
Revue  Méd. Vét., 2018, 169, 1-3, 12-23

SARIDOMICHELAKIS (M.N.) AND COLLABORATORS12

Introduction

Most dogs that live in areas where Leishmania infantum is 
endemic are exposed to the parasite, but only some infected 
dogs become seropositive and even fewer develop clinical 
signs and/or laboratory abnormalities of canine leishmaniosis 
(CanL) [10, 17]. With some notable exceptions, like hares in 
the Madrid region, infected dogs are the primary reservoir 
of L. infantum which they transmit to sand flies and it has 
been repeatedly shown that seropositive dogs are the most 
infectious for the vectors [7, 21].

In some endemic countries, including Greece, there is a 
large population of stray dogs which are free-roaming and/
or confined in animal shelters. Seroprevalence (0-37.5%) and 

prevalence of CanL in these dogs is highly variable according 
to published studies [9, 20]. World Health Organization 
considers stray dogs to be very important for the infection 
of vectors [26], mainly due to their outdoor lifestyle, lack of 
prevention against sand fly bites and suboptimal nutrition 
and health status. However, in many published studies the 
seroprevalence and/or the prevalence of CanL was similar or 
even lower in stray than in privately-owned dogs living in the 
same area: for example, in two different studies from Georgia, 
seroprevalence rates were 16% and 15.3% in stray dogs, 
respectively and 23.7% and 18.2% in pet dogs, respectively 
[3, 13], in Iran the relevant figures were 1.6% in stray dogs 
and 10% in pet dogs [14], and in Portugal 15.4% and 18.5%, 
respectively [18].

SUMMARY

The aim of this study was to compare the risk of seropositivity between 
stray dogs and privately-owned dogs living in the same endemic area. 
Sixty-seven stray (group A) and 115 privately-owned (group B) dogs were 
enrolled. History, physical examination findings and results of serology, 
haematology and total solids were compared between groups and between 
seropositive group A and seropositive group B dogs. Variables with p value 
≤0.2 were used to build two multivariable models using results of serology 
as the dependent variable: the first model included the group and historical 
information, whereas the second included the group, physical examination 
and results of haematology and total solid measurement. Stray dogs had 
4.59-fold and 3.72-fold higher risk of seropositivity compared with privately-
owned dogs in the first and second model, respectively. Additional factors 
associated with positive serology included female sex, not sampling during 
transmission period, masticatory muscle atrophy, footpad hyperkeratosis, 
low haematocrit and low platelet count. In conclusion, stray dogs were at 
higher risk of seropositivity. 
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RÉSUMÉ

Les chiens errants confinés dans des refuges pour animaux ont-ils un 
risque accru de séropositivité à Leishmania infantum? Une étude cas-
témoin

L’objectif de cette étude était de comparer le risque de séropositivité entre 
chiens errants et chiens vivants en habitation dans la même zone endémique. 
Soixante-sept chiens errants (groupe A) et 115 chiens appartenant à des 
particuliers (groupe B) ont été suivis. Les antécédents, les résultats de 
l’examen physique et les résultats de sérologie, hématologie, solides totaux 
ont été comparés entre groupes. Les variables ayant une valeur p ≤ 0,2 ont été 
utilisées pour construire deux modèles multivariables utilisant les résultats 
de la sérologie comme variable dépendante: le premier modèle comprenait 
le groupe et l’information historique, tandis que le second incluait le groupe, 
l’examen physique et les résultats de l’hématologie et des solides totaux. 
Les chiens errants présentaient un risque de séropositivité respectivement 
4,59 fois et 3,72 fois plus élevé que chez les chiens de propriétaire dans le 
premier et deuxième modèle. Parmi les autres facteurs associés à une 
sérologie positive, mentionnons le sexe femelle, l’absence d’échantillonnage 
pendant la période de transmission, l’atrophie musculaire masticatoire, 
l’hyperkératose du pavé auditif, l’hématocrite faible et la faible numération 
plaquettaire. En conclusion, les chiens errants présentaient un risque plus 
élevé de séropositivité.

Mots-clés : Chien errant, chenil, Leishmaniose, sérologie, 
épidémiologie
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The aim of the present study was to compare the risk of 
seropositivity to L. infantum between stray dogs confined in 
an animal shelter and privately-owned dogs, while accounting 
for multiple confounding factors that may be associated with 
positive serology.

Materials and methods

DOGS

Two groups of dogs were used: group A included 67 
stray dogs that were confined in Karditsa’s Animal Welfare 
Society shelter and group B included 115 privately-owned 
dogs that were admitted to the Clinic of Medicine, Faculty of 
Veterinary Science, University of Thessaly. The animal shelter 
that is located in a suburban area, approximately 5 Km from 
the centre of the city (latitude: 39o 21’ N; longitude: 21o 55’ E), 
homes stray dogs which are captured in the city of Karditsa 
and in neighbouring areas and has a non-killing policy. 
Group B dogs lived in the prefectures of Karditsa, Trikala, 
Larissa and Magnesia (latitude range of prefecture capitals: 
39o 21’-39o 38’ N; longitude range of prefecture capitals: 21o 
46’-22o 56’ E) (Figure 1).

