARge gRANuLAR LYMpHoCYtosis 
IN DOGS WItH babESIOSIS

guija de Arespacochaga A.1, gerner W.2, schwendenwein i.1, 
Leschnik M.3
Institute of Immunology: Laboratory medicine1 and Clinical 
Immunology2, Clinic of Internal Medicine and Infectious 
Diseases3, Veterinary University Vienna, Austria

Reactive large granular lymphocytosis is an unusual haematological finding, 
commonly associated with chronic ehrlichiosis, and must be distinguished 
from lymphoproliferative disease of granular lymphocytes. In canine babe-
siosis, leucocyte abnormalities are inconsistent findings. The presence of 
activated lymphocytes without lymphocytosis has been reported. Blood im-
munophenotyping was performed in three dogs with babesiosis diagnosed 
microscopically. All patients showed a moderate anemia (hematocrit mean 
26%), and severe thrombocytopenia (12-33x103/µl) while the leucocyte 
count was inconsistent. Lymphocytosis was present only in one dog. The 
following antibodies for lymphocyte phenotyping by flow cytometry were 
used: anti-CD3+,-CD4+,-CD8+,-CD21+ and -CD11d+. For two patients, blood 
immunophenotyping before and 10 days after infection was performed. 
Frequency of CD11d+ cells prior to infection was <10% and increased dur-
ing the acute phase of infection to 40%. These frequencies correlated with 
absolute numbers of large granular lymphocytes (LGL) identified by micro-
scopic differential counts where LGL number prior to infection was <550/µl 
followed by an increase to 3000 LGL/µl during infection. One of the dogs 
showed a slight increase of LGL compared to values before infection. How-
ever, absolute LGL count did not show a difference at any time (<500/µl). 
Ten days after infection, all haematological parameters improved and were 
similar to values prior to infection. 
Reactive large granular lymphocytosis is not only a unique condition in 
dogs with ehrlichiosis but also with babesiosis. Our data indicate that this is 
an intermittent condition, with recovery to initial values after therapy. The 
presence of LGL in dogs can help in the diagnosis in cases of low parasit-
emia. Further studies are necessary to determine the correlation between 
parasitemia and LGL lymphocytosis.
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37.  tHe MoLeCuLAR iNvestigAtioN oF 
WiDespReAD sALMoNeLLA seRovARs, s. 
tYpHiMuRiuM,s.eNteRitiDis, iNvoLveD iN 
SalmONElla INfECtION Of CattlE aND 
sHeep iN A FARM ARouND teHRAN, iRAN.

F.ghazisaeedi1, N.Atyabi1,t.Zahraei salehi2,i.Ashrafi2

1. Clinical Pathology Department of Veterinary Medicine, Faculty of Tehran 
University, Tehran, Iran 
2. Microbiology Department of Veterinary Medicine, 
Faculty of Tehran University, Tehran, Iran

Salmonella serovars cause worldwide public health problems. Salmonellosis 
is an important zoonotic disease causing food born poisoning in humans 
consuming animal products. Studies were conducted on different aspects of 
incidence, treatment and control of salmonellosis all over the world. In this 
study, using molecular (PCR (Polymerase Chain Reaction) and Multiplex 
PCR) and conventional tests, Salmonella serovars S. typhimurium and S. 
enteritidis, isolated from an outbreak of salmonellosis in cattle herds and 
sheep flocks around Tehran, capital city of Iran in summer of 2008, were 
evaluated. Samples were collected from 8 calves, 3 lambs and embryonic tis-
sue from one cow abortus. The cases involved juvenile animals and the pres-
ence of Salmonella serovars was confirmed in all isolates. Infection with S. 
enteritidis was much more prevalent in comparison to S. typhimurium.
In two calves, both S. typhimurium and S. enteritidis were detected and S. 
typhimurium was isolated from liver in both cases. All of isolates were sen-
sitive to streptomycin, lincospectin, enrofloxacine and trimetoprim and re-
sistant to doxycycline and erythromycin.

Proceedings BOOK.indb   129 9/25/09   3:24:32 PM



130

11th ESVCP-ECVCP MEETING 7-9 OCTOBER 2009 • THESSALONIKI, GREECE

38.  evALuAtioN oF bLooD seRuM HAptogLobiN 
Of NEWlY CalVED HEaltHY HEIfERS aND tHOSE 
suFFeRiNg FRoM subACute AND ACute MetRitis.

Atyabi N., gharagozlu F., bolandnazar Z., Hasemian M.
College of Veterinary Medicine, University of Tehran, Tehran, Iran.

Haptoglobin (Hp) is an acute phase protein, its concentration increasing in 
most infectious diseases and during pregnancy and parturition in humans 
and most animals. The aim of this study was to evaluate the levels of serum 
haptoglobin in newly calved heifers after parturition, especially in cows with 
metritis. Blood sera were taken from thirty Holstein heifers, at one week be-
fore parturition, and then in the first, second, third, fourth, sixth and eighth 
weeks after parturition. Cellulose acetate electrophoresis was performed for 
separation of haptoglobin, using hemolysate with 7.5 gm/dL hemoglobin, 
and the method of Compton et al (1976). O”diniazidine stain (Merck co.) 
was used for specific staining of Haptoglobin (Hp) and the complex of Hap-
toglobin and Hemoglobin (Hp+Hb). The concentration of Haptogobin was 
obtained by densitometric method using Photo EP.Densitometer, Germany. 
The means of Hp were 15.37, 20.90, 12.33, 11.28, 9.53, 8.40.and 6.05 mg/dL, 
before parturition, the first, second, third, fourth, sixth and eighth weeks 
after parturition, respectively. As a result the concentration of Hp in the 
1st week post partum was higher than the other weeks (P≤0.05). This was 
due to the physiological process of parturition, as there is an acute phase 
response. There were three heifers which developed postpartum metritis. 
The concentration of Hp from these animals remained high in blood serum 
during this investigation, with peak values of 26.45, 32.63 and 29.36 mg/dL 
at week six, and then decreased to normal values (5.63-21.32mg/dL) after 
antibiotic therapy. We concluded that Hp can increase significantly in the 
first week post partum in cattle and there is a significant correlation with 
uterine infection, especially postpartum metritis.
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39.  ANALYtiCAL bLooD CHANges iN LeisHMANiA 
positive Dogs: A RetRospeCtive stuDY. 

R. barrera, D.M. beristain, j. Duque, p. Ruiz. 
Departamento de Medicina Animal, Universidad 
de Extremadura, Cáceres, Spain.

Canine leishmaniasis is an enzootic disease in Extremadura, Spain. An 
adequate blood analysis interpretation allows the veterinarian to suspect 
disease, assess patient condition, determine a prognosis and evaluate treat-
ment response. The aim of this study is to evaluate clinicopathological 
changes more commonly observed and their incidence in this geographic 
area. Blood samples from 75 dogs suffering from leishmaniasis diagnosed by 
ELISA procedures, have been analyzed (hematology and blood biochemis-
try). The most common hematological finding was a slight to moderate nor-
mocytic, normochromic and non-regenerative anemia (62%), which is in-
dicative of chronic disease. Leukocyte count was normal in most of patients 
(65%). Leukocytosis with neutrophilia was observed in 17% and leukopenia 
due to neutropenia and/or lymphopenia in 18% of cases. Monocytosis due 
to chronic inflammation was observed also (85%). Thrombocytopenia was 
found in 31% of cases. Biochemistry analysis showed hyperproteinemia due 
to hyperglobulinemia, associated to antigenic chronic stimulation (75%). 
Hypoalbuminemia as a result of chronic inflammation and kidney disease 
was common (72%). In advanced stages of leishmaniasis, dogs may develop 
chronic renal failure because of immune-mediated glomerulonephritis, 
intersticial nephritis and amyloidosis (rare). Azotemia was present in 45% 
of cases and was accompanied by anemia and proteinuria. Liver damage is 
not commonly observed (in 9% of cases we observed increases in Alanine 
amino transferase, accompanied by alkaline phosphatase and bile acids). 
Additionally, hypercholesterolemia was observed in 13% of cases, but its 
interpretation is difficult.
These results suggest that blood analysis is very important in diagnoses, 
prognosis and disease control. Although anemia, hyperproteinemia and 
azotemia are commonly observed, there are other analytical changes that 
should be considered. 
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40.  pLAsMA FibRiNogeN AND iRoN CoNCeNtRAtioNs 
VERSuS lEuKOCYtE RESPONSE aS INDICatORS Of 
sYsteMiC iNFLAMMAtoRY DiseAses iN HoRses. 

R. barrera, M. Martín, p. Ruiz, v. vieitez, D.M. beristain, j. Duque, 
L.j. ezquerra
Departamento de Medicina Animal, Universidad 
de Extremadura, Cáceres, Spain.

Conventionally, leukocyte response has been used to assessing inflamma-
tory diseases in veterinary medicine. Recent studies suggest that measure-
ments of fibrinogen and plasma iron concentration are sensitive methods 
for detecting systemic inflammation in horses. The aim of this study is to 
evaluate the usefulness of both kinds of analyses.

A hematologic and complete biochemistry testing was performed in 12 
healthy horses and 25 hospitalized horses with diseases causing systemic in-
flammation (only the analysis at time of admission to hospital was included 
in this group).

Low plasma iron concentrations (36.61 ± 31.51 microgm/dL) and high 
fibrinogen concentrations (647.12 ± 446.03 microgm/dL) were both sensi-
tive indicators of systemic inflammation in horses. These alterations were 
observed in 96% and 92% of cases respectively. However, results obtained in 
leukocyte response were variable. 60% of sick horses had normal leukocyte 
counts (7751± 2731 leukocytes/µL), 20% had leukopenia (3350 ± 1861 leu-
kocytes/µL) as a result of neutropenia (918 ± 657 neutrophils/µL). Finally, 
20% showed leukocytosis due to neutrophilia (15249 ± 9396 neutrophils/
µL).

Fibrinogen and plasma iron concentrations are reliable inflammation in-
dicators in horses. In contrast, changes in leukocyte numbers, which are usu-
ally considered to be infection and inflammation hallmarks, do not appear 
to be useful in the diagnosis of these processes. However, more information 
is obtained when interpreting the results of iron and fibrinogen plasma con-
centrations in combination with the leukocyte response, because in many 
cases it helps to characterize the intensity and severity of the process.
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41.  DeteRMiNAtioN oF FRACtioNAL eXCRetioN 
aND uRINaRY OSmOlalItY IN DOGS 
WitH CHRoNiC KiDNeY DiseAse. 

