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Abstract

Fracture related infection remains a challenging complication that creates a heavy burden for orthopaedic trauma patients,
their families, treating physicians and healthcare systems. Even current curative approaches (radical debridement, revision
surgery and long-term antibiotics) often result in significant socioeconomic costs and the risk of life-long functional
impairment to the patient. The prevalence of osteomyelitis due to trauma and surgical complications does not seem to be
diminishing in our society and the emergence of antimicrobial resistance is a major health related concern with global
relevance. Despite multi-drug resistant bacteria being on the rise universally, perioperative antibiotic prophylaxis in
orthopaedic trauma care has only slightly changed in the last 25 years. Staphylococcus infections remain an increasing global
concern, partially due to the resistance mechanisms developed by staphylococci to evade the host immune system and
antibiotic treatment, and as such antibiotics are becoming increasingly ineffective. This paper will address fracture related
infections in trauma patients, looking at the bacteriology of these infections, its clinical implications and evolving nature.
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Introduction dependency on post-hospital care.* FRI have a burden on
the patient, surgeon and the healthcare system at a physical,
emotional and economic level.”® Most treatment principles
are currently based on research that has been conducted on
prosthetic joint infections. However, FRIs have unique
features such as systemic response to injury, bone healing,
soft tissue injury and general condition of the patient that
need to be considered.”

Antimicrobial resistance (AMR) occurs when bacteria,
viruses, fungi and parasites change over time and no longer
respond to previously effective pharmacological treatment,

Orthopaedic trauma surgery often involves the open re-
duction and internal fixation of fractured bones to restore
skeletal stability and musculoskeletal function. Infection is
one of the most common and serious complications in
orthopaedic trauma patients. Fracture related infection (FRI)
is a recent concept only defined in 2018 which uses con-
firmatory and suggestive criteria established by interna-
tional consensus. FRI causes significant morbidity,
including permanent loss of function or even amputation of
the affected limb." The likelihood of having a FRI ranges

from 1% in closed low energy injuries and up to 30% in
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which makes infections harder to treat and increasing the
risk of disease spread, severe illness and death. Increasing
antimicrobial resistance is one of the top 10 global public
health issues identified by the WHO.® Standardised sur-
veillance has long been recognised as a minimum and
necessary requirement for effectual prevention strategies’
and diminishing SSI rates have been noted following the
implementation of these surveillance programs.'’

Local guidelines are widely available for surgical anti-
biotic propylaxis.'' However, evaluation of pathogen spe-
cific data concerning infections complicating the range of
surgical procedures has not been performed to determine
whether guidelines are concordant with local epidemiology.
Clarifying the clinical characteristics and dominant path-
ogenic strains of current FRI is of great importance for
guiding clinical treatment. This paper will address the
microbiology of fracture related infections in trauma
patients.

Definitions
Surgical site infection

A surgical site infection is an infection following a surgical
procedure occurring at or near the incision site. Surgical site
infections as defined by the CDC'? occur within three
categories, superficial incisional, deep incisional and organ
or space infection.

Superficial incisional infections occur within 30 days of a
procedure, involve only the incision skin and subcutaneous
tissue and requires either clinical signs (purulent drainage
from the incision, local pain, tenderness, swelling, erythema
or heat) or identification of microorganisms in aseptically
collected specimens for the purpose of diagnosis or
treatment.

Deep incisional infections occur within 30 days or
90 days with open reduction of a fracture or prosthesis
insertion. Deep incisional infections involve the deep soft
tissues of the incision such as the fascial or muscle layers.
They require either:

® Purulent drainage from the deep incision

* Spontaneous dehiscence or surgical opening for the
purpose of diagnosis, microorganism identification
from the deep soft tissue and fever or local pain or
tenderness.

® Abscess or gross anatomical, histopathologic, or
imaging assessment indicative of deep incision
infection.

Organ or space infections are those occurring within 30—
90 days of the procedure and occur in the tissue spaces deep
to the fascial and muscle layers that are manipulated during
surgery. They require either:

® Purulent drainage from a drain that is inserted into the
organ or space

® Organism identification from the fluid or tissue in the
organ or space

® Abscess or gross anatomical, histopathologic, or
imaging assessment evidence of infection AND
meets at least one criterion for a specific organ/space
infection site. Some orthopaedic examples include
osteomyelitis, joint space infection, periprosthetic
infection, disc space or spinal infection.

