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ABSTRACT

Klebsiella pneumoniae (KP) is a Gram-negative, opportunistic bacterium that causes local
and generalized infections and may exhibit resistance to multiple antibiotics. This study
aimed to report the association of ozone therapy (OT) and photobiomodulation (PBM) in the
treatment of a surgical wound contaminated with multidrug-resistant KP. A female Chow
Chow dog presented with paresis of the pelvic limbs and avulsion of 13 cm? of cutaneous
tissue in the lumbar region, resulting from being run over. Post-operatively, there was
dehiscence and infection of the surgical wound, which was treated with antibiotics and anti-
inflammatories, without clinical improvement. Bacteriological examination identified KP that
was multidrug-resistant to 11 antibiotics. The patient was referred to the Veterinary Hospital
of the State University of Santa Cruz and underwent OT by bagging (30 mcg/ml) and
intrarectal (1.5 mg) and FBM with diode laser (P: 0.1W), with wavelengths of 660 nm and
808 nm. The dosimetric parameters, energy (J) and fluence (J/cm2), varied according to the
characteristics of the lesion. As the treatment progressed, the patient presented a gradual
decrease in pain, improved ambulation, reduction of exudate and edema, infection control,
and the presence of granulation tissue in the wound bed, corroborating the progressive
reduction of the wound area until complete closure of the lesion. The combination of OT and
FBM was effective in the case presented, with complete wound resolution, showing it to be
a promising therapeutic option for wounds infected with multidrug-resistant pathogens.
However, further studies are needed to establish protocols and confirm the improvement of
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the effects observed in this report
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RESUMO

A Klebsiella pneumoniae (KP) é uma bactéria Gram-negativa, oportunista que ocasiona
infeccbes locais e generalizadas, podendo apresentar resisténcia a multiplos antibiéticos.
No presente trabalho objetivou-se relatar a associacdo da ozonioterapia (OT) e
fotobiomodulacdo (FBM) no tratamento de ferida cirurgica contaminada com KP
multirresistente. Uma cadela, Chow Chow, apresentou paresia dos membros pélvicos e
avulsao do tecido cutaneo de 13 cm2 na regido lombar, decorrente de atropelamento. No
pos-operatorio, houve deiscéncia e infecgdo da ferida cirurgica, sendo tratada com
antibiético e anti-inflamatorio, sem melhora clinica. O exame bacteriolégico identificou KP
multirresistente a 11 antibidticos. A paciente foi encaminhada para o Hospital Veterinario
da Universidade Estadual de Santa Cruz e realizou OT por bagging (30mcg/ml) e intraretal
(1,5mg) e FBM com laser de diodo (P: 0,1W), com comprimento de onda de 660 nm e
808nm. Os parametros dosimétricos, energia (J) e fluéncia (J/cm2), variaram de acordo
com as caracteristicas da lesdo. Com o avancar do tratamento, a paciente apresentou
diminui¢cdo gradativa da dor, melhora na deambulagao, redugado do exsudato e edema,
controle da infec¢do e presenga de tecido de granulagéo no leito da ferida, corroborando
com reducéao progressiva da area da ferida até o fechamento total da lesdo. A associagao
entre a OT e FBM foi eficaz no caso apresentado, com resolucdo completa da ferida,
mostrando ser uma opcgao terapéutica promissora para feridas infectadas com patégenos
multirresistentes. No entanto, sdo necessarios mais estudos para estabelecer protocolos e
confirmar a melhora dos efeitos observados nesse relato.

Palavras-chave: Resisténcia a Medicamentos. Terapia a Laser. Ozo6nio. Cicatrizagdo de
Feridas.

RESUMEN

Klebsiella pneumoniae (KP) es una bacteria oportunista gramnegativa que causa
infecciones locales y generalizadas y puede presentar resistencia a multiples antibidticos.
Este estudio tuvo como objetivo informar la asociacion de la ozonoterapia (OT) y la
fotobiomodulacion (PBM) en el tratamiento de una herida quirurgica contaminada con KP
multirresistente. Una perra Chow Chow presentd paresia de las extremidades pélvicas y
avulsion de 13 cm? de tejido cutaneo en la regidén lumbar, como resultado de un atropello.
En el postoperatorio, se presentd dehiscencia e infeccidon de la herida quirurgica, que se
tratd con antibidticos y antiinflamatorios, sin mejoria clinica. EI examen bacteriolégico
identifico KP multirresistente a 11 antibidticos. El paciente fue remitido al Hospital
Veterinario de la Universidad Estatal de Santa Cruz y se le realizé OT mediante embolsado
(30 mcg/ml) e intrarrectal (1,5 mg) y FBM con laser de diodo (P: 0,1 W), con longitudes de
onda de 660 nm y 808 nm. Los parametros dosimétricos, energia (J) y fluencia (J/cm?),
variaron segun las caracteristicas de la lesion. A medida que avanzaba el tratamiento, el
paciente presentd una disminucion gradual del dolor, mejoria en la deambulacion, reduccién
del exudado y el edema, control de la infeccidn y presencia de tejido de granulacién en el
lecho de la herida, lo que corroboré la reduccidn progresiva del area de la herida hasta el
cierre completo de la lesion. La combinacion de OT y FBM fue eficaz en el caso presentado,
con resolucién completa de la herida, lo que la convierte en una opcion terapéutica
prometedora para heridas infectadas con patégenos multirresistentes. Sin embargo, se
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requieren mas estudios para establecer protocolos y confirmar la mejora de los efectos
observados en este informe.