D.M. beristain, C. Zaragoza, C. Rodríguez, j. Duque, p. Ruiz, R. 
barrera
Departamento de Medicina Animal, UEx, Cáceres, Spain

Introduction and objective: Evaluation of the ability to concentrate/dilute 
urine is the first step of urinalysis in order to assess kidney function. Uri-
nary osmolality (UOsm) and specific gravity (USG) are used routinely for 
assessing renal concentrating ability. Fractional Excretion (FE) of a plasma 
solute is the fraction of this solute filtered by the glomerulus, which is ex-
creted into urine. When renal dysfunction is suspected, FE Sodium (FENa) 
and FE Phosphorus (FEP) are most often used and could increase up to 3.5 
to 10-fold in dogs with chronic kidney disease CKD), than in healthy dogs. 
The goal in this study is to compare the USG, UOsm, and FE from healthy 
dogs and dogs suffering from CKD.. Material and Methods: Group I in-
cluded 11 healthy dogs. Group II included 16 dogs with symptoms, hema-
tological and urinalysis findings and complementary tests compatible with 
renal disease. Haematology and biochemistry analysis were performed in 
this study. Urinalysis, USG (manual refractometry) and UOsm (by freezing 
point osmometer) were performed on all samples. Results: Group I: USG 
mean 1.038 (±0.014), UOsm mean 1528.64mOsm/kg (±771.50). FENa mean 
0.57 (±0.35), FEK 15.34 (±7.02), FEP 24.49 (±9.8). Group II: USG mean 1.018 
(±0.006), UOsm mean 739.75 mOsm/kg (±336.36). FENa mean 5.40 (±6.03), 
FEK mean 154.80 (±110.43), FEP 62.76 (±45.50).
Conclusion: UOsm is the best method for determination of urinary con-
centrating ability, however, to determine FE of many constituents that are 
usually increased in CKD, may help to known better the renal function.
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42.  LiMits oF stANDARDisAtioN oF pRotHRoMbiN 
tiMe MeAsuReMeNts iN CANiNe sAMpLes. 

R. Mischke.
Small Animal Clinic, Hannover School of Veterinary 
Medicine, Hannover, Germany

Background: In contrast to humans, results of prothrombin time (PT) mea-
surements in dogs and other animals are usually reported as coagulation 
time (in seconds). This does not allow direct comparison of results obtained 
with different reagents and may even require reagent batch (lot)-related ref-
erence values in case of significant batch-to-batch variability. Aim: The ob-
jectives of this study were to evaluate the batch-to-batch and inter-reagent 
variability of PT measurements in canine plasma and to investigate the effect 
of different methods of standardisation. Materials and methods: PT stan-
dard test (PTST) and PT modified test (PTMT;1:20 sample dilution, fibrinogen 
supplementation) were measured using 5 different batches of each of the 
two commercial reagents Thromborel S and Neoplastin Plus. In addition, 
inter-reagent variability was studied for PTMT in artificially prepared canine 
samples with different factor VII activity levels (5 reagents) and in 86 canine 
samples (4 standardised reagents with ISI-values provided by the manufac-
turer) based on clotting times and after calculation of percent activity, pro-
thrombin ratio (PTR) or international normalised ratio (INR). Results: PTST 
and PTMT measurements showed only a small variation between different 
batches of the two investigated commercial reagents (CV≤5%). Calculation 
of percent activity or PTR reduced differences between different reagents 
when compared to results reported as coagulation times. However, signifi-
cant differences were still present. Calculation of INR using the ISI-values 
provided by manufacturers for use on humans receiving oral anticoagulants 
showed less favourable results. Conclusions: The results of this investiga-
tion indicate high reagent stability with respect to different batches and, 
therefore, standardisation does not seem to be necessary to further reduce 
batch-to-batch variability for the studied reagents. Possibilities for PT stan-
dardisation in order to achieve a reagent-independent result are limited. 
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43.  A suRveY oF tHe ReLAtioNsHip betWeeN 
mORPHOlOGICal CHaNGES Of WHItE blOOD 
CEllS aND SOmE bIOCHEmICal PaRamEtERS 
IN CalVES INfECtED bY SalmONElla 
aND OtHER PatHOGENS IN IRaN

Aslani F.1, Khaki Z.2, Zahrahi salehi t.3
1Islamic Azad University, Tehran, Iran; 2Department of Clinical Science, 
Faculty of Veterinary Medicine University of Tehran, Iran; 3Department of 
Pathobiology, Faculty of Veterinary Medicine University of Tehran, Iran. 

Salmonella spp. has been implicated as a cause of diarrhea in dairy calves. 
With regard to the importance of diarrhea in dairy calves and the effects 
of pathogens’ endotoxins which cause diarrhea in dairy calves, we studied 
some hematological and biochemical changes. 
In this study, blood and fecal samples were collected from 35 calves with 
diarrhea and 18 healthy calves at 5-8 weeks of age. Each calf was examined 
clinically. In order to detect which bacterial agents were involved, appro-
priate diagnostic examination was done. Salmonella spp., Klebsiella, Ecoli 
and Proteus were detected. Diagnostic examinations were performed and 
Cryptosporidium parvum and Eimeria were detected as the causative pro-
tozoal agents. Accoding to the isolated pathogen, diarrheic calves were di-
vided into 7 groups: ( Ecoli(E); Ecoli, Klebsiella(EK); Ecoli, Salmonella(SE); 
Ecoli, Proteus(EP); Ecoli, Klebsiella, Cryptosporidium (ECK); Ecoli, Prote-
us, Cryptosporidium(EPC); Klebsiella, Cryptosporidium(CK) and one was 
considered as the control. Creatinine, uric acid and urea were measured 
by commercial kits using an Eppendorf autoanalyzer. For serum levels of 
TBARs and vitamin A the UV autoanalyzer was used.
There was statistically significant difference in serum creatinine, urea and 
PP/F concentrations between EPC and the control group (P<0.05). There 
was significant difference in serum creatinine concentration between EPC 
group and two other diarrheic groups (EK,EP). Temperature was signifi-
cantly differenent between different diarrheic groups and the control group 
(P<0.05). On the contrary, there was no significant differences in hemato-
logical findings or biochemical parameters (P>0.05) between groups.
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44.  pAtHoLogiCAL FiNDiNgs Due to N. caNiNum IN 
tHE bRaIN Of bOVINE abORtED fEtuSES aND 
PlaCENta fROm SEROPOSItIVE DaIRY CattlE 

Hamidreza Haddadzadeh1, Nasrin Salehi1, Parvaneh Kazraee nia2

1Department of Parasitology, Faculty of Veterinary Medicine, University of 
Tehran, Tehran, Iran, 2Department of Clinical Science, Section of Clinical 
Pathology, Faculty of Veterinary Medicine, University of Tehran, Tehran, Iran

Neospora caninum infection has emerged as a serious disease of cattle and 
dogs worldwide and neosporosis is a major cause of abortion in cattle. Al-
though aborted fetuses seem to be the most likely source of infective mate-
rial for dogs, placentas from seropositive dams also appear to be a potential 
source of infective material. The objective of the study was to evaluate the 
presence of N. caninum organisms in the brain of aborted fetuses and pla-
centas of full-term calves born to seropositive cows.
Over a one-year-study period (2006-2007), a total of 12 brains of aborted 
calves from Neospora seropositive cattle and 7 placentas from seropositive 
dams giving birth to full-term calves, from two dairy farms located around 
Tehran province, Iran were examined histopathologically.
Mild to severe placentitis was observed in 5 placentas. Severe hyperemia 
and perivascular and perineuronal edema was evident in all fetal brains. In 
3 out of 12 brains, scattered foci of hemorrhages, neuropilar necrosis and 
gliosis were present. Also, nonsuppurative encephalitis with severe lympho-
histiocytic perivascular cuffing in one case and a small tissue cyst of Neos-
pora caninum in the other calf, were observed.
 Our results confirmed the histopathologic findings of other studies about 
Neospora caninum infection and it seems to support the hypothesis that 
Neospora infection is associated with bovine abortion in Iran.
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45.  A CLiNiCAL pAtHoLogY stuDY oF 
PIGEON tubERCulOSIS

Khazraiinia p, Ashrafi Halan j., Ahmadi M., Mahpeikar H.A., Yousefi p.
Veterinary Faculty, University of Tehran, Tehran, Iran

Avian tuberculosis is distributed all over the world, most commonly in small 
barnyard flocks with adult birds flying together, such as pigeons. The dis-
ease is caused by Mycobacterium avium or Mycobacterium genavense. The 
clinical signs are progressive weigh loss, depression, and fluffing. Granulo-
matous nodules of varying size are found in many parts of the body such as 
liver, spleen, bone marrow and subcutaneous tissue. Some flocks of pigeons 
in the area of Tabriz were suspected to suffer from tuberculosis. PCR, mi-
crobiology and pathology examination were done on the tissues of pigeons 
with suspicious clinical signs and results proved the presence of tubercu-
losis. Before euthanasia, blood samples were taken from cervical vessels of 
19 healthy pigeons as a control group, 28 infected pigeons without hepatic 
lesions and 18 pigeons with hepatic lesion and sera were stored at -20oC 
until used for biochemical measurement Cellulose acetate electrophoresis 
was done on sera samples and serum activity of ALT, AST, ALP, LDH and 
CPK were measured. 
The mean concentration of albumin and pre-albumin was decreased and 
the mean of α globulins, β globulins and γ globulins concentrations were 
increased in affected groups, compared with the control group. The mean 
serum AST, ALT, LDH and CPK activity was significantly increased in the 
affected group, especially pigeons with liver granulomatosis, compared with 
the control group. 
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46.  eFFeCt oF DietARY suppLeMeNtAtioN oF 
xaNtHuRENIC aCID, KYNuRENIC aCID, aNtHRaNIlIC 
aCID, NICOtINIC aCID aND tRYPtOPHaN ON lIPID 
RespoNses iN HYpeRLipeMiC guiNeA pigs. 

M. Abbasalipour Kabir rah1. p. Asadian2, F. Asadi1, N. Atyabi3, A. 
Shahriari4.
1Department of Biochemistry, School of Veterinary Medicine, University 
of Tehran, Tehran, Iran; 2Department of Clinical Pathology, School 
of Veterinary Medicine, Lorestan University, Khoramabad, Iran; 
3Department of Clinical Pathology, School of Veterinary Medicine, 
University of Tehran, Tehran, Iran; 4Department of Biochemistry, School 
of Veterinary Medicine, Shahid Chamran University, Ahwaz, Iran. 

