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Abstract 
Background Opportunistic bacterial infections of the shell and plastron are one of the main causes of diseases 
affecting Testudines, frequently associated with high levels of environmental bacterial contamination. 
Objective This case report describes the clinical presentation, diagnosis and treatment of a multidrug-resistant 
bacterial infection in a Geoffroy’s side-necked turtle (Phrynops geoffroanus).  
Case description A female Geoffroy’s side-necked turtle, under ex situ management, presented a greenish-
yellow, necrotic lesion in the abdominal and femoral scutes region on the right side of the plastron during the 
annual clinical evaluation. 
Examination and diagnosis Physical examination revealed the presence of keratolysis and a malodorous 
content. The clinical suspicion of an abscess was confirmed by video-assisted exploration of the coelomic cavity. 
Multidrug-resistant Pseudomonas aeruginosa (MDR-PA) and Proteus mirabilis (MDR-PM) were identified 
through bacteriological analyses. 
Treatment/therapies In addition to surgical intervention, six treatment cycles were established until the 
patient's clinical discharge. The therapeutic protocols included courses of antibiotics, pain management, 
multivitamins, fluid therapy, as well as wound cleansing. Antibiotic therapy was adjusted according to 
antibiogram tests, and in the final stages of healing, weekly sessions of low-level laser therapy were conducted. 
Conclusion This case highlights the importance of using bacterial isolation and antibiogram tests as a reference 
for managing and resolving clinical cases. Through an integrated approach, the need for continuous clinical 
reassessment and therapeutic adjustments are always considered during the process, as well as nutritional and 
environmental management as part of the complete treatment. 
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Introduction  
Phrynops geoffroanus (Schweigger, 1812) (Testudinata, 

family Chelidae), popularly known as the Geoffroy’s side-
necked turtle, is a semi-aquatic Testudine species with 
predominantly diurnal activity, commonly found in rivers, 
lakes, and streams with slow-flowing waters (Souza, 2004; 

 
*Corresponding author Email: domiciano.nicole@gmail.com  

©The Author(s) 2026 This article is licensed under a Creative Commons Attribution (CC BY 4.0) International License, which permits use, 
sharing, adaptation, distribution, and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) 
and the source, and indicate if changes were made.  

Rueda-Almonacid et al., 2007). It has a wide distribution 
throughout South America, occurring from the Colombian 
Amazon to southern Brazil and northern Argentina (Pritchard 
& Trebbau, 1984; Ernst & Barbour, 1989). The species is 
classified as Least Concern (LC) on the Brazilian Red List 
(ICMBio, 2018). Well adapted to anthropogenic impacts on 
the environment, the Geoffroy’s side-necked turtle (P. 
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geoffroanus) is possibly the only freshwater testudine species 
capable of surviving in highly polluted environments, 
benefiting from the abundance of food derived from organic 
waste generated by human activities, as well as from the 
absence of competition and predators in these areas (Souza 
& Abe, 2000). 

Opportunistic bacterial infections are one of the main 
causes of shell abnormalities in Testudines, commonly 
caused by Gram-negative bacteria and associated with high 
levels of environmental contamination (Oliveira, 2003; 
Barten, 2006). Pseudomonas aeruginosa (family 
Pseudomonadaceae) is a rod-shaped, Gram-negative 
facultative anaerobe widely found in soil and water and is 
resistant to several classes of antibiotics (Díaz Santos et al., 
2022). Presenting high flexibility and adaptability to 
environmental pressures, this pathogen secretes a variety of 
virulence factors, including lipopolysaccharides (LPS), outer 
membrane proteins (OMPs), and the ability to form biofilms 
(Behzadi et al., 2022; Qin et al., 2022). In this context, P. 
aeruginosa shows a high potential for infection in semi-
aquatic Testudines, as these turtles are exposed to 
environments with high microbial contamination; they 
exhibit habits that make them susceptible, such as movement 
between ecosystems, and they are affected by habitat 
degradation and loss due to anthropogenic actions, which 
stimulate their ability to adapt to other environments 
(Mengistu et al., 2022). In addition to its high prevalence in 
free-living reptiles, P. aeruginosa has been frequently 
described in species kept as pets or in captivity (Wendt et al., 
2017; Açik et al., 2018; Tang et al., 2020; Wickramanayake et 
al., 2022; Xiong et al., 2022; Ravindra et al., 2023), raising 
public health concerns over its zoonotic potential and 
antibiotic resistance mechanisms. According to definitions 
derived from the consensus between the European Centre for 
Disease Prevention and Control (ECDC) and the Centers for 
Disease Control and Prevention (CDC), multidrug-resistant P. 
aeruginosa can be defined as a strain that is non-susceptible 
to at least one antimicrobial agent in three or more 
antimicrobial groups with described activity against P. 
aeruginosa (Magiorakos et al., 2012). 

