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Abstract1

The Spanish imperial eagle (Aquila adalberti) is considered the most endangered 2

European eagle. The species is an endemic resident in the Southwestern Iberian 3

Peninsula. We used RT-PCR, immunohistochemistry and seroneutralization to test 4

samples from 13 wild and 18 captive eagles. WNV was detected by RT-PCR in tissues 5

and/or oropharyngeal swabs of 8 of 10 (80%) imperial eagles analyzed, and both in6

apparently clinically healthy birds, and in animals that died due to secondary infections 7

but had symptoms/lesions compatible with WNV. Immunohistochemistry detected8

WNV antigen in Purkinje cells in the cerebellum, epithelial cells of the gizzard and 9

duodenum, perivascular inflammatory cells, and in Kupffer-cells and hepatocytes. 10

Serum antibodies against WNV were detected in a total of 5 out of 21 imperial eagles11

(23.8 %), including free-living nestlings (2 out of 9 samples, 22.2%) and captive adult 12

eagles (3 out of 12 samples, 25%). Our results evidence WNV circulation among free-13

living and captive Spanish imperial eagles in South-central Spain, a dry inland region 14

with no previous WNV evidence, throughout five consecutive years. They also indicate 15

the need for further research into this important zoonosis in order to better understand 16

its epidemiology in the Mediterranean ecosystem and in order to understand the role of 17

WNV in the population dynamics of the critically endangered Spanish imperial eagle.18

19

Keywords: Aquila adalberti, emerging disease, resident, Spain, Spanish imperial eagle, 20

West Nile virus.21
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Introduction1

West Nile virus (WNV) is an arthropod-borne virus of the genus Flavivirus, 2

familiy Flaviviridae, which belongs to the Japanese-Encephalitis virus complex. It is 3

known to cycle between mosquito and avian hosts in Africa, Southern and Eastern4

Europe (Smithburn et al., 1940; Hubalek and Halouzka, 1999). The virus strain that was 5

introduced into North America in 1999, apart from causing serious illness and even 6

mortality in humans, leads to severe disease and mortality among local bird species, 7

especially corvids (Anderson et al., 1999; Lanciotti et al., 1999; Steele et al., 2000), and 8

has been shown to be responsible for the decline of some of these species (La Deau et 9

al., 2007). This contrasts with the little pathology historically observed in avian hosts in 10

Africa and Europe (Hubalek and Halouzka, 1999). 11

Since 1994, outbreaks of increasing severity among humans have also been12

reported in Eastern and Southern Europe, Israel and Northern Africa, in addition to13

reports on deaths of storks and geese, suggesting a change in the epidemiology of the 14

disease (Hubalek and Halouzka, 1999, Murgue et al., 2001; Malkinson et al., 2002; 15

Durand et al., 2004; Kramer et al., 2007). WNV was recently linked to disease and 16

mortality in a flock of captive geese and in a free-living raptor (a goshawk, Accipiter 17

gentilis) in Hungary, with human cases ocurring in the same area (Bakonyi et al., 2006). 18

In contrast, information on WNV activity in Spain is scarce and, apart from detection of 19

antibodies in horses (Jiménez-Clavero et al., 2007), colonial waterbirds (Figuerola et al.,20

2007a) and seroconversions in coots (Figuerola et al., 2007b) in Doñana National Park, 21

mostly related to humans (Lozano and Filipe 1998; Bofill et al., 2006; Kaptoul et al.,22

2007).23

The Spanish imperial eagle (Aquila adalberti) is listed as “endangered” by the 24

IUCN (International Union for the Conservation of Nature, BirdLife international, 25



Page 4 of 22

Acc
ep

te
d 

M
an

us
cr

ip
t

4

2004), and is considered the most endangered eagle in Europe. The species is endemic 1

in the Southwestern Iberian Peninsula, and its recession has been attributed to human2

pressure and the decline of its staple prey, the rabbit Oryctolagus cuniculus (Ferrer and 3

Negro, 2004). Only fragmented populations of the Spanish imperial eagle are left in 4

Southern and central Spain, with 185 breeding pairs counted in 2003 (Martinez-Cruz et 5

al., 2004). Here we report the detection of WNV in this endangered eagle and discuss 6

the importance of this finding in the context of future research on WNV in Southern 7

