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Original Research Article

PHARMACOKINETICS OF THE LONG-ACTING CEFTIOFUR CRYSTAL-
LINE-FREE ACID IN ARABIAN SHE-CAMELS (Camelus Dromedarius)

Mahmoud Kandeel'? Wael EI-Deeb®*# Mahmoud Fayez®, Ibrahim Ghoneim?®

'Department of Biomedical Sciences, *Department of Clinical Sciences, College of Veterinary Medicine, King Faisal University, Al-Ahsa,
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of Internal Medicine, Infectious Diseases and Fish Diseases, Faculty of Veterinary Medicine, Mansoura University, Mansoura, Egypt,
*Veterinary Serum and Vaccine Research Institute, Cairo, Egypt

*Corresponding author, E-mail: weldeeb@kfu.edu.sa

Abstract: Ceftiofurisanimportant broad-spectrum 3 generation cephalosporin antibiotic. Owing to its time-dependent antimi-
crobial actions, the length of time of being above bacterial MIC is the critical point in using ceftiofur for chemotherapy rather than
its peak of concentration. Consequently, this experimentwas carried out to evaluate, for the first time, the pharmacokinetics of the
long-acting ceftiofur crystalline acid-free form (ceftiofur-CAF) in camels. Ceftiofur-CAF 200 mg/ml suspension sterile solutionwas
injected i/m at a dose 6.6 mg/kg. Blood samples were collected from the jugular vein in vacutainer tubes at 0,0.13,0.25,0.5, 1, 2,
4,8,12,24,48,72,96, 120, and 144 hours after administration of the drug. Ultrahigh Performance Liquid Chromatography-Mass
Spectrometry (UPLC MS/MS) was used to measure serum concentration. Pharmacokinetic modeling was by a two-compart-
ment model. Pharmacokinetics of ceftiofur-CAF after single i/m injection in she-camels was best modeled in the two-compart-
ment model, where the drug slowly distributed to a second compartment with poortissue penetration and high preference to the
central compartment. Inthis study, the maximum plasma concentration (C_, )was 9.29+0.42ug/mlatT _, equals 9.41+1.35n. The
areaunderthe curve (AUC,..) was 354.1+57.22 pg/ml*h. The distribution and elimination half-lives were 7.42 and 46.13 h, respec-
tively. The mean residence time (MRT) was 42.01 h. Compared with the rapidly absorbed form of ceftiofur (ceftiofur-RAF) in cam-
els, there was almost similar maximal serum concentration but with delayed time to maximal concentration (T ), longer means
residence time (MRT) and higher distribution and elimination half-lives. In terms of antibacterial efficacy, ceftiofur-CAF stayed
above a previously recommended level of 0.2 ug/ml for 7 days, which can be achieved after a single i/m injection of 6.6 mg/kg.
The obtained pharmacokinetics data in camels recommends repeated administration of 2 days apart for bacteria requiring MIC
levelsabove 2 ug/ml.

max

Key words: Ceftiofur; pharmacokinetics; camel; cephalosporins

Introduction rate of 6.6 mg/kg can be used in two consecutive

injections to cover a treatment course of 10 days

Ceftiofur is a semisynthetic 3™ generation
cephalosporin with broad-spectrum antibacterial
efficiency by inhibition of essential enzymes in cell
wall biosynthesis resulting in a strong bactericidal
effect (1, 2). It has been approved for veterinary
medical uses in various animal species including
equines, bovines, swine, sheep, and goats (3). The
crystalline-free acid form of ceftiofur at a dose

Received: 24 March 2020
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(1). This is more beneficial than the laborious single
daily dosing strategy.

Recently, camels have been reported to acquire
serious respiratory infections caused by various
bacterial and viral causative agents as middle east
respiratory syndrome coronavirus (MERS CoV) or
bacterial pneumonia (4, 5). Owing to the emerging
nature of camel pathogens and their public health
impact, proper therapeutic protocols have to be
achieved.

Ceftiofur is an excellent choice in treating
respiratoryinfectionsin horses, cattle, and swine (1).
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The usage of a long-acting formula of ceftiofur
is thought to deliver significant-high serum
concentration of ceftiofur for at least 4 days
after a single i/m injection in horses and other
animals (1, 3, 6-9). This will be beneficial in
creating antimicrobial coverage in treating
camel pathogens and during mass treatment
of respiratory infections in camels. Moreover, a
single long-acting dose minimizes handling and
avoid stresses on camels during restraining and
repeated daily injections. Despite the availability
of such long-acting ceftiofur preparation,
its pharmacokinetics and drug disposition
parameters in camels is not well understood.
This study investigates for the first time the
pharmacokinetics of ceftiofur crystalline acid-
free form (Ceftiofur-CAF) in Arabian she-camels.
The obtained pharmacokinetic parameters were
compared with that of the previously published
results of ceftiofur immediate-release form
(ceftiofur-IRF) in camels. This study will aid in
designing dose frequencies and the proper design
of antibacterial programs.

Materials and methods

Animals, facilities, and instruments

Three Arabian non-lactating 8 years old she-
camels were used in this study. The she-camels
were housed in the facilities of the camel research
center, King Faisal University. Camels did not
receive any previous treatments at least three
months before the start of the experiment. Water
was freely available during all experimental
courses. She-camels were fed on alfalfa hay
according to the camel center feeding schemes.
The ethics committee of King Faisal University (no.
1811013) approved all experimental procedures
and animal experiments. Waters Acquity Ultra-
high performance liquid chromatography Mass-
mass (UPLC-MS-MS) system equipped with an
autosampler, C18 column, and Acquity Micromass
triple-quadrupole was used to measure the serum
concentration of injected Ceftiofur.

Drug administration
Ceftiofur-CAF 200 mg/ml suspension (Excede,

Zoetis Inc, NJ, USA) sterile solution was injected
i/m at a dose 6.6 mg/kg.

Collection of samples

Blood samples were collected from the left
jugular vein in vacutainer tubes at 0, 0.13, 0.25,
0.5,1,2,4,8,12,24,48,72,96, 120, and 144 hours
after administration of the drug Administration.
Blood samples were inverted briefly for three times
and kept in insulated refrigerated boxes to clot.
After 15 min, the tubes were centrifuged at room
temperature at 2000 g for 15 min. Aliquots of
serum were stored at - 80 °C until chromatographic
analysis.

Sample preparation and extraction

The sample preparation was performed as
described by (10, 11) with slight variations. A
standard stock solution at different concentrations
was prepared by dilution in MilliQ water starting
from 150 to 3.125 ng/ml concentrations. Within
this range, six different concentrations were used
to plot the standard curve. All tubes were stored
at - 30°C and melted just before the experiment.

Sample preparation included deproteinization,
evaporation of the solvent, and final dissolving
of the mobile phase. Serum was deproteinized
in acetonitrile 1:7 (v/v). After vortexing, the
denatured protein was removed by centrifugation
for 13,000 rpm for 10 min. the supernatant was
evaporated under a nitrogen stream and the pellet
was redissolved in the mobile phase. Twenty
microliters of the solution were injected into the
UPLC-MS-MS system.