Proteus mirabilis (family Morganellaceae) is a urease-
positive, rod-shaped, Gram-negative facultative anaerobe 
that is abundant in the environment, mainly in water, soil, and 
the gastrointestinal tract of humans and non-human animals 
(Drzewiecka, 2016), and is frequently detected in wild, 
domestic, and production animals, as well as in foods of 
animal origin. Due to its epidemiology, pathogenicity, and 
zoonotic potential, P. mirabilis has raised increasing concern 
and caused significant impacts on global public health, as it 
is resistant to multiple antibiotics (Liu et al., 2023; Liu et al., 
2025; Kimemia et al., 2026). This opportunistic pathogen is 
frequently associated with community- and hospital-
acquired urinary tract infections (UTIs), yet it is also 
recognized as capable of causing a broad spectrum of 
infections. Its ureolytic activity is one of its major bacterial 
virulence factors, along with biofilm formation, flagella, pili 
and hemolysins, providing high ability to colonize the host, 
damage tissues and evade immune responses (Konieczna et 
al., 2012; Yang et al., 2024, 2025). Wildlife has been 

recognized as an important reservoir for P. mirabilis, with the 
bacterium isolated from a wide range of species and their 
environments, comprising both in situ and ex situ 
management (Yu et al., 2015; Sala et al., 2016; Gao et al., 2024; 
Eliopulos et al., 2022; Lv et al., 2022; Yang et al., 2025). P. 
mirabilis has also been isolated from animal-derived foods, 
highlighting its zoonotic risk and posing a growing threat to 
both animal and human health due to rising antimicrobial 
resistance (Ma et al., 2022). 

Different types of bacteria can cause abscesses or 
“fibriscesses” in reptiles, characterized by fibrin deposition 
and encapsulation following the development of local 
inflammatory processes, resulting in a solid appearance 
(Huchzermeyer & Cooper, 2000; Almosny & Monteiro, 2006). 
Diagnosis is established based on the patient’s clinical 
presentation, along with isolation and identification of the 
etiological agent (Hyndman & Marschang, 2017). As an initial 
treatment, until the results of bacterial isolation and 
antimicrobial susceptibility testing are available, the use of 
broad-spectrum antibiotics is recommended after surgical 
removal of the caseous material (Roffey & Miles, 2018). This 
case report aims to document the clinical presentation, 
diagnosis, therapeutic approach and clinical outcome of an 
infectious keratolysis with isolation of multidrug-resistant 
bacterial strains in a Geoffroy’s side-necked turtle kept under 
ex situ management. 

 
Case Description 

A female, adult, Geoffroy’s side-necked turtle (P. 
geoffroanus), weighing 2.22 kg, housed at the Parque 
Zoobotânico Getúlio Vargas in Salvador, Bahia, Brazil, 
presented a greenish-yellow, necrotic lesion in the region of 
the abdominal and femoral scutes on the right side of the 
plastron during the annual clinical evaluation of the entire 
collection. The animal exhibited lethargy and apathy. After 
being referred to the clinical sector by the zookeepers, 
detailed physical examination revealed the presence of an 
infectious keratolysis and a malodorous content in the 
affected area extending, apparently, into the coelomic cavity. 
The clinical suspicion of an abscess was later confirmed by 
video-assisted exploration. (Figure 1).  

 
Treatment 

Six treatment cycles were established until the patient’s 
clinical discharge, carried out according to clinical 
progression and the results of bacterial isolation and 
identification with antimicrobial susceptibility testing. The 
initial therapeutic protocol, first cycle (day 1), consisted of 5% 
enrofloxacin (5 mg/kg) administered intramuscularly (IM) for 
seven consecutive days, and 1% ketoprofen (2 mg/kg) 
administered subcutaneously (SC) for three consecutive days, 
both once daily (SID), in addition to local wound cleaning 
with 2% degerming chlorhexidine, hydrogen peroxide, and 
0.9% saline solution, followed by application of Furanil 
ointment and bandaging. Supportive treatment was also 
provided with Bionew® (0.5 mL/kg, IM, SID) for three 
consecutive days, as well as fluid therapy with lactated 
Ringer’s solution (10 mL/kg, SC, SID) every 48 hours, for a 
total of three administrations.

https://doi.org/10.29244/jwcm.2.1.20
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Figure 1 Necrotic lesion localized in the region of the right 
abdominal and femoral scutes of the plastron. 

