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Interdigital furunculosis is a common multifactorial, inflammatory disease of the canine interdigital skin in which lesions commonly become secondarily infected. Fluorescence biomodulation (FBM) administered twice weekly has shown to effectively control clinical manifestation as adjunct therapy to systemic antibiotic. Since twice weekly regimen could be unaffordable for some pet owners, the aim of this study was to evaluate the effect of once weekly application of FBM in combination with systemic antibiotic on clinical manifestations of canine interdigital pyoderma, comparing the results to those present in literature. Twelve dogs diagnosed with interdigital pyoderma received antibiotic plus once weekly FBM application. Dogs were scored until complete healing based on global lesion score and neutrophil engulfing bacterial score. The results obtained demonstrated that once weekly application of FBM exerts the same beneficial effect on interdigital furunculosis healing as per twice weekly, indicating that once weekly regimen is well tolerated and is yielding similar results to twice weekly applications.
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INTRODUCTION

Canine interdigital furunculosis (CIF) is an inflammatory and debilitating skin disease affecting one or more feet of dogs, representing a frequent diagnosis in canine dermatology (1). Despite conformational problem of the foot can predispose to deep bacterial infection of the pedal skin, CIF is usually triggered by an underlying disease such as atopy, cutaneous adverse food reaction, ectoparasites, endocrine disease, foreign bodies, or conformational problem of the foot (2, 3). Historically, the condition has been generally treated with prolonged courses of antibiotics and topical or systemic anti-inflammatory drugs to manage both the infection and the inflammation (4). Among non-pharmacological procedures explored in canine dermatology, promising results have been obtained using different forms of photobiomodulation, in which photons (mainly produced by light-emitting Diodes, LED) are administered at different wavelengths to influence biological activity and enhance cutaneous restoration from diseases (5). Photobiomodulation has been successfully applied in a variety of dermatological disorders such as pyotraumatic dermatitis, otitis externa, licking granulomas (6), pruritus (7), non-inflammatory alopecia (8), and pododermatitis (9). Fluorescent biomodulation (FBM) is an innovative form of PBM that uses fluorescence to induce different beneficial effect on affected tissues. FBM has been demonstrated to be able to statistically downregulate the expression of tumor necrosis factor alpha and upregulate epidermal growth factor, fibroblast growth factors, transforming growth factor beta, collagen I and III, Ki67, factor VIII, and decorin (DCN), in addition to determine an increase in both number and size of mitochondria (10, 11). Such novel technique has been successfully applied to manage various canine dermatological conditions as superficial bacterial folliculitis (5), deep pyoderma (12), canine perianal fistulas (13), and cutaneous calcinosis (14). In addition to these, FBM has been explored as adjunct care to systemic antibiotic in a clinical trial regarding CIF (15). Thirty-six dogs received either systemic oral antibiotics alone or antibiotics plus FBM application twice weekly until complete clinical healing from CIF, which occurred in a mean time of 10.4 ± 4.9 weeks (median, 10.0 weeks) and 4.3 ± 2.2 weeks (median, 3.5 weeks), respectively. In the real life, twice weekly veterinary visits could be unappealing or difficult for some pet owners and it would be desirable to reduce the visit frequency to gain and maintain owners' compliance. The aim of the present study is to investigate the effect of two consecutive FBM applications, done on a weekly visit plan, as an adjunction to systemic antibiotic on patients with interdigital furunculosis.



MATERIALS AND METHODS

The animal study was reviewed and approved by University of Camerino Ethical Committee for Animal Use. Written informed consent was obtained from the owners for the participation of their animals in this study. Twelve (12) dogs with diagnosis of CIF were enrolled in this study. In order to compare results obtained from the present study to those already available in literature, the same inclusion/exclusion criteria, blinding scheme, scoring system and clinical assessment were employed (15). Briefly, to be enrolled dogs had to present interdigital furunculosis scored according to a scoring system (global lesion score, GLS) for canine interdigital furunculosis (15). This system is based on the grading of characteristic lesion of CIF as (i) hemorrhagic vesicles and bullae; (ii) hemorrhagic crust and papules; (iii) fistula with draining tracts; (iv) ulcers and erosions; each scored on a 0–4 scale resulting in a global lesion score (GLS) range of 0–16. To be enrolled, dogs had to score 3 or 4 in one of these lesion types at least. For dogs that presented with a range of different lesions in the same paw, the entire foot was scored. Only one paw per dog was scored and always the same paw. When more than one paw was affected at enrolment, the most severely affected paw was selected for the study (the one scoring highest). To avoid any possible bias regarding the scoring of the lesions, the principal investigator (PI) examined the dogs on the day of enrolment and remained blinded on the treatment received until the end of the study. Th PI evaluated the dogs on a weekly basis using photographs uploaded online (Google Drive) by the collaborating investigator, who was not blinded and performed all fluorescence biomodulation applications. At enrolment, all dogs underwent culture and sensitivity sampling from pedal lesions; dogs whose isolates were tested to be resistant to all antibiotics were not enrolled in the study. As per previous evaluation (15), in the 2 weeks before and throughout the course of the study, systemic antihistamines, antibiotics, glucocorticoids, cyclosporine, oclacitinib, or additional topical treatments as anti-inflammatory or antimicrobials were not permitted. Feeding and housing conditions were left unchanged during the length of the study. Demodex and Malassezia infestation were ruled out before enrolment; blood and urine samples were obtained for rule out any systemic illness. Parasitic dermatoses, fungal/yeast infections, leishmaniasis, endocrine or metabolic disorders, allergic pruritus, cutaneous neoplasia, or kidney malfunction represented exclusion criteria. The use of concurrent flea control and shampoo without antimicrobial activity was permitted and recorded. In addition to systemic antibiotics therapy (cephalexin 20 mg/kg p.o q 12 h) all dogs received FBM procedure (Phovia™, Vetoquinol, France), which consists of applying an ~2 mm layer of the gel to the lesions and illuminating them with the blue LED device. This delivers non-coherent blue light with peak wavelength between 440 and 460 nm and power density between 55 and 129 mW/cm2, for 2 min, at ~5 cm distance. This protocol was applied once a week with two consecutive applications in the same session for each dog, with a one-minute rest between one illumination and the other. Dogs were considered healed when lesions were scored as 1 or 0, according to (15). Cytological assessment of stained impression smears was taken where an open lesion was present and neutrophils engulfing score (NES, 0–4) was calculated. The number of neutrophil engulfing bacteria per high powered field (x500 magnification) were counted and an average was taken over 10 microscopic fields, according to the following scheme: NES score equal to 0, 1, 2, 3, 4, if number of neutrophils engulfing bacteria was equal to none, <1, 1–4, 5–10, and >10, respectively (15). All data analyses (Fisher exact test and Wilcoxon–Mann–Whitney U-tests) were conducted using GraphPad Prism 8 and values of P ≤ 0.05 were considered significant.



