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Designing a successful antimicrobial treatment against Devriesea agamarum infections in lizards

A c c e p t e d M a n u s c r i p t 2 Abstract -Dermatitis caused by Devriesea agamarum poses a major health problem for the captive maintenance of several desert lizard species. This study was conducted to determine the optimal antimicrobial treatment to eliminate D. agamarum infections from lizards. First, the in vitro susceptibility of 42 D. agamarum isolates was determined for 10 different antimicrobial agents using an agar dilution method. In none of the isolates acquired antimicrobial resistance was demonstrated. Then, two intramuscular treatment protocols using either enrofloxacin or ceftiofur were tested in bearded dragons (Pogona vitticeps) experimentally infected with a D. agamarum strain showing a MIC of 2 µg/ml for enrofloxacin and 0.12 µg/ml for ceftiofur. While D. agamarum could no longer be isolated after 17 to 18 days of ceftiofur administration, enrofloxacin administration and sham treatment failed in clearing the infection after 27 days of treatment. Based on these results, intramuscular injection of ceftiofur at 5 mg/kg BW q24h was used to treat naturally and clinically infected Uromastyx lizards. This resulted in marked clinical improvement and clearance of infection after 12 days on average. In conclusion, intramuscular administration of ceftiofur at 5 mg/kg BW q24h eliminates D. agamarum in lizards, resulting in clinical cure.

Key words ceftiofur, dermatitis, Devriesea agamarum, enrofloxacin, minimal inhibitory concentration, Uromastyx INTRODUCTION Dermal disease caused by Devriesea agamarum infection is presumably one of the most important causes of bacterial dermatitis in dab and other dry land lizards, compromising successful captive maintenance of certain genera such as the dab lizards (genus Uromastyx) (Hellebuyck et al., 2009;[START_REF] Martel | Devriesea agamarum gen. nov., sp. nov., a novel actinobacterium associated with dermatitis and septicaemia in agamid lizards[END_REF].

Empirical antimicrobial treatment often results in therapeutic failure, due to the lack of data concerning antimicrobial sensitivity of D. agamarum and the absence of an established treatment protocol. Enrofloxacin and ceftiofur are two candidates for the treatment of D. agamarum associated disease. Like other third-generation quinolones, enrofloxacin exhibits a bactericidal activity against a broad spectrum of Gram negative and Gram positive bacteria [START_REF] Ganière | Antimicrobial activity of enrofloxacin against Staphylococcus intermedius strains isolated from canine pyodermas[END_REF] and is commonly used in reptiles [START_REF] Mitchell | Enrofloxacin[END_REF]. Ceftiofur sodium is a semisynthetic, third generation cephalosporin and has activity against a variety of Gram positive, Gram negative and anaerobic bacteria [START_REF] Brown | Ceftiofur sodium: antimicrobial activity of parent ceftiofur and metabolites[END_REF]. Both antimicrobial drugs have shown a good clinical efficacy in pyodermas in dogs by establishing therapeutic skin concentrations. Fluoroquinolones seem to accumulate in higher concentrations in inflamed skin in comparison to normal skin [START_REF] Demanuelle | Determination of skin concentration of enrofloxacin in dogs with pyoderma[END_REF][START_REF] Ganière | Antimicrobial activity of enrofloxacin against Staphylococcus intermedius strains isolated from canine pyodermas[END_REF]Kietzmann et al., 1992;[START_REF] Mason | Cephalosporins -pharmacological basis of clinical use in veterinary dermatology[END_REF]. In reptiles, pharmacokinetic data for enrofloxacin have been established in gopher tortoises (Gopherus polyphemus), the Indian star tortoise (Geochelona elegans), Burmese pythons (Python molurus bivittatus), the American alligator (Alligator mississipiensis), Savanna monitors (Varanus exanthematicus) and green iguanas (I. iguana) [START_REF] Helmick | Pharmacokinetics of enrofloxacin after single-dose intravenous and intramuscular administration in the American alligator (Alligator mississippiensis)[END_REF][START_REF] Hungerford | Pharmacokinetics of enrofloxacin after oral and intramuscular administration in savanna monitors (Varanus exanthematicus)[END_REF][START_REF] Maxwell | Preliminary single-dose pharmacokinetics of enrofloxacin after oral and intramuscular administration in green iguanas (Iguana iguana)[END_REF][START_REF] Prezant | Plasma concentrations and deposition kinetics of enrofloxacin in gopher tortoises (Gopherus polyphemus)[END_REF][START_REF] Raphael | Pharmacokinetics of enrofloxacin after a single intramuscular injection in Indian star tortoises (Geochelona elegans)[END_REF][START_REF] Young | Disposition of enrofloxacin and its metabolite ciprofloxacin after intramuscular injection in juvenile Burmese pythons (Python molurus bivittatus)[END_REF], while pharmacokinetics of ceftiofur have been determined in green iguanas (Iguana iguana) [START_REF] Benson | Pharmacokinetics of ceftiofur sodium after intramuscular or subcutaneous administration in green iguanas (Iguana iguana)[END_REF]. The effect of these antibiotics on D. agamarum induced dermatitis however, has not been documented. Afterwards, the most efficient treatment protocol was put to the test in naturally infected Uromastyx lizards.