 
The second treatment cycle (day 8) consisted of analgesia 

with tramadol (10 mg/kg, IM), a single dose, and continuation 
of 1% ketoprofen (2 mg/kg, SC) for an additional seven days. 
At this stage, a blood collection was performed from the 
turtle’s cervical sinus. Although the hematological indices 
were within the published reference values for chelonians, 

the red blood cell count was at the lower limit (0.3 x 106 

erythrocytes/µL). The other parameters included hemoglobin 
(Hb: 8,7g/dL), hematocrit (Ht: 24%), mean corpuscular 
volume (MCV: 866,7fL), and total proteins (PT: 4,4g/dL). The 
surgical procedure was performed with video-assisted 
visualization of the coelomic cavity. The animal was 
premedicated with a combination of ketamine (15 
mg/kg/IM), midazolam (0.5 mg/kg/IM), and morphine (0.5 
mg/kg, IM). Anesthetic induction was then carried out with 
propofol (5 mg/kg/IV) via the occipital venous sinus, and 
anesthesia was maintained with isoflurane (1–4%) vaporized 
in 100% oxygen. 

With the animal in dorsal recumbency, a small incision 
was made to access the femoral fossa (Figure 2B) for the 
insertion of a 10-mm, 0-degree rigid endoscope to evaluate 
the internal organs of the coelomic cavity, the extent of lesion 
dissemination throughout the body, and the possibility of 
sepsis. The oviduct, intestine, stomach, lung, and liver were 
visualized (Figure 2A, C). After identifying a caseous abscess 
between the coelomic membrane and the plastron, also 
associated with the presence of myiasis (Figure 2D), surgical 
intervention was performed to remove it. Plastronotomy was 
carried out through oblique grinding using a 150 W, 127 V 
DEXTER micro-grinder, with an aluminum oxide cutting disc 
(24 × 0.4 mm). At the end of the procedure, approximately 
160 g of material was removed from the coelomic cavity 
(Figure 3). 

 

 
Figure 2 Video-assisted exploration of the coelomic cavity. (A) Evaluation of organs in the coelomic cavity. (B) Incision in the pre-
femoral fossa to allow passage of the probe. (C) Visualization of the liver and adjacent organs shows no impairment. (D) Visualization 
of the lesion showing the presence of necrosis and myiasis. 
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Figure 3 Caseous abscess surgically excised. 

Subsequently, the remaining fly larvae were removed with 
anatomical forceps, and the surgical wound was cleaned with 
povidone-iodine. An esophagostomy was also performed, 
and a diet was prescribed consisting of Super Premium dog 
food (minimum crude protein: 22%; minimum ether extract: 
8%; maximum mineral matter; maximum crude fiber: 4%; 
calcium: 1–1.8%; minimum phosphorus: 0.70%; maximum 
moisture: 10%) at 8% of body weight (BW) every 48 hours. 
During postoperative treatment, the animal was kept at the 
clinic until full recovery. 

For the first microbiological examination, prior to removal 
of the caseous abscess and cleaning of the surgical wound, a 
flush with sterile 0.9% saline solution was performed 
immediately after abrasion of the lesion margins using a 
micro-grinder, followed by sample collection using a swab 
with Stuart transport medium. The sample was sent to the 
Bacteriosis Laboratory of the Prof. Renato Rodemburg de 
Medeiros Neto Veterinary Medicine Hospital (Federal 
University of Bahia) for culture isolation and identification 
with Antimicrobial Susceptibility Testing (AST). For all 
bacteriological analyses, samples were processed using the 
streak plate technique on 6% sheep blood agar, MacConkey 
agar and/or EMB agar, and tryptose broth, and incubated at 
37 °C for 24–48 hours under aerobic conditions. After the 
incubation period and subsequent microbial growth, the 
sample was subjected to analysis of morphotinctorial (Table 
1) and biochemical characteristics according to routine 
laboratory techniques. All isolates were biochemically 
identified using Bactray 1, 2, and 3 systems (Laborclin, Brazil) 
following the manufacturer’s protocol. Single colonies grown 
overnight at 37°C on blood agar and MacConkey agar were 
suspended in the supplied diluent to a 0.5 McFarland 
standard. Aliquots were inoculated into all reaction wells of 
the appropriate Bactray tray, which was then incubated 
aerobically at 37°C for 18 to 24 hours. Reactions were scored 
as positive or negative using the manufacturer’s color chart, 
and the resulting biochemical profiles were compared with 
the corresponding Bactray 1, 2, or 3 identification tables to 
determine the most probable bacterial species. For in vitro 

evaluation of antimicrobial susceptibility of the 
microorganism isolated from the sample, the disk diffusion 
method was used (Bauer et al., 1966) on Mueller–Hinton agar. 