 
Group A dogs were enrolled between January 2012 and 

January 2013 and they were randomly selected among those 
that were not pregnant or lactating, did not appear likely 
to bite and readily accepted physical restrain. The 67 dogs 
represented approximately one third of the total canine 
population of the shelter where they were living in open runs, 
receiving basic medical care not including insect repellents. 
None of them was sampled more than once and all dogs 
that were younger than 1 year were sampled on July 2012 

and thus during the transmission period of L. infantum. The 
personnel of the shelter were not able to provide information 
on the date or on the health status of the dogs when they first 
entered the shelter.  

 
Group B dogs were enrolled retrospectively and they 

included all the non-pregnant, non-lactating, privately-owned 
dogs living in the prefectures of Karditsa, Trikala, Larissa or 
Magnesia that had been admitted to the Clinic of Medicine, 
Faculty of Veterinary Science, University of Thessaly between 
January 2012 and January 2013 for various medical reasons 
or for wellness check-up and had been tested serologically 
for Leishmania spp., according to the recommendation of the 
attending clinician and/or their owner’s request. None of the 
group B dogs had been previously diagnosed with CanL, had 
received anti-Leishmania medication or had been vaccinated 
against CanL. 

HISTORICAL INFORMATION, PHYSICAL EXAMINATION AND 
BLOOD SAMPLING

Historical information that were recorded for group A 
and group B dogs include: i) sex (intact male or intact female; 
missing for one group A dog); ii) breed (purebred or not); 
iii) if they belonged to a breed with increased seroprevalence 
and/or with susceptibility to CanL, including Boxer, Cocker 
Spaniel, Doberman Pincher, German Shepherd, Pit Bull 
Terrier, Rottweiler, English and Irish Setter [11, 13, 19], or 
not; iv) age in years (missing for 8 group A dogs, whereas 
for the remaining group A dogs it was estimated based on 
information from shelter’s staff and on their teeth eruption 
pattern and wear); v) lifestyle (indoors, outdoors or both, 
with all group A dogs recorded as having outdoors lifestyle); 
and vi) sampling during the transmission period of L. 
infantum in Greece (April-November) or not.

 
Physical examination findings that were recorded for 

group A and group B dogs include: i) presence of clinical 
signs or manifestations that have been associated with 
CanL: poor body condition, mucosal pallor, peripheral 
lymphadenomegaly, hepatomegaly, splenomegaly, blepharitis, 
conjunctivitis, keratitis, uveitis, masticatory muscle atrophy, 
generalized muscle atrophy, arthritis, epistaxis, exfoliative 
dermatitis, ulcerative dermatitis, pustular dermatitis, nasal 
hyperkeratosis, footpad hyperkeratosis, onychogryphosis 
[16]; and ii) presence or not of at least one of the above 
clinical signs.

 
Approximately 5 ml of blood were obtained from 

either jugular or saphenous vein, 2 ml were immediately 
transferred to an EDTA-containing tube and were used for 
haematology, whereas the remaining blood was left to clot at 
room temperature and centrifuged (3.000 rpm for 20 min) to 
separate serum that was used for measurement of total solids 
and for serology. No more than 5 h elapsed from sampling 
to haematology, measurement of total solids and freezing of 
serum. Frozen serum samples were defrosted at a later date 
for serology.

Figure 1: Map of the study area. Stray (group A) dogs were confined in 
an animal shelter approximately 5 Km from the center of the city of 
Karditsa, whereas privately-owned (group B) dogs originated from the 
shaded area
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LABORATORY ANALYSES
 
Haematology was performed in pocH-100iV (Sysmex 

Europe GmbH, Hamburg, Germany) veterinary haematology 
analyser and differential cell count was calculated manually 
in Diff-Quik (Merck, Germany) stained blood smears. Data 
that were recorded include: i) haematocrit; ii) haemoglobin 
concentration; iii) mean corpuscular haemoglobin 
concentration (MCHC-missing for 3 group B dogs); iv) white 
blood cell count; v) neutrophil, band neutrophil, lymphocyte, 
monocyte and eosinophil counts (missing for 2 group A 
dogs); vi) platelet count; vii) presence of anaemia or not; viii) 
increased, within reference range or decreased white blood 
cell count; ix) increased, within reference range or decreased 
neutrophil, band neutrophil, lymphocyte, monocyte and 
eosinophil counts (missing for 2 group A dogs); and x) 
presence of thrombocytopenia or not.

 
Total solids were measured with a handheld clinical 

refractometer (American Optical, U.S.A.). Data that were 
recorded include: i) total solid concentration, and ii) 
increased, within reference range or decreased total solid 
concentration (both missing for 4 group A dogs). 

