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he mouth of a shark is a breeding ground for a large variety of bacteria which can easily get transferred onto a human body in the
event of a shark bite. Here, we review infections originating from shark oral bacterial flora, which originate from the microbiome of
its prey, as well as from the surroundings where an incident takes place. We use the example of an incident which occurred in an
aquarium involving a sandtiger shark, Carcharias taurus. In addition to a succinct analysis and interpretation of the wound and re-
covery process, an overview of currently known bacteria associated with shark bite wounds is given, as well as a summary of the
effects of various previously tested antibiotics on bacteria derived from blacktip sharks, Carcharhinus limbatus, bull sharks, C.
leucas, and tiger sharks, Galeocerdo cuvier. (J Trauma Acute Care Surg. 2018;85: 398–405. Copyright © 2018 Wolters Kluwer
Health, Inc. All rights reserved.)
LEVEL OF EVIDENCE: T
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H umans have a morbid fascination with shark bites, with even
relatively minor incidents involving small wounds triggering

news headlines.1–3 These reports never mention the risk of infec-
tion but focus on the severity of the wound, often with unjustified
sensationalism.4,5 However, an infection can turn out to be as se-
rious as some of the actual physical damage directly sustained by
the victim.

A wide variety of bacteria can be found living inside a
shark's mouth.6 This diverse oral flora originates partly from the
microbiome of their prey7 where food rests stuck between the
shark's teeth,8 and also stems from organisms commonly present
in the surrounding marine environment.7,9 To a lesser extent, sand
and other debris could also end up in the wound causing a poten-
tial polymicrobial infection.7 Without proper treatment, the out-
break of an infection in a shark bite is highly likely, even more
so should the injured area not be dealt with immediately. Al-
though the composition of bacterial flora in a shark's mouth is
rather broad,10 general antibiotics normally prevent an infection
as long as no foreign bodies, such as parts of teeth, or tiny pieces
of food tissue originally lodged between the shark's teeth, remain
inside the wound where they would fester.6

This case study examines the biting of a female handler in
an aquarium environment by a sandtiger shark, Carcharias tau-
rus. We use her treatment to describe bacteria species known to
date that have been found in a shark's mouth and in bites, and
provide an overview of the different treatments available to pre-
vent infection.
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Incident Chronology
The shark bite victim was a 26-year-old healthy woman

working as a senior aquarist at a marine aquarium in Istanbul,
Turkey. Besides having regular care and feeding duties for a va-
riety of animals, she was also in charge of a male sandtiger shark
2.2 m in length, weighing 120 kg. The shark had been suffering
from an open caudal fin wound and a biopsy had been ordered.
To perform the biopsy, the shark was placed in a holding tank.
Since sandtiger sharks are rather docile11 and this particular
specimen appeared lethargic also, the medical team decided
not to anesthetize it and did not even restrain the shark while tak-
ing the samples. In the past, this shark had been exposed to tonic
immobility,12–14 so it was decided to just gently stroke the ani-
mal's snout throughout the procedure. This was performed by
the individual who would be bitten subsequently. Although the
mechanism underlying the induction of tonic immobility in
sharks by stroking their heads is not yet fully understood, it is
generally agreed that it has a calming effect on them.15

It was decided that this setup would be safe enough to ob-
tain the biopsy. However, one of the veterinarians, who was po-
sitioned at the tail of the shark, accidentally shoved the animal
forward toward the victim. At the time, she was positioned such
that she was turned away from the shark and was unaware that
the animal had been pushed toward her. During the confusion
that followed, the shark bit her twice with some additional contact
on her lower right leg, before she could be moved away from the
animal's reach. Despite there being no direct cut to any arteries,
the overall wound picture was rather disorganized and needed im-
mediate care (Fig. 1).