Palabras clave: Resistencia a Farmacos. Terapia Laser. Ozono. Cicatrizacién de Heridas.
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1 INTRODUCTION

Antimicrobial resistance is an emerging One Health problem whose management
requires practical and effective therapeutic innovations in clinical practice (Velazquez-Meza
et al., 2022). Klebsiella pneumoniae, a Gram-negative opportunistic and multidrug-resistant
bacterium, is highly relevant to human and animal health (Gerra et al., 2022). This study
aimed to describe the effects of combined photobiomodulation (PBM) and ozone therapy

(OT) in treating a K. pneumoniae-contaminated wound in a female dog.

2 CASE REPORT

A female Chow-Chow, 19kg, was presented to the Veterinary Hospital with a
traumatic lumbar wound sustained after being hit by a car. Physical examination revealed a
13 cm? skin avulsion and hind limb paresis. The animal had received prior treatment, and
surgery was performed to repair the skin laceration. Post-operatively, the wound became
infected and the sutures dehisced.

The complete blood count (CBC) revealed leukocytosis due to moderate neutrophilia
(neutrophils: 86% of counted leukocytes). An initial therapeutic protocol with commercial
antibiotics and anti-inflammatory drugs yielded no clinical improvement. A subsequent CBC
showed a slight worsening of leukocytosis (neutrophils: 88% of counted leukocytes). A
wound sample was collected for bacterial culture (on specific media) and an antibiogram
(disk-diffusion method), which identified K. pneumoniae resistant to 11 of the antibiotics
tested (Table 1).

Table 1

Antibiogram results for the sample from the surgical wound.

Antibiotic Tested Results

Ampicillin Resistant
Amoxicillin-Clavulanate Resistant
Gentamicin Resistant
Trimethoprim-Sulfamethoxazole Resistant
Ceftriaxone Resistant
Cefotaxime Resistant
Ciprofloxacin Resistant
Levofloxacin Resistant
Cefepime Resistant
Enrofloxacin Resistant
Piperacillin-Tazobactam Resistant
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Amikacin Sensitive
Florfenicol Sensitive
Source: Prepared by the authors themselves.

Photobiomodulation combined with ozone therapy (Ozonic® medical ozone
generator) was selected to treat the infected wound. On day one of the protocol, only OT by
cutaneous topical Ozone/O2 gas mixture application (bagging) in a 30 mcg/ml concentration,
and by intrarectal administration (100mL of the gas mixure in a concentration of 15ucg/mL;
0.08mg/kg) insuflated through an urethral N8 dischargeable probe, were performed. After
this first ozone therapy session, the patient was already able to stand (remain in station),
which she had not done since the car accident. In the second session, PBM was initiated,
using a Red Laser (A\:660 nm; P: 100mW; spot: 0,028cm?; E: 0.5J/point; energy density of
17,85 J/cm?) on the wound bed and an Infrared Laser (A: 808 nm; P: 100mW,; spot:
0,028cm?; E: 1J/point; energy density of 35,7 J/cm?) on the wound edge, 30 minutes after
OT. Applications were performed weekly. From the third week onward, OT was administered
only topically (via bagging). The protocol comprised 12 OT sessions and 16 PBM sessions
(Table 2).

Table 2
Combined Photobiomodulation and Ozone Therapy Protocol.

Session Photobiomodulation Ozone Therapy

Bagging: 30 mcg/ml for 10 min;
Intrarectal: 1.5 mg

1st Not performed

ond Wound bed: LV, 0.5 J/poi_nt, 7 poin_ts; Bagging: 30 mcg/ml for 10 min;
Wound edge: LIV, 1 J/point, 15 points Intrarectal: 1.5 mg
g pioundbed 1,02 Jpont S ponts segging: 30 gl for 10 i
i wioundbedi LY, 02 Yoot S polts segging: 30 gl for 10 i
sin__ yiound bec .03 Jpolt S ponts Begging: 30 gl for 10 i
o yiound bec .03 Jpolt. ¢ ponts segging: 30 g for 10 i
i Mounabed ULV 05 ot 909mS oo 50 g for 10
o eunabedt L4 05 oo S0975 o050 g for 107
o eunabed L4 05 oot S0975 o050 g for 10
ton Motndbed 4 .05 Jpont SEES 3000:30 megim o 0
11th Wound bed: LV + LIV, 0.5 J/point, 3 points; Bagging: 30 mcg/m for 10 min

