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Abstract

Background: Fracture Related Infection (FRI) in closed trauma here is considered as any deep or
organ/space surgical site infection and/or osteomyelitis which occurs following an internal fixation of
a closed fracture. FRI in closed trauma is a serious and invalidating illness characterised by a high rate
of treatment failures and often requires long periods of treatment and hospital admission, leading to
temporary impairment and at times long lasting disability or even permanent handicaps. The present
study was realised to determine the epidemiological and susceptibility profile of bacterial isolates of FRI
in closed trauma in our milieu.

Method: A prospective cohort study was carried out from November 2020 to May 2021 in four reference
hospitals of Yaoundé. All patients diagnosed with FRI in closed trauma amongst fractured cases treated
by internal fixation were recruited, socio-clinical information was taken, and clinical specimens were
collected and cultured in routine culture media. The organisms isolated were identified by routine
standard procedures. Antimicrobial susceptibility testing was done by Kirby-Bauer’s disc diffusion
method and the results interpreted using guidelines of the « comité de I'antibiogramme de la société
francaise de microbiologie (CASFM) »

Results: Out of the 120 patients followed up, 19 (15.83%) developed infection. The modal age was
20-40 (57.9%). The commonest bones infected were the femur (42.11%), and tibia (36.84%). Highest
osteosynthesis involved were plate and screw (73.3%) and reamed intramedullary nailing (26.8%).
Predisposing factors were long time lapse between trauma and surgery and scarification. Out of 19
samples, 17 yielded positive culture giving rise to 6 bacteria isolates. Thirteen samples (76.5%) were
monobacterial while four (23.5%) were polybacterial. The most predominant species was Staphylococcus
aureus (52.4%), followed by Enterobacter cloacae (19.0%), Escherichia coli (9.5%), and Klebsiella
pneumonia (9.5%). The Gram-positive organisms showed good sensitivity to Vancomycine (81.8%),
Clindamycine (72.7%), Gentamycine, Rifampicine and Fusidic acid (63.6%) and to a lesser extend
Nitroflurantoine and Nitilmycine (54.5%).

Conclusion: The bacteria flora of FRI in closed trauma is dominated by nosocomial germs, which are
developing resistances to most frequently prescribed antibiotics in our setting, thus emphasizing on
hygiene and targeted antibiotherapy.

Keywords: Fracture related infections in closed trauma; Microbiological profile; Antimicrobial
susceptibility

Introduction

Fracture Related Infection (FRI) is one of the most challenging musculoskeletal
complications in trauma surgery. Currently estimating the impact of FRI has been hampered
by the lack of a clear definition [1]. Fracture related infection in closed trauma here will be
considered as any deep or organ/space surgical site infection and/or osteomyelitis which
occurs following an internal fixation of a closed fracture. Osteomyelitis is an infection of bony
tissue which could either be due to haematogenous origin, local spread from surrounding
infected soft tissues, or direct inoculation of germs following trauma (open fractures or bone
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surgery). Fracture related infection implies a serious complication
which prolongs the treatment and considerably increases the
disability of the patient by leading to amputations and kidney failure.
The operative fixation of skeletal fractures can be highly complex
due to the unpredictable nature of the bone damage, the multitude
of concomitant injuries that may need to be considered and the
frequency of life-threatening situations in emergency care. One of
the most feared and challenging complications in the treatment of
musculoskeletal trauma patients is Infection After Fracture Fixation
(IAFF), which can delay healing, lead to permanent functional loss,
or even amputation of the affected limb [2].

FRI in closed trauma management frequently involves
prolonged hospital stay, rehabilitation, repeated operations and
the extensive use of specialized investigation and treatment. As
a result, patients with FRI in closed trauma have high morbidity
rates and are less likely to return to duty. The increasingly frequent
use of internal fixation and the emergence of antibiotic resistant
microorganisms have exacerbated this problem [3].