Wound Interpretation
Compared with most shark species, the upper and lower

jaws of the sandtiger shark are comprised of several active rows
of slender teeth, primarily used for puncturing and grasping fish,
but not for gouging (Fig. 2).16,17 To that extent, their more labi-
ally inclined upper anterior teeth are most suited for puncture,
while the more lingually inclined lower anterior teeth are more
J Trauma Acute Care Surg
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Figure 1. Preoperative photographs of the wound and The different jaw positions during the incident. (A) anterior, (B) posterior,
(C) anterolateral, (D) anteromedial view. The first bite’s wound reflects some superficial lacerations caused by the anterior upper teeth
(UJ1) as well as some lateral teeth of the lower jaw (LJ1). The bite pressure of the second bite is also rather low but since the victim tried to
pull her lower leg away from the shark’s jaws and rotated it in the process, the wounds are more disorganized (X). UJ1, upper jaw, first
bite; UJ2, upper jaw, second bite; LJ1, lower jaw, first bite; LJ2, lower jaw, second bite; X, disorganized area due to leg motion.
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adapted to grasping.16,18 As a consequence of the characteristics
and position of these teeth, the victim ended up with numerous
differently shaped but mainly superficial lacerations of various
dimensions along her right medial leg where two rather distinct
bites could be identified. One of the victim’s bites primarily in-
volved parts of the Musculus gastrocnemius, and the other ex-
tended to the M. tibialis anterior, M. extensor digitorum longus,
as well as the M. peroneus longus. Analysis of the wounds sug-
gested that the first bite primarily reflected the effects of the ante-
rior teeth of the shark's upper jaw, while the second bite likewise
included primarily the anterior teeth of the upper jaw as well as
the anterior teeth of the lower jaw (Fig. 1). Some of the wounds
manifested themselves perpendicular to the direction of fibers in
the gastrocnemius muscle, occasionally referred to as Langer's
© 2018 Wolters Kluwer Health, Inc. All rights reserved.
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lines,19–21 due to the motion of the victim's leg away from the
shark, and the simultaneous closing of the shark's jaws while
the victimwas getting out from its reach. Another small laceration
was noticed on the sole of the right foot, mostly involving theM.
flexor digitorum brevis. This final wound was sustained as the
victim was pulled away from the shark.

Acute Intervention, Surgical Procedure,
and Follow-up

Despite the number and the depth of some of the lacerations
and punctures sustained during the incident, no extensive bleeding
occurred (Fig. 1). Before the victim was rushed to the hospital, the
wounds were flushed with betadine-iodine solution to reduce the
bacterial load, and a compression dressing was applied.
399

ealth, Inc. All rights reserved.



Figure 2. Sand tiger shark involved in the incident.

Figure 3. Infected wound areas one month into recovery. White
arrow points towards the necrotic areas.

Isci and Ritter
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Once in the emergency room, the patient was given a tet-
anus vaccine. The initial examination, including radiographs, re-
vealed neither fractured bones nor any foreign bodies such as
tooth fragments inside the wounds, nor was there any major
neurovascular damage. Overall, the patient's injuries were diag-
nosed as multiple deep lacerations, combined with moderate to
extensive soft tissue trauma of the right lower extremities. Al-
though some of the lacerations exceeded 6 cm in length, there
was no actual tissue defect. The lacerations extended to the peri-
osteal level at the antetibial area. The cuts along the anterolateral
tibial area were tight and in a parallel arrangement leaving nar-
row bands of skin down to subcutaneous tissue. Since these lac-
erations obliquely deepened to the periosteal level, proper tissue
skin perfusion seemed affected at first which needed closer at-
tention during surgery (Fig. 1).

Surgery was performed under spinal anesthesia. Intraoper-
ative evaluation of skin perfusion showed that there were only
some minor problematic areas that needed further exploration.
Although the lacerations seemed chaotic at first, closer examina-
tion reflected no tissue defect. Thus, after cleaning the wounds
with a regular saline solution, they were sutured with 3/0 and
4/0 polypropylene thread. The patient was given 1,000 mg of
amoxicillin-clavulonate twice daily for infection prophylaxis
over the duration of 7 days. Additionally, a bacitracin containing
ointment was administered during daily dressing changes.

The patient was discharged the next day, and the sutures
were removed 15 days postsurgery. Most of the lacerations
healed well. Two areas of a few millimeters in diameter showed
the presence of small necrotic crusty areas (Fig. 3). These areas
were dealt with by gradual debridement and healed by second-
ary intention. After all of the wounds were completely healed
and epithelialized, topical antiscar treatment was initiated and
performed for two months. Neovascularization of the wounds
appeared adequate with an initial purple color becoming paler
over timewithout hypertrophic scar development (Fig. 4). Despite
proper healing and continuous wound treatment, six weeks after
the incident, the patient reported the spontaneous extrusion of a
small shark tooth fragment from the medial ankle skin.

The patient did not experience any disability, sensation
loss, or motor impairment, and returned towork four weeks after
the incident.
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DISCUSSION

Although this incident occurred within the controlled
limits of an aquarium and not in an open marine environment,
the initial triage, infection precautions, treatment, and recovery
procedures remained the same and illustrate some of the com-
mon problems that shark bites present to first responders and
medical personnel.