Fracture related infections

There has been a paucity in the literature surrounding
fracture related infection secondary to the lack of a
standardised definition. An international survey distributed
to all AO Foundation Trauma registered users showed over
90% of responders suggested the need for a clear defini-
tion."> A consensus definition for fracture related infection
was developed and adopted in 2018, by the Fracture related
infection consensus group, an expert panel.

This definition includes confirmatory and suggestive
criteria as described by WJ Metsemakers et al.'?

Confirmatory criteria — at least one of:

Fistula, Sinus or Wound Breakdown
Purulent drainage from the wound or presence of pus
during surgery

® Phenotypically indistinguishable pathogens identi-
fied by culture from at least two separate deep tissue
or implant specimens

® Histopathological confirmation of presence of mi-
croorganisms in deep tissue collected during surgical
intervention.

Suggestive criteria:

1. Clinical signs — any one of:
a. Pain (non-weightbearing, increasing and new
onset)
Local erythema
Local swelling
Increased local temperature
. Fever (oral measurement >38.3°C)
2. Radiological signs — any one of:
a. Bone lysis (at the fracture site, or close proximity
to the implant)
Implant loosening
c. Sequestration (occurring over time)
d. Failure of progression of bone healing (non-
union)
e. Presence of periosteal bone formation (in loca-
tions outside the fracture site or in the setting of a
healed fracture)
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3. A pathogenic organism identified by culture from a
single deep tissue/implant (including sonication-
fluid) specimen taken during an operative inter-
vention. In case of tissue, multiple specimens (>3)
should be taken, each with clean instruments (not
superficial or sinus tract swabs). In cases of joint
effusion arising in a joint adjacent to a fractured
bone, a fluid sample obtained by sterile puncture is
permitted.

4. Elevated serum inflammatory markers: In muscu-
loskeletal trauma, these should be interpreted with
caution. They are included as suggestive signs in
case of a secondary rise (after an initial decrease) or a
consistent elevation over a period in time, and after
exclusion of other infectious foci or inflammatory
processes:

a. Erythrocyte Sedimentation Rate (ESR)
b. C-reactive protein (CRP)
c.  White blood cell count (WBC)

5. Persistent, increasing or new-onset wound drainage,
beyond the first few days postoperatively, without
solid alternative explanation.

6. New-onset of joint effusion in fracture patients.
Surgeons should be aware that FRI can present as an
adjacent septic arthritis in the following cases:

a. Implant material which penetrates the joint
capsule (e.g. femoral nailing)
b. Intra-articular fractures

This definition is further demonstrated in a diagnostic
pathway by Govaert et al.'*

Osteomyelitis

Infections can be superficial, deep or progress to acute or
chronic osteomyelitis. Osteomyelitis’ literal translation is
inflammation of the bone marrow. The pathology is char-
acterised by severe inflammation, impairment of vascula-
ture, and localised bone loss and destruction.'® It is
notoriously difficult to treat. Three clinical mechanisms lead
to bone infection: osteomyelitis resulting from the spread of
a contiguous source (trauma or surgical contamination),
occurring secondary to vascular insufficiency or neuropathy
(diabetic foot ulcers) and acute haematogenous spread
(more common in paediatrics).'® Although fungal species
can cause osteomyelitis, the vast majority are caused by
bacterial species.

Antimicrobial resistance

Antimicrobial Resistance (AMR) occurs when bacteria,
viruses, fungi, and parasites become able to adapt and grow
in the presence of pharmacological treatments that once
impacted them.'” Antibiotic resistance compromises a

human immune system’s capacity to fight infectious dis-
eases and also contributes to different complications in
vulnerable patients including those undergoing trauma

surgery.

Epidemiology and Magnitude of
the problem

Fracture related infection is a relatively new term with a
wide spectrum of conditions included in its recent definition
and so the epidemiology and magnitude of FRI is still not
well understood. Historical evidence suggest that 1-2% of
closed fractures'® and up to 30% of open fracture' that have
surgical fixation will develop an infection. The risk of
secondary infection according to the Gustilo and Anderson
grading is 2-3% for grades I and II, and between 4 and 30%
for grade III depending on severity of soft tissue damage.*’

The prevalence of FRI increased by 0.28 from 8.4 cases
per 100,000 inhabitants to 10.7 cases per 100,000 inhabi-
tants between 2008 to 2018 in a German population-based
study.?! The biggest increase was in the elderly group,
thought to be due to confounding comorbidities, poorer
local blood supply and ability to regenerate. In a multicentre
study out of China,** they found an incidence of FRI in
1.5% of patients, of which 65% were open fractures.