Chromatographic conditions

UPLC-MS/MS was performed using a Waters
Acquity UPLC system (Waters Corp., MA, USA).
The system is composed of Waters Acquity
Micromass triple-quadrupole MS quadrupole
with electrospray source, Waters Acquity BEH
C18 column, autosampler, quaternary solvent
management system. The system was operated
under the control of MassLynx 4.1 software. The
mass multi-reaction-monitoring (MRM) mode
was as described previously (10, 12, 13). The
running solution contained solution (A): UPLC
grade water containing 0.1% formic acid, and
solution (B): methanol containing 0.1% formic
acid. Half mM ammonium acetate was added
for both solutions A and B. The gradient elution
program (14) comprised a gradual increase in
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solution B until 85:15 (v/v). validations of runs and
limits of detection quantification were performed
as described previously (15). The method was
validated for selectivity, sensitivity, linearity,
precision, accuracy, and stability. The blanc
and drug samples were compared to assign the
chromatographic selectivity. LLOQ (lower limit of
quantification) was used as a measure of sensitivity
by measuring the area of the curve that was at
least five times higher than the blanc values. Drug
concentrations of 0.195 ppb to 150 ppb were used
for linearity checking. Intra and inter-day precision
was carried out by measuring LLOQ, LOC, middle-
quality control (MQC), and high-quality control
(HQC) levels. Accuracy was assigned by estimation
of the amount extracted after the addition of known
amounts of the drug. The chromatograms for LOD
and LOQ are given in the supplementary materials
(Supplementary files 1 and 2).

Pharmacokinetic analysis

The pharmacokinetic analysis was performed by
nonlinear curve fitting analysis. The data were fitted
with the aid of PKsolver Excel add-on software (16).
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Results

Both non-compartment and compartment
pharmacokinetic models were used to fit the
obtained data. Fig.1 shows the relation between the
serum concentrations of ceftiofur-CAF concerning
time. The best-fitting was determined to be by a two-
compartment model to deliver the pharmacokinetic
parameters (Table 1): a and P: the apparent rate
constants of the distribution and elimination
phases, the distribution and elimination half-lives
(ti/2q and t;,5), the rate constant for equilibration
between the central and peripheral compartment
(k;,), return to the central compartment (k,,),
elimination from central component (k,,) and the
volume of distribution (V_F). The rate constant for
distribution to the peripheral compartment was
0.03 h' indicating slow transfer of drug from the
central to peripheral compartment. The values of
k,, and k,, indicate low and slow tissue penetration
and a general preference for central compartment
or serum. The area under the concentration curve
(AUC i) was 354.1 pg/ml h'' and mean residence
time (MRT) 42.01 h.

Figure 1: The relation between the serum concentrations
of ceftiofur-CAF concerning time. A) the concentration
(Y-axis) is plotted against time (X-axis). The values
of each she-camel are plotted separately. B) semi-
logarithmic plot of concentration-time relation. The
values represent mean * SD
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Table 1: Pharmacokinetic parameters of single i/m injection of 6.6 mg/kg of ceftiofur-CAF in she-camels (n = 3)

Parameter Unit Average SD
A pg/ml 140.89 109.01
a 1/h 0.11 0.05
B pg/ml 5.77 4.39
B 1/h 0.02 0.01
ka 1/h 0.15 0.02
Parameter Unit Average SD
k,, 1/h 0.05 0.01
k, 1/h 0.03 0.02
k,, 1/h 0.05 0.04
t)0 h 7.42 4.24
t) 08 h 46.13 37.75
ot h 4.64 0.75
V/F (mg/kg)/ (ng/ml) 0.35 0.04
CL/F (mg/kg)/(g/ml)/h 0.02 0.001
V,/F (mg/kg)/ (ng/ml) 0.29 0.15
CL,/F (mg/kg)/(pg/ml)/h 0.01 0.01
T, . h 9.41 1.35
C e pg/ml 9.29 0.42
AUC . pg/ml*h 335.55 36.25
AUC . pg/ml*h 354.10 57.22
MRT h 42.01 15.64
Discussion dairy cow, 2.45 pg/ml in sheep and 0.785 ug/

This study investigated the pharmacokinetics
of ceftiofur long-acting preparation in camels.
This will help in the design of a suitable dosing
program. Hibbard et al. (2002) reported that a
single s/c injection of ceftiofur-CAF produced
plasma levels of ceftiofur remained above 0.2
ug/ml for more than 7 days (7). In this study,
ceftiofur-CAF injection in camels resulted in slow
absorption from the injection site to reach a C__,
and T, 0f9.41 pg/mland9.29 hours, respectively
(Table 1). This indicates about 8 folds increase in
the absorption time from the i/m injection site
compared with immediate-release ceftiofur in
camels, which was 1.22 h (17). Additionally, the
C.. Of ceftiofur-CAF was 9.29, which is highly
comparable to the previously reported C,. of
ceftiofur-IRF, 10.34 pg/ml (17).

The obtained C_,, in she-camels (9.29 ng/
ml) was prominently higher than 2.248 pg/ml in
nonlactating goats (6), 1.458 in lactating goats
(6), 6.39 png/ml in beef cattle (6), 4.44 pg/ml in

ml in equine (1). The s/c injection in dairy cows,
sheep, and goats, compared with i/m injection
in this study might affect the peak of serum
concentration. However, the several folds higher
serum concentration in camels suggests the
delayed absorption and camel specific factors in
ceftiofur disposition. The obtained T, in she-
camels (9.41 h) is to be described as an earlier
peak of ceftiofur concentration compared with
26.67 h in nonlactating goats (6) 46 h in lactating
goats (6), 23 h in sheep (18), and 22 h in equine (1).
The absorption half-life (t1/2pka) of ceftiofur-CAF
in she-camels was 4.64 h, this is lower than the
estimated value of 5.67 in nonlactating goats ().
The distribution half-life (t,,,) was 7.42 h
indicating slow distribution. The t,,, obtained
in ceftiofur-IRF was recording less than 1 h in
cattle, sheep, and goats and about 0.34 h in
camels (17). Similarly, the estimated elimination
half-life (t,,,5) was 46.13 h that is greatly higher
than the average recorded value for ceftiofur-IRF,
which was in the range of 3.18-5.83 h in cattle,
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sheep, calves, or goats (17). Thus, ceftiofur-CAF
produced a prominent long-lasting slow-release
form in camels by showing delayed T, and
longer distribution and elimination half-lives. The
elimination half-life (t,,;) of ceftiofur-CAF in she-
camels was 46.13 h, which is more or less similar
to 47.31 h in nonlactating goats (6) and 100 h in
equine (1). This implies species-specific differences
in t,,; in animal species. The administration of
ceftiofur-IRF in domestic and exotic birds showed
wide variability in pharmacokinetic parameters
with T, .. = 0.83-2.67 h, C_ .. = 0.86-10.99 ng/
ml, t,,, = 0.28-3.8 h and t,,,3 = 2.5-8.65 h (19).
This indicates the wide variability of ceftiofur
pharmacokinetics.