In the present study, the effects of dietary tryptophan derived metabolic 
products supplementation on plasma and hepatic triglyceride (TG) and 
cholesterol (CHO) levels were evaluated in guinea pigs fed a lipid rich diet. 
Six groups of male guinea pigs were fed one of the following diets for 10 
days: lipid rich diet (LRD), lipid rich diet containing xanthurenic acid (LRX), 
lipid rich diet containing kynurenic acid (LRK), lipid rich diet containing 
anthranilic acid (LRA), lipid rich diet containing tryptophan (LRT) and lip-
id rich diet containing nicotinic acid (LRN). Results were analyzed among 
groups using 1-way ANOVA. Plasma levels of CHO in guinea pigs fed LRX 
(65.45±15.04 mg/dL), LRK (59.54±11.88 mg/dL) and LRA (67.88±5.35 mg/
dL) had significantly lower values than guinea pigs fed LRD (86.78±10.61 mg/
dL), alone. However, serum TG levels did not show any significant changes 
(p>0.05). On the other hand, all treatment groups showed significant de-
creases in liver CHO levels compared to the LRD (p<0.05). Furthermore, 
LRX and LRK decreased liver TG levels (499.48±72.63 and 487.93±46.34 
mg/g liver, respectively) when compared to the LRD (395.46±45.66 mg/g 
liver). These results suggest that supplementation of diet with xanthurenic 
acid and kynurenic acid have a lowering effect on the whole liver and serum 
CHO values in the LDL animal model.
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47.  seRuM LipiD AND LipopRoteiN 
pARAMeteRs oF peRsiAN buFFALo. 

F. Asadi1, A. Rezaee1, p. Asadian2, M. pourkabir1, A. shahriari3.
1Departmaent of Biochemistry, School of Veterinary Medicine, 
University of Tehran, Tehran, Iran;2Department of Clinical 
Pathology, School of Veterinary Medicine, Lorestan University, 
Khoramabad, Iran; and 3Departmaent of Biochemistry, School of 
Veterinary Medicine, Shahid Chamran University, Ahwaz, Iran

Lipid transport systems in animals has been evaluated both as experimental 
models for lipid and lipoprotein metabolism in humans and to gain insights 
into the lipid metabolism of specific animal breeds. Currently, there is little 
information about serum lipid and lipoprotein status in Persian Buffalo. The 
aim of the present study was to measure lipid and lipoprotein parameters 
and show lipoprotein electrophoresis patterns in this breed. We have mea-
sured serum triglyceride (TG), total cholesterol (TC), high density lipopro-
tein cholesterol HDL-C), very low density lipoprotein cholesterol (VLDL-C) 
and low density lipoprotein cholesterol (LDL-C) in 52 clinically healthy Per-
sian buffalo with ages ranging from 1 to 15 years and of both sexes.We have 
done agarose gel electrophoresis to show their serum lipoprotein patterns. 
Data were tested for normality and reference limits were calculated as 95% 
range. The 95% range of values for serum TG, TC, FFA, HDL-C, VLDL-C 
and LDL-C values were as follows: 0.55-0.69 (mmol/L), 2.05-2.26 (mmol/L), 
0.22-0.43 (mmol/L), 1.63-1.94 (mmol/L), 0.25-0.31(mmol/L) and 0.41-0.87 
(mmol/L), respectively. The relative percentages of α- and β-lipoproteins 
in electrophoretic tracing were 66.99±3.43% and 32.46±3.48%, respectively. 
Serum lipid and lipoprotein values in Persian buffalo are similar to those in 
cattle and may be useful for evaluating metabolic disorders in this species.
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48.  ALteRAtioNs to LipiD pARAMeteRs iN RespoNse to 
KYNuRENIC aCID, xaNtHuRENIC aCID, aNtHRaNIlIC 
ACiD AND NiCotiNiC ACiD iN Hepg2 CeLLs. 

p. Asadian1, F. Asadi2, N. Atyabi3, A. shahriari4, M. pourkabir2.
1Department of Clinical Pathology, School of Veterinary Medicine, 
Lorestan University, Khoramabad, Iran; 2Departmaent of Biochemistry, 
School of Veterinary Medicine, University of Tehran, Tehran, Iran; 
3Department of Clinical Pathology, School of Veterinary Medicine, 
University of Tehran, Tehran, Iran; 4Departmaent of Biochemistry, School 
of Veterinary Medicine, Shahid Chamran University, Ahwaz, Iran. 

The aim of the present study was to determine if major metabolites of tryp-
tophan (TRP) metabolism, kynurenic acid (KA), xanthurenic acid (XA), 
anthranilic acid (AA) and nicotininc acid (NA), can be used to change tri-
glyceride (TG) and cholesterol (CHO) secretion and cell content in HepG2 
cell culture system during both basal and glucose stimulated TG synthesis 
conditions. The data indicated that XA, KA, AA, NA and TRP decreased 
CHO secretion under 24 and 48 hours incubations in both basal (30,35,7, 
2, 21; 33,41,72,4.5,39%, respectively) and glucose stimulated TG synthesis 
conditions (12,17,22,15,4.5;40,21,31,41,2%, respectively). Except NA, this 
decrease was associated with an increase in the cellular CHO accumula-
tion (p<0.05). On the other hand,XA,AA,NA and TRP decreased TG secre-
tion under 24 and 48 hours incubations in both basal (62,62,42,50,27;51,1
3,21,53,56%, respectively) and glucose stimulated TG synthesis conditions 
(28,21,12,23,22;25,14,37,16,8.3%,respectively) when compared to the corre-
sponding basal and stimulated controls. However, these decrease in TG se-
cretion was associated with an increase in cellular TG degradation in 24 and 
48 hours incubations for both basal (39,13,10,9.5,12;11,1,39,9,4%, respec-
tively) and glucose stimulated TG synthesis conditions (40,30,33,7,34; 34, 
17,30,14,30%, respectively) when compared to the corresponding controls. 
Data suggests that XA and AA may be useful for manipulation of serum and 
cellular TG status. 

Proceedings BOOK.indb   140 9/25/09   3:24:34 PM



1�1

7-9 OCTOBER 2009 • THESSALONIKI, GREECE 11th ESVCP-ECVCP MEETING

49.  LYMpHoCYte subsets ReFeReNCe RANges 
IN SPaNISH PuREbRED HORSES

K. satué1, A. Hernández1, C. Lorente2

1CEU-Cardenal Herrera University, Moncada-Valencia, Spain, 
2 Dermatology Clinic (ADERVET), Madrid, Spain

Introduction and objectives: Simultaneous assessment of lymphocyte 
subsets is a most effective method for characterizing disorders related to 
the immune system (leukaemia, lymphomas, autoimmune and infectious 
diseases), offering a prognosis and evaluating the response to treatment. 
The aim of the present research has been to establish normal reference val-
ues, estimating the age- and gender-related variations in Spanish purebred 
horses. Material and methods: Analysis was done in samples from a total 
of 159 horses, 77 male and 82 females, classified in four age groups: Group 
A (1-2 years old), Group B (2-3 years old); Group C (3-4 years old) and 
Group D (4-7 years old). The animals were vaccinated and dewormed, did 
not present clinical signs of disease, and did not receive medications during 
the three months before the experiment. Blood samples were obtained from 
the jugular vein, and were stored in tubes with EDTA as anticoagulant. The 
total number of lymphocytes, T and CD2+, Th and Tc lymphocytes and B 
lymphocytes were determined by flow cytometry. NK cells were calculated 
by mathematical formula by subtracting CD2+ lymphocytes from the sum 
of Th and Tc lymphocytes. Results: Whereas sex did not exert any influence 
over lymphocytes subsets, there was an age-related decrease in the number 
of T, CD2+, Th, Tc and B lymphocytes, NK cells, without differences in the 
CD4/CD8 ratio. Conclusions: Populations of T, Th, Tc, B and NK cells are 
within the reported reference range for adult horses. Age had a significant 
influence in the immunophenotyping of the Spanish Purebred horse. These 
results indicated a natural condition of the healthy individual and could be 
the origin of the immune dysfunction seen in older animals.
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50.  HeMAtoLogY iN tHe ANDALusiAN bRooDMARe oF 
CARtHusiAN stRAiN: eFFeCts oF pRegNANCY, Age 
Of tHE maRE, SEx Of fEtuS aND matING SEaSON 

K. satué, A. Muñoz
CEU-Cardenal Herrera University, Moncada-Valencia, Spain

This research assesses whether pregnancy, sex of the fetus, age of the mare 
and mating period influence the hematological profile in mares. Forty-four 
healthy Spanish broodmares of Carthusian strain were studied during preg-
nancy, which was divided into three periods of similar duration. The mares 
were classified according to their age in three groups: A (4-7 years of age), 
B (8-12) and C (13-17), gender of the fetus and three periods according to 
the month of the year the mares were mated: between November-January, 
February-April and May-July. Venous blood samples were withdrawn ev-
ery month during pregnancy. Blood samples was collected into tubes with 
EDTA and were analyzed by a semiautomatic analyzer. Red blood cells 
(RCB), hemoglobin concentration (HB), packed cell volume (PCV), mean 
corpuscular volume (MCV), mean hemoglobin concentration (MCH), 
mean corpuscular hemoglobin concentration (MCHC), number of plate-
lets (PLT) and WBC were recorded. In blood smears, the differential count 
was evaluated. In serum, total proteins (TSP) were measured. Higher WBC 
were found in the 1st pregnancy period. PCV was higher and MCV, MCHC, 
neutrophils and N/L ratio were lower in the 2nd period. MCV was lower in 
the 3rd period. Older mares had lower PCV with higher MCV and MCH, 
lower WBC and lymphocytes and higher eosinophils and N/L ratio. Mares 
that had a male fetus presented with higher RBC, HB and N/L and lower 
MCV than mares that had a female fetus. Although the hematological pa-
rameters in broodmares of Carthusian strain are within the reference range 
for healthy adult horses, the effect of age of the mare, month of pregnancy 
and sex of the fetus should be taken into account.
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51.  is tHeRe A NeeD FoR iRoN suppLeMeNtAtioN iN 
spANisH puRebReD MARes DuRiNg pRegNANCY?

K. satué, p. Montesinos
CEU-Cardenal Herrera University, Moncada-Valencia, Spain

Introduction and objectives: Quantifying the reserve maternal iron in the 
pregnancy, would determine the needs of supplementation and thus reduce 
the adverse effects of the deficiency of this metal during embryonic and fetal 
development in the neonate, and minimize the risk cardiovascular disease 
in adulthood. The aim proposed in the present research was to analyze the 
effect of the pregnancy in the FERR and Fe concentrations in the pregnant 
Spanish mare. Material and methods: A total of 31 reproductive Spanish 
mares were analyzed during pregnancy. Pregnancy was divided into three 
periods of similar duration. Venous blood samples were extracted always in 
the morning, with a monthly frequency. The fractions were introduced in 
tubes with glass tubes with activators of the coagulation for the FERR and 
Fe determinations. FERR concentrations were measured by turbidimetric 
method using reagents from Spinreact® with a coefficient of variation intra-
assay of 4.96%. Fe concentrations were measured using a spectrophotometer 
(Clima-M5-15®) and special reagents from this spectrophotometer (RAL®). 
Results: Mean±ee FERR concentrations were 145,34±2.3 μg/dl (42,90-
357,10 μg/dl) and mean±ee of Fe concentrations were 164.50±2.83 µg/dl, 
(6.20-399.60 µg/dl). Pregnancy in the Spanish mare was characterized by 
a significant increase in the concentrations of FERR and Fe. Conclusions: 
In conclusion, pregnancy modifies significantly the iron state in the Span-
ish mare. Concentrations of Fe during I period of the gestation suggested a 
major utilization of Fe from the fetus and the placenta. The increase of the 
stores of Fe during the II and III period would indicate a positive balance of 
Fe, which could be related to a decrease in the mobilization, indicating that 
is not need for iron supplementation in these mares during pregnancy. 