 
Indirect immunofluorescence antibody testing (IFAT) 

was used for the detection of anti-Leishmania IgG. 
Commercially available slides and conjugate (Fluoleish®, 
BVT, France) were used and serum samples were tested at 
twofold dilutions in phosphate buffered saline, starting from 
1:50, until reaching the end point titre. For the purposes of 
this study, dogs with a titre ≥50 were considered seropositive. 
Data that were recorded include: i) seropositivity or not, and 
ii) the end point titre.

STATISTICAL ANALYSIS
 
All statistical analyses were performed using Stata 13.1 

(Stata Statistical Software. College Station, TX). In the initial 
univariable analysis, data regarding historical information, 
physical examination, haematology, total solid measurement 
and serology were compared between group A and B dogs 
by either Pearson’s χ2 or Fisher’s exact test (categorical 
variables) and t-test (continuous variables). The same tests 
were used to compare historical information, physical 
examination, haematology and total solid measurement 
between seropositive group A and seropositive group B dogs. 
Variables with p value ≤0.2 in the univariable analysis, were 
subsequently used to build two multivariable models with 
the results of serology as the dependent variable: the first 
model included the dog group and historical information 
(i.e. possible risk factors for infection by L. infantum), 
whereas the second model included the dog group, physical 
examination findings and the results of haematology and total 
solid measurement (i.e. possible consequences of infection 
by L. infantum). The models were subsequently reduced 
by backward elimination until all remaining variables were 
significant at P<0.05. 

Results

COMPARISONS BETWEEN GROUP A AND GROUP B DOGS
 
Of the historical information, group A included 

significantly fewer purebred dogs, fewer dogs belonging 
to breeds with increased seroprevalence and/or with 
susceptibility to CanL and more dogs living outdoors 
compared with group B (Table I). Of the physical examination 
findings, the only significant difference was the increased 
frequency of splenomegaly in group A dogs (Table II). 
Significant differences of the results of haematology included 
lower haemoglobin concentration, lower MCHC, higher 
white blood cell, neutrophil, band neutrophil, lymphocyte 
and eosinophil counts, lower monocyte count, lower platelet 
count, increased frequency of leucocytosis, neutrophilia and 
left shift and increased frequency of monocyte count within 
reference range in group A dogs (Table III). Total solids were 
less frequently within reference range in group A than in 
group B dogs (Table III).

Additional variables that were included in the 
multivariable models (p value ≤0.2) included sex, age, 
sampling or not during the transmission period of L. 
infantum (Table I), hepatomegaly, onychogryphosis (Table 
II), haematocrit and frequency of eosinophilia (Table III).

COMPARISONS BETWEEN SEROPOSITIVE GROUP A AND 
SEROPOSITIVE GROUP B DOGS

 
Seroprevalence was significantly (p = 0.004) higher in 

group A (18/67-26.9%) than in group B (12/115-10.4%) dogs 
(Table IV). IFAT end point titres ranged between 1/50 and 
1/800 and did not differ between the two groups.

Comparison of historical information between the 18 
seropositive group A and the 12 seropositive group B dogs 
showed that the former included significantly fewer purebred 
dogs, fewer dogs belonging to breeds with increased 
seroprevalence and/or with susceptibility to CanL and they 
were more frequently sampled during the transmission period 
of L. infantum (Tables IV & V). There were no significant 
differences of the physical examination findings between 
seropositive group A and seropositive group B dogs (Table 
VI). Significant differences of the results of haematology 
included lower MCHC and increased frequency of monocyte 
count within reference range in seropositive group A than 
seropositive group B dogs (Tables IV & VII).

 
Additional variables that were included in the 

multivariable models (p value ≤0.2) included splenomegaly, 
masticatory muscle atrophy, arthritis, nasal hyperkeratosis, 
footpad hyperkeratosis, onychogryphosis (Table VI), 
white blood cell count, neutrophil count, monocyte count, 
frequency of neutrophilia and frequency of increased total 
solid concentration (Table VII).
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Variable Group A Group B P value
Sex

Male 25/66 (37.9%) 59/115 (51.3%)
Female 41/66 (62.1%) 56/115 (48.7%) 0.081

Breed
Purebred 5/67 (7.5%) 98/115 (85.2%)
Not purebred 62/67 (92.5%) 17/115 (14.8%) < 0.001

Predisposed breed
Yes 2/67 (3%) 30/115 (26.1%)
No 65/67 (97%) 85/115 (73.9%) < 0.001

Age (years)
Range 0.25-8 1-13
Median 3 3.5 0.2

Lifestyle
Indoors - 17/115 (14.8%)
Outdoors 67/67 (100%) 94/115 (81.7%)
Indoors and outdoors - 4/115 (3.5%) < 0.001