The model for fitting ceftiofur-CAF pharmacok-
inetics was best explained by using a non-com-
partmental model in neonatal foals (3), equine (1),
cattle egrets (9), guineafowl (20), American flamin-
gos (21), ball python (22), and Rhesus macaques
(8), one-compartment model in sheep (18) and goat
(6) and two-compartment model in swine (23). The
present data were fitted by a two-compartment
model. This model was used to fit the pharmacoki-
netics data in pigs injected with commercial ceftio-
fur HCI suspension at a dose rate of 5 mg/kg (23).
Compared with pigs data, she-camels pharmacok-
inetic parameters showed a 6-folds increase in dis-
tribution half-live, 10.45-folds increase in absorp-
tion half-life, 5.9-folds increase in T, 3.8 times
lower C,_.., and 3.36-folds increase in elimination
half-life. This indicates delayed absorption, distri-
bution, and elimination time in camels. Addition-
ally, the drug levels fall below the recommended
level of 0.2 pg/ml in pigs in less than 96 h, com-
pared with 144 h in camels.

The analysis of the relation between the drug
concentration and bacterial susceptibility was based
on MIC levels for susceptible respiratory pathogens
in cattle (7, 17). The obtained pharmacokinetic
parameters revealed that one dose of i/m injection
of ceftiofur-CAF at a dose rate of 6.6 mg/kg achieved
serum levels above 0.2 pg/ml for 7 days in she-
camels. In our study, the concentration of ceftiofur
remained above 0.2 pg/ml for an average time
of 119.833 h. Moreover, for proper antibacterial
efficiency, achieving serum concentrations about
10-times the MIC values (24) or a serum level of
2 pg/ml is required. Based on pharmacokinetic
parameters, the level of ceftiofur falls below 2 g/ ml
after 48 h of injection. Therefore, a single injection
is sufficient to cover 7 days for highly susceptible

bacteria and it is recommended to administer a
second dose of ceftiofur-CAF after 2 days from the
first injection for less susceptible bacteria. The
estimated ceftiofur levels were above 0.2 pg/ml
for 9.1 days in beef cattle (6.6 mg/kg), 6.7 days
in nonlactating goats, 8.5 days in dairy cows,
and 7.5 days in lactating goats (6). This indicates
a shorter duration in she-camels compared
with other animals. Taking into consideration
the "flip-flop" pharmacokinetics of slow-release
preparations, the terminal phase of elimination of
the drug is complicated by its slow release from
the injection site. However, the impact of "flip-flop"
pharmacokinetics is underscored in this camel
experiment, as the half-life of absorption (4.64 h)
is much lower than the elimination half-life (;, )

Conclusion: Ceftiofur-CAF achieved long-lasting
serum levels in camels above the recommended
level of 0.2 pg/ml for 4 days following a single i/m
injection at a dose rate of 6.6 mg/kg. Careful dose
adjustment depending on MIC values could be
practiced by comparing its value with the provided
concentration-time relation. Camels showed a
higher peak of serum concentration with markers
of slow excretion and longer persistence in the
body compared with other animals.
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FARMAKOKINETIKA DOLGODELUJOCE CEFTIOFURNE KRISTALINICNE PROSTE KIS-
LINE PRI SAMICAH ARABSKIH KAMEL (Camelus dromedarius)

M.Kandeel, W. El-Deeb, M. Fayez, |. Ghoneim

lzvlecek: Ceftiofur je pomemben Sirokospektralni antibiotik 3. generacije cefalosporinov. Zaradi njegovih ¢asovno odvisnih
protimikrobnih u¢inkov je ¢as, ko je raven ceftiofura nad bakterijskim MIC in ne pri njegovem vrhu koncentracije kriti¢na tocka
pri uporabi tega antibiotika. Poskus je bil izveden z namenom ovrednotenja farmakokinetike dolgo delujoce ceftiofurjeve kri-
stalini¢ne brezkislinske oblike (ceftiofur-CAF) pri kamelah. Ceftiofur-CAF v koncentraciji200 mg/ml suspenzije sterilne raztopine
smo injiciralii/m v odmerku 6,6 mg/kg. Vzorci krvi so bili zbrani iz vratne vene v vakuumskih epruvetah ob injiciranju antibiotika in
nato 8,15in 30 minut poinjiciranjuter 1,2,4,8,12,24,48, 72,96, 120 in 144 ur poinjiciranju antibiotika. Za merjenje serumske kon-
centracije je bila uporabljena tekocinska kromatografija ultra visoke lo¢ljivosti (UPLC MS/MS). Farmakokineti¢cno modeliranje
je bilo izvedeno z dvokomponentnim modelom. Farmakokinetiko ceftiofur-CAF-a po enkratnem i/m injiciranju v kamele je bilo
najbolje modelirati v modelu z dvema predelkoma, kjer se je zdravilo poc¢asi razdeljevalo v drugi predelek s slabo penetracijo v
tkiva in veliko prednostjo do osrednjega predelka. Najvisja koncentracija antibiotika v plazmi (C,.,,) je bila 9,29 + 0,42 ug/ml pri
T, 941 +1.35ure. PovrSina pod krivuljo (AUC0-°) je bila 354,1 + 57,22 ug/mli*h. Razpolovni Cas razporeditve in izlocanja je bil
7,42 oziroma 46,13 ure. Povprec¢ni ¢as prisotnosti antibiotika (MRT) je bil 42,01 h. V primerjavi s hitro absorbirano obliko ceftiofurja
(ceftiofur-RAF) pri kamelah je bila skoraj podobna najvecja koncentracija v serumu, vendar z zakasnjenim ¢asom do najvecje
koncentracije (T __ ), dalj$im casomzadrzevanja(MRT)invecjimrazpolovnim casom porazdelitveinizioCanja. Ceftiofur-CAF ostal
dninad predhodno priporo¢eno ravnijo ucinkovitosti0,2 ug/mlkar 7 dni, kar je bilomogoce dosecipo enkratnii/minjekciji 6,6 mg/
kg. Pridobljeni podatki o farmakokinetikivkamelah priporo¢ajo veckratno dajanje vrazmaku 2 dniza bakterije, ki potrebujejo ravni
MIC nad 2 ug/ml.

Kljuéne besede: Ceftiofur; farmakokinetika; kamela; cefalosporini
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Abstract: The entrance of wild animals into human settings serves as the access of vector-borne pathogens to susceptible
hosts. Ared fox (Vulpes vulpes) frequently enters and is quite adapted to living in urban and periurban environments. Due to its liv-
ing habits, it could be a possible source of tick-borne pathogens, butit could also transfer pathogens through bites. One hundred
andten spleen samples fromred foxes were screened forthe presence of the Anaplasma phagocytophilumand Babesia vulpes
genomes with real-time and conventional PCR. Positive PCR products were further sequenced. A genotype of A. phagocytoph-
ilumwas determined and species of Babesia spp. if possible. Five (4.5%) spleen samples from red fox were positive for A. phago-
cytophilumDNA. With nucleotide comparison, three genotypes from clusterlwere detected. The detected prevalence of B.vulpes
inredfoxin Sloveniawas 76.3%. The parasite was detected in all tested regions of the country. Data from our study suggestthat the
red fox may have only limited impact on the circulation of the zoonotic genotype of A. phagocytophilum, but it represents a risk of
transmission of B. vulpes near human settings and consequently poses a threat to domestic animals.

