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Background: Chronic osteomyelitis is a serious complication of orthopedic trauma. Residual bacteria 
after incomplete debridement and/or bacterial colonization, bacterial biofilm formation, and generation 
of antibiotic-resistant bacterial strains in the microtubule system of compact bones due to irrational use of 
antibiotics often make the condition more prolonged, recurrent, and refractory. The passive immunotherapy 
targeting the protein components of bacteria has become an area of intense research interest, for which 
identifying the bacterial isolates in different areas at different time points remains a key step. Few multicenter 
randomized controlled trials have investigated the epidemiological data of pathogens in different areas, and 
there is a lack of timely and dynamic data that can inform clinical treatment. 
Methods: A total of 5,268 patients with limb fractures were treated in our center from January 1, 2012, 
to December 31, 2015, among whom 108 were diagnosed with post-traumatic osteomyelitis (PTO) based 
on clinical manifestations, imaging findings, and pathology. Bacteria cultures showed positive results in 84 
patients. The clinical manifestations (including the infection site) were analyzed. The distribution and drug 
resistance of pathogens were analyzed and summarized based on the M-100-S22 protocol [Clinical and 
Laboratory Standards Institute® (CLSI) 2012, USA]. 
Results: The incidence of PTO in limbs was 2.1% (n=108), and the bacterial cultures were positive 
in 84 patients (84/108, 77.8%). The infection sites included the tibia and fibula (n=40, 47.6%), femur 
(n=20, 23.8%), ulna and radium (n=11, 13.1%), humerus (n=5, 6%), patella (n=5, 6%), and calcaneus (n=3, 
3.6%). In total, 104 of the following bacterial strains were identified: 56 strains of gram-positive bacteria 
(53.9%), among which Staphylococcus aureus (n=39, 37.5%) and Staphylococcus epidermis (n=6, 5.8%) were the 
most dominant bacteria, with both being sensitive to ampicillin, quinupristin, linazolamide, tigarycline, 
nitrofurantoin, and vancomycin; 48 strains of gram-negative bacteria (46.1%), among which Escherichia 
coli (n=16, 15.4%) and Enterobacter cloacae (n=11, 10.6%) were the most common bacteria, with both being 
sensitive to thiomycin; mixed infections were detected in 18 cases (21.4%). 
Conclusions: The incidence of PTO in the Zunyi area is similar to the national level. The most common 
site of infection is the lower extremity. Bacterial infections (mainly infection caused by a single bacterial type) 
were observed in 77.8% of the cases. Staphylococcus aureus is the most common pathogenic bacteria, followed 
by Escherichia coli and Enterobacter cloacae. The antibiotic-resistant bacteria have characteristic distributions in 
different regions.
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Introduction

Chronic osteomyelitis often results from untreated acute 
osteomyelitis in children but frequently manifests as post-
traumatic osteomyelitis (PTO) in adults (1). It is a serious 
complication of orthopedic trauma. Use of antibiotics 
in the acute phase of trauma is essential for preventing 
postoperative infections (2,3). Chronic osteomyelitis can 
be caused by persisting bacterial infection after incomplete 
debridement and/or irrational use of antibiotics (4-6). 
Treatment of PTO is mainly based on the removal of dead 
bones and damaged soft tissues, elimination of dead spaces, 
and the use antibiotics based on bacterial culture findings. 
However, debridement alone is ineffective in eliminating 
bacteria colonization in the residual microtubule system 
of compact bones (7). Bacterial biofilm formation and 
the generation of antibiotic-resistant bacterial strains can 
often be accompanied by impaired blood supply at the site 
of the injury and by inadequate individualized treatment 
options such as internal plants, bone defects, and wound 
closure, which make the condition become more prolonged, 
recurrent, and refractory (2,8-10) . 