Europe and possible conservation implications.8

9

2. Material and methods10

2.1. Study site and sample collection.11

The study area comprises the Montes de Toledo and Sierra de Morena Mountain 12

systems, both located in Castilla – La Mancha in South-central Spain (Figure 1). Two 13

captive breeding facilities exist in this area, in which non-releasable imperial eagles are 14

included as founders in an integrated captive breeding program. We analyzed tissue 15

samples or oral swabs from 10 imperial eagles (6 captive, 4 wild) for the presence of 16

WNV, and plasma samples from 21 imperial eagles (9 wild, 12 captive) for the presence 17

of antibodies against WNV. More precisely, the tissue samples and oropharyngeal 18

swabs analyzed in this study are from eagles that died in one of the breeding facilities 19

between 2001 and 2004 (n=3), samples from healthy captive eagles collected in 200320

(n=3), and samples from wild imperial eagles collected in the field between 2002 and 21

2005 (n=4). Wild imperial eagles included both, one healthy adult bird, and nestlings 22

that suffered and died from conditions caused by organisms mostly considered to be 23

secondary opportunistic pathogens (n=3). All plasma samples were collected from 24

apparently clinically healthy captive adult (n=12) or wild nestling eagles (n=9). Most 25
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(n=7) of the healthy wild imperial eagle nestlings were sampled upon admission to a 1

rehabilitation centre for non-infectious reasons (trauma, sibling aggression, etc.), while 2

two nestlings were sampled in the field at radiotagging. All blood samples from 3

nestlings were taken between June and July 2003. The captive adult imperial eagles 4

were sampled during the yearly routine health check between September and December 5

2003.6

Tissue samples were collected using sterile instruments during necropsy into RNAse 7

and DNAse free cryovials, and oropharyngeal swabs were collected using sterile cotton 8

swabs that were immediately transferred into a commercial transport medium for 9

viruses (Eurotubo, Deltalab S.A., Barcelona, Spain).10

Blood samples were collected from the brachial vein using sterile syringes, and 11

transferred immediately to lithium-heparin coated sterile tubes. The samples were either 12

centrifuged shortly (10-15 min) after collection or kept refrigerated at 4º C until arrival 13

at the laboratory and centrifuged later (max. 5 hours). After centrifugation, plasma and 14

the cellular fraction were separated and stored frozen at -30º C until further analysis. 15

Prior to seroneutralization assays the plasma was inactivated at 56º C for 30 minutes.16

17

2.2. Reverse transcription-polymerase chain reaction (RT-PCR) and sequence analysis.18

Lung, heart, kidney, liver and/or brain tissue samples and the oral swabs were 19

analyzed by RT-PCR using primers and procedures published previously for the 20

presence of WNV and members of the genus flavivirus, respectively (Lanciotti et al., 21

2000; Kuno et al., 1998). Total RNA was extracted using TRIZOL (Invitrogen life 22

technologies, Karlsruhe, Germany) or TriReagent (Sigma) according to manufacturer’s 23

instructions. RT-PCR reactions were performed using the Access RT-PCR system 24

(Promega, Madison, WI, USA) and primers specific for West Nile virus (WN233 and 25
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WN640c; Lanciotti et al., 2000) and flavivirus NS5 protein gene (cFD2 and MA; Kuno 1

et al., 1998). After RT, PCR was done using 10 pmol of each primer in a 50-l volume 2

(1.5 mM MgSO4, 0.2 mM dNTP, 1X AMV/Tfl 5X reaction buffer, 5u Tfl DNA 3

polymerase) in an automated DNA thermal cycler (Eppendorf Mastercycler® personal, 4

Westbury, NY, USA) for 40 cycles of a denaturing step of 30 sec at 94o C, an annealing 5

for 60 sec at 55o C (WNV) or 53o C (flavivirus) and an extension step of 3 min at 68o C.6

Negative control reactions were performed with the same procedures, but adding water 7

instead of RNA to monitor contamination of the RT-PCR. The program ended by 8

storing the reactions at 10o C. PCR products were electrophoresed on 1% agarose gels to 9

check the size of amplified fragments by comparison to a DNA molecular weight 10

marker (1 Kb DNA Ladder, Promega). Amplified fragments were resin purified 11

(Wizard, Promega) and cloned into the pGEM-T vector (Promega) for sequencing both 12

strands by double-stranded dye-termination cycle sequencing (Core Sequencing 13

Facility, Department of Biochemistry and Molecular Biology, Noble Research Center, 14