Key words: red fox, Vulpes vulpes; Anaplasma phagocytophilum; Babesia spp.; Babesia vulpes; tick-borne pathogens; dogs

Introduction

Wild carnivores, often in contact with domestic
carnivores, are considered the primary source
of tick-borne pathogens to humans (1). As the
human population grows, urban areas expand
and, consequently, more and different animal
species enter human habitats (2). The red fox
(Vulpes vulpes) represents the most widely
distributed species in the order Carnivora. It is
present across the Northern Hemisphere, that is
Northern America, Europe, Asia and some parts of
Africa (3). The red fox lives in distinct ecosystems
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and frequently enters human settings. It has
adapted to the urban environment mainly due to
the availability of food and lack of predators (1).
Recently, it has been recognized as a potential
reservoir of several vector-borne pathogens and,
therefore, a source of infection for domestic and
companion animals and humans (3). It represents
a sentinel species for Anaplasma phagocytophilum
(4, 5), Babesia spp. (3, 6), Bartonella spp. (7) and
many other vector-borne pathogens (3). Due to
its natural environment, it is frequently exposed
to different arthropod vectors (2) and to a non-
vectored transmission of pathogens through bites.

A. phagocytophilum is a well-known tick-borne
pathogen that infects humans and animals. Many
ecotypes of A. phagocytophilum exist in nature, but
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not all are pathogenic for humans and companion
animals (8). Sequences of A. phagocytophilum
isolated from red foxes belong to ecotype I, and
some genotypes in this cluster are zoonotic (9). In
Slovenia, in wild and domestic animals, several
genotypes have been detected that belong to three
ecotypes (10). It has been suggested that wild
boar (Sus scrofa) could serve as reservoir species
for a genotype that infects humans and dogs in
Slovenia (11), but this animal rarely enters human
environments. In contrast, during the night time,
the red fox frequently searches for easily available
food.

Babesiae are parasitic intracellular microor-
ganisms that infect erythrocytes. They are trans-
mitted by hard ticks and represent an increasing
global risk to both animals and humans (12).
Babesia spp. parasites are present in the Slove-
nian area, in dogs, small mammals, and cervids
(13-15). Recently, a new babesial pathogen of dogs
and red foxes has been recognized elsewhere; it
belongs to the group Babesia microti (small babe-
siae like) (16). It is reported under various names:
Theileria (Babesia) annae, Babesia sp. 'Spanish
dog' isolate, Babesia microti-like, Babesia cf. mi-
croti; so far no current valid name is agreed upon
(17). As red foxes from distant regions are highly
infected with this parasite, it is suspected that fox
is a natural host for this parasite, and the name
Babesia vulpes was proposed (18). Infections with
the parasite cause anaemia, thrombocytopenia,
and azotemia in dogs (18), although asymptom-
atic infection has been reported, too (19). Foxes
usually have no apparent clinical signs of the dis-
ease (18). As the red fox is quite adapted to urban
and periurban areas, it poses a risk of transmis-
sion of the infection to domesticated dogs.

Wild carnivores are rarely examined for vector-
borne pathogens, although they are highly infested
with ticks and fleas. Adding the factors of global
warming, deforestation, urbanization, human
outdoor activities, etc. to improved molecular
and diagnostic tools more new, emergent and re-
emergent vector-borne pathogens are detected.
Therefore, wild animals represent an important
source of zoonotic agents. Our study aimed to
detect the presence of selected pathogens in
Slovenian population of red foxes.

Materials and methods

One hundred and ten red foxes (V. vulpes)
of both sexes were shot by professional hunters
during regular hunting season from autumn
1996 to spring 2003 (Table 1). From each animal,
a sample of spleen was collected by hunters and
delivered to our laboratory. Samples were stored
at -20°C until processing. DNA was extracted
with QIAamp DNA blood mini kit, tissue protocol
(Qiagen, Germany), according to manufacturer's
instructions and stored at -20°C until further
processing.

To detect anaplasmal or babesial species,
screening PCR was performed. For detection of
A. phagocytophilum, a real-time PCR for the msp2
gene was performed on all samples (20). Positive
samples were further amplified with conventional
nested PCR to detect a part of the ankA gene of A.
phagocytophilum (10) and subjected to sequencing
to determine the genotype. A conventional PCR
with primers PiroA and PiroB that target the
hypervariable region of the 18S rRNA gene was
used to detect different species of Babesia sp.
(14). All samples were also tested using a specific
conventional PCR with primers for a part of beta-
tubulin gene of B. vulpes (21). Amplified PCR
products of conventional PCRs were separated
on gel electrophoresis. All positive samples were
purified and sequenced with a BigDye Terminator
v3.1 Cycle Sequencing Kit (Applied Biosystems,
USA). Sequences obtained were edited using the
software CLC Main Workbench 7 (CLCBio, Qiagen,
Germany) and compared with sequences available
in GenBank.

Results

The DNA of A. phagocytophilum was detected
in five out of 110 (4.5%) spleen samples from red
foxes by real-time PCR for the msp2 gene, ct val-
ues ranged from 23.65 to 28.93 (Table 1). All five
samples were subjected to a conventional PCR for
a part of ankA gene amplification and subsequent
sequencing of a PCR product (523 bp). We detected
three different sequences that belong to Cluster
I (Table 1). One genetic variant (three foxes) had
100% nucleotide identity to a variant that was
previously detected in human patients and dogs
in Slovenia (acc. No. JQ347533). The second vari-
ant (one fox) had 100% nucleotide identity to a
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variant detected in a dog in Switzerland (acc. No.
KF242674) and Slovenia (not deposited in Gen-
Bank). The third genetic variant was 99% simi-
lar to a variant detected in a horse from Germany
(acc. No. MH973605) but was not previously de-
tected in Slovenia.

Among 110 DNA isolates, 97 (88.2%) were
positive with a screening PCR for 18S rRNA
gene (377 bp) for Babesia sp. Sequencing of PCR
product of 18S rRNA gene revealed 80 sequences
were identical with each other and to a published
sequence of Babesia vulpes isolate 03/00349
from a red fox from Spain (Acc. No. KT223483)
(Table 1). For 17 PCR products, the nucleotide
sequence could not be determined. Therefore, all

samples were subjected to a specific conventional
PCR for a part of the beta-tubulin gene of B.
vulpes (510 bp). Eighty-four (76.3 %) samples
were positive and subjected to sequencing. Eighty
PCR products were, again, confirmed to be 99%
similar to B. vulpes. Sequences of four additional
PCR products, which previously could not be
determined by sequencing of 18S rRNA gene,
were now 99% similar to B. vulpes. A sequenced
part of a beta-tubulin gene from Slovenian red fox
babesiae differed from the most similar sequence
in a GenBank (B. microti isolate SN87-1, fox,
USA, AY144707) for one or two nucleotides (99%
similarity). B. vulpes was detected in samples of
red fox from different regions of Slovenia.