Initial Trauma Management
Treatment of shark attack victims begins in the prehospital

scenario in the field, and successful outcome is dependent on ad-
equate care in that setting. It is obvious that the general princi-
ples established in “Advanced Trauma Life Support” must be
applied to all trauma cases. In the presence of severe injuries,
the first priority is (1) the management of the airway to ensure
good ventilation, (2) the control of hemorrhage, (3) the initiation
of volume resuscitation as soon as possible, and (4) rewarm the
victim.9,22,23

Feinberg designed a shock-pack for the field, commonly
known as the “Feinberg pack,” to be applied immediately after
an incident to reduce the potential for fatalities.24 This pack
was later improved by Goodwin and White25 to provide better
control of hemorrhage, and plasma volume restoration. While
tourniquet usage for profuse bleeding from the extremities as a
first response strategy is strongly advised by some authors,24,26,27

it is a cause of concern to others due to the risk of local compres-
sive pathology.9 Still, initial blood loss must be controlled at
least by compressive bandages or then direct digital pressure
in accordance with standard Advanced Trauma Life Support
guidelines.9,22,23,28 The use of a broad tourniquet, such as an
© 2018 Wolters Kluwer Health, Inc. All rights reserved.
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Figure 4. Postoperative 5 years photographs. (A) Anterior, (B) posterior, (C) medial, (D) lateral view of the right leg and foot region.
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Esmarch rubber bandage to control bleeding, may be required,
should the above measures fail.29 Pneumatic splints and medical
antishock trousers have also been proven to be effective in main-
taining central circulatory pressure and should be considered in
cases of massive traumatic hemorrhage as is the case with some
shark bites.30

Although the priority in a life-threatening medical emer-
gency is not the decontamination of a wound, the quicker copi-
ous sterile solutions are used to reduce the potential for wound
contamination, the less likely an infection is to manifest itself.
Although a variety of medical kits for treating victims of shark
incidents are commercially available, they do not include antibi-
otics. Hence, administering preventive antibiotics and tetanus
prophylaxis should be part of the first triage once the victim
reaches the emergency room. As a follow-up procedure, sending
in tissue samples for bacterial culture seems also prudent. Plain
radiographs of all injured areas should be obtained to identify
© 2018 Wolters Kluwer Health, Inc. All rights reserved.
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fractures and foreign bodies, such as tooth fragments.22 Al-
though its use in acute settings is questionable, further investiga-
tion of soft tissue damage by magnetic resonance imaging, and
for detailed examination of bone pathology, a computed tomog-
raphy scan may also be considered.

The initial surgery should be kept as brief as possible, and
operative priorities should focus on hemostasis, wound lavage, and
debridement.9,22,23,31 Excision should be limited to obviously
devitalized tissues, and for clean cut incision wounds, either pri-
mary closure or delayed primary closure is recommended.24,26,29,32

Abrasions and small punctures can be treated with thorough ir-
rigation and topical antibiotics.22

Bacteria and Antibiotics
Even when the actual threat of infection is rather minimal,

be it due to the superficiality of a wound or its small size, antibi-
otics should always be administered, since pathogenic species like
401
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Vibrio damsela, V. alginolyticus, V. fluvialis, V. parahaemolyticus,
and V. vulnificus are found in regular seawater33–35 and are known
infection triggers. Although it has been suggested that Vibrio spe-
cies have a preference for high salinity,35 any seawater is prone to
carry them. Thus, any shark coming into contact with humans is a
likely carrier for these bacteria.36–38 This is because seawater con-
stantly passes through a shark's mouth, and these bacteria have
been identified on their teeth.39 However, it is not only surface
structures like teeth which carry bacteria; they are also found in
the shark's blood.37 Although less obvious, a shark's blood can
get transferred into human tissue through a bite via rupture of
tooth blood vessels due to teeth breaking off while penetrating hu-
man tissue. Sharks' teeth are constantly shed or broken off when
biting40,41 since they are not embedded in an alveolar manner as
seen in mammals42–44 but are solely connected through collage-
nous and fibrous tissue with the base of the jaw.45–47 Therefore,
blood vessels of an active tooth can be easily ruptured, enabling
a shark’s blood to be conveyed into the wounds of their victims.

The victim in this case was not exposed to regular seawa-
ter, but she was still potentially vulnerable to a variety of bacteria
and substances carried in the water in the holding tank. Despite
the fact that aquarium water constantly recirculates through de-
nitrification and biofiltration systems,48,49 bacteria are still pres-
ent in the water, and thus could affect any wounds inflicted, even
in controlled environments. Althoughwater conditions differ be-
tween aquaria, they generally resemble each other due to the
similarities between their filter systems. Although aquatic ani-
mals are adapted to the seawater composition in their initial hab-
itats, aquaria try to be as close to natural settings as possible.
TABLE 1. Bacteria Found in a Shark's Oral Cavity and Blood System

Species

Aeromonas caviae. A. hydrophila

Bacillus sp.