During the postoperative period and third treatment 
cycle (day 22), antibiotic therapy was adjusted according to 
the isolation of multidrug-resistant P. aeruginosa 
(susceptible to piperacillin–tazobactam, and possibly 
susceptible to ceftiofur and azithromycin if the dosing 
regimen is adjusted) and S. pseudointermedius, as described 
in Table 2 in accordance with Clinical and Laboratory 
Standards Institute (CLSI) guidelines (CLSI, 2024). At this 
stage, daily cleaning of the surgical wound with povidone-
iodine was instituted, along with administration of 5% 
ceftiofur (5 mg/kg, IM), both once daily for seven consecutive 
days. In addition, oral administration (PO) of metronidazole 
(40 mg/kg) was performed once daily for five consecutive 
days. Ketoprofen 1% was administered at a dose of 4 mg/kg 
IM on the first day and, from the second day onward, 2 mg/kg 
IM once daily for four consecutive days. Supportive therapy 
was also provided with Bionew® (0.5 mL/kg, IM, SID) for 
three consecutive days, as well as fluid therapy with lactated 
Ringer’s solution (10 mL/kg, SC, SID) every 72 hours, for a 
total of three administrations. 

During the fourth treatment cycle (day 29), prolongation 
of systemic antibiotic therapy was established with 
administration of 5% ceftiofur (5 mg/kg, IM) in three doses, 
once daily. In addition, supportive care was continued with 
lactated Ringer’s solution (10 mL/kg, PO) every 72 hours, for 
a total of three administrations. The diet consisting of dog 
food was maintained at a volume corresponding to 8% of 
body weight every 48 hours. Surgical wound cleansing with 
2% chlorhexidine and application of a silver sulfadiazine–
based cream were provided once daily. A new complete 
blood collection was performed. The results indicated a rise 
in the number of erythrocytes (0.55 x 106/µL), but did not 
reveal any noteworthy variations in the other parameters 
(hematocrit [Ht]: 26%; hemoglobin [Hb]: 7,5g/dL; mean 
corpuscular volume [MCV]: 436,4fL; total proteins [PT]: 
4,2g/dL). 

After the results of the second bacteriological 
examination, the fifth treatment cycle (day 70) comprised 
antibiotic therapy targeting multidrug-resistant P. 
aeruginosa. The antibiotic of choice was amikacin (5 mg/kg, 
IM), administered once daily at 48-hour intervals, for a total 
of four doses. At this stage, wound debridement was 
performed to remove necrotic tissue, followed by application 
of the CMR antibiotic and wound-healing ointment (Bellis 
perennis; Calendula officinalis; Myristica sebifera) after 
cleansing the lesion with 2% chlorhexidine. Due to persistent 
weight loss, a new nutritional support   regimen   was   
prescribed,   consisting  of  Alcon® tortoise feed, one boiled 
chicken egg, and orange juice (the yolk as an iron source to 
prevent anemia and the orange juice to  aid  absorption), in  

 

Table 1 Morphotinctorial characteristics of the bacterial isolates 

Species Morphotinctorial 
characteristics 

Proteus mirabilis Gram-negative bacilli 
Pseudomonas aeruginosa Gram-negative bacilli 
Staphylococcus pseudintermedius Gram-positive cocci 

https://doi.org/10.29244/jwcm.2.1.20
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Table 2 Bacterial isolates with Antimicrobial Susceptibility Testing (AST) throughout the 140-day treatment period. Results were 
interpreted following CLSI standards (Clinical and Laboratory Standards Institute VET01—Performance Standards for Antimicrobial 
Disk and Dilution Susceptibility Tests for Bacteria Isolated From Animals) 

I: Intermediate (Susceptible, increased exposure); S: Sensitive, standard dose; R: Resistant; *Not tested 

 
volumes ranging from 80 to 100 mL every 48 hours. The iron 
dose was determined according to Carpenter & Harms 
(2022), based on the iron content of egg yolk, considering a 
value of 2.9 mg of iron per 100 g (NEPA, 2011). 

Even after amikacin therapy, one focus of the lesion did 
not heal completely, and a new bacterial culture was 
performed. P. aeruginosa was not isolated, demonstrating 
the effectiveness of amikacin; however, multidrug-resistant 
Proteus mirabilis was isolated (susceptible to amikacin and 
piperacillin–tazobactam). As the lesion was in the final stage 
of healing and the animal had a history of prolonged use of 
three injectable antibiotics across different treatment cycles, 
the sixth treatment cycle (day 97) consisted of topical therapy 
with a 1% chlorhexidine–based antiseptic solution, 
application of CMR ointment, and weekly laser therapy 
sessions (Figure 4) to stimulate the wound-healing process. 
At this phase, the turtle regained its appetite and started 
eating on its own. 

The specimen underwent low-level laser therapy with 
wavelengths ranging from 660 to 810 nm and an effective 
emitter power of 100 mW, in red light mode. The lesion 
(Figure 5A) was visually divided into zones (Figure 5B) based 
on characteristics related to lesion depth, tissue viability, and 
stage of healing. The stimulation points were distributed to 

cover the lesion area equidistantly (Figure 5C), and the 
protocol consisted of 6 J/cm² at three points in zone 1, 2 
J/cm² at three points in zone 2, and 4 J/cm² at two points in 
zone 3, totalling 32 joules, repeated at weekly intervals until 
clinical discharge. 