RESULTS

All twelve dogs that met inclusion and exclusion criteria were enrolled and all achieved clinical resolution and thus completed the study. Although this was not a controlled study, a comparison with the results obtained from twice weekly FBM application previously published (15) was done. No significant differences in sex distribution, age, and number of purebred dogs, were identified between once and twice weekly FBM study, as shown in Table 1. Microbiological swabs performed on lesions showed Staphylococcus spp. (n = 12) as predominant pathogen; other species found were S. pseudintermedius (9) and S. aureus (3). Several other different bacteria (Streptococcus spp., Enterococcus spp., and others) were also detected but less frequently. All the identified bacteria were susceptible to cefalexin and there was no need to change antibiotic. The average time to achieve complete clinical resolution with once-weekly regimen was 4.5 weeks, with a standard deviation of 0.5 weeks and a median of 4.5 weeks. Fisher exact test and Wilcoxon–Mann–Whitney U-tests showed no statistical difference between the once- or twice-weekly FBM (p = 0.81 for both tests). The GLS and NES variations over time are represented in Tables 2, 3, respectively. Table 4 compares the time to achieve clinical resolution with those obtained with the twice weekly FBM application (15). Tables 5, 6 (then Figures 1, 2) show a comparison between GLS and NES results from twice and once weekly FBM application; no statistical differences were seen between groups at any timepoint.


Table 1. Signalment data of dogs.
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Table 2. GLS values for once-weekly FBM application.
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Table 3. NES values for once-weekly FBM application.
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Table 4. Summary of time to clinical resolution between once and twice weekly FBM application.
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Table 5. Summary of GLS values between once and twice weekly FBM application.

[image: Table 5]


Table 6. Summary of NES values between once and twice weekly FBM application.
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FIGURE 1. Global lesion score per week of study, in comparison with those reported for twice weekly FBM application from previous published study (15).
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FIGURE 2. Average Neutrophil Engulfing Bacteria (NES) scores per week of study, in comparison with those reported for twice weekly FBM application from previous published study (15).




DISCUSSION AND CONCLUSION

Interdigital furunculosis is a common and potentially debilitating diseases of dogs representing the second most frequent cause for presentation to first opinion veterinary practices in a United Kingdom (UK) survey on canine skin problems (16). This perpetuating nature of the condition is often frustrating for pet owners and can be worsened if there is poor compliance or adherence to treatment, because this is likely to compromise efficacy of the treatment protocol and influence recurrence of the condition (17). For the successful management of this condition it is essential to effectively manage the clinical manifestation and also to uncover and succeed the underlying primary disease or predisposing factors (18). Traditional therapy with systemic antibiotics often results in improved clinical symptoms after 2–4 weeks of treatment, but complete resolution often takes 4–6 weeks or longer. Prolonged antibiotic treatment (8–12 weeks) is often needed in cases of severe interdigital pyoderma, possibly decreasing the compliance of the owners (19). Dermatological conditions impacts on quality of life of dogs and their owners, which is profoundly affected also by the frequency of veterinary consultations, making twice weekly visits challenging for many pet owners (20–22). The results of the present study demonstrated that once weekly application of FBM exerts beneficial effect on interdigital furunculosis healing. FBM is currently applied in human dermatology for the treatment of acne (23) and two consecutive applications of fluorescent light energy administered once weekly is a protocol that has been used in a recent clinical study on wound healing, allowing to control both proinflammatory and anti-inflammatory factors as well as reduce the frequency of visits required and time needed to re-epithelization (24). Once weekly FBM application has been demonstrated to be effective in the management of canine perianal fistulas (13) and the results of the present study demonstrate that the once weekly FBM regimen (with two applications in the same session, with 1-min rest) provides a useful tool for CIF management, accelerating the time needed to achieve clinical resolution in comparison to traditional treatment modalities, in the same fashion of twice weekly single FBM application. These results indicate that the once weekly application regimen is well-tolerated and is yielding similar results to twice weekly applications. The findings of the present study confirm FBM aptitude in veterinary medicine that have been largely demonstrated in a variety of clinical condition involving both infectious and inflammatory diseases. In patients and owners who are not prepared to do twice weekly visits, the once weekly applications FBM schedule can be offered as a valid alternative in the management of CIF when used as an adjunct therapy to systemic antibiotics.
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