Table 1: Detected A. phagocytophilum and B. vulpes in spleen samples from red fox (V. vulpes) in Slovenia

YEAR OF REGION NO. OF B. vulpes A. phagocytophilum
COLLECTION SAMPLES positive positive (ct value) | ankA genotype (Acc. No.)
1996 Central Slovenia 1 1 0
1607 Upper Carniola 3 1 1(27,2) hugggﬁlsogs;na
Central Slovenia 1 1 0
Upper Carniola 2 2 0
Southeast Slovenia S ) 0
Central Slovenia 6 4 0
dog, Switzerland
1998 Lower Sava 4 4 1(26,75) (KF242674)
Littoral-Inner Carniola 3 2 0
Central Sava 2 2 0
ND 6 3 0
1999 Upper Carniola 1 1 0
2000 Upper Carniola 5 2 0
Upper Carniola 2 2 0
Southeast Slovenia 6 ) 0
human, Slovenia
) 1(27,38 JQ347533
2002 Central Slovenia 18 16 1 528,93; ho(rse, Germa)ny
(MH973605)
Savinja 1 1 0
Central Sava 1 0 1 (23,65) human, Slovenia
(JQ347533)
Upper Carniola 1 1 0
2003 Southeast Sloveflia 10 6 0
Central Slovenia 3 3 0
Central Sava 1 0 0
Upper Carniola 1 1 0
Southeast Slovenia 5 2 0
ND Central Slovenia 11 10 0
Mura 2 1 0
Littoral-Inner Carniola 1 1 0
ND 8 7 0
TOTAL 110 84 (76,3%) 5 (4,5%)
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Figure 1: Statistical regions of Slovenia (https://en.wikipedia.org/wiki/Statistical_regions_of_Slovenia)

Discussion

The red fox is an animal species that lives in
distinct ecosystems and frequently enters human
settings. Consequently, it serves as a possible
source of numerous vector-borne pathogens for
humans and domestic animals. It has been proven
that red fox serves as a species infected with
genotypes of A. phagocytophilum that are zoonotic
(9). Slovenian foxes also harbour genotypes that
are pathogenic for humans and dogs, in addition
to a newly detected genotype that has been
detected before in a German horse. Previously, it
has been proposed that wild boars might serve as
a reservoir for a human pathogenic strain of A.
phagocytophilum in Slovenia. Although wild boars
are now also entering urbanized areas, red foxes
are already adapted to living there. Therefore, a red
fox might be the wild species that could serve as a
carrier of zoonotic strains of A. phagocytophilum
to human settings. Although only 4.5% of the
samples were detected positive in this study, a
rather low number of samples were tested during

each year. The prevalence in foxes may be low,
but this species could be a reservoir of pathogens
and thus an important source of infection. The
infection rate of foxes in Slovenia is in concordance
with other European countries (0.8-16.6%) (1).
Due to this low infection rate, the red fox may have
only limited impact on the circulation of zoonotic
genotypes of A. phagocytophilum in periurban
and urban areas.

According to reports from various countries,
B. vulpesis prevalent in European countries (14.5-
69.2%) (3, 22-27), in North America (37%) (6) and
Canada (28). Slovenia is one of the countries with
the highest prevalence (75.5%), comparable with
reports from NW Spain (Galicia, 72.2%) and from
Portugal (69.2%) (24, 29), respectively. Differences
in the prevalence among countries might be due
to different samples tested or due to different PCR
assay used, but also due to different vector species
present. In NW Spain and Portugal, the tick Ixodes
hexagonus is most abundant and was proposed
as a vector species (30). In contrast, B. vulpes
was also discovered in North America, where



The detection of Anaplasma phagocytophilumand Babesia vulpesin spleen samples of red fox (Vulpes vulpes) in Slovenia

107

I. hexagonus is not endemic (6). It was suggested
that I. ricinus also might be a vector species for T.
annae, along with I. canisuga (26). The role of non-
vectored transmission has been suggested, as this
is one of the primary routes of transmission for
babesiosis in dogs in America (21). Barash et al.
found a high prevalence of B. vulpes in American
Staffordshire and Pit Bull Terrier type dogs that
were rescued from dog fighting (21).

Due to the high prevalence of infected red
foxes in all regions of Slovenia and due to the
fact the red fox frequently enters human settings,
this carnivore species poses a threat to domestic
dogs. Therefore, veterinarians should be aware of
possible infection of a dog with B. vulpes as this
parasite belongs to the small babesiae group.

Conclusions

Red foxes are infected with a tick-borne zoonotic
genotype of A. phagocytophilum in Slovenia. Due
to its low prevalence, a fox could have only limited
impact on the circulation of genotypes pathogenic
to human and domestic animals. The prevalence
of infection with B. vulpes in red foxes in Slovenia
is high. That said, red foxes pose a threat to dogs
with transmitting this vector-borne pathogen near
human settings through the vector of ticks or
bites. Veterinarians should be aware of possible
small-babesiae infections.
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UGOTAVLJANJE ANAPLAZME (Anaplasma phagocytophilum) IN BABEZIJE (Babesia
vulpes) V VZORCIH VRANIC PRI RDECIH LISICAH (Vulpes vulpes) V SLOVENIJI

K.Strasek Smrdel, T. AvSi¢

lzvlecek: Prehajanje divjih Zivali v urbana okolja omogoca prenos klopno prenosljivin patogenih mikroorganizmov do dovzet-
nih oseb in zivali. Navadna rdeca lisica (Vulpes vulpes) pogosto prehaja v okolico bivalis¢ ljudi, prav tako se je ze dobro priva-
dila zivljenju v blizini ljudi. Zaradi svojih zivljenjskih navad predstavlja mozen vir klopno prenosljivih patogenov preko okuzenih
klopov, lahko tudi preko ugriza zivali. 110 vzorcev vranic navadne rdece lisice smo pregledali na prisotnost genoma bakterije
Anaplasma phagocytophilumin parazita Babesia spp. Pozitivnim vzorce smo nato dolocili zaporedje DNK in dolocili genotip
A. phagocytophilum oz. vrsto babezije, kadar je bilo to mogoce. Pet vzorcev vranic (4.5 %) navadne rdece lisice je bilo pozitiv-
nih na prisotnost genoma A. phagocytophilum. Z dolo€itvijo zaporedja DNK smo dolocili tri genotipe. Prevalenca okuzbe z
B. vulpes pri slovenskih lisicah je 76.3 %, dolocili pa smo jo v vseh statisti¢nih regijah Slovenije. Navadna rdeca lisicaima zelo
omejen vplivna krozenje zoonotskega genotipa A. phagocytophilum. Kljub temu pa predstavlja verjeten vir prenosa parazita
B. vulpesv urbanapodrogjain posledi¢no nevarnost za domace zivali.

Kljuéne besede: navadnardeca lisica; Vulpes vulpes; Anaplasma phagocytophilum; Babesia spp., Babesia vulpes; klopno
prenosljivipatogeni mikroorganizmi; psi
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COMPARATIVE EVALUATION OF THE KOMODO DRAGON
(Varanus komodoensis) AND THE GREEN IGUANA (Iguana iguana)
SKULL BY THREE-DIMENSIONAL COMPUTED TOMOGRAPHIC
RECONSTRUCTION
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Abstract: The purpose ofthis paperwas to doacomparative evaluation ofthe skull of two species of lizards, the Komodo dragon
(Varanus komodoensis) andthe Greenlguana (Iguanaiguana), by three-dimensional computed tomographic reconstruction. Im-
ages provided by this method give excellentanatomic detail of the skull. Therefore, essential differencesinthe configuration ofthe
orbitand the lateral bones of the neurocranium were visualized in lateral and dorsal reconstructed images. The images obtained
by tridimensional computed tomographic reconstruction can be a valuable diagnostic aid for the clinical evaluation of several
head disturbancesinlizards.