Walter et al.>! used ICD-10 diagnostic codes to bring up
cases from the Federal Statistical Office of Germany. The
ICD-10 code for “T84.6, infection and inflammatory re-
action due to internal fixation device” was used to identify
patients ages 20 years or older with a fracture related in-
fection. Prevalence was then compared to number of
fractures per anatomical region as well as population data.
There is no mention of any other inclusion or exclusion
criteria.

Wang et al.*? describe clearly their methods and data
collection. Their inclusion criteria included patients eligible
for diagnosis of FRI. This was based of the Metsemakers
et al.'®> paper from Injury Journal around the consensus
definition of FRI using confirmatory and suggestive crite-
rion. The exclusion criteria included incomplete medical
records, multi-site infection, pathological fracture such as
bone tuberculosis and bone tumour, periprosthetic infection
and infections of the skull, sternum and the ribs.

This highlights the importance of using a uniformed
diagnostic criterion in future research to be able to accu-
rately understand the significance and burden of FRI.

Infection poses a huge burden following orthopaedic and
trauma surgery. These effects are felt by patients, treating
teams and the healthcare system. They can result in long
treatment cycles, high treatment costs, poor prognosis and
significant physical and mental harm to patients.*” The total
medical cost of FRI after a tibia fracture is 6.5 times that of
non-infected patients, hospital stay is 7.7 times that of non-
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infected patients and antibiotic treatment time is 11 times
longer.*

Clinically pragmatic scenarios: surgically
managed closed fracture, open fractures,
polytrauma patients

Orthopaedic Trauma surgery is around the clock urgent care
provided to patients who suffer from a wide range of injuries
from closed isolated fractures managed non-operatively to
open fractures to polytrauma patients with life threatening
time critical injuries. Each patient should be treated indi-
vidually considering factors such as fracture configuration,
soft tissue component to the injury, contamination, available
resources and patient factors.

Primary preventative measures regarding infection are
routinely implemented for most orthopaedic trauma surgery.
Hair removal is associated with a higher prevalence of SSI,
therefore hair should not be removed.>* However, if it is
required this should be performed with a clipper. Hand
hygiene is very important in infection control.” Pre-
operative skin preparation is an important measure to re-
duce the number of microorganisms at the incision site.?’
The use of sterile adhesive drapes in all three scenarios
reduces bacterial load at the surgical site.”® Pre-operative
and correctly timed antimicrobial prophylaxis are an im-
portant intervention in the prevention of infectious com-
plications in trauma patients.

Closed fracture infections are most commonly caused by
normal skin flora or from hospital acquired sources like any
other surgical site infection. The prevalence is well known
at 1-2%.%” The primary preventative measures mentioned
above should be implemented as with all trauma surgery,
with the difference being the need to take into consideration
the significant variability of concurrent injuries in our
patients.

Open fractures possess a higher risk of FRI.?’ The higher
energy mechanism with resultant soft tissue damage and
poor blood supply contribute to a greater risk.”® In addition
to the normal skin flora risk with orthopaedic trauma sur-
gical management, there is the additional risk of contami-
nation from external sources in the wounds as well as
hospital acquired infections. Degree and type of contami-
nation play an important role in surgical management for
both osteosynthesis and soft tissue management as well as
use of antibiotics.

Polytrauma patients are fighting on a number of fronts
and often have severe associated soft tissue injuries, as such
they are at an increased risk of infection. Severe polytrauma
patients pose their own complex unique risks. Rare and or
multiresistant pathogens are identified and add to the care
required for these patients. Haematogenic spread is more
common, with the addition of potential hospital equipment

sources, such as ventilators and peripheral or central access
lines.

Fracture related infection are different to prosthetic joint
infections. They have unique features of fracture, bone
healing and soft tissue injuries that need to be considered.
Longer term in contrast to PJI, fracture fixation devices can
be removed once healing has occurred and therefore a
higher long-term chance of healing the infection.

