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Recurrent Serratia marcescens osteomyelitis eight years after
a contaminated open fracture: a case report and review of the
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Background: Servatia marcescens (S. marcescens) is an unusual cause of osteomyelitis. Infection may develop
following open trauma, intravenous drug abuse, or in the presence of hardware, but osteoarticular infections
outside of this context are atypical in the absence of immunodeficiency. Rarely, a chronic indolent infection
may develop after open trauma with disease recurrence years after the initial injury.

Case Description: We present the case of a 16-year-old male with extensive left lower extremity
osteomyelitis secondary to S. marcescens eight years after an open fracture to this leg was complicated by
an infection with the same organism. Suboptimal therapy of his initial infection may have contributed to
persistent, latent disease before recurrence years later. Evaluation for immunodeficiency was negative and he
responded well to ciprofloxacin antibiotic therapy.

Conclusions: S. marcescens infection may complicate open fractures, and, if not adequately treated, a
chronic, indolent infection may result, with disease recurrence years later. We stress the importance of
adequate therapy for infectious complications following open fractures and discuss virulence factors of
S. marcescens that may allow this organism to evade the immune system and survive subclinically within a
host. The optimal therapy of S. muarcescens osteomyelitis is not established and further studies are needed to

best guide the therapeutic approach.
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Introduction water, soil, and plumbing (1). The first human infection
by this organism was reported in 1913, but it was largely

Serratia marcescens (S. marcescens) is a facultative, anaerobic, considered non-pathogenic until the mid-1960s (1,2). It is

Gram-negative rod with an interesting history owing to
its characteristic red pigment that was mistaken for blood
for millennia (1). It is ubiquitous in the environment in

now known to cause a wide variety of disease manifestations
and has been implicated in numerous healthcare and
community-acquired outbreaks (1-5). The presence of
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an underlying immunodeficiency or invasive device are
risk factors for infection, and the ability of S. marcescens
to form a biofilm may make it difficult to eradicate
an infection. Osteoarticular infections are extremely
rare (4,6-9). Infections occurring outside of trauma or
specific risk factors should lead to an evaluation for an
immunodeficiency, especially chronic granulomatous disease
(CGD) (10). The bacterium has few virulence factors but
may remain indolent for years within a host before disease
recurrence (11-13). We detail the case of an adolescent male
with a two-month history of progressive lower extremity
pain and swelling years after an open fracture to the same
leg, who was found to have extensive tibial osteomyelitis
secondary to S. marcescens. We present this case in
accordance with the CARE reporting checklist (available
at https://tp.amegroups.com/article/view/10.21037/tp-23-
492/rc).

Case presentation

All procedures performed in this study were in accordance
with the ethical standards of the institutional and/or
national research committee(s) and with the Helsinki
Declaration (as revised in 2013). Written informed
consent was obtained from the patient’s legal guardian for
publication of this case report and accompanying images.
A copy of the written consent is available for review by the
editorial office of this journal.

Highlight box

Key findings
®  Serratia marcescens (S. marcescens) may remain indolent within a
healthy host for years before disease recurrence, and a thorough

investigation of distant exposures and trauma is important.

What is known and what is new?

® S. marcescens osteoarticular infections may occur after open
trauma with environmental contamination in an otherwise
healthy host.

* The organism may remain indolent for years after initial infection
before recurrence of disease. This has been rarely reported in
adults, but not in children.

What is the implication, and what should change now?

¢ Infection following open trauma should be treated aggressively
with antibiotics and consideration of deeper-seated infection is
imperative. In the case of hardware-associated infections after open
trauma, empiric antibiotic therapy should take into consideration
environmental bacteria that may complicate open fractures.
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A previously healthy 16-year-old Caucasian male
presented with a two-month history of progressive left
lower extremity pain and swelling that temporally coincided
with increased weight-lifting exercises. He had no overlying
skin redness or drainage on his initial evaluation. An
ultrasound to assess for a deep venous thrombosis was
negative. A radiograph of the leg demonstrated an increased
density in the mid-tibial shaft associated with lateral
periosteal thickening which was interpreted as a possible
stress injury related to his recent increase in physical
activity. He then developed overlying skin erythema with
progressive swelling concerning for infection and he was
started on empiric trimethoprim/sulfamethoxazole (TMP/
SMX) twice daily. An outpatient lower extremity magnetic
resonance imaging (MRI) demonstrated a 1.8 cm x 1.2 cm
x 1.7 cm intraosseous abscess, sinus tract to the overlying
skin, and osteomyelitis spanning the length of the diaphysis
with extension to the proximal metaphysis and epiphysis
(Figure 1). The MRI findings led to admission for further
diagnostic workup and management.