During hospitalization, the animal was housed in a water-
filled container with access to a dry area, and feces were 
generally observed every 48–72 hours after feeding. Thirty 
days after the laser therapy sessions, a new blood collection 
was performed. The hematological indices revealed a notable 
rise in the hematocrit (Ht: 37%), the other parameters were 
as follows: 0.58 x 106 erythrocytes/µL; hemoglobin (Hb: 
7,17g/dL); mean corpuscular volume (MCV: 637,9fL); total 
proteins (PT: 5,2g/dL). The animal was discharged following 
complete healing of the lesion, totalling 140 days of 
treatment. The plastron lesion was isolated with acrylic resin, 
allowing the animal to be released into the enclosure (Figure 
6). A summary of the patient’s clinical evolution is presented 
in Table 3. 

Six months following, during the institution’s routine 
evaluation of the entire collection, the absence of the resin 
plate at the lesion site was noted, along with the presence of 
mineralization, resulting in tissue with a similar appearance 
to the original plastron (Figure 7). 

Antimicrobial 
class 

Antibiotic 

First isolation 
(day 22) 

Second isolation 
(day 70) 

Third isolation 
(day 97) 

 
 

Pseudomonas 
aeruginosa 

Staphylococcus 
pseudointermedius 

Pseudomonas 
aeruginosa 

Proteus 
mirabilis 

 
 

β-Lactams Amoxicillin R S R R 
(Penicillins) Amoxicillin +  

Clavulanate 
* * R R 

 Ampicillin R S R R 
 Penicillin G * * R R 
 Piperacillin +  

Tazobactam 
S S S S 

β-Lactams 
(Cephalosporins) 

Ceftiofur  I S R R 
Cephalexin * * R R 
Ceftazidime * * R R 

Macrolides Azithromycin I S R R 
 Tylosin * * R R 

Quinolones  
and Fluoroqui-
nolones 

Ciprofloxacin R S R R 
Enrofloxacin R S R R 

Tetracyclines Doxycycline R S * * 

Nitroimidazoles Metronidazole R S R R 

Sulfonamides Sulfamethoxazole 
+ Trimethoprim 

R S R R 

Aminoglycosides Amikacin * * S S 

Lincosamides Clindamycin  * * R R 
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Figure 4 Low-level laser therapy applied to the surgical wound 
in the final stage of healing. 

 
Discussion 

Gram-negative bacteria are the most common etiological 
agents in shell lesions, in addition to representing the group 
of pathogens of greatest relevance in reptile medicine 
(Raphael, 2003; Jacobson, 2007). According to Mader (1996), 
erosions and superficial abscesses in chelonians are 
recognizable as changes in the coloration of the corneous 
scutes, with a certain degree of pallor or even hyperemia. 
Lesions commonly present a focal or multifocal pattern, but 
may occasionally become more diffuse if there is a high 
degree of infiltration. In addition, the affected scutes may be 
lost, totally or partially. The turtle presented keratolysis of the 
plastron, exposing the coelomic cavity and a greenish-yellow 
content on initial direct clinical inspection. Over the course of 
the evaluation, this content was identified as an abscess, 
which was surgically removed. 

Abscesses or “fibriscesses” in reptiles (i.e., accumulation 
of white blood cells within a fibrous capsule) may be caused 
by a wide variety of bacteria. In these animals, encapsulation 
occurs during local inflammatory processes and has a solid 
appearance (unlike in mammals), due to the absence of 
enzymes that break down white blood cells and confer them 
a liquefied characteristic (i.e., pus). Thus, purulent exudate in 

birds and reptiles becomes caseous (Huchzermeyer & 
Cooper, 2000; Almosny & Monteiro, 2006). Concomitantly, 
fibrin spreads at the site of inflammation, immobilizing not 
only the pathogens but also inflammatory cells. Chronically, 
this process hinders the dissemination of pathogens within 
the reptile’s body, thereby preventing sepsis (Beynon et al., 
1992; Huchzermeyer & Cooper, 2000). 

The main techniques indicated in the literature for the 
diagnosis of tegumentary bacterial infections in Testudines 
include the isolation and identification of the etiological 
agent(s) through traditional bacteriological methods, 
accompanied by antibiogram test (Antimicrobial 
Susceptibility Testing – AST); as well as molecular techniques 
such as PCR (Polymerase Chain Reaction), which provide high 
specificity and sensitivity in pathogen identification (Brown 
et al., 2004). It is important to highlight that the type of 
sample collection and the collection site may also influence 
the isolation of the etiological agent. In addition, it is possible 
that the agent may not be identified in the tegumentary 
lesion, while still being isolated from the blood (Lovich et al., 
1996; Garner et al., 1997). 