Antimicrobial prophylaxis is known to reduce SSI.*’
Timing is key and in trauma should be aimed between 15—
60 min before incision. The correct prophylactic antibiotic
choice is also important. In closed fractures requiring
hardware, antibiotics should be continued for at least 24 h
post operatively and in open fractures or polytrauma pa-
tients’ antibiotics should continue as per local guidelines
and individual cases. In closed fractures, staphylococcus
and streptococcus are the most common infective
organisms.

In open fractures, the risk of infection is profoundly
increased when the administration of prophylactic antibi-
otics is delayed for more than 6 h.*° In open fractures, a
minor delay in initial surgical debridement of more than 6 h
is not associated with a significantly higher risk.*' Anti-
biotics should be guided based on mechanism of injury and
adjusted for water contamination as well as heavily con-
taminated wounds with material embedded in bone or soft
tissues such as agricultural injuries or injuries involving
sewage. Adjustment to antibiotic prophylactic regimes
should be determined by such recommendations as the
EAST guidelines and adjusting to local guidelines and
practice that adheres to local antibiotic
stewardship. EAST*? below state systemic antibiotic cov-
erage directed at gram positive organisms should be initi-
ated as soon as possible after injury, additional gram
negative cover should be added for type III Gustilo and
Anderson fractures,*® high dose penicillin should be added
in the presence of faecal or potential clostridium contam-
ination, in type III fractures antibiotics should continue for
72 h after injury or 24 h after soft tissue coverage and that
once daily aminoglycoside dosing is safe and effective for
type II and III fractures.

Debridement remains an important surgical tool in all
trauma patients and should include excision of all necrotic
bone or tissue, excision of poorly perfused tissue (as this
will not contribute to healing and antibiotic delivery) and
removal of all non-essential foreign material (hardware and
suture material).” Irrigation is used which aims at decreasing
bacterial load and removal of loose debris. Soft tissue
management has limited data regarding optimal timing but
decisions should be made with our plastic and recon-
structive colleagues. The British Association of Plastic,
Reconstructive and Aesthetic surgeons’ guidelines recom-
mend open fractures should be covered within 5-7 days
after injury.** If unable to be closed, negative pressure
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wound therapy can be utilised and timing of coverage after
open fractures should be done within 7 days® and early
after definitive skeletal fixation method is performed.

Confirmation of infection is achieved by culture of or-
ganisms from intraoperative deep tissue samples, metal
implants or histological evaluation of deep tissue. Prefer-
ably five tissue samples should be obtained using separate
instruments, from sites around the fracture or defect and
surrounding tissue.” The combination of microbiology and
histology has been shown to improve the accuracy of
diagnosis.*®

Dudareva et a compared sonication versus tissue
sampling diagnosis of prosthetic joint and other orthopaedic
device related infections. They measured 505 procedures on
463 patients and found that the combined sensitivity of
tissue and sonication culture was higher than that for any
method alone and increased with the number of tissue
samples maintained. There were still 76 cases (15.0%) with
discordant results, of which 48 (63.1%) showed histological
evidence of infection.

1.36

Spectrum of pathogens

A number of studies have demonstrated a number of mi-
croorganisms that are involved in fracture related
infections.””*® Detailed and contemporary knowledge of
pathogens responsible for FRI is necessary in the formu-
lation of local guidelines for antibiotic prophylaxis.

Staphylococcus aureus is the most common pathogen of
skin, soft tissue infections and surgical site infections.”
Eisner et al.*” measured 438 pathogens in a level one trauma
centre and found the most frequent pathogens being
Staphylococcus aureus (27.1%), Staphylococcus epidermis
(20.6%), Enterococcus faecalis (13.6%) and Escherichia
coli (5.1%). 29.4% of all bacteria were found to be multi-
drug resistant. Of the Staphylococcus epidermis isolates,
79.8% were resistant against beta-lactam antibiotic agents.
Altogether, only 44% of the infecting organisms were
susceptible to cefuroxime.