On admission, he was well-appearing, and his vital
signs were normal. The left leg was diffusely swollen
from the knee to the ankle, with erythema, pain, and a
fluctuant abscess overlying the proximal tibia (Figure I).
The remainder of his exam was normal. Laboratory results
revealed a white blood cell (WBC) count of 11.0x10°/mL,
absolute neutrophil count of 5.0x10"/mL, erythrocyte
sedimentation rate of 15 mm/hr, and C-reactive protein
of 2.3 mg/dL (normal <1.0 mg/dL). In the operating
room, an incision and drainage with corticotomy was
performed by orthopedic surgery. No foreign bodies
were identified. He was started on empiric vancomycin
and cefazolin post-operatively to cover the most likely
etiologies of hematogenous osteomyelitis, including
Staphylococcus aureus and Streptococcus pyogenes. He required
a second debridement two days later with primary closure
of the wound. The wound and bone cultures grew grayish
round colonies identified as S. marcescens by matrix-
assisted laser desorption/ionization time-of-flight, and his
antibiotics were changed to cefepime. Bone histopathology
demonstrated marked acute inflammation and necrosis.
Flow cytometric neutrophil oxidative burst assay by
measuring dihydrorhodamine fluorescence was normal,
ruling out CGD.

The unexpected culture results in an apparently
immunocompetent host led to a thorough evaluation of
his past medical history. Eight years and nine months
earlier the patient had suffered a Gustilo/Anderson
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Figure 1 Tibial osteomyelitis. The initial radiograph of the left leg demonstrated an increased density in the mid-tibial shaft and lateral

periosteal thickening (arrows). A band of sclerosis is visualized in the proximal tibia that was stable compared to radiographs three years prior

(A). Prior to admission, the area of swelling overlying the proximal tibia suppurated (B). An MRI with contrast of the left lower extremity

demonstrated an intraosseous abscess of the left tibia with a sinus tract to the skin, and diffuse osteomyelitis with associated myositis (C,D).

MRI, magnetic resonance imaging.

type 3 B open left tibial and fibular fracture following
an all-terrain vehicle accident with significant wound
contamination (Figure 2). He was started on preemptive
penicillin, gentamicin, and cefazolin and underwent initial
debridement and irrigation within 12 hours of injury. There
was no damage to the dorsalis pedis or posterior tibialis
blood vessels. He required external fixation with a Delta
frame type construct with two pins in the proximal tibia
and one in the calcaneus (Figure 2). On day six after injury,
he underwent an autologous latissimus dorsi muscle free
flap with end-to-end anastomosis of the posterior tibial
artery and the thoracodorsal artery and split-thickness
skin graft. On day eight, he required debridement of
necrotic tissue from his skin flap with significant discharge
noted. On day 11, the wound culture was positive for
4+ S. marcescens, 1+ Stenotrophomonas maltophilia, and
1+ Enterococcus species. Additional debridement of the
necrotic skin flap was performed, and a new split-thickness
skin graft was constructed. His antibiotic regimen was
changed to vancomycin, piperacillin/tazobactam, and
gentamicin. This regimen did not provide adequate
coverage for S. maltophilia. The S. marcescens isolate was
reported susceptible to ceftriaxone [minimal inhibitory
concentration (MIC) <1 pg/mL] which was used as a
surrogate for piperacillin/tazobactam MIC, but this did
not take into consideration inducible Amp-C production.
The isolate was susceptible to gentamicin. The antibiotics

© Translational Pediatrics. All rights reserved.