Key words: computed tomography; 3D reconstruction; anatomy; skull; lizards

Introduction

Reptiles are a peculiar kind of animal
characterized by corneous scales that protect
them from desiccation (1). This class of animals
is divided into four orders: Chelonians, which
comprise turtles, tortoises, and terrapins;
Crocodilla, whose specimens are alligators and
crocodiles; Rhynchocephalia, with tuataras; and
Squamate, represented by two suborders: Ophidia
(snakes) and Lacertilia (lizards) (2). Some of these
species have become very common in recent years
as pets, which became a challenge for veterinary
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clinicians since they have to overcome the lack
of a reference system similar to canine and
feline medicine (3). Thus, it is essential to know
and understand their anatomy for an adequate
diagnosis and treatment of diseases (4,5).

The introduction of modern diagnostic imaging
techniques such as x-ray computed tomography
(CT) has been an essential support to specialists.
It has afforded the chance to study anatomy and
apply it in the clinical features of these species
(6). Furthermore, compared with conventional
radiography, the digital image format of CT resultsin
improved tissue contrast. In addition, manipulation
of the greyscale allows optimal visualization of all
tissues within the slice. These characteristics are
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advantageous to obtain anatomical information
about different regions of the animal body. The
recent advances in CT technology include applying
computer software to generate three-dimensional
(3D) construction of an area of anatomic interest.
This technique requires multiple thin section
images, and the advantages of this process are
that anatomical detail is improved, and can
image bony structures with different degrees of
rotation (6). CT reconstruction has already been
used in morphofunctional studies performed
in the Savannah monitor (7) and American
Alligator (8). However, there are no reports
concerning comparative anatomy of the skull of
different species of reptiles by three-dimensional
reconstructed CT to the author’s knowledge. The
few descriptions performed in these species only
deal with cross-sectional studies such as those
done in the Boa constrictor (4), the Green iguana,
the Common tegu, and the Bearded dragon head
(5), and more recently, an anatomic interactive
atlas of the loggerhead sea turtle head using
images obtained via osteology, gross dissections,
and computed tomography (9). Therefore, this
study aimed to describe and compare the normal
anatomy of two species of lizards, the Komodo
dragon (Varanus komodoensis) and Green
iguana (Iguana iguana) skull performing three-
dimensional CT reconstruction.

Materials and methods
Animals

Two adult female Komodo dragons (Varanus
komodoensis) and two male green iguanas
(Iguana iguana) were imaged at the Veterinary
Clinic Hospital of Las Palmas de Gran Canaria
University. No physical examination abnormalities
were detected before the study. The reptiles owner
was informed of the study and signed consent for
participation in it.

CT technique

Sequential transverse CT slices were obtained
using a 16-slice helical CT scanner (Toshiba
Astelion, Toshiba Medical System, Madrid, Spain).
The animals were positioned symmetrically in
ventral recumbency on the CT couch. A standard
clinical protocol (120 kVp, 80 mA, 512 X 512

acquisition matrix, 1809 x 858 field of view, a
spiral pitch factor of 0.94, and a gantry rotation of
1.5 s) was used to acquire sequential transverse
CT images of 1 mm thickness slice. The original
transverse data were stored and transferred to
the CT workstation. No CT density or anatomic
variations were detected in the head of the reptiles
used in the investigation. In this study, we applied
two CT windows by adjusting the window widths
(WW) and window levels (WL) to appreciate the CT
appearance of the head structures: a bone window
setting (WW = 1500; WL = 300) and a soft tissue
window setting (WW = 350; WL = 40). The original
data were used to generate head volume-rendered
reconstructed images after manual editing of the
transverse CT images to remove soft tissues using
a standard Dicom 3D format (OsiriX MD, Geneva,
Switzerland).

Results

Head three-dimensional volume-rendered re-
construction images corresponding to dorsal
(Fig. 1, 4) and ventral (Fig. 2, 5) views and the
left lateral view (Fig.3, 6) of the Komodo dragon
and green iguana head. Volume-rendered recon-
structed CT images showed excellent visualization
of the bones that comprised the skull. Therefore,
in the Komodo dragon head, the orbit was cra-
nial and ventrally delimited by the lacrimal, the
prefrontal, and the jugal bones (Figs. 1,3). Be-
sides, this technique allowed us to visualize the
relation between this last and the ectopterygoid
bone (Fig.3). Caudodorsally, the junction of the
postorbital and postfrontal bones could be ob-
served in the lateral and dorsal reconstructed CT
images (Figs. 1,3). Moreover, the ventral CT recon-
structed image identified the intersection of the
frontal and the parietal bones. The different bones
of the neurocranium, such as the parabasisphe-
noid, the basioccipital, and the prootic bones,
were easily identifiable (Fig. 2). Besides, the lami-
nar disposition of the vomer and how it supports
the septomaxilla were observed (Fig.2). The junc-
tion between the premaxilla and the maxilla with
the tooth arranged in a straight row was identified
in the lateral and ventral reconstructed CT im-
ages (Figs. 2,3). The jaw showed a straight tooth
row and a curved ventral border in the lateral re-
constructed CT image. In addition, the coronoid
process was quite prominent, and the surangu-
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lar and articular bones were observed extend-
ing caudally (Fig. 3). The ventral reconstructed
image showed excellent pterygoid visualization,
which is flat and “y” shaped bone. This one had a
rounded process, where the caudal border of the

Figure 2: Three-dimensional volume-ren-
dered reconstruction image of the normal
Komodo dragon head. Ventral aspect.
D: Dentary bone. SA: Surangular bone.
A: Articular bone. SM: Septomaxilla. V
Vomer. PL: Palatine bone. PT: Pterygoid
bone. PsF: Postfrontal+postorbital bone.
N: Nasal bone. F: Frontal bone. P: Pari-
etal bone. PB: Parabasisphenoid bone.
BO: Basioccipital bone. OC: Occipital
condyle. PRO: Prootic bone. Q: Quadrate
bone.

palatine process contacts. This view also depicted
the junction between the parabasisphenoid, the
prootic, and the basioccipital bones. The ventral
portion of this last bone constituted the occipital
condyle (Fig. 2).