The passive immunotherapy of targeting the protein 
components of bacteria has recently garnered intense 
research focus (11); however, the crucial ability to identify 
the bacterial trains in different areas at different time 
points remains elusive due to the diversities tion (12). Few 
multicenter randomized controlled trials have investigated 
the epidemiological data of pathogens in different areas, 
and there is also a lack of timely and dynamic data that can 
inform clinical treatment (3). Our hospital is located at the 
borders of the 3 western provinces of Guizhou, Sichuan, 
and Chongqing. With limited medical resources and data 
concerning the causative pathogens of chronic osteomyelitis 
in its surrounding areas, our hospital faces difficulty in 
rationally using prophylactic antibiotics. In this article, 
we summarize the data of 5,268 patients with traumatic 
fractures of the limbs that were treated in our department 
from January 1, 2012, to December 31, 2015. According to 
the inclusion and exclusion criteria, the causative pathogens 
of PTO in the eligible patients were identified and analyzed. 
We hope our findings can help to update the database 
of PTO pathogens and thus inform the rational use of 
antibiotics in the acute stage of trauma in the departments 

of orthopedics and help to lower the incidence of PTO.

Methods

Inclusion and exclusion criteria

The inclusion criteria were as follows: (I) aged ≥16 years 
and with a history of surgery for traumatic fractures of the 
limbs; (II) with clinical symptoms and signs, imaging data, 
or surgical pathology of the bone and soft tissue infection in 
the surgical area after surgery, which supported a diagnosis 
of chronic osteomyelitis; and (III) a positive finding in 
laboratory bacterial culture.

The exclusion criteria were as follows: (I) laboratory 
bacterial culture showed negative result although there 
was clear clinical evidence of infection (13); and (II) with a 
history of blood-borne osteomyelitis.

General data

A total of 5,268 patients with traumatic fractures of the 
limbs were treated in the orthopedics department of our 
hospital from January 1, 2012, to December 31, 2015. 
Among them 108 PTO cases (2.1%) were confirmed based 
on the clinical manifestations, imaging data, and surgical 
pathology. A total of 68 cases were transferred from other 
hospitals, among whom 53 cases were culture-positive; 39 
patients were directly diagnosed in our hospital, among 
whom 31 cases were culture-positive. After 24 patients 
with negative cultures were ruled out, 84 patients (77.8%) 
entered the final analysis. There were 69 men and 15 
women aged 16 to 72 years (mean: 43 years). The primary 
injuries were open in 66 cases (78.6%) and closed in 18 
cases (21.4%).

This study was reviewed and approved by the Ethics 
Committee of the Affiliated Hospital of Zunyi Medical 
University, and all patients signed informed consent.

The clinical manifestations included the following: 
chills and fever (n=12); local skin redness, increased skin 
temperature, persistent pain, rebound tenderness, or deep 
tenderness (n=29); local swelling and pitting edema (n=42); 
poor incision healing, continuous exudation of fluid, or 
formation of a sinus tract (n=68); increased white blood cell 
(WBC) count (n=25); increased erythrocyte sedimentation 
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rate (ESR) and C-reactive protein (CRP) (n=63); local 
liquid dark areas on X-ray and ultrasound (n=56); and liquid 
extracted by local puncture (n=46).

Time points of sample collection

For patients who had been using antibiotics, the antibiotics 
were discontinued and routine drug changes and topical 
treatment were applied, and a total of 72 patients underwent 
pathogen identification after 2 weeks (14,15). For patients 
who had not used antibiotics within the past 2 weeks, 
bacteria sampling was immediately performed. In our 
current series, bacterial sampling was carried out 23 to 482 
days after fracture (mean: 135 days).

Procedure of sample collection

Specimen collection was performed by senior residents 
or attending doctors, during which skin disinfection 
was strictly performed to avoid exogenous bacterial 
contamination. For cases with suspected abscesses or 
liquid dark areas, percutaneous multi-point puncture was 
performed to extract fluid until the subperiosteal level or 
the deep bone was internally fixed regardless of whether 
there was a sinus tract or not; for patients with smaller 
liquid dark areas, the puncture needle was directed to the 
lesion under ultrasound. If the specimen collection by 
puncture failed and there was exudate from the sinus tract, 
the sinus secretions were collected for 3–5 consecutive 
days for bacterial culture. Fluids and tissue blocks were 
intraoperatively harvested at the surgical area for bacterial 
culture in all surgical patients.