Oklahoma State University). At least five independent clones were sequenced for each 15

PCR. Multiple sequence alignment was performed using the program AlignX (Vector 16

NTI Suite V 5.5, InforMax, North Bethesda, MD, USA) with an engine based on the 17

Clustal W algorithm (Thompson et al., 1994). BLAST (Altschul et al., 1990) was used 18

to search the NCBI nr database to identify previously reported sequences with identity 19

to those obtained in the study described herein.20

21

2.3. Serologic tests.22

Neutralizing antibody titers to WNV were determined by a micro virus-neutralization 23

test (micro-VNT) in 96-well plates adapted from a previously described method 24

(Weintgartl et al., 2003), as follows: serum samples were inactivated at 56o C for 30 25
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minutes prior to analysis. Dilutions of test sera (25 l) were incubated with 100 TCID501

of WNV strain E101 in the same volume (25 l) for 1 h at 37º C in Eagle’s medium 2

(EMEM) supplemented with L-glutamine, 100 U/ml penicillin, 100 g/ml streptomycin; 3

this was followed by the addition of 50 l of a suspension (5x105 cells/ml) of Vero E6 4

cells to the same medium plus fetal calf serum to reach a final concentration of 5%. The 5

mixture was further incubated for 6-7 days at 37º C until cytopathic effects (cpe) were 6

observed in back-titration control wells with 10 TCID50, to ensure completion of the 7

cpe in test wells containing 100 TCID50 of virus. The screening of samples was 8

performed at 1/10 and 1/20 dilutions of tested sera (dilutions considered before the 9

addition of virus, that is, in a volume of 25 l). Samples yielding positive neutralization 10

(absence of cpe) at one or both of the dilutions tested were confirmed and further 11

titrated by analyzing serial serum dilutions from 1/10 to 1/1280. The neutralizing serum 12

titre was considered to be the highest value of the reciprocal serum dilution giving a 13

complete absence of cpe.14

15

2.4. Immunohistochemistry 16

Immunohistochemistry was used on the tissues of six eagles applying a commercial 17

monoclonal antibody against the major envelope protein E of WNV/Kunjinvirus (MAB 18

8150, Chemicon international inc., Temecula, CA, USA). The avidin–biotin–peroxidase 19

complex (ABC) method was used on paraffin-embedded tissue sections for 20

immunohistochemical staining. Briefly, sections were deparaffinized and hydrated, and21

treated with proteinase K for 6 min at room temperature. Endogenous peroxidase 22

activity was inactivated by incubation with 3% hydrogen peroxide in methanol for 30 23

min at room temperature (20–25º C). After three 10 min rinses in phosphate-buffered 24

saline (PBS; pH 7.4), sections were incubated with 5% normal goat serum (Vector25
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Laboratories, Burlingame, CA) for 20 min at room temperature. The primary antibody 1

was applied on paraffin sections for 12 h at 4 ºC at a dilution of 1:100 in PBS (pH 7.4). 2

After three 10 min rinses in PBS, sections were incubated with a biotinylated goat 3

antimouse IgG (Vector Laboratories) diluted 1:200 for 30 min at room temperature. 4

After three 10 min rinses in Tris-buffered saline (pH 7.6), an avidin-biotin complex 5

(Vector Laboratories) diluted 1:50 was applied for 30 min at room temperature. 6

Sections were incubated for 1 min with 3-30- diaminobenzidine tetrahydrochloride 7

diluted 0.035% in Tris-buffered saline (pH 7.6) containing 0.01% hydrogen peroxide as 8

chromogen (Vector Laboratories). All immunostained sections were counterstained with 9

Mayer’s haematoxylin. The specific primary antibody was replaced by PBS and by 10

nonimmune mouse serum in negative control tissue sections.11

12

2.5. Sequence accession numbers13

The GenBank accession numbers for WNV V2 and flavivirus NS5 sequences are 14

EF152579-EF152581 and EF152582, respectively.15

16
Results17

WNV was detected by RT-PCR in 8 of 10 (80%) Imperial eagles analyzed, both18

in apparently clinically healthy birds, and in animals that died due to secondary 19

infections but had symptoms/lesions compatible with WNV (Table 1). Positive samples 20

were found in almost six consecutive years (2001-2005), in summer as well as in winter 21

