
DISEASES OF AQUATIC ORGANISMS
Dis Aquat Org

Vol. 132: 79–84, 2018
https://doi.org/10.3354/dao03305

Published December 11

1. INTRODUCTION

Bacterial infections can occur in both free-ranging
and captive sea turtles, mainly caused by opportunis-
tic pathogens, leading to stomatitis, dermatitis, pneu-
monia and bone infections (Innis & Frasca 2017).
Localized or generalized inflammation and destruc-
tion of bones is classified as osteomyelitis. The disease
can progress to local inflammation and stiffening of
soft tissues, reduced motility, osteolysis, septicaemia,
and death (Fitzgerald & Vera 2006). In reptiles, osteo -
myelitis is characterized by both slow progressive
lytic processes, predominantly in the appendicular
skeleton, and a proliferative response, which is par-
ticularly expressed in the vertebrae of snakes and

lizards (Silverman 2006, Di Girolamo et al. 2014).
Local anatomy is often altered by bone remodelling
in response to infection, and a persistent lytic defect
is often seen after resolution of the process (Silver-
man 2006). Diagnosis is based on a combination of
supporting clinical findings and laboratory investiga-
tions, including cytology/biopsy, microbial cultures
and special stains. In addition, radiography, com-
puted tomography (CT) and scintigraphy are valu-
able imaging techniques to investigate skeletal ab -
normalities (Fitz gerald & Vera 2006, Solano et al.
2008).

Aeromonas species are facultatively anaerobic,
Gram-negative rods that are ubiquitous microorgan-
isms, and which are globally found in a broad range
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of habitats, especially aquatic environments (Igbi-
nosa et al. 2012). Additionally, Aeromonas have been
isolated from food samples (Buchanan & Palumbo
1985, Krovacek et al. 1994, Janda & Abbott 2010).
They have been considered as normal gastrointesti-
nal flora of fish and reptiles and are sometimes found
in the intestinal tract of humans and livestock (Janda
& Abbott 2010, Igbinosa et al. 2012). In these hosts,
Aeromonas show different virulence and patho-
genicity, mostly resulting in opportunistic diseases.
In particular, fish, amphibians and reptiles are the
most commonly documented animals affected by
Aeromonas infections (Igbinosa et al. 2012). The in -
terest in the pathogenic nature of Aeromonas species
has increased over time, because the Aeromonas
genus is a significant threat to animal and human
health alike (Janda & Abbott 2010).

The present study reports on the case of A.
hydrophila-induced osteomyelitis with extensive in -
volvement of cranial and caudal flippers in a sub-
adult loggerhead sea turtle (Caretta caretta).

2. CASE PRESENTATION

2.1. Clinical findings and maintenance

A sub-adult loggerhead sea turtle
(curved carapace length: 53.5 cm; body
mass: 17.7 kg) was found along the south-
eastern coast of Italy (Adriatic Sea), and
admitted to the Marine Turtle Research
Centre (MTRC) of the Stazione Zoologica
Anton Dohrn of Naples on 23 December
2015. The turtle was lethargic, debilitated,
dehydrated, and had no appe tite, reduced
flipper movements and showed signs of
pain during manipulation. Since the turtle
was at risk of drowning because of its re -
duced swimming ability, it was initially
kept in shallow water and monitored for
the first 24 h while slowly increasing the
water level to 0.5 m. The turtle floated and
was kept at this water height and at a
 temperature of 22°C. An esophagostomy
tube had been placed at the University of
Bari, where the turtle had been primarily
treated after rescue for 7 wk, before being
transferred to the MTRC. The tube was
maintained to administer 200 g of a mash
of fishmeal, until the turtle started to ac -
cept hand-fed fresh anchovies. When the
turtle started feeding on its own, a daily

food ration of approximately 200 g, corresponding to
1% of its body mass, was administered. Bloodwork
revealed an increased white blood cell count (29.6 ×
109 l−1) with a heterophil to lymphocyte ratio of 0.64,
suggesting a chronic inflammation. Packed cell vol-
ume was 19% and total proteins were 5.2 g dl−1,
within the range reported for sub-adult loggerheads
(Stacy & Innis 2017).