Sampling during transmission 
period

Yes 61/67 (91%) 96/115 (83.5%)
No 6/67 (9%) 19/115 (16.5%) 0.153

Table 1: Comparison of historical information between stray (group A; n=67) and privately-owned (group B; n=115) dogs

Variable Group A (n=67) Group B (n=115) P value
Poor body condition 11 (16.4%) 14 (12.2%) NSa

Mucosal pallor 6 (9%) 14 (12.2%) NS
Peripheral 
lymphadenomegaly

33 (49.3%) 48 (41.7%) NS

Hepatomegaly 2 (3%) - 0.134
Splenomegaly 10 (14.9%) 1 (0.9%) < 0.001
Blepharitis 5 (7.5%) 5 (4.3%) NS
Conjunctivitis 10 (14.9%) 19 (16.5%) NS
Keratitis 1 (1.5%) 3 (2.6%) NS
Uveitis 1 (1.5%) - NS
Masticatory muscle atrophy 21 (31.3%) 40 (34.8%) NS
Generalized muscle atrophy 5 (7.5%) 9 (7.8%) NS
Arthritis - 2 (1.7%) NS
Epistaxis - 1 (0.9%) NS
Exfoliative dermatitis 3 (4.5%) 10 (8.7%) NS
Ulcerative dermatitis 3 (4.5%) 8 (7%) NS
Pustular dermatitis - 1 (0.9%) NS
Nasal hyperkeratosis 14 (20.9%) 20 (17.4%) NS
Footpad hyperkeratosis 11 (16.4%) 20 (17.4%) NS
Onychogryphosis 13 (19.4%) 12 (10.4) 0.09
At least one clinical sign 40 (59.7%) 61 (53%) NS

a NS: non-significant with P value >0.2

Table II: Comparison of physical examination findings between stray (group A; n=67) and privately-owned (group B; n=115) dogs
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Variable Group A Group B P value
Hematocrit (%)

Range 18.2-53.4 24.7-56.7

Median 41.8 42.5 0.114
Hemoglobin concentration (g/dl)

Range 6.3-18.5 8.6-20
Median 14.2 14.8 0.01

Anemia 26/67 (38.8%) 37/115 (32.2%) NSc

MCHCa (g/dl)
Range 27.4-36.3 32.2-36.8
Median 33.5 34.8 < 0.001

White blood cell count (/μl)
Range 4,900-32,400 4,400-33,700
Median 14,600 11,200 < 0.001

White blood cell count
Increased 52/67 (77.6%) 48/115 (41.7%)
WRRb 13/67 (19.4%) 63/115 (54.8%)
Decreased 2/67 (3%) 4/115 (3.5%) < 0.001

Neutrophil count (/μl)
Range 2,989-26,010 2,904-32,689
Median 10,540 7,452 < 0.001

Neutrophil count
Increased 24/65 (36.9%) 12/115 (10.4%)
WRR 40/65 (61.5%) 102/115 (88.7%)
Decreased 1/65 (1.5%) 1/115 (0.9%) < 0.001

Band neutrophil count (/μl)
Range 0-1,863 0-1,274
Median 146 48 0.001

Band neutrophil count
Increased 26/65 (40%) 17/115 (14.8%)
WRR 39/65 (60%) 98/115 (85.2%) < 0.001

Lymphocyte count (/μl)
Range 258-11,016 160-6,432
Median 2,800 2,225 0.005

Lymphocyte count
Increased 7/65 (10.8%) 5/115 (4.3%)
WRR 52/65 (80%) 98/115 (85.2%)
Decreased 6/65 (9.2%) 12/115 (10.4%) NS

Monocyte count (/μl)
Range 0-1,462 0-4,170
Median 155 370 0.001

Monocyte count
Increased 1/65 (1.5%) 9/115 (7.8%)
WRR 32/65 (49.2%) 35/115 (30.4%)
Decreased 32/65 (49.2%) 71/115 (61.7%) 0.018

Eosinophil count (/μl)
Range 0-9,072 0-5,115
Median 765 444 0.044

Eosinophil count
Increased 33/65 (50.8%) 41/115 (35.7%)
WRR 23/65 (35.4%) 57/115 (49.6%)
Decreased 9/65 (13.8%) 17/115 (14.8%) 0.122

Platelet count (/μl)
Range 83,000-674,000 49,000-585,000
Median 274,000 339,000 0.013

Thrombocytopenia 7/67 (10.4%) 9/115 (7.8%) NS
Total solids (g/dl)

Range 4-10.5 4.9-8.3
Median 6.2 6.3 NS

Total solids
Increased 5/63 (7.9%) -
WRR 37/63 (58.7%) 90/115 (78.3%)
Decreased 21/63 (33.3%) 25/115 (21.7%) 0.001

a MCHC: mean corpuscular hemoglobin concentration
b WRR: within reference range
c NS: non-significant with P value >0.2