Glazebrook & Campbell (1990a, b) isolated a range of 
potentially pathogenic Gram-negative bacteria from lesions 
in captive sea turtles. Some of these pathogens were isolated 
from tegumentary and shell lesions, e.g., Vibrio alginolyticus, 
Aeromonas hydrophila, Pseudomonas sp., and 
Flavobacterium sp. In addition, they were also isolated from 
caseous material lodged in the nasal passages of turtles 
affected by ulcerative stomatitis. In the present study, the 
isolation of P. aeruginosa was performed from material 
collected at the margin of the plastron lesion, and the internal 
organs of the coelomic cavity were also evaluated by video, 
with no apparent lesions detected. 

Video exploration of the coelomic cavity may represent a 
differential approach in therapeutic management to assess 
the dissemination and severity of plastron lesions, thereby 
allowing better guidance for clinical and surgical decision-
making. In many cases, evaluation of the coelomic cavity via 
plastrotomy provides access to perform the necessary 
surgical interventions, being an indicated and successful 
method for procedures such as the removal of foreign bodies 
and caseous formations (Oliveira et al., 2009; Rodrigues et al., 
2015).   In  this  case report,  access  to  the  coelomic  cavity           

 

 
Figure 5  Low-level laser therapy in a Geoffroy’s side-necked turtle. (A) Lesion undergoing the healing process. (B) Schematic 
illustration of the zones identified within the lesion. (C) Defined points for stimulation with red laser therapy. 
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Table 3 Summary of the patient's clinical evolution 

Day Notes 

1st (first cycle) Lethargic animal with necrotic lesion in the plastron. Physical examination reveals a keratolysis and 
the presence of an abscess was suspected. Treatment starts with pain management, supportive 
therapy and antibiotic therapy with enrofloxacin for seven consecutive days.  

8th (second cycle) Analgesia with tramadol, and continuation of 1% ketoprofen for an additional seven days. 
Hematological indices were within the reference values, but with the red blood cell count at the 
lower limit (0,3x106 erythrocytes/µL; hematocrit [Ht]: 24%; hemoglobin [Hb]: 8,7g/dL). The surgical 
procedure was performed with video-assisted visualization of the coelomic cavity, confirming the 
presence of a caseous abscess. An esophagostomy was also performed and a diet was prescribed to 
be administered every 48 hours.  

22nd (third cycle) Results of isolation and antibiogram test. Antibiotic therapy was adjusted according to the isolation 
of P. aeruginosa and S. pseudointermedius. Daily cleaning of the surgical wound with povidone-
iodine was instituted, along with administration of 5% ceftiofur for seven consecutive days. 

29th (fourth cycle) Prolongation of systemic antibiotic therapy with 5% ceftiofur in three doses, once daily. The diet was 
maintained. The surgical wound cleansing and application of a silver sulfadiazine–based cream were 
performed once daily. A new blood collection was performed, results indicated a rise in erythrocytes 
(0,55x106/µL), but did not reveal any noteworthy variations in the other parameters. 

70th (fifth cycle) Results of second bacteriological examination, this time with P. aeruginosa showing resistance to 
ceftiofur. Antibiotic therapy is adjusted with the use of amikacin administered once daily every 48 
hours, for a total of four doses. Topical therapy was maintained. A new nutritional support regimen 
was prescribed. 

97th (sixth cycle) New bacterial culture was performed. P. aeruginosa was not isolated, although the result revealed 
isolation of multidrug-resistant Proteus mirabilis. Antibiotic therapy was discontinued. Topical 
therapy was maintained and weekly laser therapy sessions were initiated. The animal regained its 
appetite. 

140th (medical  
discharge) 

The lesion healed completely and was carefully sealed with acrylic resin. The hematological indices 
presented a rise in erythrocytes (0,58x106/µL) and hematocrit (Ht: 37%). The animal was discharged, 
showing active, exploratory behaviour. 

 
occurred through the humeral and femoral fossae to evaluate 
and confirm the suspicion of possible sepsis. It was 
determined that the lesion was confined to the plastron 
region, which indicated a better prognosis for the patient and 
supported a safer and more effective treatment decision. 

In the postoperative period (third treatment cycle), 
antibiotic therapy was adjusted to ceftiofur 5% (5 mg/kg, IM), 
according to the isolation of P. aeruginosa and the 
antimicrobial susceptibility test. There are few 
pharmacokinetic studies on antimicrobials conducted in 
reptiles; however, effective doses of ceftiofur have already 
been established for iguanas, snakes, and Testudines, 
demonstrating that it is a good option as a broad-spectrum 
antibiotic and for the treatment of more severe infections, 
since it is a third-generation cephalosporin (Carpenter & 
Harms, 2022; Đuričić et al., 2025). Metronidazole (40 
mg/kg/PO), also administered during the third cycle, was 
used with a focus on anaerobic bacteria (NCBI, 2025b), 
reducing the risk of infection and enabling a more 
satisfactory postoperative recovery. 