2.2. Diagnostic imaging

Initial radiographs were taken at the University of
Bari 6 wk prior to admission to the MTRC, where a
left coxo-femoral luxation was diagnosed. On 4 Jan-
uary 2016, radiographic exams were repeated at the
Interdepartmental Centre of Veterinary Radiology of
the University of Naples Federico II, showing a lytic
left femur head and a fracture of the right acromion
(Fig. 1). The turtle continued to float, did not regain
the motility of the flippers, and a longitudinal para-
medial fracture appeared on the right side of the
plastron, progressively extending up to 13 cm.
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Fig. 1. Radiographs of the (A) pectoral and (B) pelvic girdle in dorso-
ventral view. Note the (A) fractured right acromion process (black ar-
rowhead), and (B) the lytic left femoral head (empty arrowhead) com-
pared to the normal contralateral (white arrow). R: right body side; 

L: left body side
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There fore on 19 February 2016 computed tomogra-
phy (CT) was performed revealing additional lytic
bone lesions of the left scapula, left acromion, left
humerus head, right coracoid, left acetabulum, right

pubis and right ischium (Fig. 2). All the bone lesions
showed similar permeative lytic features, complica -
ted by pathologic fractures at the level of the left
scapula and acromion and the right acromion and
ischium. Based on the radiographic and CT findings,
an infectious polyostotic osteomyelitis was suspec -
ted. Therefore, an ultrasonographic exam, through a
left prefemoral window, followed by an echo-assisted
fine needle aspiration from the left femur head, was
conducted (Fig. 3), and collected samples were used
for bacterial and fungal cultures. Cytology was not
performed, although it would have been ideal for a
complete work-up.

2.3. Bacterial isolation

Three samples were obtained through needle aspi-
ration and processed for bacterial and fungal isola-
tion. The samples were split and enriched in buffered
peptone water (Oxoid) and Alkaline saline peptone
water for 18−24 h at 30°C, and subsequently plated
onto different enrichment and selective agar plates.
Sabouraud dextrose agar (Oxoid) plates were used
for fungal isolation. Specific cultures and acid-fast
stain for Mycobacterium spp. were not performed.
Cultures on Columbia blood agar (Oxoid) plates de -
monstrated large (~3−4 mm diameter), white, creamy,
β-haemolytic and oxidase positive colonies; whereas
on MacConkey agar no. 3 (Oxoid) plates, cultures
demonstrated lactose non-fermenting, oxidase posi-
tive colonies. No other microorganism was isolated
from any bacterial and fungal culture. Bacteria
stained as Gram-negative bacilli and were identified
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Fig. 2. Computed tomography maximum intensity projection
(MIP) reconstruction of the (A) pectoral and (B) pelvic girdle.
Note that in (A) there are bone lyses and a pathologic frac-
ture with a small callus of the right acromion process (empty
arrowhead), and of the insertion on the scapula of the left
acromion process (white arrow). In (B) there are bone lyses
of the left femoral head and acetabulum (white arrow) and a
fractured right ischium (empty arrowhead). R: right body
side; L: left body side; 1: scapula; 2: insertion of the coracoid
to the still unfused scapula; 3: acromion process; 4: ileum; 

5: femur; 6: ischium

Fig. 3. Transversal ultrasonographic scan of the left coxofemoral joint. (A) The lytic femoral head is hypoechoic (white arrows).
(B) The same scan obtained during the fine needle aspiration from the left femoral head with the needle inserted 

(arrowheads)
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as A. hydrophila by the BioMerieux index system.
The strain was submitted to antimicrobial suscepti-
bility testing using the disk diffusion method, accord-
ing to the Clinical and Laboratory Standards Institute
documents (CLSI 2012). The antimicrobials (Oxoid)
tested were amikacin (30 µg), ceftazidime (30 µg),
ciprofloxacin (5 µg), gentamicin (10 µg), doxycycline
(30 µg) and lincomycin (2 µg). According to the inter-
pretive criteria (Lamy et al. 2012, CLSI 2014), the A.
hydrophila strain was found susceptible to amikacin
and doxycycline, intermediately susceptible to gen-
tamicin, and resistant to ceftazidime, ciprofloxacin
and lincomycin.