Materials and Methods

We carried out a cross sectional descriptive study from
November 2020 to May 2021 (6 months) in four reference
hospitals of Yaoundé. All closed fractured patients who developed
clinical signs of infection after internal fracture fixation i.e., wound
discharge, fever, local inflammation or radiological infection signs
were included, socio-clinical information was taken and clinical
specimens like pus, pus swaps, bone marrow contents and bone
sequestrum were collected and sent to the Bacteriology Laboratory
of Yaoundé University Teaching Hospital (YUTH) for analysis. The
samples were cultured aerobically in Blood, Mannitol salt and
MacConkey agar plates. Quality control of the media was done by
verifying dates of expiration and the ensuring the absence of growth
before usage. The organisms isolated were identified by routine
standard operative procedures. Antimicrobial susceptibility testing
was done by Kirby-Bauer’s disc diffusion method. Antibiotics
tested included Ampicillin (10pg), Oxacillin (5pg), Ticarcilline
(75pg), Piperacillin (30pg), Ticarcillin/clavulanic acid (75/10ug),
Piperacilline/tazobactam (30/6ug), Amoxicillin/clavulanic acid
(20/10pg), Cefuroxime (30pg), Cefotaxime (30pg), Ceftazidime
(30pg), Imipenem (10pg), Vancomycin(30pg), Tobramycin
(10pg), Gentamicin (10png), Amikacin (30pg), Ciprofloxacin (5ug),
Levofloxacin (5pg), Erythromycin (5pg), Lincomycin (15pg),
Cotrimoxazole (1.25ug /23.75ug), Linezolid (30pg), Rifampicin
(30pg), Flucidic acid (10ug). and the results interpreted using
the CASFM guidelines. Data obtained was entered on Excel 2016
and analyzed using the statistical software SPSS version 24.0. The

Table 1: Different bacteria isolated.

results were presented in figures and tables.

Results

One hundred and twenty patients were followed up to detect
cases of infection. Nineteen (15.83%) of the patients developed
infections during their follow up. This incidence was predominant
among males with 13 cases (68.4%). The ages of infected patients
ranged between 10 and 63 years and the most represented age
group was 20-40 with 11 cases (57.9%), followed by 40-60 with
5 cases (26.3%) and 60-80 with 2 cases (10.5%). The mean age
was 38.1#14.2 years. Infections mostly occurred in patients who
sustained their injury on the street, n=17 (98%). 47.4% of patients
who were referred from other health services incurred infection
and 31.6% of patients who came from traditional healers ended
up with infections, including three patients who had scarifications.
The femur was the highest bone involved in infections (42.11%),
followed by the tibia (36.84%). Plate and screw were the highest
osteosynthesis technique incriminated in infections, n=14 (73.7%),
followed by reamed intramedullary nailing n=5 (26.8%). There
was a direct relationship between time lapse between trauma
and surgery and the risk of infections, as the P value (0.00001)
is statistically significant. Surgical site inflammation occurred in
15.8% of operated patients and in all the infected patients.

Surgical site inflammation and pus drainage from the wound
occurred in all the infected patient (100%). Wound fistula and
wound healingabnormalities occurred in 89.5% of infected patients.
There was pain and loss of function in 94.7% of infected patients.
We had hematoma on the surgical site in 31.6% of the infected
patients.

Out of the 19 cases of infection, 15 (78.9%) were delayed
infections (after 15 days). Early infections occurred in 4 patients
(21.1%). No case of late infection was detected. All infected patients
benefited from surgical debridement of the infected wound, with
implant removal in 73.7%. followed by implant replacement in
63.2%.

Out of the 19 samples analyzed, 17 (89.5%) gave positive
culture results with isolation of 6 germs. Overall, 76.5% of the
samples were monobacterial while 23.5% were polybacterial. Gram
positive cocci were the most common bacteria isolated (57.2%),
with Staphylococcus aureus being the most predominant species
(52.4%), followed by Enterococcus casseliflavus (4.8%). Gram
negative bacilli were present in 42.8% of cases, with Enterobacter
cloacae being the predominant species (19.0%), followed by
Escherichia coli (9.5%), Klebsiella pneumonia (9.5%) and Klebsiella
ozaenae (4.8%) (Table 1).

Bacterial Group Species Number Percentage (%) Prevalence in Culture Positif Patients (%)
Staphylococcaceae 11 (52.4%) Staphylococcus aureus 11 52.4 64.7
Enterobacteriaceae 8 (42.8%) Escherichia coli 2 9.5 11.7

Klebsiella pneumoniae 2 9,5 11.7

klebsiella ozaenae 1 4.8 5.8

Enterobacter cloacae 4 19.0 235

Enterococcaceae 1(4.8%) Enterococcus casseliflavus 1 4.8 5.8
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Most of the strains of Staphylococcus aureus were sensitive
to Vancomycine (81.8%), Clindamycine (72.7%), Gentamycine,
Rifampicine and Fusidic acid (63.6%), Nitroflurantoine and
Nitilmycine (54.5%). They had a low sensitivity to frequently used
prophylactic antibiotics such as cephalosporines, beta lactamase
inhibitors and quinolones.