Proceedings BOOK.indb   143 9/25/09   3:24:34 PM



1��

11th ESVCP-ECVCP MEETING 7-9 OCTOBER 2009 • THESSALONIKI, GREECE

52.  seRuM ReNiN, ANgioteNsiN ii AND 
alDOStERONE CONCENtRatIONS IN 
SPaNISH maRES DuRING PREGNaNCY

satué, K.1, Domingo, R1.
1Animal Medicine and Surgery Department, CEU-
Cardenal Herrera University, Valencia, Spain. 

Activation of the Renin Angiotensin Aldosterone System (RAAS) during 
pregnancy has great importance in order to adjust the cardiovascular and 
hemodynamic maternal demands and also have a direct influence on the 
proper development of the fetus and fetal viability. The main purpose of this 
research was to analyze pregnancy-related changes in serum renin (REN), 
angiotensin II (ANG-II) and aldosterone (ALDO). Jugular venous blood 
samples were taken every month during pregnancy in a total of 33 Spanish 
Purebred mares, aged between 4 and 17 years. Serum REN, ANG-II and 
ALDO concentrations were measured by competitive immunoassay. Mean 
values of REN during the first five months of pregnancy ranged between 
2.56 and 3.31 pg/dL. They increased progressively from the 6th month (3.26 
pg/mL), achieving maximum mean values, three-fold higher than basal 
values, at t he 10th (7.20 pg/mL) and 11th months (7.23 pg/mL). Serum 
ANG-II fluctuated without significant changes between 0.05 and 7.66, with 
a mean value of 1.28 ng/mL. Mean values of ALDO after a decrease in the 
second month, increased progressively from the third month reaching in 
the fifth month the average maximum level of (795.19±71.22 pg/mL). From 
the sixth to the ninth month a new significant decrease was seen (p<0.05). In 
conclusion, the physiological state of gestation is characterized by a marked 
activity of the Renin Angiotensin Aldosterone System. Pregnancy in Span-
ish mares induces a progressive increase in REN concentrations, without 
modification of ANG-II and fluctuations of ALDO concentrations. This fact 
possibly could be associated with the interaction of certain metabolic and 
hormonal factors that happen during pregnancy in the mare. 
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53.  HeMAtoLogiCAL pRoFiLe iN spANisH puRebReD 
HoRse: eFFeCts oF Age AND geNDeR

K. satué 1, A. Hernández 1, C. Lorente 2 

1 CEU-Cardenal Herrera University, Moncada-Valencia, Spain 
2 Dermatology Clinic (ADERVET), Madrid, Spain

The aim of this research was to establish the reference values for the hemo-
gram of Spanish Purebred horses and to assess the influence of age and gen-
der on the haematological parameters. Venous blood samples were obtained 
a total of 159 horses, 77 male and 82 females, grouped in four age groups: 
A group (1-2 years old), B group (2-3 years old); C group (3-4 years old) 
and D group (4-7 years old). Immediately after sampling blood smears were 
made. Samples were introduced into tubes with EDTA and lithium-heparin 
for haematological parameters and Total Plasma Proteins (TPP) determi-
nations, respectively. Using a semiautomatic cell-counter (Sysmex F-820) 
the following parameters were assayed: red blood cell count (RBC), haemo-
globin concentration (HB), packed cell volume (PCV), mean corpuscular 
volume (MCV), mean haemoglobin concentration (MCH), mean corpuscu-
lar haemoglobin concentration (MCHC), number of platelets (PLAQ) and 
white blood cell count (WBC). In the peripheral blood smear the differential 
white blood cell count was estimated by counting lymphocytes (LYMPH), 
band neutrophils (BAND NEUT), segmented neutrophils (SEGM NEUT), 
eosinophils (EOS), monocytes (MON) and basophiles (BAS). TPP was ana-
lyzed by spectrophotometry. Gender has a limited influence on these pa-
rameters. Ageing caused a reduction in the number of RBC, WBC, PLAQ, 
LYMPH and SEGM NEUT with increase of MCV and MCH and N/L ratio, 
and no change in BAND NEUT, EOS, MON and BAS. In conclusion, we 
have established reference values for haematological parameters in Spanish 
Purebred horses. Age and, to a lesser extent, gender, have a significant influ-
ence on the hemogram of Spanish Purebred horse, warranting the produc-
tion of a reference ranges specific for age and gender. .
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54.  CoMpARisoN oF tHRee DiFFeReNt 
mEtHODS tO DEtECt iN Vitro aCtIVatED 
PlatElEtS IN WHOlE blOOD Of RatS

A. pankraz1, D. Ledieu2, D. pralet2
, A. Moritz3 and A. provencher-

bolliger4

1Biocontrol Veterinary Laboratories, Ingelheim, Germany  
2Clinical Pathology, Preclinical Safety, Novartis Institutes for BioMedical 
Research, 
Basel, Switzerland 
3Department of Veterinary Clinical Sciences Clinical Pathophysiology and 
Clinical PathologyJustus-Liebig University 
4Charles River Laboratories, Preclinical Services, Quebec H9X 3R3 Canada

Activated platelets have been implicated in the pathogenesis of several dis-
eases in people and animals. Rats are currently used as a model to investi-
gate diseases like stroke, cardiac infarction, vascular damage, and throm-
bosis. The aim of the study was to compare the detection of CD62p ex-
pression on platelets, the detection of platelet-neutrophil aggregates, and 
the quantitative analysis of the shape change of the platelet population with 
flow cytometric methods as markers for platelet activation in whole blood 
of rats. CD62p expression on the outer cell membrane of platelets was de-
tected using CD61 and CD62p specific antibodies; for detection of plate-
let-neutrophil aggregates CD61 and CD45 antibodies were utilized. Shape 
change was calculated after applying a described gating strategy to a FSC/
SSC dot plot. The determined reference ranges in non-activated samples 
were (n=30; mean±sd) 71.6±40.42 for CD62p mean fluorescence intensity 
(CD62p MFI), 29.4±7.9 for shape change, 1.4±1.3 for platelet-neutrophil ag-
gregates and 4.3/2.6-22.4% (median/95% percentile) for CD62p % positive 
cells (CD62p %). Using Spearman’s rank correlation a good correlation was 
determined for CD62p % and shape change (r=-0.85), CD62p MFI and shape 
change (r=-0.82), whereas the correlation of the number of aggregates with 
other platelet activation parameters (CD62p %, CD62 MFI, shape change) 
was only fair (r=0.69, r=0.73, and r=-0.67 respectively). Based on our data, 
the detection of CD62p expression as well as the shape change are the best 
suited parameters to assess platelet activation in whole blood of rats.
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55.  evALuAtioN oF A poRtAbLe gLuCose 
MeteR FoR use iN sHeep. 

p.D. Katsoulos1, M.A. Karatzia2, K. pourliotis2, A. Minas3, g. 
Christodoulopoulos1.
1Clinic of Medicine, School of Veterinary Medicine, University of 
Thessaly, Karditsa, Greece; 2Clinic of Farm Animals, School of Veterinary 
Medicine, Aristotle University of Thessaloniki, Thessaloniki, Greece; 
and 3Laboratory of Microbiology, Department of Medical Laboratories, 
Technological Educational Institution of Larissa, Larissa, Greece

Background and Objective: In farm animal veterinary practice it is often 
required to determine blood glucose values on the farm. As there is no por-
table glucose meter developed for use in farm animals, it was decided to 
evaluate the analytical accuracy of a human portable glucometer for use in 
sheep. Materials and Methods: 101 sheep blood samples, obtained from 
the jugular vein, were used for the study. Glucose was determined in whole 
blood immediately after veinpuncture with One Touch® VitaTM portable glu-
cometer and in serum with a colorimetric method. The agreement between 
methods was evaluated using Passing and Bablok regression analysis. The 
precision and the accuracy of the measurements were tested using concor-
dance correlation coefficient. Results: There is strong linear relationship 
between the glucose values evaluated with the portable glucometer and 
those with the laboratory method (y=0.1444+0.9474x). The precision and 
the accuracy of the measurement were determined at 87.99% and 98.80% 
respectively. The mean glucose values with the portable glucometer were 
significantly lower than those of the laboratory method. Conclusions: One 
Touch Ultra® portable glucometer is sufficiently accurate for use in clinical 
practice to determine blood glucose concentrations in sheep.
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56.  seRuM iRoN CoNCeNtRAtioNs iN HoRses CoveRiNg 
DiFFeReNt DistANCes iN eNDuRANCe eveNts. 

A. Muñoz1,2, C. Riber1,2, p. trigo2, K. satué3, F.C. Castejón2

1Animal Medicine and Surgery Dpt., 2Equine Sport Medicine Centre, 
CEMEDE, University of Córdoba; and 3Animal Medicine and Surgery 
Dpt., Cardenal Herrera-CEU University, Valencia, Spain. 

Iron (Fe) is of essential importance for aerobic metabolism as a component 
of blood hemoglobin, cytochromes and several enzymes involved in energy-
generating oxidative processes. Trainers frequently provide Fe, even though 
a positive effect on performance has not been confirmed. This research 
evaluates resting Fe concentrations in endurance horses, assesses whether 
anemia exists and whether exercise influences serum Fe concentrations. 
Thirty-one performance endurance horses were studied, divided into two 
groups: A (that covered 80 km/day; n=20) and B (that covered 160 km in 
two days, 80 km/day; n=11). Blood samples were taken at rest and after 
each vet-gate, i.e., after 27, 60 and 80 km for one day (group A) and for 
two days (group B). Serum concentrations of Fe and plasma concentrations 
of proteins (TPP) and albumin (ALB) were measured. Packed cell volume 
(PCV) was also determined. The animals were not on Fe supplementation 
at the time of the study. No significant differences were found between both 
exercise types (A and B). Resting Fe was 129.7±54.82 μg/dL and PCV was 
36.90±3.208 %. Although serum Fe concentrations increased after 27, 60 
and 80 km, they did not reach significant differences compared with resting 
values. Anemia was not found. Significant positive correlations were found 
between exercise velocity, ALB and Fe. It is concluded that serum Fe con-
centrations in our study were within reference interval for adult horses, and 
Fe was not affected by the duration of the performed exercise. However, the 
correlations showed that mild but clinically insignificant changes could ap-
pear as a result of dehydration. 
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57.  Age AND geNDeR sHouLD be CoNsiDeReD 
WHEN INtERPREtING SERum CONCENtRatIONS 
oF igF-i iN spANisH FoALs. 