Bacterial culture and antimicrobial susceptibility test

The puncture fluid, tissue blocks, or secretions were 
cultured separately in the microorganism laboratory. 
VITEK 2 Compact automatic bacterial identification and 
drug sensitivity analysis system (BioMerieux Inc., France) 
was used for bacterial identification and for setting the 
quality control strains, namely the gram-positive bacterial 
strains AST-GP6 (Staphylococcus aureus-ATCC29213) and 
AST-GP68 (Streptococcus pneumoniae-ATCC49619), along 
with the gram-negative bacterial strains, AST-GN13 
(Escherichia coli-ATCC25922) and AST-GN09 (Pseudomonas 
aeruginosa-ATCC27853). The bacterial susceptibility 
data were determined through the M-100-S22 Protocol 
[Clinical & Laboratory Standards Institute® (CLSI) 2012, 

USA]. Methillin-resistant Staphylococcus aureus (MRSA) 
was detected by using the Kirby-Bauer test. Cefoxitin 
disc diffusion method was used for determining the 
heterogeneous populations of MRSA, and the results were 
judged according to the diameter of inhibition zone (DIZ).

Results

Infection sites in PTO patients

Of these 84 PTO patients, 40 had tibial and fibular 
fractures, 20 had femoral fractures, 11 had ulnar and radial 
fractures, 5 had humeral fractures, 5 had patella fractures, 
and 3 had calcaneal fractures. The tibial and fibular 
fractures were the most common fracture type, accounting 
for 47.6% of cases (Figure 1).

Bacterial isolates in PTO patients

A total of 104 bacterial strains were detected in these 84 
patients (Figure 2), of which 56 (53.85%) were gram-
positive bacteria, which mainly included Staphylococcus aureus 
(n=39, 37.5%) and Staphylococcus epidermidis (n=6, 5.8%). 
Gram-negative bacteria were detected in 48 cases (46.15%), 
which mainly included Escherichia coli (n=16, 15.4%) and 
Enterobacter cloacae (n=11, 10.6%).

In addition, 66 patients were infected with a single 
bacterial strain (78.6%), and 18 were infected with multiple 
strains (21.4%). Staphylococcus aureus was the most common 
strain in patients infected by a single bacterial strain (31/66, 
47.0%) or multiple strains (8/18, 44.4%) (Table 1).

Antimicrobial resistance among gram-positive bacteria

Gram-posi t ive  bacter ia l  infect ions  in  th is  s tudy 
mainly included Staphylococcus aureus and Staphylococcus 
epidermidis (43.3%). Both were sensitive to ampicillin, 
quinupristin, linazolamide, tigarycline, nitrofurantoin, 
and vancomycin. Staphylococcus aureus included MRSA 
in 17 cases and methicillin-sensitive Staphylococcus aureus 
(MSSA) in 22 cases. Staphylococcus aureus had the highest 
resistance to penicillin (up to 74.4%), followed by 
erythromycin, lincomycin, tetracycline, cefoxitin, oxacillin, 
levofloxacin, clindamycin, compound sulfamethoxazole 
tablets, ciprofloxacin, moxifloxacin, and rifampicin. 
Staphylococcus epidermidis also had the highest resistance to 
penicillin, followed by lincomycin, oxacillin, tetracycline, 
erythromycin,  cefoxit in,  levofloxacin,  compound 
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sulfamethoxazole tablets, clindamycin, ciprofloxacin, 
rifampicin, and moxifloxacin (Figure 3).

Antimicrobial resistance among gram-negative bacteria

Gram-negative bacterial infections in our series mainly 
included Escherichia coli and Enterobacter cloacae (26.0%). 
Both were sensitive to streptomycin. Escherichia coli had 
the highest resistance to ampicillin and cefazolin (up to 
87.5%), followed by sulbactam, ceftriaxone, levofloxacin, 
ciprofloxacin, compound sulfamethoxazole tablets, 

extended-spectrum β-lactamases, gentamicin, aztreonam, 
ceftazidime, and cefepime; it was least resistant to cefotetan 
and amoxicillin. Enterobacter cloacae was more resistant and 
had the highest resistance to sulbactam and ampicillin, 
followed by cefotetan, cefazolin, nitrofurantoin, ceftriaxone, 
gentamicin,  aztreonam, ceftazidime, tobramycin, 
levofloxacin, ciprofloxacin, cefepime, piperacillin, 
amikacin, compound sulfamethoxazole tablets, amoxicillin, 
tazobactam, and erythromycin; it was least resistant to 
ertapenem and extended-spectrum β-lactamases (Figure 4).
Discussion

Figure 1 Proportions of the affected sites in the patients with osteomyelitis.