Burkholderia cepacia

Citrobacter farmeri, C. freundii, C. koseri

Clostridium freundii

Enterobacter aerogenes, E. cloacae

Enterococcus faecium, E. spp

Escherichia coli

Klebsiella oxytoca, K. pneumonias, K. sp.

Leclercia adecarboxylata

Micrococcus spp

Moellerella wisconcensis

Moraxella sp.

Pasteurella aerogenes, P. sp

Photobacterium spp.

Providencia alcalifaciens

Pseudomonas aeruginosa, P. stutzerii, P. sp

Proteus mirabilis, P. vulgaris, P. spp

Shewanelia putrefacians

Staphylococcus aureus, S. cohnii-area, S. epidermidis, S. hominis,
S. sciuri, S. warneri, S. xylosus,

Streptococcus bovis, S. pp

Vibrio alginolyticus, V. carchariae, V. damsela, V. furnissii,
V. harvey, V. parahaemolyticus, V. spp

Viridians streptococci
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However, disinfection byproducts used to inactivate pathogens
in marine aquariums have not yet been studied in detail in terms
of their effects on injured people.50,51 Because of this uncer-
tainty, it was decided to proceed with a betadine-iodine solution,
followed by amoxicillin-clavulonate (CAM) prophylaxis to pre-
vent postoperative infection. In retrospect, CAM was not an ap-
propriate first line prophylactic antibiotic choice for this case.

Outside of an enclosed environment, the type of an infec-
tion observed in shark victims largely depends on the bacterial
flora within a shark's mouth.6,10,52 Therefore, it has been sug-
gested that antibiotics should at least cover the abovementioned
Vibrio species with a third generation cephalosporin or cipro-
floxacin, as well as imipenem or an aminoglycoside for the pres-
ence of Aeromonas species.39 Buck and his colleagues39 also
isolated Staphylococcus, Citrobacter, and Micrococcus species,
as well as one Pseudomonas species from marine water.

Sharks are not just bacteria carriers, but can also become
infected should they get injured themselves. Some of the more
common bacteria which can infect sharks are V. carchariae,52

A. caviae and A. hydrophila, as well as Klebsiella oxytoca, K.
pneumonia, Clostridium freundii, and Enterococcus species.45

To fight those bacteria, the application of cefotaxime, metroni-
dazole, and ciprofloxacin has been previously suggested.53

Nevertheless, the bacterial flora in the oral cavity of a
shark remains the main area of concern in shark bite victims.
Interaminense and colleagues10 identified 81 potential bacterial
pathogens in the mouths of bull sharks, Carcharhinus leucas,
and tiger sharks, Galeocerdo cuvier. These potential pathogens
were then tested with 13 different antibiotics routinely used in
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hospitals for primary and complementary tests, with different
success rates. In a similar study on blacktip sharks, C. limbatus,
Unger and colleagues6 isolated 49 bacteria species, consisting of
22 genera where only V. alginolyticus was of higher concentra-
tion, alongwithPasteurella spp., and Staphylococcus spp. Table 1
provides an overviewof bacterial species found in the oral cavities
of sharks.

Although Vibrio species are the most common bacteria in
seawater,34 a variety of other species of bacteria found in sharks
are able to cause wound infections. Thus, in addition to the idea
of sending in tissue samples for analysis, taking swabs to iden-
tify other abundant species of bacteria is the safest approach to
prevent any potential infection. Should such tests not be imme-
diately available, administering general antibiotics should
be considered as a common application at the very least in the
case of shark bites.54 However, to carry out proper wound man-
agement, not only is the actual presence of an infection of impor-
tance, but the epidemiology and pathogenesis of the specific type
of bacteria should also be considered.34,55–57 Interaminense and
colleagues10 suggested empirical treatment with either a fluoro-
quinolone or a combination of a third generation cephalosporin
and doxycycline. Besides administering antibiotics, a tetanus tox-
oid vaccine should also be applied, even more so since tooth frag-
ments could remain in the wound, as happened in this case.
Although radiographs normally reveal such fragments, minute
tooth fragments may be overlooked. As already stated, losing
teeth when biting into an object is rather common among sharks,
thus it is not surprising that a tooth fragment was observed in
this study. The tooth replacement rate among sandtigers ranges
between 0.48 and 1.06 teeth per day.58,59 However, the enclosed
environment in which this shark was kept could also have soft-
ened the structure of some teeth,60 causing abnormal shedding.
This is not unusual among extant shark species, even in natural
habitats.61,62

Administering the abovementioned antibiotics to treat
shark bites raises the question about different bacterial strains
and antibiotic resistance in different parts of theworld. Themore
that is known about different bacterial strains and the potential
for development of resistance to antibiotics, the more successful
the treatment is likely to be.