(Table 1, Figure 1). Also, the cases in which WNV was detected in birds from the field 22

were distributed across the study area (Figure 1). All Flavivirus NS5 sequences were 23

identical (Genbank accession number EF152582). In contrast, three different genotypes 24

were found for WNV V2 sequences (Genebank accession numbers EF152579-25
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EF152581). The analysis of WNV V2 sequences showed that Spanish imperial eagle 1

strains were close related to African and European strains (Table 2).2

Using immunohistochemistry, WNV antigen was detected in a number of 3

different tissues. In the brain, mostly Purkinje cells in the cerebellum were found to 4

have viral antigen (Table 1, Figure 2), although antigen was also detected in neurons in 5

the brain stem and in one case in the cerebrum. WNV antigen was present in epithelial 6

cells of the gizzard and duodenum, in perivascular inflammatory cells in the liver 7

kidney and lung, and in one of the birds that had severe hemosiderosis in endothelial 8

and Kupffer-cells (Table 1, Figure 2).9

Overall seroprevalence of antibodies against WNV in the Imperial eagles was10

23.8 % (5 out of 21 samples). The number of individuals with antibodies against WNV 11

was similar between free-living nestlings (2 out of 9 samples, 22.2 %) and captive adult 12

eagles (3 out of 12 samples, 25 %). Low and significant antibody titers were detected in 13

both, nestling and adult birds (Table 3).14

15

Discussion16

Our results evidence WNV circulation among free-living and captive Spanish imperial 17

eagles in South-central Spain, a dry inland region with no previous WNV evidence. The 18

negative result of the Flavivirus RT-PCR in some West Nile virus positive cases could 19

be related to the age (some originated from 2001)  and storage conditions (-20º C) of the 20

samples prior to analysis that may have led to degradation of the viral RNA. It may also 21

be due to the fact that the generic Flavivirus RT-PCR is less sensitive than the specific 22

RT-PCR used for the detection of WNV.23

In Spain, WNV antibodies have been detected in fledglings of colonial waterbird 24

species that migrate to areas where WNV is known to circulate (Figuerola et al., 2007). 25
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In addition, seroconversion has been demonstrated in a population of common coots 1

(Fulica atra) that has been monitored serologically since 2003 (Figuerola et al 2007b), 2

and horses in the same area show 8% prevalence of antibodies to this virus (Jiménez-3

Clavero et al., 2007). These reports and a recent human case (Kaptoul et al., 2007), and 4

the detection of anti-WNV IgM and IgG in an individual in Catalonia (Bofill et al., 5

2006) suggest at least temporary circulation of WNV in Spain. Our results render the 6

first evidence of viral antigen in a resident avian species. The detection of WNV in an 7

imperial eagle in central Spain in winter could be indicative of both, introduction by 8

migratory birds, and existence of endemic foci. The mild winters in Spain could, at least 9

in some regions, allow persistence of WNV in overwintering mosquitoes. In a study 10

based on the information on bird movements and the prevalence of WNV in the 11

Camargue region in France, Jourdain et al. (2007) proposed three models for the 12

epidemiology of WNV with relation to outbreaks among humans and horses in dry 13

areas close to the wetland. In two of the proposed scenarios, the introduction of WNV 14

from endemic areas in Eastern Europe, or local persistence with overwintering of WNV 15

would be a key feature. Our results indicate that WNV probably circulated throughout at 16

least six consecutive years in our study area. These results underline the urgent need for 17

further research into this important zoonosis in order to better understand its 18

epidemiology in the Mediterranean ecosystem. 19

WNV detection in juvenile and adult imperial eagles with clinical disease raises20

questions about its potential involvement in the development of disease with primary 21

fatality or death due to secondary conditions. The detection of viral antigen in numerous 22

organs in association with degenerative lesions in the liver and central nervous system is 23

consistent with findings in North American raptors and owls (Nemeth et al., 2006; 24