Figure 2 Distribution of bacterial species among PTO patients. PTO, post-traumatic osteomyelitis.
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Table 1 Affected sites and pathogens in patients with mixed infections (n=18)

Site No.
Pathogens

1 2 3

Tibia and fibula 
(44.4%)

1 Staphylococcus aureus Klebsiella pneumoniae –

2 Staphylococcus aureus Pseudomonas aeruginosa –

3 Staphylococcus aureus Staphylococcus epidermidis Staphylococcus haemolyticus Haemolyticus

4 Staphylococcus aureus Streptococcus milleri –

5 Staphylococcus aureus Pseudomonas aeruginosa –

6 Staphylococcus epidermidis Pseudomonas aeruginosa –

7 Enterobacter cloacae Acinetobacter baumannii –

8 Enterobacter cloacae Klebsiella oxytoca –

9 Staphylococcus aureus Acinetobacter baumannii –

Femur (38.9%) 10 Staphylococcus aureus Escherichia coli Acinetobacter baumannii

11 Staphylococcus epidermidis Enterococcus faecalis –

12 Enterococcus avium Escherichia coli –

13 Enterococcus faecalis Enterobacter cloacae –

14 Escherichia coli Acinetobacter baumannii –

15 Escherichia coli Acinetobacter baumannii –

Ulna and radius 
(11.1%)

16 Staphylococcus aureus Enterobacter cloacae –

17 Staphylococcus aureus Pseudomonas aeruginosa –

Calcaneus (5.6%) 18 Enterococcus faecalis Escherichia coli –

Figure 3 Antimicrobial resistance of Staphylococcus aureus and Staphylococcus epidermidis.
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Commonly affected sites in PTO patients

In our current study, PTO affected the long bones in 76 
patients (90.5%) and irregular bones in 8 cases (9.5%). 
Among them, the affected sites included long bones in the 
lower limbs in 60 cases (71.4%) and shoulder girdles in 16 
cases (19.1%). These findings were similar to the historical 
data (2-year interval) in our area, and there was no obvious 
dynamic change, which may be due to the short interval 
between these 2 studies and the overlap of some cases. 
Although the fractures of irregular bones in the lower limbs 
had a relatively small proportion, they were associated with 
a more severe impact on patients’ functionality and quality 
of life than those involving long bones (13,16). Notably, 
since the operative time is often closely related to the 
occurrence of infections, it should be shortened as much 
as possible during trauma treatment in emergency settings 
(except for those treated according to the standard operating 
procedures) (17). Although the diagnosis of PTO depends 
on the clinical manifestations, imaging data, pathology, and 
bacterial culture, antibiotic prophylaxis may be needed to 
prevent chronic osteomyelitis in patients presenting with 
the clinical manifestations of early osteomyelitis, especially 
in those with traumatic fractures in the lower limbs. The 
principles of debridement for chronic osteomyelitis may 
refer to the criteria proposed by Xie et al. (2,13,16,18,19). 

After standardized specimen collection is performed, a 
diagnosis of PTO should be confirmed as early as possible 
based on clinical manifestations, laboratory results, and 
imaging findings (6,20).