were discontinued after five days of therapy, with resolution
of fever and improved appearance of the wound, and
the patient was discharged. There was no consideration
for a deeper focus of infection that may have led to the
modification of the type and duration of antibiotic therapy.
One month later, secondary fixation was accomplished
with a Taylor spatial frame utilizing the two half pins from
his original fixation (Figure 2). Two months following this
procedure, he developed a proximal tibia pin site infection
with a surrounding lucency on plain films (Figure 3), that
did not improve with clindamycin therapy and required
pin removal. No cultures were obtained, and he received
no additional antibiotics. He required multiple corrective
surgeries, with eventual removal of all hardware about
five months after his initial injury (Figure 3). He reported
intermittent pain over the left tibia during the ensuing
eight years that did not limit activity, with full functional
use of the lower extremity. He had periodic radiographs
to monitor bone healing and leg-length discrepancy
during this time, none of which raised the concern for
osteomyelitis. He had no history of immunodeficiency, and
specifically no history of pneumonia, recurrent skin and
soft tissue infections, or bacteremia and no recent activities
suspected to have increased his exposure to S. marcescens.
He had a history of attention deficit hyperactivity disorder
for which he was no longer on medication, and he denied
alcohol, nicotine, or other drug use. There was no family
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Figure 2 Open fracture with external fixation. The initial radiographs after the patient’s injury demonstrate oblique, comminuted
fractures through the distal third diaphysis of the tibia and fibula with lateral rotation and about 4 cm of foreshortening (A). A radiograph
taken one week after his initial injury demonstrates the external fixator device (B). Approximately six weeks later, secondary fixation was

accomplished with a Taylor spatial frame (C).

Figure 3. Pin-site infection. An area of lucency can be visualized on the radiograph around the proximal pin site of the tibia where purulent

drainage was present (A). Approximately five months after his initial injury, all fixator hardware was removed (B).
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Figure 4 A timeline of events from initial injury through his recurrent infection. The date of injury is represented as year zero, day zero (Y-0/
D-0). ATV, all-terrain vehicle; PO, per os (oral); TMP-SMX, trimethoprim-sulfamethoxazole.

history of immunodeficiency.

In consideration of his prior trauma history and subacute
presentation for the new infection, he received six weeks
of intravenous (IV) cefepime followed by oral antibiotics
for chronic osteomyelitis. He was initially transitioned to
oral sulfamethoxazole-trimethoprim (two double-strength
tablets, 800 mg/160 mg, three times daily), but experienced
a significant rise in creatinine of greater than 20% above
baseline which resulted in a change to oral ciprofloxacin
(750 mg twice daily) for the remainder of his course. He
required one additional surgery for wound dehiscence near
the end of his IV antibiotic course, but repeat cultures
were negative and inflammatory biomarkers were normal.
Antibiotics were discontinued after 19 weeks of therapy,
which was about three months following his last surgery.
He had normal repeat inflammatory biomarkers, symptom
resolution, and radiographic improvement. A timeline of his
clinical course is depicted in Figure 4.

Discussion

S. marcescens is an increasingly recognized source of
healthcare-associated and community-acquired infections
(2-5), but isolated osteoarticular infection in a healthy host
without hardware is uncommon (14). The mechanism

© Translational Pediatrics. All rights reserved.

by which osteomyelitis develops in a patient is primarily
determined by the isolated organism and the individual’s
history and physical exam. Most cases of osteoarticular
cases in children are hematogenous in origin and caused by
S. aureus, and in younger children, Kingella kingae, and less
commonly S. pyogenes (7,15). Hematogenous osteomyelitis
secondary to S. marcescens would be highly unusual without
specific risk factors. A history of trauma, surgery, or a
contiguous focus of infection may help identify non-
hematogenous sources of infection. In the absence of such
risk factors, the isolation of a rare organism may suggest
an underlying immunodeficiency. In North America,
S. marcescens is one of the five most common infections
in patients with CGD (10), which should be considered
when this organism is implicated in a severe infection
without another clear predisposing risk factor. Our
patient demonstrated a normal neutrophil oxidative burst
capacity and lacked other historical findings to suggest an
immunodeficiency disorder. Rather, the patient’s prior open
fracture and S. marcescens infection was suspected to be the
risk factor for his recurrent infection years later.