C. Riber1,3, A. Muñoz1,3, K. satué2, p. trigo3, F.C. Castejón3

1Animal Medicine and Surgery, Córdoba University; 2Animal 
Medicine and Surgery, Cardenal Herrera-CEU University, Valencia; 
and 3Equine Sport Medicine Centre, Córdoba University, Spain. 

Developmental orthopedic disorders (DOD) are common causes of pain 
and lameness in sport horses and include clinical entities such as osteo-
chondrotis dissecans, subchondral bone cysts, angular limb deformities, 
physitis and cuboidal bone abnormalities. Insulin-like growth factor I (IGF-
I) is lower in healthy horses than in those with DOD. However, IGF-I might 
be affected by breed, age and gender. This study establishes reference val-
ues of IGF-I in DOD-free Spanish foals of both genders and different age. 
Eighty-seven Spanish foals were divided into 7 age groups: A (2 months-old, 
3 colts, 6 fillies), B (3 months-old, 5 colts, 6 fillies), C (4 months-old, 10 
colts, 3 fillies), D (5 months-old, 3 colts, 5 fillies), E (6 months, 3 colts, 4 fil-
lies), F (1-2 year-old, 5 colts, 5 fillies) and G (3-4 year-old; 7 colts, 12 fillies). 
Mean values found in colts were 235.3±32.68, 207.1±26.39, 170.6±28.52, 
155.4±20.05, 137.0±25.91, 105.6±39.78, 98.57±28.72 ng/mL and in fillies 
were: 245.4±32.68, 194.7±39.29, 174.2±23.68, 161.7±19.85, 66.36±11.67, 
86.60±23.03 and 73.59±16.64 ng/mL for the different groups. Serum IGF-I 
was significantly higher in colts than in fillies in group G. Colts between 2 
and 6 months had higher IGF-I and from this moment on, significant dif-
ferences linked to age were not detected. Fillies between 2 and 4 months 
had higher IGF-I than fillies between 4 and 6 months and both had higher 
IGF-I than fillies older than 1 year. In conclusion, IGF-I decreased with age 
in Spanish horses, especially during the first 6 months of age. The influence 
of gender seems to be less marked. 

Proceedings BOOK.indb   149 9/25/09   3:24:35 PM



1�0

11th ESVCP-ECVCP MEETING 7-9 OCTOBER 2009 • THESSALONIKI, GREECE

58.  CouLD seRuM iRoN be useD As A MARKeR oF 
muSClE INflammatION IN ENDuRaNCE HORSES 
WitH eXeRtioNAL RHAbDoMYoLYsis?

A. Muñoz1,2, C. Riber1,2, p. trigo2, K. satué3, F.C. Castejón2

1Medicine and Surgery Dpt.; 2Equine Sport Medicine Centre, 
Córdoba University; and 3Medicine and Surgery Dpt., 
Cardenal Herrera-CEU University, Valencia, Spain. 

Significant decreases in serum iron concentrations occur within 24 hrs of 
experimentally induced inflammation in horses. Hypoferremia has been 
found in illnesses associated with infection, tissue injury and inflammatory 
processes. Equine rhabdomyolysis is common during or after prolonged 
exercise, with muscle cell disruption and inflammation. This research com-
pared serum iron concentrations in endurance horses with and without 
rhabdomyolysis in order to verify whether iron could reflect acute muscle 
inflammation. Blood samples were collected at rest and after 80 km of com-
petition from 6 horses with rhabdomyolysis, RHB, (myoglobinuria, muscle 
pain, and stiffness and confirmed with serum CK higher than 1000 IU/L) 
and from 11 horses without clinical and/or laboratory evidence of muscle 
injury. No significant differences in Fe, serum muscle enzymes (CK, AST 
and LDH) and markers of hydration (PCV, total plasma proteins, TPP and 
albumin, ALB) were found between groups at rest. At the end of the compe-
tition, RHB showed higher CK (2036 vs. 311.8 IU/L), AST (337.3 vs. 221.4 
IU/L), LDH (983.0 vs. 525 IU/L), PCV (55 vs. 48.2%), TPP (8.280 vs. 7.459 
g/dl) and ALB (4.035 vs. 3.086 g/dL). Differences in serum Fe concentra-
tions were not detected between both groups, although successful horses 
presented a non-significant trend towards lower Fe concentrations (121.1 
vs. 154.8 μg/L in RHB). A weak correlation was found between Fe and CK 
(r=0.520). In conclusion, serum Fe concentrations did not aid in the diagno-
sis of acute muscle injury in endurance horses. Possible reasons are differ-
ences between systemic and localized inflammation, effect of hemoconcen-
tration and/or exercise-induced hemolysis. 
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59.  ReFeReNCe vALue ADvisoR: A FReeWARe 
tO HElP COmPutE REfERENCE lImItS

A. geffré1, D. Concordet2, j.p. braun1,2, C. trumel1
1Département des Sciences Cliniques (Groupe de Recherche en Animaux de 
Compagnie) 2UMR 181 Physiopathologie et Toxicologie Expérimentales 
Ecole Nationale Vétérinaire de Toulouse, 23 
Chemin des Capelles, Toulouse, France

Background: International recommendations to determine reference inter-
vals have been recently updated (IFCC-CLSI, C28-A3) especially for small 
reference sample groups: robust method and Box-Cox transformation are 
now recommended. Unfortunately these methods are not yet available with 
most softwares used for clinical laboratories data analysis. Objective: To 
make a set of macroinstructions for the widely available Excel software to 
calculate reference limits according to different methods. Results: For any 
series of data, this freeware: 1/ calculates the reference limits (with 90%CI) 
by the nonparametric method (when n≥120), and by parametric and robust 
method from native and Box-Cox transformed values; 2/ tests the normality 
of distributions according to Anderson-Darling and outliers according to 
Tukey and to Dixon-Reed; 3/ shows the distribution of values (dot-plot and 
histograms) and QQ plots for visual normality inspection; 4/ gives some ob-
servations according to C28-A3. Discussion & conclusion: The main point 
in the determination of reference intervals is the correct selection of as large 
as possible numbers of reference individuals and analysis of specimens un-
der controlled preanalytical and analytical conditions. Whatever the com-
puting tools used, they cannot compensate for low numbers, poor methods, 
etc. This freeware offers the possibility to rapidly assess and compare results 
calculated by different methods, including by currently non available meth-
ods, thus allowing selection of the most appropriate one, especially as it 
provides the CI of limits. It should be useful in veterinary clinical pathology 
where only small reference sample groups are available.
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60.  ANtiAggRegANts FoR pLAteLet 
CouNtiNg iN FeLiNe bLooD. 

F. granat1, A. geffré1, jp. braun1, 2, C.trumel1
1Département des Sciences Cliniques Groupe de Recherches Animaux de 
Compagnie; 2UMR 181 Physiopathologie and Toxicologie Experimentales 
INRA,ENVT, Ecole Nationale Vétérinaire, Toulouse, France.

Background: Due to platelet clumping, platelet and white cell counts are of-
ten erroneous in feline blood with cell counters. The use of EDTA or citrate 
alone as anticoagulant for such sample is questionable. CTAD (citrate, the-
ophylline, adenosine and dipyridamole) is more efficient for feline samples 
and the antibiotic, kanamycin, limits the in-vitro aggregation in some hu-
man blood samples. Objectives: To compare platelet aggregation, platelet 
and WBC counts in standard EDTA-K3 tubes and in EDTA-K3 tubes sup-
plemented with CTAD with or without kanamycine. Methods: 46 EDTA-K3 
feline blood samples were added to CTAD and CTAD+kanamycin prepara-
tions. Aggregation was quantified on blood smears, then platelet and WBC 
counts were performed on the 3 specimens with a Sysmex XT2000iV analy-
ser. A smear estimation of the platelet count was also performed as a basis 
for comparison. Results: According to the grade of aggregation, specimens 
were divided into two groups: 11 and 35 samples had a high and low de-
gree of aggregation respectively. CTAD and CTAD+kanamycin significantly 
reduced platelet clumping, thus allowing more accurate platelet and white 
blood cell counts than EDTA alone in “aggregated” samples. Conclusion: 
The addition of CTAD with or without kanamycin to EDTA allows more 
accurate platelet and white blood cell counts in feline samples, especially 
when platelet clumping can be expected.
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61.  evALuAtioN oF tHe eFFeCt oF tHe CoLLeCtioN 
REGImE ON RENal uRINaRY bIOmaRKERS 

M pinches, C. betts, s bickerton, L burdett, N Derbyshire, H jones, 
H Caddick, M. Moores, s sourial 
Safety Assessment AstraZeneca, Alderley Park, Macclesfield, Cheshire, UK

Background: Numerous novel urinary biomarkers for rodents have re-
cently become available in multiplex assay format. To minimise the impact 
on animal welfare, guidelines recommend the use of 6 hour timed urine 
collection. However to date, only 18hr overnight urine collections have 
been used in evaluation studies. Objective: The aim of this study was to 
evaluate the influence of a shorter (6hr vs 18hr) timed urine collection on 
routine (urinary total protein(TP), glucose and n-acetyl-beta-d-glucosa-
minidase (NAG)) and emerging renal urinary biomarkers (albumin, alpha 
glutathione s-transferase(α-GST), calbindin d28, glutathione S-transferase-
yb1(GSTYb1), lipocalin-2, kidney injury molecule-1(KIM-1), osteopontin, 
and renal papillary antigen 1 (RPA-1). Methods: Multiple groups of 10 male 
han-wistar rats were given a single dose of 0.1mg, 1mg or 2.5mg cisplatin i.p. 
to induce renal injury. Urine was collected at multiple timepoints thereafter. 
At each time point, urine was initially collected by 6hr-timed collection, fol-
lowed by a 18hr-timed collection. Results: Difference plots were construct-
ed between 6hr and 18hr collections and percentage bias calculated for all 
samples. Pearson correlation coefficient with 95% confidence intervals were 
also calculated. Percentage bias between collections was calculated to be 
KIM-1(4.0), TP(6.2), albumin(9.0), lipocalin-2(15.6), osteopontin(17.3), 
calbindin(38.8), α-GST(35.2), RPA-1(41.2), glucose(46.3), GSTYb1(46.4), 
NAG(124). Pearson correlation coefficient values were >0.83 for all bio-
markers except NAG and Calbindin. Conclusions: There was correlation 
and limited bias between different urine collections in KIM-1, total protein, 
osteopontin, albumin and lipocalin-2. There was correlation but moderate 
bias between different urine collections in α-GST, glucose, GSTYb1, and 
RPA-1. 