2.4. Treatment

The turtle was initially treated with marbofloxacin
(Aristos; 5 mg kg−1 subcutaneously every 48 h) in
combination with ceftazidime (Glazidim; 20 mg kg−1

intramuscularly every 72 h) for 3 wk, but did not show
any improvement. Therefore, when the results of the
antimicrobial susceptibility testing became available,
the treatment was changed to amikacin (Amikavet;
125 mg ml−1 at the dose of 5 and 2.5 mg kg−1 intra-
muscularly every 48 h) in combination with doxy -
cycline (Ronaxan; 250 mg tablet−1 at the dose of
25 mg kg−1 orally every 72 h) for 16 wk.

Other supporting therapies consisted of adminis-
trating analgesics (Tramadol; 6 mg kg−1 orally every
72 h for 4 wk and then under necessity) and fluid
therapy 10 ml kg−1 (including 5 ml kg−1 of Ringer’s
solution; 2.5 ml kg−1 of saline solution and 2.5 ml kg−1

of 5% glucose solution, subcutaneously every 24 h
5 d wk−1) for the first 2 mo. Then glucose was sus-
pended and fluid therapy continued with 7.5 ml kg−1

3 d wk−1 for 4 mo. Vitamin and mineral supplements
(Stimulfoss; 0.1 ml kg−1 wk−1; Aquavits: 1.5 tablet
wk−1) were also administered.

The turtle’s clinical improvement was corrobo-
rated by increased appetite and weight gain (23%
of the initial body mass), reaction to external stim-
uli, and no signs of pain during manipulation. The
turtle also regained motility and buoyancy control
and, hence ceased to float and spent time sub-
merged on the bottom of the tank. Bacterial culture
was repeated on 27 September 2016 and serial
imaging studies were performed on 1 April and 18
May 2017. The bacterial cultures were negative,
suggesting a resolution of the infection. The radiol-
ogy revealed a decrease in osteolytic areas and a
peripheral sclerotic response (Fig. 4). This pattern
of healing was similar in all bone lesions, indicating
a resolving osteomyelitis. The turtle was released
on 25 May 2017, 1 yr after the end of antibiotic
treatment and upon resolution of clinical signs,
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Fig. 4. Final control radiographs of the (A) right pectoral and (B) left pelvic girdle in dorso-ventral view (cf. Fig. 1). In (A) there
are still visible bone lyses on the acromion process and at the level of the coracoid (empty arrowheads) but, at the same time,
areas of sclerotic and periosteal proliferation surround the lesions (white arrows). In (B) the left femoral head is lytic and
 partially superimposed to the acetabulum (empty arrowhead); a slight periosteal proliferation and bone sclerosis are visible
on the neck and proximal diaphysis of the femur (white arrow). R: right body side; L: left body side; 1: scapula; 2: coracoid; 

3: acromion process; 4: femur; 5: ileum; 6: ischium
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which included a normal range of mobility of all
flippers.