Indolent osteoarticular infections by S. marcescens have
rarely been reported (7able I). Each of the patients presented
with S. marcescens infection years after the initial surgery
or trauma, but in only one other case was S. marcescens
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confirmed as causing infection at both time periods. Three
of the patients had documented retained foreign bodies,
which likely served as a nidus for biofilm formation and
persistence. Our patient is the first pediatric patient to
present with recurrent infection years after trauma, and
we were able to confirm the isolation of S. muarcescens with
both the initial injury and recurrent infection. Our patient
did have retained staples from his skin flap, but no other
foreign objects were identified at the site of his infection.
Various mechanisms have been proposed that might explain
the persistence of S. marcescens for lengthy periods of time
within a host, including biofilm formation, persister cells,
small-colony variants (SCV) and quorum-sensing (17),
and it is likely that multiple mechanisms occur together.
SCVs have been demonstrated in S. zureus and have been
implicated in disease recurrence years after apparent cure of
the initial infection (18).

The optimal approach to therapy of S. marcescens
osteomyelitis is not established. Current clinical practice
guidelines for pediatric osteomyelitis focus on acute
hematogenous routes of infection and may not be directly
applicable to guide the optimal class or duration of
antibiotics in our patient’s scenario (15). A wide variety
of antimicrobial approaches have been reported for
S. marcescens, as can be seen in Table 1. Serratia species
may harbor chromosomally encoded AmpC, an Ambler
Class C beta-lactamase, whose expression may be induced
by beta-lactam therapy, particularly second and third
generation cephalosporins. This may result in a rise
in mean inhibitory concentration during therapy, and
potential resistance (19). The clinical significance of this
has been questioned, however, as overexpression of AmpC
occurs in <5% of isolates (20) and varies by antibiotic (19).
Nonetheless, mutants with derepressed AmpC production,
who have constitutive rather than inducible production,
may emerge during treatment. This may be particularly
relevant in high inoculum or sequestered infections and
when prolonged therapy is indicated (19), as may occur in
chronic osteomyelitis. The duration of IV therapy will need
to be individualized based on the severity of the infection
and the host. Fluoroquinolones and TMP/SMX are oral
agents that can be considered for completion of therapy
for osteomyelitis, dependent upon antibiotic susceptibility
testing. Fluoroquinolones have been studied extensively in
osteoarticular infections in adults and have the advantages of
excellent oral bioavailability, good bone penetration, and less
frequent dosing intervals. However, the potential adverse
effect profile of these agents, including tendinopathy and

© Translational Pediatrics. All rights reserved.
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Clostridium difficile infections, are of concern with prolonged
therapy in children (15). TMP/SMX is an alternative option
that may be preferable in children, though hypersensitivity
reactions and myelosuppression are notable concerns, and
there is very limited data on the effectiveness of this agent
in osteomyelitis (15,21). Further studies are needed to guide
the optimal approach to therapy.

Our patient is suspected to have developed osteomyelitis
following his initial injury despite preemptive antibiotics
with early irrigation and debridement, as recommended in
current practice guidelines (22). Unfortunately, when he
developed a skin flap infection, a deeper focus of infection
was not considered, and he received a suboptimal duration
of therapy. He subsequently developed a pin-site infection,
but empiric therapy was not based on prior culture results
and antibiotics were not continued after pin removal. While
the infection was subsequently contained by his immune
system, a chronic, latent infection likely developed.

A limitation of this case report is the inability to compare
isolates from both time points. While the isolates had
identical susceptibility patterns, the initial isolate was not
available for paired molecular characterization or genotype
sequencing, preventing us from definitively excluding a
new infection. However, in the absence of recent trauma
or other risk factors, the ability of S. marcescens to remain
quiescent within a host, and the isolation of an unexpected
organism with similar susceptibility profiles as the former
isolate, a recurrence of the initial infection is suspected.

Conclusions

This case stresses the importance of considering a deeper-
seated infection when an open fracture is complicated by
a wound infection to ensure an appropriate regimen and
duration of antibiotics is prescribed. When an uncommon
organism is isolated from a sterile site, obtaining a thorough
history of past trauma, even years before, is imperative.
The case highlights the potential for S. marcescens to
remain quiescent for years within a host, through biofilm
formation, persister cells, or SCV, but further research is
needed to better understand the mechanisms by which
immune evasion can occur.
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