Figure 1: Three-dimensional volume-ren-
dered reconstruction image of the normal
Komodo dragon head. Dorsal aspect.
PM: Premaxillary bone. M: Maxillary
bone. SM: Septomaxilla. N: Nasal bone.
V: Vomer. PF: Prefrontal bone. F: Frontal
bone. L: Lacrimal bone. J: Jugal bone.
Q: Quadrate bone. Sq: Squamosal. PsF:
Postfrontal+postorbital. P: Parietal. PT:
Pterygoid bone. SA: Surangular bone. C1:
First cervical vertebra. C2: Second cervi-
cal vertebra

Figure 3: Three-dimensional volume-ren-
dered reconstruction image of the normal
Komodo dragon head. Lateral aspect.
PM: Premaxillary bone. M: Maxillary
bone. PF: Prefrontal bone. N: Nasal
bone. F: Frontal bone. L: Lacrimal bone.
J: Jugal bone. Ec: Ectopterygoid bone.
Pt: Pterygoid bone. EPt: Epipterygoid. Q:
Quadrate bone. St: Supratemporal. Sq:
Squamosal. PsF: Postfrontal+postorbital.
PRO: Prootic. PB: Parabasisphenoid
bone. P: Parietalbone. D: Dentary bone.
C: Coronoid bone. SA: Surangular bone.
Sp: Splenial. PRa: Retroarticular process.
EcD: Osteoderms
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Concerning the green iguana head, the lateral
reconstructed images showed a high and domed
skull (Fig. 6). In contrast with the Komodo dragon
head, the orbit of the green iguana was closed by
the postfrontal and the postorbital bone junction,
which was extended to the posterior margins of bony
orbits till articulate with the jugal bone (Figs. 4,6).
Therefore, the jugal formed the lateral wall of the
bony orbit and was joined with lacrimal (dorsally),
maxillary (ventrally), ectopterygoid (medially),
postorbital  (caudodorsally), and squamosal
(caudally) (Fig. 6). This view identified frontal,
parietal, and postfrontal bones (Fig. 6). Moreover,
the prefrontal bones connecting rostrally maxillary
and nasal bones, laterally to lacrimal bones, and
caudodorsally to frontal bones were also identified
in the dorsal view (Fig. 4). This prefrontal bone
participated in the dorsal and rostral orbit walls
(Figs. 4,6). This lateral view showed the junction
between squamosal, ectopterygoid, epipterygoid,
pterygoid, quadrate, and prootic bones. This
last one had a square shape and formed the
neurocranium’s lateral walls, which were also well
visualized in ventral reconstructed images (Fig. 5).
Thus, the junction between the basioccipital, the
parabasisphenoid bones, and its lateral connection
with the pterygoid could be observed. These ventral
and lateral reconstructed images showed the
bones composing the jaw. Thus, the dentary, the
coronoid, the surangular, and the articular bones
were evident in these views.

Figure 4: Three-dimensional volume-rendered reconstruction
image of the normal Green iguana head. Dorsal aspect. PM:
Premaxillary bone. M: Maxillary bone. N: Nasal bone. PF:
Prefrontal bone. F: Frontal bone. J: Jugal bone. Q: Quadrate
bone. Sq: Squamosal. PsF: Postfrontal. PsO: Postorbital.
P: Parietal. SP: Supraoccipital bone. D: Dentary bone. A:
Articular bone

Figure 5: Three-dimensional volume-rendered reconstruction
image of the normal Green iguana head. Ventral aspect. D:
Dentary bone. SA: Surangular bone. A: Articular bone. PM:
Premaxillary bone. V Vomer. PL: Palatine bone. PT: Pterygoid
bone. PB: Parabasisphenoid bone. BO: Basioccipital bone. Q:
Quadrate bone. OC: Occipital condyle. HA: Hyoid apparatus

Figure 6: Three-dimensional volume-rendered reconstruction
image of the normal Green iguana head. Lateral aspect. PM:
Premaxillary bone. M: Maxillary bone. PF: Prefrontal bone.
N: Nasal bone. F: Frontal bone. OB: Orbit. L: Lacrimal bone.
J: Jugal bone. PsF: Postfrontal bone. PsO: postorbital bone.
PT: Pterygoid bone. EPt: Epipterygoid. Q: Quadrate bone. Sq:
Squamosal. PRO: Prootic. P: Parietal bone. D: Dentary bone.
C: Coronoid bone. SA: Surangular bone. A: Articular bone. HA:
Hyoid apparatus

Discussion

The arrival of imaging techniques to reptile
medicine has improved veterinary medicine
diagnosis (5-9). Traditionally, radiography (10)
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and ultrasonography (11) have been applied to
obtain information on the bony and the main soft-
tissue structures of different animal regions. In
contrast, computed tomography has become the
preferred imaging technique due to its considerable
advantages (11). Hence, last-generation CT
equipment gives fast imaging acquisition, body
sections from different tomographic planes, fair
anatomic resolution without superimposition,
and excellent tissue-like differentiation (5,9).

Three-dimensional CT reconstruction is a
valuable procedure, which is infrequently applied
in veterinary medicine. The data collection
requires multiple parallel thin sections, which
are all obtained at the same gantry tilt. Ideally, a
high-speed scanner such as the scanning beam
‘cine’ CT system can produce a rapid sequence of
quality thin sections to minimize motion artifact
(12). This procedure can image the surface of
bony structures with different degrees of rotation
without the superimposition of soft tissues
(12,13,14).

As in other lizards, the Komodo dragon and
the Green Iguana skull are complex structures
composed of different bones with significant
disparity. However, in contrast with other reports
that did radiographs (4,5), the use of reconstructed
images of the skull avoided the superimposing
of the bilateral structures of the snout and
neurocranium to give excellent visualization of
the junction between bones that comprise the
head. Thus, lateral and dorsal reconstructed
images visualized essential differences between
the species studied. Therefore, an enormous
difference in the orbit composition was observed in
the species studied, especially along the posterior
margin of the orbit, where it was closed (Green
iguana) or open (Komodo dragon). This fact was
determined by variations in the shape, size, and
presence of the jugal bone and variations in the
postorbital and postfrontal bones, as explained
by Daza and Bauer (15). Besides, in the lateral
side of the neurocranium could be identified the
prootic bone, which had a square shape in the
Green iguana. In contrast, it was tubular in the
Komodo dragon.

Other investigations have studied the compar-
ative and morphometrics features of the skull in
terrestrial mammals by three-dimensional com-
puted tomographic reconstruction (16). Nonethe-
less, in our study, anatomical measurements of
the head and mandible were not performed since

the number of specimens studied was scarce to
perform statistical analysis.

In conclusion, we have attempted to describe
our findings on recognizable structures in alive
reptiles, but further studies are necessary to define
the ultimate limits of 3D CT reconstruction for
essential morphologic imaging and interpretation
of animals with clinical signs. Nevertheless, the
CT reconstructed images obtained in this study
facilitated an adequate anatomical understanding
ofthe Komodo dragon and Green iguana skull. This
information could be used to diagnose disorders
involving the head of lizards, such as metabolic
bone diseases, fractures, and neoplasias.
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PRIMERJAVA LOBANJ KOMODOSKEGA VARANA (Varanus komodoensis) IN
ZELENEGA LEGVANA (Iguana iguana) S POMOCJO TRIDIMENZIONALNE
RACUNALNISKE TOMOGRAFSKE REKONSTRUKCIJE

S.Pérez, M. Encinoso, M. Morales, A. Arencibia, A. Suarez-Bonnet, E. Gonzalez-Rodriguez, J. R. Jaber

lzvlecek: Namen prispevka je bil s tridimenzionalno racunalnisko tomografsko rekonstrukcijo opraviti primerjalno oceno
lobanje dveh vrst kusc¢arjev, komodoskega varana (Varanus komodoensis) in zelenega legvana (Iguana iguana). Slike, pri-
dobljene stometodo, prikazejo odlicne anatomske podrobnostilobanje. Zato so bile na stranskih in dorzalnih rekonstrukcijah
slik vidne bistvene razlike v zgradbi orbitalnega podro¢ja in stranskih kosti nevrokranija med obema vrstama kuscarjev. Slike,
pridobljene stridimenzionalno racunalnisko tomografsko rekonstrukcijo, so lahko dragocena diagnosti¢na pomoc prikliniéni
ocenivecihnapak glave prikuscarjih.