Table III: Comparison of the results of hematology and total solid measurement between stray (group A; n=67) and privately-owned (group B; n=115) dogs
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Variable Group A > or < group B (P value)
All dogs Seropositive dogs

Seropositivity Group A > B (p = 0.004) NSe

Purebreda Group A < B (p < 0.001) Group A < B (p < 0.001)
Predisposed breedb Group A < B (p < 0.001) Group A < B (p = 0.006)
Outdoor lifestyle Group A > B (p < 0.001) NS
Sampling during transmission period NS Group A > B (p = 0.009)
Splenomegaly Group A > B (p < 0.001) NS
Haemoglobin concentration (g/dl) Group A < B (p = 0.01) NS
MCHCc (g/dl) Group A < B (p < 0.001) Group A < B (p = 0.007)
White blood cell count (/μl) Group A > B (p < 0.001) NS
Leucocytosis Group A > B (p < 0.001) NS
Neutrophil count (/μl) Group A > B (p < 0.001) NS
Neutrophilia Group A > B (p < 0.001) NS
Band neutrophil count (/μl) Group A > B (p = 0.001) NS
Increased band neutrophil count Group A > B (p < 0.001) NS
Lymphocyte count (/μl) Group A > B (p = 0.005) NS
Monocyte count (/μl) Group A < B (p = 0.001) NS
Monocyte count WRRd Group A > B (p = 0.018) Group A > B (p = 0.021)
Eosinophil count (/μl) Group A > B (p = 0.044) NS
Platelet count (/μl) Group A < B (p = 0.013) NS
Total solids WRR Group A < B (p = 0.001) NS

a Purebred dogs belonged to the following breeds (in alphabetical order): Boxer, Bulgarian Hound, Dalmatian, Doberman Pincher, English Pointer, English 
Setter, Epagneul Breton, French Bulldog, German Shepherd, Golden Retriever, Greek Hound, Greek Sheepdog, Griffon Terrier, Jura Hound, Labrador Retriever, 
Pit Bull Terrier, Presa Canario, Rottweiler, Shih-Tzu, Siberian Husky and Turkish Hound

b Predisposed breed included Boxer, Doberman Pincher, English Setter, German Shepherd, Pit Bull Terrier and Rottweiler 
c MCHC: mean corpuscular haemoglobin concentration
d WRR: within reference range
e NS: non-significant (P value ≥0.05)

Table IV: Significant differences (p<0.05) of historical information, physical examination and laboratory variables between stray (group A; n=67) and 
privately-owned (group B; n=115) dogs as well as between seropositive group A (n=18) and seropositive group B (n=12) dogs

Variable Group A Group B P value
Sex

Male 10 (55.6%) 8 (66.7%)
Female 8 (44.4%) 4 (33.3%) NSa

Breed
Purebred - 12 (100%)
Not purebred 18 (100%) - < 0.001

Predisposed breed
Yes  - 5 (41.7%)
No 18 (100%) 7 (58.3%) 0.006

Age (years)
Range 2-8 1.5-8
Median 4 4.3 NS

Lifestyle
Indoors - 1 (8.3%)
Outdoors 18 (100%) 11 (91.7%)
Indoors and outdoors - - NS

Sampling during transmission period
Yes 17 (94.4%) 6 (50%)
No 1 (5.6%) 6 (50%) 0.009

a NS: non-significant with P value >0.2

Table V: Comparison of historical information between seropositive stray (group A; n=18) and seropositive privately-owned (group B; n=12) dogs
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Variable Group A (n=18) Group B (n=12) P value

Poor body condition 5 (27.8%) 4 (33.4%) NSa

Mucosal pallor 5 (27.8%) 3 (25%) NS

Peripheral lymphadenomegaly 16 (88.9%) 12 (100%) NS

Hepatomegaly 2 (11.1%) - NS

Splenomegaly 6 (33.3%) 1 (8.3%) 0.193

Blepharitis 3 (16.7%) 2 (16.7%) NS

Conjunctivitis 4 (22.2%) 4 (33.3%) NS

Keratitis 1 (5.6%) - NS

Uveitis 1 (5.6%) - NS

Masticatory muscle atrophy 9 (50%) 10 (83.3%) 0.121

Generalized muscle atrophy 3 (16.7%) 4 (33.3%) NS

Arthritis - 2 (16.7%) 0.152

Epistaxis - 1 (8.3%) NS

Exfoliative dermatitis 2 (11.1%) 3 (25%) NS

Ulcerative dermatitis 3 (16.7%) 4 (33.3%) NS

Pustular dermatitis - -

Nasal hyperkeratosis 7 (38.9%) 8 (66.7%) 0.136

Footpad hyperkeratosis 6 (33.3%) 7 (58.3%) 0.176

Onychogryphosis 9 (50%) 2 (16.7%) 0.121

At least one clinical sign 16 (88.9%) 12 (100%) NS
a NS: non-significant with P value >0.2