Lopes et al., 2007) and points towards a certain implication of WNV in the pathogenesis 25
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of the disease process. In nestlings, stress from sibling agressive behaviour may have 1

favoured the development of disease conditions due to secondary pathogens by reducing 2

the defenses, and WNV may have contributed. Low population size and fragmentation 3

render the Spanish imperial eagle especially vulnerable to the threat of disease4

(McCallum & Dobson, 2002; Martinez-Cruz et al., 2004). Hence, further research 5

should also elucidate the role of WNV in the population dynamics of the critically 6

endangered Spanish imperial eagle.7

8
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Table 1. Summary of Spanish imperial eagle samples analyzed and evidences of WNV 1

infection2

Ref. No. Characteristics Out 

come

Date
Samples 

for PCR
RT-PCR Results

Acces-

sion

Immuno

histo-

chemistry

WNV
Flavi-

virus

Positive 

tissues

NR 1262
Capt., adult female, 

hemolytic crisis
fatal 08/2001 pool + +

EF1525

80
Brain

NR 1456

Free-living nestling, 

trichomonosis, 

mycoplasma, 

dimorphic fungus

fatal 06/2002 brain + + Ns Brain, liver

NR 1458

Wild nestling, sibling 

agression, hepatitis, 

hemorrhagic enteritis,

fatal 06/2002 liver + + Ns
brain, liver, 

lung, kidney

NR 1677
Capt. ad., heart 

failure
fatal 02/2003 brain + -

EF1525

81

Brain, 

duod., gizz.

NR 2161
Capt. ad., cardiac 

infarct
fatal

12/

2004

Lung, 

heart brain
Heart +

All +

EF1525

79

Brain, 

kidney

NR 2058

Free-living nestling, 

feathering problems, 

K. pneumoniae

fatal 07/2004 kidney + - Ns
Brain,

kidney, liver

Houdini Captive  juvenile Alive 12/2003 swab - - - Na

AA1/05 Healthy wild adult Alive 01/2005 swab + - Ns Na

M34H Healthy captive adult Alive 09/2003 swab - - - Na

M40H Healthy captive adult Alive 10/2003 swab + - Ns Na

* Na = not analyzed. Ns= not sequenced.3
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Table 2. BLAST analysis of WNV V2 sequences from Spanish imperial eagle strains.1
2

Identitya

Accession Country of origin Score
E 

value WNV61 
(EF152579)

WNV63 
(EF152581)

WNV64 
(EF152580)

M12294.2 Uganda 243 2e-61 99% 98% 95%

DQ116961.1 Hungary 237 8e-60 98% 97% 94%

AY532665.1 Uganda 237 8e-60 98% 97% 94%

DQ318019.1 Senegal 237 8e-60 98% 97% 94%

DQ318020.1
Central African 
Republic

231 4e-58 97% 97%
94%

AY688948.1 Israel 215 4e-53 95% 94% 91%

3
Sequences with highest BLAST score are shown. aNucleotide sequence identity is 4

shown for the three WNV strains obtained in this study. Genbank accession numbers 5