Animal procedures were carried out under local Ethical Committee 
guidelines and approval, and followed the UK Home Office (1989) “Code 
of practice for the Housing and Care of Animals used in Scientific Proce-
dures”.
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62.  CoMpARisoN oF tHRee DiFFeReNt MetHoDs 
Of uRINE CaNINE SEDImENt PREPaRatION 
fOR mICROSCOPIC aNalYSIS

C. Layssol1, A. geffré1, jp braun1, 2, C.trumel1
1 Department of Clinical Sciences, Groupe de Recherche des Animaux 
de Compagnie; and 2UMR 181 Physiopathologie and Toxicologie 
Expérimentales INRA, Ecole Nationale Vétérinaire, Toulouse, France.

Background: Common recommendations for urine sediment preparation 
in small animal veterinary medicine are low speed (approximately 400 g) 
centrifugation for 5 minutes and large urine volume. The latter is frequently 
difficult to obtain in small dogs and cats. In addition, many veterinary prac-
titioners only have a benchtop high speed/low volume/short time centri-
fuge. Objectives: To compare three different methods of urine sediment 
preparation: low speed and large volume (LS/LV), low speed and small vol-
ume (LS/SV) and high speed and small volume (HS/SV). Methods: Three 
aliquots of 50 canine urine samples were processed as follows: 
1/ LS/LV: 5ml at 400g for 5 minutes with a ROTOFIX 32A centrifuge
2/ LS/SV: 1.5ml at 250g for 5 minutes with a ROTOFIX 32A centrifuge
3/ HS/SV: 1.5ml at 3900g for 45 seconds with a high speed benchtop cen-
trifuge STATSPIN, 
 Microscopic examination was performed by the same person: red blood 
cells, white blood cells, epithelial cells, crystals and casts were counted in 
10 fields. Means were compared by Student’s paired t-test or Wilcoxon test 
(+ Bonferroni’s correction) according to the homogeneity of variances. Re-
sults: There was no significant difference for any paired results except for 
cast counts in LS/LV and HS/SV. Conclusion: For dog urine sediment prep-
aration, when necessary or convenient, high speed-short time sedimenta-
tion of a small volume of urine can be a valid substitute for the usual LS/LV 
procedure.
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63.  HeMAtoLogY AND pLAsMA bioCHeMistRY 
ReFeReNCe vALues iN FRee-LiviNg bLACK 
VultuRE (Aegypius monAchus) IN tHE DaDIa 
fORESt RESERVE, tHRaCE, GREECE

M. Kritsepi – Konstantinou1, A. Komnenou2, i. georgopoulou3, A.-L. 
thomas2, D. vasilakis4,th. skartsi4 

1Diagnostic Laboratory; 2 Clinic of Companion Animal Medicine; 3 
Clinic of Avian Medicine, School of Veterinary Medicine, Aristotle 
University of Thessaloniki, Greece; and 4 WWF Greece, Dadia project

The National Park in Dadia hosts some very important and rare species of 
raptors. Among all hosted raptors, the flag species of the park is the Black 
Vulture (Aegipius monachus), which is preserved in the forest, its last breed-
ing colony in the Balkans and one of the few remaining in Europe. Knowl-
edge of hematological and biochemical parameters in free-living birds is 
important for assessing and managing the remaining populations, par-
ticularly in the case of rare or endangered species. The goal of our study 
was to establish reference values and compare them among different age 
groups. Blood samples were collected from 74 apparently healthy, free-liv-
ing A. monachus. A blood chemistry profile, including 17 parameters, was 
available for 73 of them while a complete blood count was obtained in 22 
birds. Concerning their age, 26 were nestlings, 32 immature and 16 adults. 
Nestlings had significantly lower hematocrit values compared to immature 
(p=0.007) and adult birds (p=0.004). There was a statistically significant rise 
in hemoglobin concentrations and erythrocyte count from nestlings over 
immature to adult birds (p for trend 0.001 and 0.003 respectively). On the 
other hand, alkaline phosphatase, creatine phosphokinase and lactate dehy-
drogenase levels were progressively decreasing along with increasing age (p 
for trend 0.002, 0.038 and 0.017 respectively). Adult birds had significantly 
lower eosinophil counts compared to nestlings (p=0.031) and to immature 
birds (p=0.037). Conversely, total protein levels were significantly higher 
among adult birds, compared to nestlings (p=0.003) and immature birds 
(p=0.0002). The results of our study are the first reported in free-living Black 
Vultures in Greece.
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64.  stAbiLitY oF HeMAtoLogY ANALYtes iN FeLiNe 
blOOD StORED fOR 2 DaYS at ROOm tEmPERatuRE

N. bourgès-Abella1, F. granat1, A. geffré1, jp. braun1, 2, C. trumel1
1Département des Sciences Cliniques Groupe de Recherches Animaux de 
Compagnie; 2UMR 181 Physiopathologie and Toxicologie Experimentales 
INRA,ENVT, Ecole Nationale Vétérinaire, Toulouse, France.

Background: In-clinic hematology analyzers are not available in all veteri-
nary practices. Thus some analyses cannot be performed within a few hours 
of blood sampling. Objectives: To compare results of automated blood 
analyses in feline blood stored for up to 2 days at room temperature (~20°C) 
. Methods: 46 EDTA-K3 feline blood specimens were analyzed with a Sys-
mex XT2000iV analyser within one hour of sampling. They were then stored 
at room temperature. After 24 and 48 hours, specimens were gently mixed 
and reanalyzed. After ANOVA for paired samples and testing for homoge-
neity of variances, paired comparisons were performed by Wilcoxon test 
with Bonferroni’s correction. Results: ANOVA showed decreases (mean 
change in brackets for 24 and 48 hours storage respectively) of RBC-imped-
ance (0.15 x1012/L for both hours), MCHC (38.2 and 53.0g/L), eosinophils 
(0.2 and 0.37x109/L), basophils (0.05 and 0.07 x109/L), and increases of he-
moglobin (0.9 and 1.2 g/L), hematocrit (0.05 and 0.08 L/L), MCV (6 and 9 
fL), PLT-optical (23 and 53.x109/L), RDW-SD (3.6 and 7.6 fL), reticulocyte 
count (12.9 and 24.5.x109/L). In specimens showing platelet clumping at t 
0, PLT count was increased on the following days. Conclusion: Feline he-
matology parameters obtained on blood stored for up to 48 hours at room 
temperature and analyzed on the XT-2000iV were mainly stable except for 
some red blood cell parameters such as hematocrit, MCV and reticulocyte 
count. 
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65.  stAbiLitY oF HeMAtoLogY ANALYtes iN CANiNe 
blOOD StORED fOR 2 DaYS at ROOm tEmPERatuRE

N. bourgès-Abella1, p. Deshuilliers1, A. geffré1, jp. braun1, 2, C. 
trumel1
1Département des Sciences Cliniques Groupe de Recherches Animaux de 
Compagnie; 2UMR 181 Physiopathologie and Toxicologie Experimentales 
INRA,ENVT, Ecole Nationale Vétérinaire, Toulouse, France.

Background: In-clinic hematology analyzers are not available in all veteri-
nary practices. Thus some analyses cannot be performed within a few hours 
of blood sampling. Objectives: To compare results of automated blood anal-
yses in canine blood stored for up to 2 days at room temperature (~20°C). 
Methods: 42 EDTA-K3 canine blood specimens were analyzed with a Sys-
mex XT2000iV analyser within one hour of sampling. They were then stored 
at room temperature. After 24 and 48 hours, specimens were gently mixed 
and reanalyzed. After ANOVA for paired samples and testing for homoge-
neity of variances, paired comparisons were performed by Wilcoxon test 
with Bonferroni’s correction. Results: ANOVA showed decreases (mean 
changes in brackets for 24 and 48 hours storage respectively) of RBC-im-
pedance (0.3 and 0.5x1012/L), MCHC (37.3 and 57.7g/L), lymphocytes (0.11 
and 0.25 x109/L), monocytes (0.35 and 0.59 x109/L), basophils (0.0015 and 
0.0041 x 109/L), platelet-impedance (40.4 and 75.7x109/L) and platelet-opti-
cal (29.2 and 49.6 x109/L), and increases of hemoglobin (1.0 and 1.13g/L), 
hematocrit (0.052 and 0.087 L/L), MCV (8 and 14 fL), RDW-SD (4.3 and 7.9 
fL) and reticulocytes (9.2 and 25.4 x109/L). Conclusion: Canine hematology 
run on blood stored for up to 48 hours at room temperature and analyzed 
on the XT-2000iV analyser was mainly stable except for parameters such as 
hematocrit, MCV and reticulocyte count. 
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66.  MYCopLaSMa HaeMoLaMae INfECtION IN aN alPaCa 
DEtECtED bY blOOD SmEaR ExamINatION, 16S 
RDNa PCR aND DENatuRING GEl ElECtROPHORESIS

Patricia Crosse¹, Kate English¹, Claire Whitehead¹, Roger ayling², 
balazs szladovits¹, Laia solano-gallego¹.
¹Royal Veterinary College, University of London, UK. ²Mycoplasma 
Group, Department of Statutory and Exotic Bacterial Diseases, 
Veterinary Laboratories Agency (VLA), (Weybridge), Surrey, UK.