Bite Motivation and Wound Development
Bite wounds always offer insights into a shark's motiva-

tion, which can reveal important information regarding the po-
tential trigger that caused the incident.4,63 Parts of the wound
in this case were disorganized with lacerations spreading in dif-
ferent directions (Fig. 1). This can happen should multiple bites
occur and either the targeted body area is moved, or the shark
turns along its longitudinal axis. Likewise, should the initial bite
force not be strong enough to keep a tight grip on the targeted
body area, the victim could be able to move while the affected
area is still in the grasp of the shark. This leads to so-called sec-
ondary wounds.4,5 In most sharks, it is mostly the lower teeth
that are involved in secondary wounds since they are predomi-
nantly slender and used for holding prey, whereas the upper teeth
are usually broader and triangular in form.64 Sandtiger sharks,
on the other hand, possess upper jaw teeth that are also narrow,
comparable in size to their lower teeth, with tall cusps but no ser-
ration typically seen in triangular teeth. These teeth are also
© 2018 Wolters Kluwer Health, Inc. All rights reserved.
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described as the “tearing-type”65,66 and are largely unable
to gouge which requires rather triangular and serrated upper
teeth67 with lingo-labially flattened crowns, widened to-
wards the base. Wound margins caused by those teeth appear
as cuts due to the possible drawing motion of the head which
commonly occurs should the shark shake its head during the
bite.68

Most shark incidents involve single bites and are superfi-
cial in nature69 and are thought to be predominantly a result of
exploratory behavior.4,5 Such motivation is not the case here
due to the number of bites. Getting bitten several times but still
with a superficial outcome is related to stress in the animal.
Wound Repair
A large number of shark bite victims suffer damages to

their limbs, especially their legs.63 Depending on the wound se-
verity and leg area, primary repair must not just focus on the af-
fected tissue but also try to reestablish regular lymphatic
drainage, especially where distal extremities are concerned.
However, although lymphatic drainage is a major concern, it
also often presents a dilemma, especially for plastic surgeons
where traumatic cutaneous and subcutaneous tissue is also an is-
sue. A major concern is whether to debride, letting the wound
heal by secondary intention, or to focus on the preservation on
the precious tissue, especially in the areas where tissue tension
leaves rather narrow margin for primary closure after extensive
debridement.70 In the case presented, there was trauma in the
antetibial area, with even, narrow, and thin skin islands. From
a preventative view point, some authors advocate liberal de-
bridement, or leaving the wound open for some time to then per-
form delayed primary or tertiary closure.23,32 When it comes to
secondary infection, there is still controversy71 as towhether im-
mediate suturing of wounds caused by animals increases the
possibility of a later infection.57,71

In this case, immediate wound closure was preferred
with close observation for additional infection. It was as-
sumed that secondary closure after a period of wound
care would have resulted in a widespread fibrosis of subcuta-
neous tissues and subsequent localized lymphedema. Since
the main lymphatic pathways of the foot and the leg traverse
parallel to great and lesser saphenous veins, one could expect
secondary lymphedema due to numerous lacerations located
circumferentially.72,73

Although not relevant in this case, rhabdomyolysis
should also be considered, if major crushing of tissue oc-
curs.69 Additionally, hypovolemia due to massive hemor-
rhage, and potential resulting rhabdomyolysis, may lead to
kidney failure, thus large doses of antibiotics, especially
aminoglycosides may not be used due to the possibility of
nephrotoxicity.29,30

Despite the fact that shark bites are rather rare compared
with interactions with other animals, plastic surgery is infre-
quently a necessity.31 In the case presented, one could have cho-
sen to liberally debride the area where numerous lacerations
almost minced the tissues. However, delicate surgical manipula-
tion and tissue preservation was applied. This approach paid off
and the patient healed almost without any tissue loss despite the
high probability of ischemia and necrosis.
403
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CONCLUSION

The type and level of infection resulting from a shark bite
wound is directly linked to the bacteria residing inside the shark's
oral cavity as well as the immediate environment of the incident.
A broad spectrum prophylactic antibiotic should be administered
to the open wound as quickly as possible. Despite the fact that the
initial triage largely focuses on wound severity and immediate
treatment, it would be prudent to also take instant swabs to deter-
mine what type of bacteria might have been transferred initially
and then administer a more tailored treatment during recovery.
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