Kljuéne besede: racunalniska tomografija; 3D rekonstrukcija; anatomija; lobanja; kuscariji
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Case Report

OSTEOMYELITIS ON THE CERVICAL VERTEBRAS OF A
FREE-LIVING EUROPEAN HEDGEHOG (Erinaceus europaeus)
BY Paeniclostridium sordellii
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Abstract: A free-living European hedgehog (Erinaceus europaeus) adult female was admitted to the Wildlife Rehabilitation
Centre of Parque Bioldgico de Gaia (Portugal), with severe breathing distress and poor body condition. Its neck was displaced
60 degrees caudally. During the post- mortem exam, an abscess in the cervical vertebras was observed. Paeniclostridium
sordelliiwas the agent isolated from the purulent exudate that was removed from the lesion. This is the first reported case of
P sordellii associated osteomyelitis on the cervical vertebras, and the first time that this pathology is describe in this specie

associated with thisagent.

Key words: Erinaceus europaeus; Portugal; Paeniclostridium sordellii; osteomyelitis

Introduction

The Western European hedgehog Erinaceus
europaeus (Linnaeus, 1758) is a generalist
mammal, widely distributed by the European
continent (1-3). Highly adaptable animals that
can be frequently observed in green spaces in
constructed-up areas such as gardens and parks
in the cities (4,5). Hedgehogs are one of the most
common species admitted to wildlife rehabilitation
centres or veterinary hospital, but still little is
known about their diseases and agents (5,6).

Usually, cervical osteomyelitis occurs in very
old individuals or young animals with active

Received: 13May 2020
Accepted for publication: 17 December 2020

growth plates, associated with Staphylococci spp
and Escherichia coli infection (7). In hedgehogs
cases of maxillary osteomyelitis had already be
reported (8).

Paenisclostridium sordellii (previously Clostrid-
ium sordellii) is a gram-positive, sporulating an-
aerobic rod that is a common inhabitant of soil,
and very rarely can be found in the intestinal
content of clinically healthy animals. It can in-
vade wounds and tissues pre and post mortem.
It has been be associated with enteric disease of
several animal species, but still remains contro-
versial (9-11) including several clostridial species.
P. sordellii is also responsible for fatal toxic shock
and bacteraemia in humans (10).
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An adult female of European hedgehog (E.
europaeus) weighing 560 g was admitted to the
Wildlife Rehabilitation Centre of Parque Biologico
de Gaia (Portugal), after being found during the
day in a suburban area, with prostration and
respiratory difficulties.

On examination, the

P

animal had a poor body condition, weakness of
the limbs, pallid mucosa’s, respiratory distress,
an abnormal position of the neck and dehydration.
Its neck was displaced 60 degrees caudally, as
observed in Figure 1A. Unfortunately, the animal
died during the treatment.
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Figure 1: A Erinaceus europaeus with the neck pushed in 60 degrees caudally. In B encapsulated nodule with 1cm
in diameter, filled with a whitish purulent exudate, on the C2-C3 vertebras

On the post-mortem examination, an encapsu-
lated nodule with lcm in diameter, filled with a
whitish purulent exudate, was observed adjacent
to the C2-C3 vertebras. The consistence was fresh
cheese-like (Figure 1B) and the pus invaded C2
and C3 vertebras, that also presented osteoly-
sis. The lungs presented congestion and oedema.
There was an absence of food content in the stom-
ach that contained mucus. The urinary bladder
was distended with urine. No more gross lesions
were detected.

An impression smear of the nodule was per-
formed and gram-positive bacteria (rods) and
neutrophils (some degenerated) were observed.
Representative tissues specimens were collected
for histologic examination (12). Histopathology
of the vertebras was not possible due to the ex-
tensive osteolysis which caused fragmentation of
the material. Other microscopic findings included
parasitic interstitial pneumonia and multifocal
hepatitis. The purulent material was also submit-
ted to microbiological analysis. The agent Paeni-
clostridium sordellii was identified using VITEK®
system (ANC ID Car REF 21347, Biomérieux,
France), after the grown in anaerobioses of small

colonies with 1-4 mm in diameter that spread on
the plate in a continuous firm, with a translucid
coloration on the Blood BHI, for 24h at 35-37° C.

Discussion and conclusion

Although maxillary osteomyelitis had already
been reported in E. europaeus (8), it is the first
time that a cervical osteomyelitis is reported in
this specie.

In this particular case, the diagnosis was only
made during the post-mortem exam because it
was not possible to perform any complementary
diagnostic exams (e. g. radiography) before the
animal die. After death has not possible to perform
radiographic exams due to limitations on the
resources.

The clinical signs that the animal presented
could be associated not only to the deformation
of the spine and compression of the spinal cord
but also associated with the toxic effects of the
bacteria. The port of entry for bacteria could
have been a small skin wound that had already
healed at the time of clinical presentation but
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was not possible to collect tissue of those areas to
posterior histopathology exam. Since E.europeus
have scavengers behaviours, live close to the
ground and even in underground holes, and this
pathogenic agent is common in soils, is possible
that have invade a premortem wound leading to
the development of the abscess. Local proliferation
of the agent may had occurred, and the suppurate
exudate formed may have extended by contiguity
to the adjacent vertebrae. There are only a few
reports of osteomyelitis in cervical vertebras in
wild mammals (13), and this case report for the
first time a cervical osteomyelitis in a wild E.
europaeus.

In veterinary P. sordellii has an important role
particular in farm animals, having been associated
to gas gangrene in ruminants, pigs, and horses,
ulcerative enteritis in quail, abomasitis in lambs,
necrotic enteritis in chickens, omphalitis in foals,
and other enteric infections in wild species (e.g.
bears, pelicans) (9). But it is the first time that P.
sordellii is associated to an osteomyelitis.

Reports as this are import not only to improve
the knowledge on disease in that E. europaeus,
but also in other domestic and non-domestic
species, including humans, since this agent has
the potential of becoming zoonotic.
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OSTEOMIELITIS VRATNIH VRETENC PRI PROSTOZIVECM EVROPSKEM JEZU
(Erinaceus europaeus), POVZROCEN Z BAKTERIJO Paeniclostridium sordellii

A.Garcés, V. Soeiro, S. Loio, F. Silva, . Pires

lzvlecek: Prosto Zive¢a odrasla samica evropskega jeza (Erinaceus europaeus) je bila sprejeta v Center za rehabilitacijo divjih
Zivali Parque Biolégico de Gaia (Portugalska) s hudo dihalno stisko in slabim telesnim stanjem. Njen vrat je bil premaknjen kav-
dalno za 60 stopinj. Med sekcijo po smrti so opaziliabsces na vratnih vretencih. Iz gnojnega eksudata lezije je bila izolirana bak-
teerija Paeniclostridium sordellii. V ¢lanku poroCamo o prvem zabelezenem primeru osteomielitisa, povezanega s P. sordellii,na
vratnih vretencihin o prvem primeru opisatovrstne patologije prievropskemjezu, povezanis tem povzroCiteljem.

Klju€éne besede: Erinaceus europaeus; Portugalska; Paeniclostridium sordellii, osteomielitis
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