All the isolates of Escherichia coli were sensitive to Amikacine,

Piperacilline + Tazobactam, Fosfomycine and Cotrimoxazole. Half
of the isolates were sensitive to Imipenem and Meropenem. All
the isolates of Klebsiella pneumoniae were sensitive to Amikacine.
Half of them were sensitive to Imipeneme, Chloramphenicole,
Gentamycine and Fosfomycine. All the isolates of Enterobacter
cloacae were sensitive to Amikacine. A majority was sensitive to
Imipeneme, and half was sensitive to Ertapeneme. They had a low
sensitivity to other antibiotics (Figure 1-3).
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Figure 1: Antimicrobial sensitivity pattern of Staphylococcus aureus.
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Figure 3:

Discussion
Clinical Profile

The incidence of fracture related infections in closed trauma
was 15.83%, predominant among males (68.4%) (with a sex
ratio of 4.3:2 and in the age groups between 20-40 (57.9%) and
40-60 (26.3%); the mean age being 38.1+14.2 years. This high
predominance of the male gender and the youthful age group
could be due to the greater likelihood of high-speed trauma and
compound fractures in this population group in relation with their
daily activities.

In total, 31.6% of patients who came from traditional healers
ended up with infections, including three patients who had
scarifications. This could be attributed to the delay in management
of these patients and scarification on the fractured limb which
increasing the chances of infection in such patients after surgery.
These results are similar to those obtained in a study carried out
in Cameroon in 2005 which reported a case of osteomyelitis in a
contusion that was traditionally treated with scarification as a
closed fracture [4].

The femur was the highest bone involved in infections
accounting for 8 cases (42.11%). These results do not correlate
with those obtained from studies conducted in Cameroon in 2005
and 2017 [3,4] in which the tibia was reported as the highest bone
involved in osteomyelitis (34.8%) and post-traumatic osteomyelitis
(48.4%). Another study conducted in Mali in 2008 [5] reported
the tibia as the most frequent (38.03%) bone in lower limb
osteomyelitis followed by the femur (35.21%). This difference
can be attributed to the fact that the above-mentioned studies
included non-traumatic osteomyelitis and osteomyelitis following
open fractures which are very frequent in the tibia. Nevertheless,
our results correlate with those obtained from a study carried out

amoxicilline + clavulanate

Antimicrobial sensitivity pattern of Klebsiela pneumoniae.

in India in 2020 [6] which reported the femur having the highest
frequency of chronic osteomyelitis (38%), followed by the tibia
(36%). The increased soft tissue manipulation in the operative
treatment of femoral fractures could also be attributed to the
greater chances of infection.

Plate and screw were the highest osteosynthesis technique
incriminated in infections, making up 14 (73.7%) of the infected
cases, followed by reamed intramedullary nailing which accounted
for 5 (26.8%) of the infected cases. These results are similar to
those obtained in a study carried out in Norway in 1978 [7] which
reported plating (48%) as the most frequent type of osteosynthesis
involved in osteomyelitis, followed by intramedullary nailing (22%).
These results equally correlate with the literature, as periosteal
stripping and reaming of the medullary canal alter blood supply to
bone tissue, thereby favouring the onset of infections [8,9].

All infected patients benefited from surgical debridement of
the infected wound, with implant removal in 73.7% and implant
replacement in 63.2%. This correlates with the literature which
states that the most important considerations in late infection
with and without consolidation of the fracture are removal of
the remaining fracture fixation device/foreign bodies, radical
debridement of all involved bone (sequesters) and soft tissue, long
term antimicrobial therapy (normally 6 weeks) and reconstruction
of the soft tissue envelope [2].

Culture results

In our samples, 89.5% gave positive culture results and enabled
the isolation of a total of 6 germs, giving an average of 0.32 bacteria
per sample. Overall, 76.5% of the samples were mono-bacterial
while 23.5% were poly-bacterial. Our results are similar to those
reported in a similar study done in Morocco, in 2007, concerning 85
cases of osteomyelitis in which the average number of isolates per
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sample was 1.4 and 63.5% were mono-microbial against 36.5% of
the cases which were poly-microbial and a similar study conducted
in India which reported that mono-microbial flora (69%) were
more common than poly-microbial flora (16%) [6,10]. These
results are equally similar to those obtained in a study in India
in 2020 [6] which reported that out of 100 sample studied, in 85
(85%) the culture was positive, while in 15 (15%) the culture was
negative. The low rate of negative cultures in our study could be
justified by the fact that many of our cases were early and delayed
infections. More negative culture results are often reported in late
infections since it often involves germs (like slow growing bacteria)
that have adapted diverse mechanisms to survive in the host while
evading the immune system [11].