MATERIALS AND METHODS

Devriesea agamarum strains and growth conditions

A total of 42 D. agamarum isolates were obtained from lizards belonging to the family of the Agamidae (genera Pogona (n=20), Uromastyx (n=13), Agama (n=2)) and the Iguanidae (genera Crotaphytus (n=6), Iguana (n=1)). Nineteen D. agamarum strains were isolated from lizards with dermatitis, 6 strains from liver or bone marrow in lizards that succumbed from D.

agamarum septicaemia and 17 strains were isolated from the oral cavity of clinically healthy lizards. After incubation on colistin nalidixic acid agar with 5% sheep blood (CNA agar, Oxoid GmbH, Wesel, Germany) during 24-48 hours at 37°C and 5 % CO 2 , the isolates were identified as D. agamarum based on morphological aspects, API ® Coryne, API ® 20 STREP, API ® 50 CH (bioMérieux, Marcy l'etoile, France) and 16 S rRNA gene sequencing [START_REF] Martel | Devriesea agamarum gen. nov., sp. nov., a novel actinobacterium associated with dermatitis and septicaemia in agamid lizards[END_REF].

For the experimental infection, the type strain of D. agamarum (=LMG 24257 T =IMP 2) was used. The inoculum was prepared after incubation of the strain on CNA agar during 24 hours at 37°C and 5% CO 2 . Ten colonies were harvested and incubated during 24 hours in 5 ml of brain heart infusion (BHI, Merck) broth at 37°C and 5% CO 2 . Following centrifugation (3000 rpm, 10 minutes, 4°C) the bacteria were washed three times in 5 ml of phosphate buffered saline (PBS). The inoculum was diluted to an optic density of 1.030, which equalled 10 8 cfu/ml. Swabs from the dermal lesions were cultured on CNA during 24-48 hours at 37°C and 5% CO 2 . Suspected colonies were identified as described above.

Ceftiofur treatment of Uromastyx lizards, naturally infected with D. agamarum

Three adult, 3 semi-adult and 7 juvenile dabs (Uromastyx species) belonging to a private collection were presented at the Faculty of Veterinary Medicine showing severe dermal disease. Dermatitis of the tail, peri-cloacal region and medial side of the knees in combination with cheilitis was observed in 1 U. dispar maliensis and 1 U. acanthinura. Cheilitis was noted in 10 U. d. maliensis and 1 U. acanthinura (Fig. 1). One of the U. d. maliensis showed severe abscessation of the left front foot. In all animals D. agamarum was isolated as an abundant culture from all lesions.

These lizards were treated with ceftiofur as described above. The animals were examined every two days for the presence of D. agamarum and treatment was continued until D.

agamarum was no longer isolated from two consecutive samplings.
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RESULTS

Susceptibility testing

The results of the in vitro susceptibility testing for the different antimicrobial agents in 42 D.

agamarum isolates are shown in Table 1. The distribution of MICs was monomodal for all antimicrobials tested, indicating absence of acquired resistance in the isolates.

The D. agamarum strain IMP 2 used for the experimental infection had a MIC of 0.12 µg/ml for ceftiofur and 2 µg/ml for enrofloxacin.

Ceftiofur but not enrofloxacin treatment eliminates D. agamarum infection from experimentally infected bearded dragons

Sixteen days post inoculation, all lizards showed marked dermatitis at the inoculated region of skin. The dermatitis consisted of plaques and nodules with a broad variation in discoloration and crust formation as depicted in Hellebuyck et al. (2009). On average three weeks after ceasing drug administration, the dermal lesions had resolved in the ceftiofur treated lizards in contrast to the enrofloxacin treated lizards and the sham treated lizards.

Whereas the ceftiofur treatment had eliminated D. agamarum from all lizards by day 18 post infection, enrofloxacin treated lizards and sham treated controls were still D. agamarum positive at the end of the experiment.

Ceftiofur treatment eliminates D. agamarum infection from naturally infected

Uromastyx lizards

Administration of ceftiofur at 5 mg/kg BW q24h to 13 naturally infected Uromastyx species resulted in the clearance of infection after an average of 12 days. In all of the dabs, debridement in the regions of infected skin was performed at the first day of drug administration and was repeated, if necessary, once every 5 days. Depending on the initial In 1 U. d. maliensis, D. agamarum was cleared from the dermal lesions after 13 days of treatment and an abscess at the left front foot had to be opened and rinsed during 4 days with diluted chlorhexidine, while ceftiofur administration was continued, to eliminate infection.