A three year-old male alpaca from the South East of England was presented 
to the Large Animal Practice at the Royal Veterinary College with a history 
of progressive weight loss, lethargy, swelling of the scrotum, pale mucous 
membranes and mild regenerative anaemia. Blood smear examination re-
vealed a moderate regenerative anaemia, with numerous small basophilic 
staining coccoid structures consistent with Mycoplasma haemolamae. To 
confirm the presence of M. haemolamae, a portion of the 16S rRNA gene 
was amplified and analysed by a denaturing gradient gel electrophoresis 
(DGGE), at the VLA. 16S rRNA gene sequencing showed a 99% homol-
ogy with M. haemolamae sequences deposited in GenBank. The alpaca 
was monitored over 4.5 months with serial haematologies, including blood 
smear examination and molecular testing. The alpaca was negative on both 
blood smear examination and molecular testing for M. haemolamae after 3 
days of treatment with oxytetracycline but was positive on PCR and DGGE 
at 2 and 4 months post discharge although blood smear examinations re-
mained negative. To the author’s knowledge this is the first case report of 
Mycoplasma haemolamae infection in an alpaca in the UK. These results 
suggest that parasitemia is not cleared by the standard tetracycline regime 
used and alpacas become chronic carriers after infection with haemoplas-
mas.
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67. MegAKARYobLAstiC LeuKeMiA iN A Dog 
A. Hillström1, H. tvedten1, M. Kiupel2. 
1University Animal Hospital, Swedish University of Agricultural Sciences  
and Strömsholm Referral Animal Hospital, Sweden 
2Department of Pathobiology and Diagnostic 
Investigation, Michigan State University, USA

A 4-year-old, intact, male Cocker Spaniel was lethargic, anorectic and 
had mild diarrhea of two weeks duration. Physical examination revealed 
weight loss, pale mucous membranes, lymphadenopathy, tense abdomen, 
hepatomegaly and splenomegaly. Results of a CBC included severe anemia 
(HCT 12.5%), thrombocytopenia (platelets 7 x 109/L) and leukopenia (2.2 
x 109/L). Approximately 1/3 of the peripheral blood leukocytes were blast 
cells with small pseudopods and occasional binucleated cells, which sug-
gested they were megakaryoblasts. Deparaffinization, antigen retrieval, im-
munohistochemical staining and counterstaining was performed on bone 
marrow smears and on histologic sections of the liver. The slides were incu-
bated with a mouse monoclonal anti-CD79a antibody, a mouse monoclonal 
anti-CD61 antibody and a rabbit polyclonal anti-factor VIIIRA antibody. 
CD61 was clearly positive in mainly the multinucleated cells, confirming 
the diagnosis of megakaryoblast leukemia. Factor VIIIRA was weakly posi-
tive whereas CD79a appeared negative. 

regenerative anaemia. Blood smear examination revealed a moderate 
regenerative anaemia, with numerous small basophilic staining coccoid 
structures consistent with Mycoplasma haemolamae. To confirm the pres-
ence of M. haemolamae, a portion of the 16S rRNA gene was amplified 
and analysed by a denaturing gradient gel electrophoresis (DGGE), at the 
VLA. 16S rRNA gene sequencing showed a 99% homology with M. haemol-
amae sequences deposited in GenBank. The alpaca was monitored over 4.5 
months with serial haematologies, including blood smear examination and 
molecular testing. The alpaca was negative on both blood smear examina-
tion and molecular testing for M. haemolamae after 3 days of treatment 
with oxytetracycline but was positive on PCR and DGGE at 2 and 4 months 
post discharge although blood smear examinations remained negative. To 
the author’s knowledge this is the first case report of Mycoplasma haemol-
amae infection in an alpaca in the UK. These results suggest that parasit-
emia is not cleared by the standard tetracycline regime used and alpacas 
become chronic carriers after infection with haemoplasmas.
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68. AN uNusuAL CAuse oF LYMpHADeNopAtHY iN A Dog

p. Formisano, j. van Hengel, g. Culshaw, s. smith, e. Milne
Division of Veterinary Clinical Sciences, University 
of Edinburgh, United Kingdom.

A 4.5 year old, neutered male, English Springer Spaniel, was presented to 
the referral practice for hind limb lameness. Physical examination revealed 
pitting oedema of the right hock. Despite treatment with oral antibiotics, 
the oedema extended to the other hind limb and ventral abdomen, and re-
spiratory distress developed. 

On referral to the University of Edinbugh, an abdominal ultrasound re-
vealed sublumbar and abdominal lymphadenopathy and pleural effusion. 
The haematological data indicated a non-regenerative normocytic normo-
chromic anaemia, most likely due to chronic disease, and the leukogram 
showed a moderate neutrophilia, with a left shift and a severe lymphope-
nia. 

Cytological examination of FNAs from a sublumbar lymph node was 
performed and necrotising pyogranulomatous lymphadenitis with intrale-
sional fungal hyphae was diagnosed. Cytological examination of the pleural 
effusion also revealed the presence of fungal hyphae. Special stains were 
utilised on both specimens and they demonstrated large numbers of fungal 
hyphae. A Penicillium sp. was isolated on routine fungal culture from the 
pleural effusion, but a national reference laboratory was unable to identify 
the specific Penicillium sp. involved, because it was not a recognised human 
pathogen.

There was a high suspicion that an underlying immunocompromising 
disease was present, but as this was not demonstrated in vivo and a post 
mortem examination was not performed, any underlying disease processes 
remain unidentified.
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69. DisseMiNAteD HistopLAsMosis iN A Dog

Rebekah g. gunn-Christie, DvM, DACvp*
Antech Diagnostics, Inc., Cary, North Carolina, USA

sean Hillock, DvM, DACviM (internal medicine)
Veterinary Medical Center of Long Island, West Islip, New York, USA

Histoplasma capsulatum is a soil-borne, dimorphic fungus that is capable 
of causing systemic disease in humans, dogs, cats, and other animals. Here, 
we report an unusual case of histoplasmosis in a young Yorkshire Terrier 
dog in which the clinical signs were generally vague and gave little indica-
tion of infection. The patient’s diagnosis was facilitated by the observation 
of H. capsulatum organisms in the blood. Abdominal ultrasound was sub-
sequently performed and aspirates obtained, ultimately revealing extensive 
involvement in multiple viscera. 
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70.  LYMpH NoDe CYtoLogY iN A MAstiFF 
DOG WItH a GINGIVal maSS

p. Monti, F. taylor, j. Archer
The Queen’s Veterinary Hospital, Department of 
Veterinary Medicine, University of Cambridge 

A ten-year-old, entire male Mastiff dog was presented for evaluation of a 
gingival mass involving the lower incisors. On physical examination an en-
largement of the left submandibular lymph node was noted and a fine nee-
dle aspirate as well as a wedge biopsy of the mass were obtained. Cytology 
of the lymph node revealed the presence of atypical non lymphoid round 
cells. A diagnosis of metastasis of a round cell tumour was made and, given 
the location of the primary mass, an amelanotic melanoma was the most 
likely differential diagnosis. Histopathology revealed a small circumscribed 
area containing a sheet of pleomorphic cells with spindle forms. The find-
ings suggested a mesenchymal neoplasia of unclear histiogenesis. There-
fore, immunohistochemistry was performed. The results were positive for 
MHC and CD18 and negative for S-100 and MAC-381. A final diagnosis of 
histiocytic sarcoma was made. This case report describes an uncommon 
presentation of a histiocytic sarcoma (HS) in a dog. To the author’s knowl-
edge, only one case of gingival HS has been previously described in a Ber-
nese mountain dog.
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71. EHRLICHIA CAnIS-AssoCiAteD HepAtitis iN A Dog

M. Mylonakis1, M. Kritsepi-Konstantinou2, j.s. Dumler3, p.p.v.p. 
Diniz4, M. Day5, e.b. breitschwerdt4, v. psychas6, v. siarkou7, t. 
Petanides1, A.F. Koutinas1

1Clinic of Companion Animal Medicine, Faculty of Veterinary Medicine, 
Aristotle University of Thessaloniki, Thessaloniki, Greece 
2Diagnostic Laboratory, Faculty of Veterinary Medicine, Aristotle University 
of Thessaloniki, Thessaloniki, Greece 
3Division of Medical Microbiology, Department of Pathology, The Johns 
Hopkins University School of Medicine, Baltimore, USA 
4Intracellular Pathogens Research Laboratory, College of Veterinary 
Medicine, North Carolina State University, Raleigh, USA 
5Division of Veterinary Pathology, Infection and Immunity, School of Clinical 
Veterinary Science, University of Bristol, UK 
6Laboratory of Pathology, Faculty of Veterinary Medicine, Aristotle 
University of Thessaloniki, Thessaloniki, Greece 
7Laboratory of Microbiology and Infectious Diseases, Faculty of Veterinary 
Medicine, Aristotle University of Thessaloniki, Thessaloniki, Greece

An 8-year-old, intact male, German shepherd dog was referred because of 
anorexia, intermittent vomiting and diarrhea of 5 days duration. Physical 
examination identified lethargy, moderate abdominal pain, dehydration and 
fever. Prominent clinicopathological abnormalities included hypoalbumin-
emia, hyperbilirubinemia and elevated alkaline phosphatase and alanine 
aminotransferase activities. During hospitalization, the dog tested negative 
for Leishmania infantum, Babesia canis, Leptospira sp. and Ehrlichia canis 
antibodies and positive for Dirofilaria immitis antigens. Thoracic radiog-
raphy was unremarkable, while moderate hepatomegaly and splenomegaly 
were found on abdominal radiography and confirmed by ultrasonography. 
Cytological examination of liver impression smears identified several cyto-
plasmic inclusions consistent with Ehrlichia sp. morulae in lymphocytes and 
macrophages. Liver histopathology was indicative of portal hepatitis, while 
liver immunohistochemistry using E. canis monospecific antibodies to ma-
jor E. canis glycoproteins revealed several mononuclear cells to be infected 
with an Ehrlichia spp. A week post-admission (PA), E. canis DNA was am-
plified by polymerase chain reaction assay from whole-blood, bone marrow 
and liver samples. Doxycycline for 4 weeks was instituted at day 7 PA. Fever 
abated within 12 hours and complete clinical recovery occurred in 48 hours 
after initiation of doxycycline. All biochemical abnormalities had resolved by 
day 40 PA. The split-dose (three total doses) melarsomine protocol for D. im-
mitis was also administered after completion of the doxycycline course. The 
dog has remained clinically healthy during the 4 year follow-up period.
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72.  FoLLiCuLAR AMeLobLAstoMA iN A DWARF 
RAbbit (oRYCtoLAgus CoNiCuLus)

panayiotis Loukopoulos1*, anastasia Komnenou2, serafim 
Papadimitriou2, angelos-loris thomas2, maria Kritsepi - 
Konstantinou3 
1Pathology Laboratory, School of Veterinary Medicine, Aristotle University, 
Thessaloniki, Greece, 2Companion Animal Clinic, School of Veterinary 
Medicine, Aristotle University, Thessaloniki, Greece, 3Diagnostic Laboratory, 
School of Veterinary Medicine, Aristotle University, Thessaloniki, Greece 