Table VI: Comparison of physical examination findings between seropositive stray (group A; n=18) and seropositive privately-owned (group B; n=12) dogs

Variable ORa SEb z P value 95% CIc

Dog group and historical information
Dog group 4.59 2.08 3.36 0.001 1.88-11.17
Sex 2.65 0.17 -2.2 0.028 1.11-6.31
Sampling period 3.29 0.16 -2.22 0.027 1.15-9.44

Dog group, physical examination and laboratory data
Dog group 3.72 2 2.45 0.014 1.3-10.65
Masticatory muscle 
atrophy

2.87 1.53 1.97 0.049 1-8.18

Footpad hyperkeratosis 3.45 2.03 2.11 0.035 1.09-10.91
Haematocrit 1.15 0.03 -3.78 < 0.001 1.07-1.23
Platelet count (x 106/μl) 5.7 2.07 -2.73 0.006 1.6-9.7

a OR: odds ratio
b SE: standard error
c CI: confidence interval

Table VIII: Results of multiple logistic regression analysis for possible factors associated with seropositivity to L. infantum
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Variable Group A (n=18) Group B (n=12) P value
Hematocrit (%)

Range 18.2-48.9 24.7-44.9
Median 31.3 38 NSc

Hemoglobin concentration (g/dl)
Range 6.3-15.7 8.7-16.1
Median 10.6 13.1 NS

Anemia 11 (61.1%) 8 (66.7%) NS
MCHCa (g/dl)

Range 31.7-35.2 32.8-36.7
Median 33.5 34.9 0.007

White blood cell count (/μl)
Range 4,900-22,800 4,800-16,500
Median 13,750 10,350 0.2

White blood cell count
Increased 10 (55.6%) 4 (33.3%)
WRRb 7 (38.9%) 7 (58.3%)
Decreased 1 (5.6%) 1 (8.3%) NS

Neutrophil count (/μl)
Range 2,989-15,089 3,744-10,792
Median 7,717.5 7,411.5 0.136

Neutrophil count
Increased 4 (22.2%)  -
WRR 13 (72.2%) 12 (100%)
Decreased 1 (5.6%)  - 0.135

Band neutrophil count (/μl)
Range 0-1,596 0-388
Median 0 24 NS

Band neutrophil count
Increased 3 (16.7%) 1 (8.3%)
WRR 15 (83.3%) 11 (91.7%) NS

Lymphocyte count (/μl)
Range 264-9,052 816-5,635
Median 2,166.5 1,955 NS

Lymphocyte count
Increased 1 (5.6%) 1 (8.3%)
WRR 15 (83.3%) 9 (75%)
Decreased 2 (11.1%) 2 (16.7%) NS

Monocyte count (/μl)
Range 0-930 0-2,415
Median 122 261 0.132

Monocyte count
Increased - 2 (16.7%)
WRR 13 (72.2%) 3 (25%)
Decreased 5 (27.8%) 7 (58.3%) 0.021

Eosinophil count (/μl)
Range 0-2,490 0-5,115
Median 296 288 NS

Eosinophil count
Increased 8 (44.4%) 5 (41.7%)
WRR 6 (33.3%) 3 (25%)
Decreased 4 (22.2%) 4 (33.3%) NS

Platelet count (/μl)
Range 86,000-640,000 87,000-429,000
Median 237,000 247,000 NS

Thrombocytopenia 3 (16.7%) 2 (16.7%) NS
Total solids (g/dl)

Range 4.8-10.5 5.9-8.3
Median 7.8 7.5 NS

Total solids
Increased 5 (27.8%) -
WRR 10 (55.6%) 11 (91.7%)
Decreased 3 (16.7%) 1 (8.3%) 0.08

a MCHC: mean corpuscular hemoglobin concentration
b WRR: within reference range
c NS: non-significant with P value >0.2

Table VII: Comparison of the results of hematology and total solid measurement between seropositive stray (group A; n=18) and seropositive privately-
owned (group B; n=12) dogs
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MULTIPLE LOGISTIC REGRESSION ANALYSIS
 
The first model included the dog group and historical 

information. Of the seven variables with a p value ≤0.2, only 
six were used; the variables “purebred or not” and “breed 
with increased seroprevalence and/or with susceptibility to 
CanL” were highly correlated and the former was not entered 
into the model. The results showed that being a stray (group 
A) dog was an independent, highly significant (p = 0.001), 
risk factor for seropositivity (Table VIII). Additional factors 
associated with positive serology included female sex and not 
sampling during the transmission period of L. infantum. 