Ketoprofen 1% exhibits dual action against 
cyclooxygenase (COX) enzymes 1 and 2, in addition to 
providing effective analgesic activity (NCBI, 2025c). As a 
nonselective cyclooxygenase inhibitor, ketoprofen is among 
the most appropriate nonsteroidal anti-inflammatory drugs 
for use in reptiles when compared with selective inhibitors, 

since the literature suggests greater efficacy, given that the 
inflammatory pattern in reptiles is characterized by a 
predominance of COX-1 (Royal et al., 2012; Thompson et al., 
2018; Sadler et al., 2016; Ting et al., 2022). Fluid therapy and 
supplementation with B-complex vitamins, butafosfan, and 
amino acids were performed to improve tissue perfusion, 
restore hydric balance, and stimulate the patient’s appetite, 
as well as energy production, aiming to provide adequate 
energetic and hydroelectrolytic support throughout 
treatment (Klaphake et al., 2018). 

Hematology analysis was performed to assess the turtle’s 
overall health status and the need for therapeutic 
adjustments throughout treatment. Complete blood counts 
were performed at three distinct moments. Although in the 
first analysis (day 8), all the hematological indices were within 
the published reference values for chelonians (Saggese, 2009; 
Anselmo et al., 2025), the erythrocyte count was noteworthy 
as it was at its lower limit (0.3 x 106/µL). Nonregenerative 
anemia is the most common manifestation of anemia in 
reptiles, highly associated with infectious diseases. However, 
only a limited number of cases will be severe enough to fall 
under the lower ranges (Jacobson, 2007; Saggese, 2009). 
Therefore, precaution when  interpreting these 
hematological values in reptile patients are required, 
considering all the factors that may cause significant variati- 
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Figure 6 Final appearance of plastron closure with acrylic resin. 

 

 
Figure 7 Plastron tissue regeneration, showing a calcified 
appearance and absence of the acrylic resin layer after release. 

 
ons (e.g, species, sex, age, physiological status, 
environmental conditions, diet). The second hematological 
analysis (day 29) revealed an increase in erythrocytes (0.55 x 
106/µL) after introducing nutritional support. As it is well 
established that chronic infectious diseases may cause iron 
sequestration by bacteria (Skaar, 2010; Parrow et al., 2013) 
and lead to ferropenic anemia, an iron-rich diet was 
prescribed (day 70) in order to maintain the prevention of a 
significant fall in the number of erythrocytes and to restore 
immune function. These nutritional adjustments may have 
directly contributed to increased erythrocyte counts and 
hematocrit values, which served as positive indicators for an 
improved clinical outcome. 

Following the second bacteriological examination (fifth 
treatment cycle), antibiotic therapy was readjusted according 
to the antimicrobial susceptibility test results, which 
demonstrated resistance to ceftiofur. Furthermore, additional 
antibiotics were tested this time. Multidrug-resistant P. 

aeruginosa showed susceptibility only to amikacin and 
piperacillin + tazobactam. At this point, therefore, amikacin 
was selected as the antibiotic of choice (NCBI, 2025d). The 
desired therapeutic effect of the antibiotic therapy was 
observed, as evidenced by the absence of bacterial isolation 
in the subsequent bacteriological examination. Thus, the 
importance of antibiogram-guided antibiotic therapy is 
emphasized. Multidrug-resistant P. aeruginosa is among the 
high-priority pathogenic agents, according to the updated 
list of bacterial pathogens of public health importance 
released by the World Health Organization (WHO) in 2024 
(WHO, 2024). 

Since these pathogens are well adapted to grow in 
oxygen-limited environments, a number of factors may have 
favored a successful infection, including but not limited to 
their virulence factors, the host's general and immune status, 
and the environmental microbial contamination load. 
Additionally, the infectious response in reptiles naturally 
promotes the formation of caseous abscess, isolating the 
infection and reducing the chances of sepsis, which might 
explain why MDR-P. aeruginosa and MDR-P. mirabilis were 
isolated from the lesion. Notably, the variation in bacterial 
isolates obtained from the sequential cultures underscores a 
critical aspect of chronic wound treatment with polymicrobial 
infections. P. aeruginosa and Staphylococcus spp. are often 
coisolated from chronic wounds, as it occurred on our first 
isolation with S. pseudintermedius being identified alongside 
P. aeruginosa. Both bacteria can coexist, enhancing virulence 
and creating significant resistance to antibiotics, since 
polymicrobial biofilm formation increases tolerance to 
traditional antimicrobial treatments (Nocera & De Martino, 
2024; Di Lodovico et al., 2026). Moreover, coinfection can lead 
to stronger immune responses and greater tissue damage 
compared to single-species infections, often delaying wound 
healing and posing significant clinical challenges (Bessa et al., 
2015; Mariani & Galvan, 2023). In this context, P. aeruginosa 
often drives the severity of the infection and presents much 
higher intrinsic and acquired antimicrobial resistance. These 
factors would help explain the subsequent P. aeruginosa 
isolation. 