Worth et al.*' compared time trends, pathogens and
resistance patterns for surgical site infections over
81 Australian hospitals, and compared results from 2002 to
2013. In the timeframe, 183,625 patients were observed
with a 2.8% rate of SSIs (64.8% of which were microbi-
ologically confirmed). Across all procedures, every 1-year
increase across the observation period was associated with a
9% decrease in the risk of SSI. Staphylococcus was the most
frequently identified pathogen (46%). For SSIs following
orthopaedic procedures, pseudomonas species (11.9%) was
the second most and coagulase negative staphylococci
(CNS) (8.9%) third. This is no surprise as infections from
trauma and fractures are typically caused by skin flora
(Staphylococcus aureus and Coagulase negative staphylo-
cocci). However, open fractures with gross contamination

showed an array of environmental organisms including
gram negatives (Pseudomonas aeruginosa, Enterobacter
cloacae, Escherichia coli), other gram positives, anaerobes
and mycobacteria.'® Moreover, patients with high grade
open fractures and extensive soft tissue damage are at
enhanced risk of nosocomial infections with resistant
pathogens, possibly due to the propensity for delayed
wound closure, impairment of protective skin barrier and
operative fixation.*?

Sheehy et al.*® based in Oxford studied 166 patients in a
prospective series of chronic osteomyelitis and found
Staphylococcus aureus to be the most common cause (32%)
but also showed a high proportion of poly microbial (29%)
and culture negative samples (28%). Many isolates were
found to be resistant to commonly used antimicrobial
regimens. Narrow spectrum antibiotics (e.g., flucloxacillin)
would have only treated 29% of their isolates.

The predominance of Staphylococcus aureus as an eti-
ological agent of osteomyelitis is likely driven by two
factors. First, approximately 25-30% of the global pop-
ulation is thought to be colonised with Staphylococcus
aureus, with estimates reaching 50-70% when considering
health care workers and transient colonisation.** Second,
staphylococci produced many virulence factors, including
adhesins, cytolytic toxins, immuno-evasion factors, su-
perantigens and antioxidant systems.**

What has changed during the last
two decades?

The emergence and spread of drug resistant pathogens that
have acquired new resistance mechanisms has led to anti-
microbial resistance, which continues to threaten our ability
to treat common infections.* Especially alarming is the
rapid and global spread of multi-resistant bacteria (super-
bugs) that cause infections that are not treatable with ex-
isting antimicrobial medications.* It is widely accepted by
the CDC that one of the leading causes of antibiotic re-
sistance is due to over prescribing of these agents.*® Bac-
terial species prevalence have changed significantly during
the last 25 years.*” Infections caused by multi-drug resistant
and biofilm producing species like Staphylococcus aureus,
Staphylococcus Epidermidis and Enterococcus faecalis are
on the rise.

Empiric therapy decisions for infection have been
heavily influenced by the emergence of community ac-
quired methicillin sensitive Staphylococcus aureus (MSSA)
and are also shaped by local antibiograms, patient history
and disease severity. Recent antibiotic susceptibility trends
in Staphylococcus aureus isolates indicate an overall in-
crease in methicillin sensitive Staphylococcus aureus
(MSSA) relative to methicillin resistant Staphylococcus
aureus (MRSA).*” Hence, it is common practice to target
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both MSSA and MRSA in empiric therapy for FRIL'®
Pathogens responsible for SSIs that showed clinically rel-
evant resistance patterns displayed significant trends over
time with a reduction in rates of MRSA. In Europe and
North America, the incidence of MRSA has shown a slow
and steady decline in the last 10 years. From 2007 to 2015,
Europe and Canada have shown an 18% and 16% reduction
of MRSA infections respectively, with the US showing a
44% decrease in that time frame.*****’ The factors con-
tributing to a reduction in MRSA FRI are related to anti-
microbial stewardship programs.

Dudareva et al.’° compared the microbiology of chronic
osteomyelitis and its changes over a 10-year period com-
paring 2001-2004 cohort to 2013-2017. They found a
similar proportion of Staphylococcus aureus in both cohorts
and the rate or MRSA lower in the 2013—-17 (11.4% vs
30.8%). This reduction could be attributed to improved
hospital infection prevention practices including pre-
operative decolonisation therapy in orthopaedic surgery.
However, the proportion of MDR infection was similar in
both cohorts (15.2% vs 17.2%). High incidence of Staph-
ylococcus aureus in surgical patients has led to vigorous
efforts to develop specific preventative and therapeutic
measures directed against the pathogen.’” This includes
infection control practices, liberal use of topical antiseptics
and specific systemic antibiotics. Despite these efforts,
prevention has remained elusive and management of con-
firmed infections remains difficult. An important key that
has led to suboptimal prevention and treatment of Staph-
vlococcus aureus infections has been the rapid evolution of
resistance to antimicrobial agents and the development of
new virulence factors.