Gram positive cocci were the most common bacteria isolated
(57.2%), with Staphylococcus aureus being the most predominant
organism (52.4%), followed by Enterococcus casseliflavus
(4.8%). These results correlate with literature which states that
Staphylococcus aureus causes the majority of osteosynthetic
associated infection cases [12], as well as a study conducted in
India in 2013 [6] where S. aureus was the most common gram-
positive cocci. They however differ from those obtained in a
study in Cameroon in 2017 [2] on post traumatic osteomyelitis,
which reported that Gram negative bacteria were the most
predominant isolates (81%). Enterobacteriae represented 62.5%
of the isolates followed by non-fermenting Gram-negative bacilli
(18.8%) and Gram-positive cocci (18.8%). The most predominant
species was Escherichia coli with a prevalence of 29%, followed
by Staphylococcus aureus, Pseudomonas aeruginosa and Klebsiella
pneumoniae (all 22.6%)

Staphylococcus aureus is the most common pathogens of all
types of osteomyelitis. Reasons for this include surface receptors for
human extracellular protein fibronectin, fibrinogen, collagen and
sialoprotein II, the production of staphylococci toxins that enhance
virulence, the formation of biofilms and frequent colonization of the
skin and nares [13]. Antonia and al reported an incidence of 25%
of MRSA infections in open fracture population and this prevalence
has been increasing [14].

Gram negative bacilli were present in 42.8% of cases, with
Enterobacter cloacae being the predominant organism (19.0%),
followed by Escherichia coli (9.5%), Klebsiella pneumonia (9.5%)
and Klebsiella ozaenae (4.8%). This corresponds to the profile of
nosocomial germs showing that nosocomial germs play a major
role in fracture related infections in closed trauma in our context.
This correlates with most studies as Staphylococcus aureus is often
reported to be the first causative agent [6,15].

Sensitivity testing

Most of the strains of Staphylococcus aureus were sensitive
to Vancomycine (81.8%), Clindamycine (72.7%), Gentamycine,
Rifampicine and Fusidic acid (63.6%), Nitroflurantoine and
Nitilmycine (54.5%). They had a low sensitivity to cephalosporines,
beta lactamase inhibitors and quinolones. These findings are

different from those obtained in the study carried out in Morocco
2014 [10] which reported a good (87-100%) sensitivity of all
the Staphylococcus aureus strains to most antibiotics except
for Penicillin G. All their strains were Methicillin sensitive and
Vancomycin sensitive. The difference could be explained by the
fact that they mostly had community acquired germs whereas
most of the germs isolated in our study are nosocomial germs.
The studies carried out in India in 2013 [16] and 2017 [17] had
comparable results with ours. They showed reduced sensitivity
(less than 50%) to quinolones, aminoglycosides, Cotrimoxazole and
to Cephalosporines.

All the isolates of Escherichia coli were sensitive to Amikacine,
Piperacilline + Tazobactam, Fosfomycine and Cotrimoxazole. Half
of the isolates were sensitive to Imipenem and Meropenem. These
results are similar to those gotten in a study done in India in 2020
which revealed that half of the isolates of E. coli were sensitive to
Amikacine (53.33%) and 66.67% were sensitive to Imipenem [6].

All the isolates of Klebsiella pneumoniae were sensitive
to Amikacine. Half of them were sensitive to Imipeneme,
Chloramphenicole, Gentamycine and Fosfomycine. These results
are similar to those obtained in a study carried out in Mali in 2010
[18] which reported that all the isolates of K. pneumoniae were
sensitive to Amikacine and half of them to Gentamycine in bone and
joint infection.

All the isolates of Enterobacter cloacae were sensitive to
Amikacine. A majority was sensitive to Imipeneme, and half
was sensitive to Ertapeneme. They had a low sensitivity to other
antibiotics. It is observed here that most of the germs involved on
FRIin closed trauma in our context are either resistant or have alow
sensitivity pattern to the routinely used prophylactic antibiotics.
There is therefore a need to establish a more appropriate protocol
of post-surgical prophylactic antibiotherapy in closed fractures.

Conclusion

Traditional treatment of closed fractures with scarification
exposes the patient to infections if they end up undergoing
osteosynthesis, with plate and screw being the osteosynthesis
technique more prone to infections. The bacterial flora of fracture
related infections in closed trauma in our setting is dominated by
Staphylococcus aureus and nosocomial Gram-negative bacilli and
these bacteria are developing resistances to most of the routinely
used antibiotics. Appropriate implementation of pharmacological
and non-pharmacological measures in prevention and management
of FRI will bring a lot of improvement.
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