are shown in parenthesis.6

http://www.ncbi.nlm.nih.gov/BLAST/Blast.cgi?CMD=Get&ALIGNMENTS=100&ALIGNMENT_VIEW=Pairwise&DATABASE_SORT=0&DESCRIPTIONS=100&EXPECT=10&FIRST_QUERY_NUM=0&FORMAT_OBJECT=Alignment&FORMAT_PAGE_TARGET=&FORMAT_TYPE=HTML&GET_SEQUENCE=yes&I_THRESH=&MASK_CHAR=2&MASK_COLOR=1&NEW_VIEW=yes&NUM_OVERVIEW=100&PAGE=MegaBlast&QUERY_NUMBER=0&RESULTS_PAGE_TARGET=&RID=C8PXPHTG012&SHOW_LINKOUT=yes&SHOW_OVERVIEW=yes&STEP_NUMBER=&DISPLAY_SORT=1&HSP_SORT=1#sort_mark
http://www.ncbi.nlm.nih.gov/BLAST/Blast.cgi?CMD=Get&ALIGNMENTS=100&ALIGNMENT_VIEW=Pairwise&DATABASE_SORT=0&DESCRIPTIONS=100&EXPECT=10&FIRST_QUERY_NUM=0&FORMAT_OBJECT=Alignment&FORMAT_PAGE_TARGET=&FORMAT_TYPE=HTML&GET_SEQUENCE=yes&I_THRESH=&MASK_CHAR=2&MASK_COLOR=1&NEW_VIEW=yes&NUM_OVERVIEW=100&PAGE=MegaBlast&QUERY_NUMBER=0&RESULTS_PAGE_TARGET=&RID=C8PXPHTG012&SHOW_LINKOUT=yes&SHOW_OVERVIEW=yes&STEP_NUMBER=&DISPLAY_SORT=0&HSP_SORT=0#sort_mark
http://www.ncbi.nlm.nih.gov/BLAST/Blast.cgi?CMD=Get&ALIGNMENTS=100&ALIGNMENT_VIEW=Pairwise&DATABASE_SORT=0&DESCRIPTIONS=100&EXPECT=10&FIRST_QUERY_NUM=0&FORMAT_OBJECT=Alignment&FORMAT_PAGE_TARGET=&FORMAT_TYPE=HTML&GET_SEQUENCE=yes&I_THRESH=&MASK_CHAR=2&MASK_COLOR=1&NEW_VIEW=yes&NUM_OVERVIEW=100&PAGE=MegaBlast&QUERY_NUMBER=0&RESULTS_PAGE_TARGET=&RID=C8PXPHTG012&SHOW_LINKOUT=yes&SHOW_OVERVIEW=yes&STEP_NUMBER=&DISPLAY_SORT=0&HSP_SORT=0#sort_mark
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=11497619&dopt=GenBank
http://www.ncbi.nlm.nih.gov/BLAST/Blast.cgi#11497619#11497619
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=73913543&dopt=GenBank
http://www.ncbi.nlm.nih.gov/BLAST/Blast.cgi#73913543#73913543
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=56462533&dopt=GenBank
http://www.ncbi.nlm.nih.gov/BLAST/Blast.cgi#56462533#56462533
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=84028432&dopt=GenBank
http://www.ncbi.nlm.nih.gov/BLAST/Blast.cgi#84028432#84028432
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=84028434&dopt=GenBank
http://www.ncbi.nlm.nih.gov/BLAST/Blast.cgi#84028434#84028434
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=51095221&dopt=GenBank
http://www.ncbi.nlm.nih.gov/BLAST/Blast.cgi#51095221#51095221
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Table 3. Summary of the antibody titers against WNV detected in free-living nestling 1
and captive adult eagles in central Spain.2

Status of 

Individuals
0 10 20 40 80 160 320 640 1280 >1280

Perce

ntage 

≥10

Captive adults 9 1 1 -- -- -- -- -- -- 1 22.2

Free-living 

nestlings

7 -- 1 -- -- 1 -- -- -- -- 25

Total 16 1 2 -- -- 1 -- -- -- 1 23.8

3
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Figure 1. Study area, distribution of the Spanish imperial eagle and detection of WNV 1

antigen and antibodies in free-living and captive imperial eagles. 2

The distribution of the population of imperial eagles in the study area is 3

represented by shaded areas. Cases in which WNV antigen has been detected are 4

marked with squares, bold writing of the month and year of sampling indicates5

live birds, in fatal cases the month and year are in brackets. Detection of 6

antibodies in nestlings from the field is marked with circles and the month is not 7

spelled out. WNV antigen was detected in live and dead imperial eagles in the 8

captive breeding center as well as antibodies.9
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Figure 2. Detection of WNV antigen in Spanish imperial eagles by 1

immunohistochemistry (x400) a) Purkinje cells of the brain in an adult, b) 2

endothelial and Kupffer cells in the liver of a nestling (x400).3
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http://ees.elsevier.com/vetmic/download.aspx?id=48893&guid=71e2fbcc-c0ce-4f2a-bfb6-350f51da091b&scheme=1
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Figure 2

http://ees.elsevier.com/vetmic/download.aspx?id=48889&guid=81ed76ac-f999-4c4b-9627-b609bb82cfa4&scheme=1


Page 22 of 22

Acc
ep

te
d 

M
an

us
cr

ip
t

Figure 3

http://ees.elsevier.com/vetmic/download.aspx?id=48890&guid=b3226d74-86bd-4533-a89e-3d6b396bf1d0&scheme=1