Wound edge: LIV, 1 J/point, 4 points
12th Wound bed: LV + LIV, 0.5 J/point, 3 points; Bagging: 30 mcg/ml for 10 min
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Wound edge: LIV, 1 J/point, 4 points
Wound bed: LV + LIV, 0.5 J/point, 1 point;

13th Wound edge: LIV, 1 J/point, 4 points Not performed
Wound bed: LV + LIV, 0.5 J/point, 1 point;

14th Wound edge: LIV, 1 J/point, 4 points Not performed

15th Wound bed: LV + LIV, 0.5 J/point, 1 point; Not performed

Wound edge: LIV, 1 J/point, 4 points
16th LV + LIV on closed wound (3 J/point, 3 points) Not performed

LV: Red Laser; LIV: Infrared Laser; J: Joules.
Source: Prepared by the authors themselves.

The wound area progressively reduced until the lesion closed (Figure 1). In the
second week, the wound bed showed slight reduction. By the third session, ambulation
improved. In the seventh week of treatment, the animal exhibited greater hind limb mobility
and coordination (e.g., voluntary scratching without pain). By the sixteenth session, the
wound had completely closed, the patient could move her limbs normally, and was

discharged from treatment.

Figure 1
Progression of the wound healing process. a-d: Wound evolution, showing reduction of the

wound bed and re-epithelialization of the edges until lesion closure

Source: Personal Archive, 2026
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3 DISCUSSION

Bacterial contamination is one of the most frequent causes of healing complications,
especially in skin wounds (Kozar et al., 2018), as observed in this case. Suture dehiscence
associated with infection is attributed, among other factors, to the proteolytic activity of
enzymes and other bacterial components that compromise tissue repair, ultimately leading
to the rupture of sutured tissues (Claeys, 2016). Systemic antibiotic use is considered a
measure to control local infections and prevent systemic involvement (Leise, 2018),
justifying the initial protocol in this case.

Despite this, antimicrobial resistance has become a challenging problem in recent
years, with excessive and indiscriminate antibiotic use identified as the primary
epidemiological factor contributing to this issue (Palma et al., 2020). This may explain the
lack of improvement in the animal's clinical and hematological parameters when antibiotic
therapy was instituted.

Antibiograms play a crucial role in addressing growing antimicrobial resistance in
Veterinary Medicine by identifying the susceptibility of the isolated bacterial agent to
antibiotics, thereby guiding the establishment of alternative protocols for various clinical
situations (Scarborough et al., 2020). In this case, bacterial culture and an antibiogram (disk-
diffusion method) identified K. pneumoniae as the infecting agent, revealing its resistance
to 11 different antibiotics.

Low-concentration ozone therapy has demonstrated effective therapeutic responses
in various pathological conditions and is considered a low-cost, non-invasive treatment with
few side effects (Hidalgo-Tallon et al., 2022). In treating infected skin wounds, reactive
oxygen species released by ozone (Os3) act directly on infectious agents, causing their death
(Zeng et al., 2018), this justifies the topical application (bagging) used in the established
protocol.

Besides its antimicrobial effects, Os can interact with fatty acids and other
antioxidants to stimulate immune cell activity, thereby potentiating their action.
Consequently, rectal insufflation is widely used in veterinary medicine for systemic
inflammatory conditions (Sciorsci et al., 2020). In addition to topical ozone, rectal insufflation
was performed in this case to modulate the systemic inflammatory process, evidenced by
the described neutrophilic leukocytosis.

Photobiomodulation relies on the absorption of photons from laser light, which

stimulates cellular metabolism and the release of inflammatory modulators, oxidants, and
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growth factors (Zein et al., 2018). This mechanism may explain the progressive reduction of
the lesion bed and epithelial proliferation at the wound edges.

Successful treatment requires considering the available laser device parameters,
animal species, and protocol objectives. Regarding dosage, lower energy densities are
considered stimulatory, while higher densities are inhibitory (Freitas et al., 2016). In this
protocol, energy delivered per point ranged from 0.5 to 1J, aiming to stimulate cellular
metabolic activity, thereby modulating the inflammatory process and accelerating repair.

Gradual and progressive recovery of pelvic limb movement was observed, attributed
to laser light's capacity for direct and indirect analgesia and edema reduction (Silva et al.,
2023). Regarding the combination of ozone therapy and photobiomodulation, Lazerin &
Etkisi (2018) state that when these treatments are combined, their effects are potentiated,
as they share common molecular effects, leading to synergism in modulating the

inflammatory response and accelerating tissue repair and remodeling.
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