 
The second model included the dog group, physical 

examination, haematology and total solid measurement. 
Of the 24 variables with a p value ≤0.2, only 18 were 
used. Highly correlated pairs of variables, where only 
the first variable was entered into the model, included: 
i) “haematocrit” and “haemoglobin concentration”; ii) 
“increased, within reference range or decreased white blood 
cell count” and “white blood cell count”; iii) “increased, 
within reference range or decreased neutrophil count” and 
“neutrophil count”; iv) “increased, within reference range 
or decreased band neutrophil count” and “band neutrophil 
count”; v) “increased, within reference range or decreased 
monocyte count” and “monocyte count”; and vi) “increased, 
within reference range or decreased eosinophil count” and 
“eosinophil count”. The results showed that being a stray 
(group A) dog was an independent, significant (p = 0.014), 
risk factor for seropositivity (Table VIII). Additional factors 
associated with positive serology included masticatory 
muscle atrophy, footpad hyperkeratosis, low haematocrit and 
low platelet count.

Discussion
 
In the univariable analysis, certain historical information 

differed between stray (group A) and privately-owned (group 
B) dogs. Due to the uncontrolled breeding of sexually intact 
stray dogs, there were less purebred and, more importantly, 
less dogs belonging to predisposed breeds in group A 
than in group B (Table I) and this difference would favour 
seropositivity in the latter. Indeed, all (12/12) seropositive 
group B dogs were purebreds and 41.7% of them belonged 
to predisposed breeds (Table V). On the other hand, stray 
dogs lived outdoors more frequently than group B dogs 
and thus they may have had increased chances of becoming 
seropositive through repeated exposure to infected sand fly 
bites. Also, sampling period may have influenced the results 
because an almost 2-fold higher percentage of seropositive 
stray dogs were sampled during the period of sand fly activity 
compared with seropositive privately-owned dogs (Table V). 

The first multivariable model was designed to overcome 
the confounding effects on the main research inquiry (dog 
being stray or not) of the above factors and also of the sex and 
the age of the dogs. In multivariate analysis, the dog group 
was the strongest independent predictor of seropositivity 

with stray dogs having 4.59-fold higher risk of being 
seropositive compared with privately-owned dogs. Two 
additional factors associated with positive serology, female 
sex and not sampling during the transmission period, were 
also found. 

Increased seropositivity in female dogs has been reported 
[29] but in the majority of seroepidemiological surveys no 
sex predisposition among privately-owned and/or stray dogs 
has been found [2, 5, 20]. The higher susceptibility of male 
dogs to CanL [19], which is almost always accompanied 
by a positive antibody titre [23], may have reduced the 
chances of seropositive male dog enrolment in the present 
study: privately-owned male dogs with signs of CanL would 
be more likely to have been previously diagnosed and thus 
not be eligible and stray male dogs with CanL would have 
higher chances to have died of the disease. An additional 
explanation for the association between female dogs 
(especially those of group A) and seropositivity is that they 
may had become infected and seropositive after repeated 
copulation with infected males [28], whereas the reverse has 
not been demonstrated. 

There is no clear evidence for the influence of the sampling 
period on the incidence of seropositivity because the latter 
has been reported to be increased [1], similar [10] or even 
decreased [22] during the transmission period of the parasite 
compared with the rest of the year. These conflicting results 
are probably due to: a) the variable time period between the 
repeated exposures to the parasite through multiple bites 
from infected sand flies during the transmission period 
and seroconversion and b) of the variable time period that 
Leishmania-specific IgG remain above the cut-off titre after 
their initial rise. Many factors, related to the frequency of 
sand fly bites and to the immunological responses of the 
dogs, are expected to influence the duration of these time 
periods [23]. For this reason our finding of a 3.29-fold higher 
risk of seropositivity when sampling was not done during 
the transmission period should be interpreted carefully 
taking into consideration the study area which is highly 
endemic [17, 25] and the study population which consisted 
by more than one third of stray dogs. It is also conceivable 
that treatment of the sampling period as a binary variable, 
although convenient for statistical purposes, is artificial (e.g. 
no actual difference is expected between sampling a few days 
before the end of the transmission period and sampling a few 
days after its end).

In the univariable analysis, splenomegaly was the only 
physical examination finding that differed between the 
two groups, being more frequent in stray than in privately-
owned dogs. An increased prevalence of CanL in group A is 
not a likely explanation for this difference because the other 
clinical signs as well as the presence of at least one CanL-
associated clinical sign were not more frequent among stray 
than privately-owned dogs. Similarly, an increased severity 
of CanL in group A dogs does not seem to be responsible 
because there were no differences in the comparison of 
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physical examination findings (including splenomegaly) 
between seropositive stray and seropositive privately-owned 
dogs. Detection of splenomegaly on abdominal palpation is 
subjective [16] and this is exemplified by the highly variable 
prevalence of this finding in CanL which has been reported 
to range from less than 10% [16] up to more than 50% [4]. 
The dogs of the present study were examined by different 
clinicians and visual examination of the data clearly showed 
that the prevalence of splenomegaly depended on the 
examiner. In addition, due to the lack of regular prevention 
against ectoparasites, stray dogs may have been predisposed 
to other vector-borne diseases, like monocytic ehrlichiosis 
and babesiosis, which are also associated with splenomegaly. 
Similarly, concurrent diseases and infections are the most 
plausible explanation for the significant differences of 
laboratory data between group A and group B dogs.