Distribution of PTO-related bacterial strains at different 
time points and in different areas

A total of 104 strains were isolated from these 84 patients 
after the bacterial culture. Gram-positive bacteria were 
the most common species, accounting for 53.85% of cases; 
gram-negative bacteria were less common, accounting for 
46.15%. Their positive rates decreased/increased by about 
9% compared with the positive rates of Gram-positive 
bacteria (63.16%) and Gram-negative bacteria (36.84%) 
in our area 2 years ago. Staphylococcus aureus (37.5%) 
and Staphylococcus epidermidis (5.8%) remained the most 
dominant Gram-positive bacteria, although their positive 
rates decreased by about 10% and 2.1% when compared 
with the previous incidences. Among the Gram-negative 
bacteria, the positive rates of Escherichia coli and Enterobacter 
cloacae were 15.4% and 10.6%, which were about 0.3% 
lower and 3.5% higher than before, respectively (13). These 
data reflect the dynamic changes of PTO-related pathogens 
at different time intervals, which show no notable change 
in the ranking of bacterial isolates within a short period of 

Figure 4 Antimicrobial resistance of Escherichia coli and Enterobacter cloacae.
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time. As shown by comparisons with the results of a multi-
center study in Beijing, the ranking of major Gram-positive 
bacteria was similar; however, the most dominant Gram-
negative bacteria in Beijing was Pseudomonas aeruginosa 
(26.9%), followed by Escherichia coli (17.9%), showing 
significant difference from the positive rates in our area. 
Thus, the distribution of the main pathogens varied across 
different areas (2).

Compared with our previous study, the incidence of 
single infections decreased from 88.2% in the previous 
group to 78.6% in this group. The incidence of mixed 
infections reached 21.4% in our current study, which is an 
increase of nearly 10% from the previous study (11.7%) 
and might be explained by the long disease course, long-
term irregular use of antibiotics, and transfer of previously 
treated patients from other hospitals. Nevertheless, the 
overall changes in the bacterial isolates and affected sites 
were not obvious in patients with mixed infections (13).

Changes in the spectrum of antimicrobial-resistant 
bacterial isolates

The most dominant bacterial isolates included Gram-
positive strains (43.3%; including Staphylococcus aureus and 
Staphylococcus epidermidis) and Gram-negative strains (26.0%; 
including Escherichia coli and Enterobacter cloacae).

The Gram-positive bacteria were sensitive to ampicillin, 
quinupristin, linazolamide, tigarycline, nitrofurantoin, 
and vancomycin, which was consistent with the previous 
finding. However, our current study found that 25.6% of 
patients with Staphylococcus aureus infection were responsive 
to penicillin treatment (the rate of penicillin resistance was 
74.4%), which was different from the data in the previous 
study, suggesting these new patients came from areas where 
relatively fewer antibiotics were used with the susceptible 
strain can lying dormant at the affected site for a long period 
of time (21). Therefore, for patients from remote areas with 
limited access to antibiotics, some conventional antibiotics 
can be used empirically after tissue sampling and before 
identification of drug-resistant bacteria. Escherichia coli, as 
the most dominant Gram-negative bacteria in our series, 
was sensitive to nitrofurantoin, tobramycin, piperacillin, 
amikacin, tazobactam, erythromycin, and ertapenem, which 
allowed the use of a wide range of antibiotics. In contrast, 
Staphylococcus epidermidis was sensitive only to streptomycin 
and was resistant to other antibiotics to varying degrees. 
Thus, for patients with confirmed Gram-negative 
bacterial infection, blind antibiotic prescription should be 

implemented cautiously before the result of a sensitivity 
analysis becomes available.

Methodological strength and limitations

As a single-center retrospective analysis, our current study 
was limited by its single sample source and small sample 
size. Also, it had limited power in reflecting the dynamic 
changes of PTO-related pathogens due to the short interval 
after the previous study; however, it authentically reflects 
the cross-sectional changes during the study period, and 
recent historical data can inform clinical practices.

To summarize, the incidence of PTO in the Zunyi area 
is similar to the national level. The most common site 
of infection was the lower extremity. Bacterial infections 
(mainly infection caused by a single bacterial type) were 
observed in 77.8% of the cases. Staphylococcus aureus was 
the most common pathogenic bacteria, followed by E. coli 
and Enterobacter cloacae. The antibiotic-resistant bacteria 
had characteristic distributions. These findings are valuable 
for the diagnosis and empirical treatment of PTO and the 
empirical use of antibiotics in grassroots hospitals in our area.
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