Baym et al.’' showed the speed at which a common
microbe can mutate and acclimate to gradually increasing
antibiotic concentrations. They showed that Escherichia
coli could become resistant to an antibiotic it was usually
sensitive to in a very short time. They found that with
gradual 10-fold increases in antibiotic concentration across
a linear agar medium, these bacteria could gain resistance to
a 1000-fold increase in antibiotic concentration over a
matter of only 11 days.

Not only are bacteria able to adapt and evade the hosts
immune system, they also have acquired resistance
mechanisms to survive a plethora of antibiotic treatments
available today. Microbiologists investigated the mecha-
nisms of increased virulence, biofilm formation and dis-
tribution of resistance mechanisms. There are three main
mechanisms by which bacteria confer resistance. These
include changing the membrane permeability to the anti-
microbial, destroying the antimicrobial compound and al-
tering the bacterial component which is a target of the
antimicrobial.**

In terms of management, preoperative and correctly
timed prophylactic antibiotic intervention is mandatory for a

majority of orthopaedic procedures. Surgical antimicrobial
prophylaxis with a beta lactam antimicrobial such as ce-
fazolin is the mainstay of SSI prevention. However, current
guidelines are informed by research undertaken over
30 years ago when methicillin sensitive Staphylococcus
aureus was the predominant organism. Over time with the
increased incidence of antimicrobial resistance, this data is
no longer representative of the current ecology.

The 2013 Cochrane review of chronic osteomyelitis
examined all randomised control trials of different antibiotic
regimes given after surgical debridement of chronic oste-
omyelitis and found only eight small applicable trials with a
total of 282 patients.>® Most papers were over 20 years old
and do not reflect the emerging prevalence of antimicrobial
resistance patterns. The level of evidence for treating acute
osteomyelitis in adults is even worse and largely based on
local guidelines and expert opinion.

Potential reasons for change

Orthopaedic trauma surgical practice, the epidemiology of
injuries and the demographics of the injured are constantly
changing. There has been an increase in rates of operative
management of fractures and as a consequence we will see
more infections. Furthermore, immunocompromised poly-
trauma patients are surviving and therefore need manage-
ment of injuries they would have previously succumbed to.
This is evident with a mortality rate of only 7.5% (average
ISS 20) in a busy level 1 trauma centre.’* Globally, there is
an ageing population and inherently this group have a
higher infection rate.”' In other areas of the globe, the
concept of open reduction and internal fixation using im-
plants is a newly introduced concept. The widespread and
frequently questionable practice of using antibiotics in all
areas of medicine, veterinary practice and the food industry
has also caused major problems*® such as:

Biofilm

Biofilm is a virulence factor that is a secreted product that is
also part of the staphylococcal cell structure. Biofilm is
produced by several bacterial species after adherence of the
bacterial cell to a foreign structure.’” Biofilm encases a
community of cells and changes the phenotype from
planktonic to dormancy, offering barrier protection from
host defences and imperviousness to antibiotics.”> The
presence of biofilms has been suggested as the main cause
of clinical dormancy of chronic osteomyelitis. They provide
protection against antimicrobials, the host immune response
and shear stresses.'” Biofilms further enhance the survival
of the staphylococci residing within them by functioning to
obtain and concentrate important environmental nutrients.>®
Biofilm begins to form following invasion of a microbial
colony into a host where the bacteria attempt to adhere to a
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site. Ideally for a microbe, the site has limited to no viability
(devitalised tissue or bone or prosthetic material). At that
stage, the microbial cells are in the planktonic phase, where
they are rapidly dividing with a short generational cycle.
This is the cell cycle which is susceptible to systemic
concentrations of antibiotics, hence the importance of early
antibiotic administration. It is still not known how long until
a mature biofilm forms. The reason that single culture
positive infections show high rates of Staphylococcus au-
reus is thought to be due to its biofilm. It is thought the
biofilm inhibits growth inhibition of other species.”’ The
increasing use of implants allow for biofilm producing
bacteria such as Staphylococcus aureus and Staphylococcus
Epidermidis to evade more often nonspecific immune
systems as well as to escape antimicrobial agent effects.”®

Virulence

Microbial virulence factors for Staphylococcus aureus have
been divided into bacterial structural factors (polysaccha-
ride capsule), secreted bacterial products and enzymes and
resistance mechanisms to anti-microbial agents. The surface
adhesion proteins of the cell wall are referred to collectively
as microbial surface components recognising adhesive matrix
molecules (MSCRAMMs).>? Once the MSCRAMM s have
colonised the staphylococcus onto the bone, the staphylo-
cocci can produce a biofilm which facilitates persistence of
the infection.