In the multivariable analysis, the dog group was again 
the strongest independent predictor of seropositivity with 
stray dogs having 3.72-fold higher risk of being seropositive 
compared with privately-owned dogs. Interestingly, 
additional factors associated with positive serology in the 
second multivariable model included two clinical signs that 
are relatively specific for CanL and the two more frequent 
haematological abnormalities of the disease. Masticatory 
muscle atrophy occurs due to CanL-triggered immune-
mediated inflammation of masticatory muscles [30], footpad 
hyperkeratosis is a manifestation of a localized defect 
of keratinization [24] and both signs have relatively few 
differentials that do not include other vector-borne diseases. 
On the contrary, reduced haematocrit and low platelet counts 
are frequent in many vector-borne diseases but they are also 
seen in 50% or more of dogs with CanL [16].

 
There are many, non-mutually exclusive, explanations 

for the increased risk of seropositivity in stray dogs that 
are confined in animal shelters. These dogs may have been 
abandoned by irresponsible owners after they were found to 
be seropositive due to misconceptions of the public health 
implications and/or due to the cost and the commitment 
that are needed for the treatment of CanL. Confinement 
in an animal shelter is a major psychogenic stress that 
stimulates hypothalamic-pituitary-adrenal axis and the 
resultant hypercortisolemia [15] may have downregulated 
Leishmania-specific cell-mediated immunity leading to 
parasite multiplication and antibody production [23]. 
Similarly, suboptimal nutrition may also have contributed 
to the suppression of the protective cell-mediated immune 
responses. Not using insect repellents is expected to increase 
the exposure of stray dogs to L. infantum, whereas their 
lifestyle and the lack of prevention against ectoparasites may 
predispose them to numerous co-infections (e.g. by Ehrlichia 
canis, Anaplasma phagocytophilum, Babesia spp., Neospora 
caninum) that are associated with seropositivity [8, 12]. In 
any case, the results of the present study clearly show that 
stray dogs that are confined in animal shelters are at increased 
risk of seropositivity and that these dogs probably pose an 
increased risk of L. infantum transmission to the sand fly 

vectors [7, 21]. Subsequently, implementation of preventive 
measures (e.g. use of insect repellents, vaccination of 
seronegative dogs, and treatment of dogs with CanL) in stray 
dogs should become a priority in public health campaigns 
against leishmaniosis.

 
Shortcomings of the present study include the relatively 

small number of dogs, failure to examine for association 
between biochemical variables and results of serology, lack 
of data on possible co-infections, not using other more 
accurate predictors of infectiousness to sand flies and lack of 
information on the density of sand fly vectors in the animal 
shelter and the residencies of group B dogs. The number 
of stray dogs that were enrolled had to be restricted due to 
the limited funding, whereas client-owned dogs included 
all eligible dogs that were admitted to the Clinic during 
the same time period and had been tested serologically for 
Leishmania spp. However, in both multivariable models the 
increased seroprevalence of stray dogs was associated with 
highly significant p values and with lower limits of 95% 
confidence intervals lying away from 1. Therefore, the main 
outcome of the study would probably remain the same if 
more dogs had been enrolled. Biochemical variables were 
not analysed because there were many missing data, but even 
if this information was available, it could only influence the 
results of the second multivariable model. Investigation for 
possible co-infections would have enlightened one possible 
reason for the increased risk of seropositivity among stray 
dogs but would not have changed the main study outcome. 
Currently, xenodiagnosis is the gold standard to estimate 
infectiousness to sand flies and parasitic density in the ear 
skin, measured by quantitative PCR, its best surrogate marker 
[6]. Nevertheless, serology is less technically demanding, 
invasive and costly and accurate for this purpose. A higher 
abundance of infected sand flies in the animal shelter on 
in the areas where stay dogs had been captured than in the 
residencies of group B dogs could account for the increased 
seroprevalence of the former. Obviously, it was not feasible 
to examine vector density in the residencies of client-owned 
dogs or in the areas where stray dogs were living before 
entering the kennel. Nevertheless, the administrative region 
of Thessaly (i.e. the prefectures of Karditsa, Trikala, Larissa 
and Magnesia), as a whole, is considered a highly endemic 
area where canine infection by L. infantum, seropositivity 
and CanL are very frequent in urban, suburban and rural 
areas [17, 25, 27].

In conclusion, stray dogs confined in animal shelters 
in a highly endemic area have approximately 4-fold higher 
risk of being seropositive to L. infantum compared with 
privately-owned dogs living in the same area. Additional 
factors associated with seropositivity include female sex, 
not sampling during the transmission period, masticatory 
muscle atrophy, footpad hyperkeratosis, low haematocrit 
value and low platelet count.
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