DISCUSSION

Especially desert dwelling lizard species seem to be susceptible to D. agamarum associated disease, compromising their successful captive maintenance. Particulary in captive Uromastyx lizards, D. agamarum dermatitis and notably cheilitis even resulting in septicaemia and death, are commonly observed (Hellebuyck et al., 2009;[START_REF] Martel | Devriesea agamarum gen. nov., sp. nov., a novel actinobacterium associated with dermatitis and septicaemia in agamid lizards[END_REF]. Therefore, these dab lizards were considered as the target species for the evaluation of the treatment shedule In conclusion, intramuscular ceftiofur administration at 5 mg/kg BW q24h was found to be a highly successful treatment of D. agamarum associated dermatitis in lizards, resulting in clinical cure and elimination of the causative bacteria.
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  of 42 D. agamarum isolates for 10 different antimicrobial agents, the in vivo efficacy of ceftiofur and enrofloxacin treatment at 5 mg/kg BW q24h was examined in bearded dragons (Pogona vitticeps) experimentally infected with D. agamarum.

  The minimal inhibitory concentration (MIC) of ceftiofur, clindamycin, enrofloxacin, erythromycin, florfenicol, gentamicin, penicillin, tetracyclin, trimethoprim-sulfamethoxazole and tylosin was determined by an agar dilution method for the 42 D. agamarum isolates. All antimicrobials were dissolved and diluted as recommended by the guidelines described in the Clinical and Laboratory Standards Institute (CLSI) Document M31-A3. Approximately 10 4 cfu per strain were placed on the surface of Mueller-Hinton agar with a 96-point inoculator.Incubation was carried out at 35°C during 24h and MICs were defined by the absence of visible growth after 24h. Staphylococcus aureus (ATCC ® 29213) and Escherichia coli (ATCC ® 25922) were included as quality control strains for this procedure and their MICs were within the established reference MIC ranges. The MIC was defined as the lowest concentration that completely inhibited bacterial growth.Treatment with enrofloxacin or ceftiofur of bearded dragons experimentally infected with D. agamarumThirteen clinically healthy 8-week-old bearded dragons (Pogona vitticeps), weighing 25 to 30g, were housed individually in a room where the temperature was maintained at 28°C during the day and 20°C during the night. A 12-hour photoperiod was given with a self ballasted bulb installed above each enclosure, creating a local hot spot.The experiment was performed with the permission of the Ethical Committee of the Faculty of Veterinary Medicine, Merelbeke, Ghent University, Belgium.The dorsolateral skin of 13 bearded dragons was infiltrated with 600 µl of a D. agamarum suspension containing a total of 2 x 10 7 cfu, using a 26 Gauge needle following local desinfection with ethanol.

  macroscopic dermatitis in the area of the applied dorsoventral skin lesions from which D. agamarum could be isolated, the different treatments were initiated.The dermatitis consisted of lesions varying from plaques to nodules as previously described byHellebuyck et al., 2008. Ceftiofur (Pfizer A.H., Pennsylvania, US) or enrofloxacin (Bayer®, Mijdrecht, The Netherlands) were each administrated to 4 lizards by intramuscular injection at a dose of 5 mg/kg BW q24h and the 5 remaining bearded dragons were sham treated. The treated animals were observed twice each day. From the start of the treatment until the end of the study, sampling for the presence of D. agamarum in the dermal lesions was performed every two days. Drug administration was continued during maximum 27 days post inoculation or until D. agamarum could no longer be isolated from the dermal lesions for two consecutive samplings.

  dermal lesions in the Uromastyx lizards, marked clinical improvement of the dermal lesions was observed between 2 and 8 weeks after ceasing ceftiofur administration.

  developed in the experimentally infected bearded dragons.The present study demonstrated good in vivo activity of ceftiofur to treat D. agamarum infections in lizards. No acquired antimicrobial resistance was detected in all D. agamarum isolates examined. As well in the experimentally D. agamarum infected lizards, as in the naturally infected dab lizards with chronic D. agamarum associated dermatitis, the applied dosage regimen of ceftiofur proved to be highly successful. In both groups, marked clinical improvement and elimination of D. agamarum was observed following ceftiofur administration. However, elimination of the bacterium from the abscess in the dab lizard required additional abscess debridement, stressing the need to combine antimicrobial treatment with surgical debridement of affected areas.In contrast to ceftiofur, enrofloxacin treatment resulted in therapeutic failure. This might be at least partly explained by the different and fairly high MIC values for enrofloxacin in vitro.

  the need for controlled in vivo studies and well-considered antimicrobial use in exotic animal medicine.
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 1 Figure 1. Naturally Devriesea agamarum infected spiny tailed lizards (Uromastyx dispar
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 1 Figure 1. Naturally Devriesea agamarum infected spiny tailed lizards (Uromastyx dispar maliensis) showing (a) severe dermatitis in the peri-cloacal region and at the medial side of the hind legs and (b) cheilitis.
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