SERAMs

SERAMSs (Secretable expanded repertoire adhesive mole-
cules) are a group of secreted proteins that have duplicate
functions of the MSCRAMM s except that they are secreted
and not attached to the cell wall.®* A SERAM of consid-
erable interest is coagulase, which targets prothrombin and
fibrinogen. The result is generation of a matrix and creation
of a local environment that facilitates microbial adherence
to tissue and a protected environment against host defence
mechanisms and antimicrobial therapy.®® Exotoxins are
secreted products that are cytotoxic to host cells. The cy-
tokine of greatest interest has been the Panton-Valentine
leucocidin (PVL).®" It has been particularly associated with
community acquired MRSA and has been implicated in the
increased virulence of the community acquired versus the
healthcare acquired infections.

Antimicrobial resistant organisms are found in people,
animals, food and the environment.*> AMR occurs naturally
over time. Misuse and overuse of antimicrobials are the
main drivers in the development of drug resistant pathogens.
In developing countries, lack of clean water and sanitation
and inadequate infection prevention and control promotes
the spread of microbes, some of which can be resistant to
antimicrobial treatment.*> Other reasons include affordable

medications, vaccines and diagnostics, lack of awareness
and knowledge and lack of enforcement of legislation.*’

There are a number of known risk factors associated with
infection. Patient or host factors are well established and
comprise factors such as increasing age, obesity, smoking
status, involvement of metalware, immunosuppression,
dialysis dependence, diabetes mellitus, cancer, intravenous
drug use, alcohol abuse, poor nutritional status and recent
surgery. Therefore, identification of patient factors is im-
portant in prevention of colonisation of those at high
risk.0%%3

With our better understanding of how microbes gain
attachment to sites in our body and morph from a planktonic
state to the slow growing sessile phase of growth, combined
with their formation of a highly structured biofilm, we need
to realise that we must resort to other forms of treatment.

“Beyond bacteria”

Although rare, there have been reports of fungal fracture
related infections. A systematic review in 2021°* reported
5 cases of candida grown on samples from FRI. Risk factors
for fungal infection included open wounds, prolonged
antibiotic therapy and immunodeficiency. The reoperation
rate was 33% and prolonged antifungal therapy was re-
quired (mean time 8.8 weeks).

Outcomes

Depending on injury severity, success rates vary between
70-90% of cure with a recurrence of disease in 6-9% of the
patients.>”®> Healing of fractures is much slower in the
context of FRI. Several limitations such as immobility,
amputations, prolonged hospital stays, multiple surgeries,
long term medication with associated side effects and
further socioeconomic issues such as job loss are often
unavoidable.® There is a large psychological burden on
patients in addition to their physical injuries. Walter et al.,®’
37 patients with successfully treated FRIs were assessed
with patient questionnaires (EQ-5D, SF-36 and ISR). After
a mean follow-up of 4.2 years, patients who suffered from
FRI scored significantly lower on quality of life than a
German reference population. The ISR (WHO ICD-10
based symptom rating) which is highly correlated with the
Beck-Depression-Inventory-II (BDI-II) revealed that 21.6%
of individuals showed moderate to severe impairments.

A systematic literature review of treatment and outcomes
in fracture related infection was performed in 2018.%
93 studies were suitable including 3701 patients with
complex FRI. The population group was predominantly
male (77%), with a mean infective duration of 28 months
and a mean follow up on 42 months. Mean length of hospital
stay was 1.4 months and bone healing was achieved in a
mean time of 7 months. The majority (68%) of fractures
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involved the tibia. The most common clinical signs were
wound discharge, pain and swelling. Radiologically there
were signs of osteomyelitis in 67% of cases and evidence of
non-union in 37%. Eradication of infection without re-
currence was reported in 85% of cases and 93% if ampu-
tation occurred. In total, 3% of patients required amputation.