3. DISCUSSION

Cases of osteomyelitis documented in reptiles re -
ported Salmonella spp. as one of the most commonly
cultured Gram-negative bacteria. Other etiologic
agents associated with this condition include Serra-
tia marcescens, Enterococcus spp., Pseudomonas
spp., E. coli, Proteus spp., Mycoplasma spp., and
fungi, which were reported in crocodiles, iguanas,
snakes and lizards (Jacobson 2007). Only 1 case of
Aero monas spp. cultured from the lesion of a tibia
affected by osteomyelitis was reported in an iguana
(Mader & Bennett 2006). Osteomyelitis has been
documented in sea turtles, specifically in cases of
cold-stunning; penetrating injuries and pneumonia;
bacterial infections from Mycobacterium chelonae,
Vibrio algino lyticus, Nocardia spp., Serratia mar -
cescens, Enterococcus faecalis and coagulase posi-
tive Staphylococci; fungal infections from Scole-
cobasidium constrictum and another unidentified
fungal pathogen (Ogden et al. 1981, Leong et al.
1989, Harms et al. 2002, Greer et al. 2003, Solano et
al. 2008, Innis et al. 2014). Aeromonas spp. in sea
turtles are typically found in association with other
microorganims, from a variety of other lesions, such
as pneumonia, nephritis, hepatitis, digestive lesions,
dermatitis and from the  com plex ulcerative stomati-
tis−obstructive rhinitis− broncho  pneumonia (Work et
al. 2003, Orós et al. 2005).

In sea turtles the most common routes for bacterial
infection are traumatic injuries and aspiration of
water where bacteria can subsequently enter the
bloodstream and disseminate throughout the entire
body (Work et al. 2003). In this case, it is possible that
the loggerhead turtle developed osteomyelitis as a
consequence of A. hydrophila septicaemia from an
initial site that could not be established with cer-
tainty. Aeromonas hydrophila septicaemia is a well-
known threat to wild and captive reptiles, in particu-
lar those inhabiting aquatic environments (Pasquale
et al. 1994, Roh et al. 2011). Despite the severity of
septicaemic disease, affected animals might exhibit
non-specific signs or die suddenly without clinical
signs (Turutoglu et al. 2005). Whenever a septi-
caemia is suspected, blood culture is indicated. In our
case haemoculture was not performed, because the
patho gen was isolated directly from the bone lesion.
Hematogenous spread of bacteria has been fre-
quently reported as responsible for osteoarthritis and

septic arthritis in sea turtles (Greer et al. 2003, Raidal
et al. 2006, Guthrie et al. 2010), although in our case
diagnostic imaging did not show thickening of artic-
ular capsules and synovial effusion, excluding joint
involvement. However, in this case, there was likely
a hematogenous spread given the multiple anatomic
sites affected.

Radiography still represents the main diagnostic
tool to assess skeletal disorders (Valente et al. 2007b,
Solano et al. 2008). However, CT scan, providing 3D
characterization of the tissue, is the imaging tool of
choice to characterize bone lesions (Abou-Madi et
al. 2004, Valente et al. 2007a). In the present case,
we used radiography, CT and ultrasonography to
achieve the diagnosis. Although radiography showed
lesions on some bones, it demonstrated a lower
 sensitivity compared to the CT. Ultrasonography is
useful to collect the sample for microbiology, as it
permits real-time visualization of the biopsy site
(Valente et al. 2007c).

Broad-spectrum antimicrobials and antifungal me -
di cations in cold-stunned turtles were suggested
to be effective on some osteomyelitic lesions (Solano
et al. 2008). Most Aeromonas species show in vitro
susceptibilities to aminoglycosides, tetra cyclines, chlor -
amphenicol, sulfamethoxazole trimetho prim and qui -
no lones, while resistances have been detected to
nali dixic acid, ciprofloxacin and norfloxacin (Igbi-
nosa et al. 2012). According to the results of antibiotic
 susceptibility testing, our patient was successfully
treated with a combination of amikacin and doxy -
cycline for a prolonged period of time, whereas
fluoro quinolones were not effective, suggesting that
these antimicrobials would not be the first option for
treating Aeromonas infections.

Given the increasing interest in the pathogenic
nature of Aeromonas spp. over recent years due to
their disease spectrum, antimicrobial-resistance pat-
terns, and ubiquitous presence (Krovacek et al.
1994), this bacterium should be considered in differ-
ential diagnosis of osteomyelitis in marine turtles.
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