Tumours of dental tissues are rare, excluding canine acanthomatous amel-
oblastoma/epulis and fibromatous epulis of periodontal ligament origin. A 
7.5-year-old male Netherlands Dwarf Rabbit was presented with a five-day 
history of anorexia and depression. Clinical examination revealed a large, 
non-painful hard mass concerning the right mandible. Radiology showed 
a round mass with radiopaque center and mixed opacity at the periphery. 
Biopsy was suggested but the owner refused. FNA cytology showed mildly 
pleomorphic large ovoid or spindle cells arranged in clusters or forming 
acinar structures, features indicative of epithelial neoplasia. The haema-
tologic profile revealed the presence of anaemia, leucopenia and lympho-
penia, while the biochemistry profile showed elevated BUN, cholesterol, 
CPK, LDH and calcium levels. Force-feeding, antibiotics and non-steroid 
inflammatory agents were administered. On re-assessment a month later, 
the symptoms had increased in severity, the mass was painful , extended 
into the oral cavity and was now protruding from the mandibular symphysis 
displacing the lower incisors. The rabbit was not tolerant to force-feeding 
and the owner opted for euthanasia. Histological examination revealed the 
presence of a low to moderate grade ameloblastoma. Loose or dense sheets 
of cells, either large and spindle or morphologically reminiscent of the stel-
late reticulum of the enamel organ, were surrounded by a single pseudos-
tratified layer of columnar or cuboidal cells resembling enamel epithelium, 
forming discrete lobules or islands. Despite being well-differentiated, the 
tumour invaded and destroyed the bone. Cyst formation was noted. Peri-
portal hepatitis was also observed. A diagnosis of follicular ameloblastoma 
was offered. To our knowledge, this tumour entity has not been reported in 
this species before. 
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73.  WHAt is YouR DiAgNosis? CeRebRospiNAL FLuiD 
obtAiNeD FRoM A bitCH WitH NeuRoLogiCAL sigNs. 

alice Pastorello, tom Harcourt-brown, fernando Costantino-
Casas, joy Archer.
Department of Veterinary Medicine, University of Cambridge, Cambridge, UK

An 11 years old female entire Staffordshire Bull Terrier was referred to the 
Queen’s Veterinary School Hospital at the University of Cambridge with 
sudden onset of episodic behavioural changes. The referring veterinarian 
also reported a small mass on the 5th right mammary gland, a unilateral 
(right) nasal discharge of 2 weeks duration and papilloedema in the right 
eye. On physical examination the dog appeared depressed, with a head tilt 
to the right and anisocoria (her right pupil would not constrict). When her 
head was extended, she developed nystagmus and she collapsed backwards, 
extending her legs and neck.

MRI was performed and showed multiple lesions in the neurocranium: 
two small focal lesions within the parenchyma of the dorsal midline cerebel-
lum and the right occipital lobe; one lesion in the right thalamus and one 
large extramedullary lesion extending along the right brainstem, likely aris-
ing from the pia mater. No evidence of metastasis in the lungs was found. 
A CSF was then obtained, which revealed a population of atypical epithelial 
cells arranged in cohesive rafts. They had basophilic, often vacuolated cy-
toplasm, and a round to oval nucleus with coarse chromatin and prominent 
nucleoli. Anisocytosis and anisokaryosis were moderate and occasional mi-
totic figures were noted. The total protein and the nucleated cell count of 
the CSF were increased. 

The cytology was highly suspicious for a malignant neoplasia, and eu-
thanasia was offered to the owners, who consented to a post mortem ex-
amination. On PME there was an asymmetrical well-defined non-encapsu-
lated, red, granular cerebellar mass within the choroid plexus of the fourth 
ventricle with local extension into the cerebellopontine angle. A diagnosis 
of choroid plexus carcinoma was made on histology.
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74.  CeRebRospiNAL FLuiD MoNoNuCLeAR 
PlEOCYtOSIS IN a tEtRaPaREtIC DOG

pintore L.1, Avallone g.2, bernardini M.3, Comazzi s.2, tosolini p.4, 
Castagnaro M.1
1 SPIVdep, University of Padua, Italy 
2 DIPAV, University of Milan, Italy 
3 Department of Veterinary Clinical Science, University of Padua, Italy 
4 Studio Veterinario Tosolini, Udine, Italy

A 5-year-old, female, mixed-breed dog presented with a history of ataxia and 
neck pain of one-week duration. At neurological examination, depressed 
mental status, not ambulatory tetraparesis and cranial nerves deficits were 
found. A diffuse, intracranial lesion was suspected. Differentials included 
inflammatory/infectious disease or neoplasm. Cell blood count (CBC), bio-
chemical profile and urinalysis were within normal limits. In magnetic reso-
nance (MR) images, a diffuse lesion extended bilaterally from brainstem to 
cranial medulla. The lesion enhanced after administration of paramagnetic 
contrast medium. Cerebrospinal fluid (CSF) analysis revealed elevated al-
bumin and globulin concentration and white blood cells (WBC) count of 
2389 cell/mm3. Prevalent population consisted in round mononucleated 
lymphoid cells (98% of TNCC), with small amount of blue cytoplasm, and 
7-15 microns in diameter, round, rarely indented nuclei, with finely granu-
lar chromatin and rare single or multiple nucleoli. Only few monocytoid/
macrophage cells were seen. A presumptive diagnosis of CNS lymphoma 
was made. Histological examination of brainstem revealed multifocal to co-
alescing perivascular cuffs of inflammatory cells composed predominately 
by lymphocytes, occasional macrophages, rare plasma cells and neutro-
phils, expanding the meninges and Virchow-Robin space in white matter. 
Multifocal intraparenchymal and perivascular aggregates of macrophages 
were also evident. Histological diagnosis was granulomatous meningoen-
cephalitis (GME). 

In CSF, prevalence of single monomorphic population of small-medium 
lymphocytes in absence of other inflammatory cells was critical for diagno-
sis of CNS lymphoma. CSF cytology showing only lymphoid cells could be 
not sufficient alone to differentiate CNS lymphoma from focal GME. 
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75.  A CAse RepoRt oF AN iNtRAtHoRACAL 
mYxOSaRCOma IN a DOG

C.-C. sommerey1, K. borgeat2, j. Archer1, A. torrance3

1Department of Veterinary Medicine, University of Cambridge, UK; 
2Zetland Veterinary Hospital, Bristol, UK; 3Torrance Diamond Diagnostic 
Services, The Innovation Centre, University of Exeter, UK.

A three years and 6 months old female spayed Labrador Retriever presented 
with pyrexia, dyspnoea and tachycardia. A pleural effusion was detected 
radiographically. Ultrasonography showed pleural fluid with floating (fi-
brin) masses; after drainage a soft tissue mass next to the left ventricle was 
detected. The aspirated pleural fluid (650 ml) had a heavily proteinaceous, 
gel-like appearance. Cytology revealed atypical mesenchymal cells in a thick 
eosinophilic background, which lead to the interpretation of an intra-cavi-
tary matrix-secreting tumour, probable a myxosarcoma. No bacteria were 
cultured from this fluid. Haematology revealed an inflammatory left shift 
with mild monocytosis. A biopsy of the mass was taken via thoracoscopy. 
The dog was euthanized on request of the owner and a post-mortem exami-
nation was declined. Histopathology of the biopsied mass adjacent to the 
left ventricle supported the diagnosis of a myxosarcoma. Special stains and 
immunohistochemistry showed that the matrix was Alician Blue positive, 
but PAS and Perl’s negative. The neoplastic cells were strongly positive for 
Vimentin, weakly positive for Desmin and negative for Cytokeratin, S100 
and van Willebrand factor, confirming the diagnosis.
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76.  peRsisteNt pRiMARY iMMuNe-MeDiAteD 
HAeMoLYtiC ANAeMiA (piMHA)WitH iNtRAvAsCuLAR 
HAeMoLYsis AND eRYtHRopHAgoCYtosis iN A CAt.

e. Hooijberg1, j. Nehring2, g. Kirtz1, e. Leidinger1. 
1InVitro Labor, Vienna, Austria. 
2Practice Dr. Jutta Nehring, Vienna, Austria

A 12-year old male neutered Domestic Short-Haired cat with polydipsia, 
weight loss and apathy presented to his local veterinarian who noted pale 
mucous membranes on clinical examination. In-practice biochemistry re-
vealed a moderate azotaemia and a blood sample was sent for haematology 
to the Invitro Laboratory. Initial results revealed a regenerative haemolytic 
anaemia. Subsequent samples submitted showed a non-resolving haemolyt-
ic anaemia with marked autoagglutination together with marked haemolysis 
of the plasma and the presence of red blood cell ghosts and eythrophagocy-
tosis by neutrophils on the blood smear. The anaemia became increasingly 
non-regenerative and a gradual decrease in mean cell volume was noted. 
The azotaemia persisted. A non-differentiating direct Coombs test was 
positive at both 37˚C and 4˚C. Results of testing for FIV, FeLV, FCoV and 
Mycoplasma spp. were negative. The veterinarian reported no recent drug 
use, recent vaccination or indication of concurrent disease other than renal 
insufficiency. 

A diagnosis of primary immune-mediated haemolytic anaemia was 
made. The presence of red blood cells ghosts is an indication of intravascu-
lar haemolysis which has not previously been reported in a cat. Equally un-
usual were the presence of about 10% neutrophils containing phagocytosed 
red blood cells. This has been documented in certain haemolytic conditions 
in humans but to our knowledge this is the first report of invitro neutrophil 
erythrophagocytosis associated with immune-mediated haemolytic anae-
mia in cats. 
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77.  peRsisteNt eXCessive 
tHROmbOCYtHaEmIa IN a Cat

e. Hooijberg1, M. pichler2, e. Leidinger1. 
1InVitro Labor, Vienna, Austria. 
2Tierklinik Meidling, Vienna, Austria

A 7 month-old unvaccinated Domestic Short Hair cat was presented to his 
veterinarian with a history of inappetance, hypersalivation and pruritic skin 
lesions. Clinical examination revealed fever, gingivitis and oral ulceration. 
After therapy with antibiotics and interferon, ataxia of the hind limbs de-
veloped. Blood taken before treatment revealed a severe leucopaenia and a 
feline panleukopaenia virus (FPV) titre of 1:640. Tests for FeLV, FIV FCoV 
and Toxoplasma were negative. A blood sample taken 10 days later revealed 
only a severe thrombocytosis of 3,448 G/l (reference range 200-450) con-
firmed by blood smear examination. The thrombocyte count on d35 was 
4,990G/l.There was also a leucocytosis with lymphocytosis, monocytosis 
and eosinophilia. The FPV titre was 1:2560, confirming a recent infection. 
The feline calicivirus titre was also positive. A bone marrow specimen could 
not be obtained.

Some of the initial clinical signs and laboratory findings can be attrib-
uted to a co-infection with FPV and FCV. The two differential diagnoses for 
the thrombocytosis in this case are a reactive thrombocytosis or essential 
thrombocythaemia (ET). Reactive thrombocytosis is generally mild to mod-
erate and of shorter duration than described here but an excessive rebound 
effect could have initially been caused by infection. Additional factors in-
fluencing the degree and duration of the rebound, such as the interferon 
treatment, are not clear but can be speculated on. ET is a haemic neoplasia 
which causes a severe and persistent thrombocytosis, however the short 
time span in which thromobocyte numbers increased and the lack of mor-
phological abnormalities on blood smears make this diagnosis less likely. 
Although the pathophysiology in this case remains unclear, such high, per-
sistent thrombocyte numbers have rarely been reported in cats with no evi-
dence of a neoplastic process.
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