Studies and data on long term patient outcomes fol-
lowing FRI are rare. Walter et al.®” investigated whether FRI
patients return to a quality of life state comparable to
normative data after successful surgical treatment. They
reviewed 37 patients and used both physical and psycho-
logical quality of life health outcome measures to quantify
their results. They found with a mean follow up of
4.19 years in successfully treated FRI, patients reported
significant lower quality of life in both aspects, but espe-
cially in the physical health component. Moderate to severe
psychological symptoms was found in 21.6% of patients.

Osteomyelitis is a feared complication of trauma and
FRI, affecting up to one third of patients who present with
severe limb injury or open fracture.’”*® It is most com-
monly caused by opportunistic Gram-positive cocci
(75%)."

In regards to long term treatment, multi-drug resistant
patterns are evolving and ever changing due to the increased
use of antimicrobial agents and so the epidemiology and
resistance patterns need to be reviewed periodically.

Future Directions

Fracture related infection is one of the most challenging
complications in orthopaedic trauma surgery. The goal of
the treatment in FRI is to achieve eradication of infection
and the bony union of the fracture. Regular follow up is
needed to monitor therapy, identify complications early and
to maximise functional outcomes.’

Further studies of FRI in orthopaedic trauma patients
should utilise and consistently apply the novel consensus
definition of FRI. It is important to standardise sampling and
culturing techniques in order to maximise the reporting of
detailed microbiology of FRI.

Govaert et al.,'* using the consensus definition for FRI"?
outline the diagnostic value of clinical parameters, serum
inflammatory markers, imaging modalities, tissue and
sonication fluid sampling, molecular biology techniques
and histopathological examination.

Clinical investigation includes wound breakdown, fistula
or sinus formation and purulent drainage. Inflammatory
markers include WCC, leukocyte count, C-reactive protein
(CRP) and erythrocyte sedimentation rate (ESR).

Imaging modalities need to consider resources available
to the treating team. They can include plain film radiog-
raphy, computed tomography (CT), magnetic resonance
imaging (MRI), 3-phase bone scan, fluorodeoxyglucose

positron emission tomography (FDG-PET) and white cell
labelled scintigraphy.

Sampling should aim for confirmatory criteria of FRI.
This involves at least two deep tissue/implant specimens of
a distinct pathogen. Preferably, five or more deep tissue or
fluid samples should be collected using a no touch tech-
nique. Polymerase chain reaction (PCR) can be used to
amplify bacterial DNA. In regards to histopathology and
FRI consensus definition, the presence of visible micro-
organisms in deep tissue specimens using specific staining
techniques for bacteria and fungi is regarded as a
confirmatory sign.

Local knowledge of bacterial strains causing infection
and antimicrobial resistance is the prerequisite for sufficient
antimicrobial prophylaxis. Future directions require urgent
multisectoral action in order to achieve the sustainable
development goals of the WHO.* Continuous surveillance
and permanent hand hygiene standards®® may reduce the
use of broad spectrum antimicrobial agents and prevent
outbreaks of highly resistant strains.’” The current pipeline
of new antimicrobials is limited. In 2019, WHO*’ identified
32 antibiotics in clinical development that address the list of
priority pathogens, of which only six were classified as
innovative. A lack of access to antimicrobials remains a
major issue. Antibiotic shortages are affecting countries of
all levels of development. Without a radical change in how
antibiotics are used, new antibiotics will suffer the same fate
as the current ones.

Optimisation of timing of definitive internal fixation for
polytrauma patients needs to balance early systemic hy-
perinflammation related immunoparalysis against longer
ICU stay and its associated colonisation and bacteraemia in
order to minimise the morbidity and mortality associated
with FRI. We need international collaboratives to perform
prospective epidemiological studies as foundations for in-
terventional studies to improve practice in the field.

Further clinical and experimental research is needed to
understand FRI and comprehend the development of vir-
ulence in certain species as well as to design colonisation-
inhibiting medical implants to make a targeted antimicrobial
prophylaxis possible. Although work is being pursued with
novel antimicrobial molecules, other tactics being investi-
gated include phage therapy, molecules aimed at blocking
regulation of virulence determinants and surface adhesions,
and vaccination.”” New imaging and molecular technolo-
gies are also developing rapidly and as such, improvement
in the diagnostic accuracy in being able to identify FRI and
treat rapidly has promise. Global education remains vital to
the management and prevention of FRI.
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