After antibiotic therapy adjustments, the third 
bacteriological examination identified MDR-Proteus 
mirabilis. The isolation of different species following 
antibiotic therapy is often expected, as it tends to successfully 
target the most common and dominant organisms, but also 
provides unoccupied niche space for different bacterial 
species to colonize (Tipton et al., 2017). It is fundamental to 
understand compositional change throughout treatment, as 
wound microbiome communities are highly variable over 
time. Although antibiotic therapy improves healing rates by 
successfully removing targeted bacterial species, antibiotics 
promote community compositional changes, which may lead 
to infection recurrence, mainly in immunosuppressed 
patients. Interestingly, current human studies suggest that 
increased bacterial diversity and instability of the wound 
microbiome might be associated with improved outcomes 
and shorter duration of the patient’s disease (Loesche et al., 
2017; Xu & Hsia, 2018; Tipton et al., 2020; Mihai et al., 2024). 
The emergence of multidrug-resistant (MDR) strains has 
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increasingly limited therapeutic options. In recent years, 
extensively drug-resistant (XDR) and even pandrug-resistant 
(PDR) strains have been described (Algammal et al., 2021; 
Mendes et al., 2024; Liu et al., 2025), emphasizing the 
importance of surveillance. Therefore, the dissemination of 
clinical reports with therapeutic success can contribute to the 
improvement of bacterial disease control strategies and 
clinical approaches for wildlife medicine. 

Although multidrug-resistant P. mirabilis was isolated as 
a result of microbial succession, the lesion was in the final 
stage of healing; therefore, topical treatment and 
photodynamic therapy were recommended. The objective 
was to avoid the use of amikacin and preserve renal health 
during the final treatment cycle. CMR ointment has 
phytotherapeutic properties and is indicated for the 
treatment of contaminated lesions and wounds in animals. Its 
use in association with antibiotic therapy during the fifth 
treatment cycle and laser therapy during the final cycle 
showed satisfactory efficacy, promoting rapid healing, 
although the mechanisms of action of photostimulation in 
the wound-healing process are not yet fully elucidated. 

Among the proposed hypotheses, one highlights the 
absorption of light by specific chain proteins, such as 
porphyrins and flavoproteins, promoting an increase in 
intracellular oxygen concentration and stimulating RNA and 
DNA synthesis. Another theory points to the photoexcitation 
of chromophores of the cytochrome c oxidase (CCO) enzyme, 
resulting in increased cellular metabolism and enhanced 
production of factors related to tissue repair (Karu et al., 2004; 
Cusack & Divers, 2019). Even without a full understanding of 
the underlying dynamics, the modulatory and pro-healing 
effects of laser therapy have been described in the literature 
for different reptile species, such as Testudo hermanni, 
Trachemys scripta, Pelodiscus sinensis, Python regius, and 
Bothrops moojeni (Kraut et al., 2013; Pelizzone et al., 2014; 
Cole et al., 2015; Rameh-de-Albuquerque et al., 2021). 

Following the laser therapy sessions, the patient was 
medically discharged after complete healing. Total healing 
was confirmed by the presence of fibroelastic pink connective 
tissue, which led to re-epithelialization of the previously 
exposed skin. Currently, the tissue is mineralized, resembling 
the original plastron tissue, with rigid consistency and no 
recurrence of infection, approximately four years after 
treatment. The shell is composed of axial endochondral 
elements of the trunk, overlain by a mosaic of dermal bones 
and an external epidermal layer composed of non-
overlapping keratinous scutes (Burke et al., 2007; Zonneveld 
& Bartels, 2022). It is possible that calcium and other minerals 
that constitute the bone matrix were recruited following the 
proliferation of fibrous connective tissue and its subsequent 
remodeling, processes that may occur over 42 to 135 days 
(Negrini et al., 2016) and vary depending on the animal’s 
nutritional status. In the present study, connective tissue 
proliferated completely within 140 days, allowing subsequent 
application of acrylic resin and medical discharge. 
Mineralization of the healed area was confirmed 
approximately six months after discharge. 

Conclusion 
Bacterial isolation and antimicrobial susceptibility testing 

provide a critical framework for the appropriate management 
and successful resolution of multidrug-resistant infections. 
Through an integrated approach, the need for clinical 
reassessment, the use of complete blood counts to evaluate 
overall health status, imaging examinations to assess lesion 
extent and infection dissemination to other organs, as well as 
therapeutic adjustments throughout the course of treatment, 
are always considered. Nutritional and environmental 
management are a crucial part of comprehensive care. In this 
case report, no recurrence of infection was observed twelve 
months post-treatment, highlighting the effectiveness of the 
established therapeutic approach and its adjustments 
throughout the patient’s clinical progression. 
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