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Background. The distribution of postoperative orthopedic infection and their susceptibility pattern to antibiotics vary regionally
and change over time. The incidence of methicillin-resistant Staphylococcus aureus infection is rising worldwide. Therefore,
knowledge of the frequency of the causative microorganisms and their susceptibility to antibiotics are necessary for an improved
therapeutic outcome. This study aims to study the frequency and distribution of postoperative orthopedic infection and their
resistance pattern to antibiotics. Methods. The study utilized a retrospective design that took place over a period of 5 years from
2016 and 2020 at a tertiary care hospital. The bacterial culture testing was performed by a recommended method. Descriptive
statistics were used to analyze the data. Results. A total of 158 patients (100 males and 58 females) with positive cultures of
postoperative orthopedic infection were included. The most common infective organism was Staphylococcus aureus, 64 patients
(38.1%); coagulase-negative staphylococci, 40 patients (23.8%); Klebsiella species, 14 patients (8.3%); and Enterococcus species,
Escherichia coli, and Pseudomonas aeruginosa in 10 patients (6%). Data also showed that gram-positive bacteria were detected in
118 patients (70.8%), while gram-negative microorganisms were found in 50 patients (29.8%). Among Staphylococcus aureus,
79.7% were MRSA, and vancomycin was the most effective antibiotic in staphylococcus infections. The antibiotics with the
greatest sensitivity to gram-positive bacteria were vancomycin, linezolid, tigecycline, moxifloxacin, and nitrofurantoin, while the
antibiotics for gram-negative bacteria with greater sensitivity were tigecycline, amikacin, ertapenem, imipenem, and cefotaxime.
Conclusion. Staphylococcus aureus is the most common postoperative orthopedic infection, which was predominantly MRSA with
vancomycin being the most effective antibiotic. In addition, the results showed a high resistance pattern to the commonly used
antibiotics, leaving few choices. Antibiotic agents should be carefully selected according to specific drug sensitivity through
routine monitoring of drug resistance patterns and to help formulate hospital antibiotic policy.

1. Introduction

Resistance of bacterial pathogens to commonly used
antibiotics and the emergence of multidrug-resistant
bacteria are a worldwide challenge that is increasing at an
alarming rate, which has led antibiotic choices to become
both limited and expensive [1]. Despite numerous actions
taken to tackle antibiotic resistance, global trends show no

signs of slowing down [2]. As a result, infections with
these resistant bacteria will continue to lead to more
serious illnesses, treatment failures, prolonged hospital
admissions, and an increase in healthcare cost [3, 4]. In
the U.S. alone, antibiotic-resistant bacteria cause at least 2
million infections and 23,000 deaths a year and result in
an annual economic burden of 55-70 billion dollars [5].
However, in Europe, it is estimated that antimicrobial
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resistance is correlated with more than nine billion euros
per year [4, 6].

In orthopedics, postoperative infections are considered
catastrophic complications that significantly increase
medical expenses, prolong hospitalization, and can bring
about the loss of the operated limb or even death [7, 8].
During these surgeries, implantation materials are used,
which increase the risk of infections that can be notoriously
hard to eradicate due to biofilm formation. Staphylococcus
aureus (S. aureus) is identified as the most common or-
ganism causing orthopedic infections, with methicillin
resistance rates as high as 63% and around 25% resistant to
vancomycin, followed by other pathogens like Pseudo-
monas aeruginosa, E. coli, and Enterobacteriaceae [7-10].
Furthermore, multidrug-resistant organisms were found in
37.5%-65.5% of postoperative orthopedic infections
[11, 12].

In light of the challenge, antimicrobial resistance poses a
challenge to healthcare systems worldwide, which is linked
with the consequences and burden of postoperative or-
thopedic infections. This study aimed to find the rate and
pattern of postoperative orthopedic infections in a tertiary
care hospital to improve the infection control practices and
understand the microbial causes and antibiotic resistance
patterns among them.

2. Materials and Methods

2.1. Study Design. The study utilized a cross-sectional
retrospective design that took place over a period of 5 years
from 2016 and 2020 at Jordan University Hospital (JUH), a
tertiary care teaching hospital. The study’s objective was to
isolate and characterize pathogens in orthopedic patients
presenting with postoperative infections and determine
their antimicrobial susceptibility pattern. Ethical approval
was granted by the Institutional Review Board (IRB) of
JUH.

2.2. Study Population. The study included all patients that
presented to the orthopedic department with bacterial
postoperative infection. Patients were considered to have a
postoperative infection if the microbial contamination was
found within 30 days of operation or one year or if a
prosthetic implant was placed [13]. Patients with open
fractures were excluded from the study.

2.3. Data Collection Process. Clinical data were collected
retrospectively using JUH’s electronic information system.
This included age, gender, date of admission, location of the
primary surgery (JUH vs. referred cases from other hospi-
tals), surgery details (name, duration, and whether the
surgery is trauma, elective, or emergency), and patients’
comorbidities. Laboratory information including the iso-
lated organisms and their antibiotic susceptibility patterns
was collected. The following procedure for obtaining the
sample, culturing, bacterial identification, and susceptibility
testing is used at JUH.
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2.4. Obtaining the Sample and Culture. Cultures were
requested when a postoperative infection was clinically
suspected (symptoms of localized tenderness, localized pain,
stiffness, erythema, swelling, fever, chills, or rigors, purulent
drainage from the superficial incision, leukocytosis on blood
tests, and elevated inflammatory markers). The cultures were
collected from the surgical site or near it using sterile swabs
(if superficial), aspirate, or pus using sterile containers. The
specimens were then transported to the microbiology lab-
oratory immediately and processed. The swabs were cultured
on 5% blood agar and MacConkey agar and incubated
aerobically at 35-37°C for 24 hours. Calibrated loops were
used for the semiquantitative method. The isolates were
identified and confirmed using a variety of standard tech-
niques, including gram staining, colony morphology,
growth on selective media, lactose and mannitol fermen-
tation, H2S production, catalase, oxidase, coagulase, indole,
citrate utilization, and urease test. If there was any visible
growth, it was identified by standard phenotypic methods
and was subjected to antibiotic susceptibility testing.

2.5. Antimicrobial Susceptibility Testing. The antimicrobial
susceptibility test was carried out by the Kirby-Bauer disc
diffusion method as per the Clinical Laboratory Standards
Institute (CLSI) guidelines on Mueller-Hinton agar [14, 15].
Antibiotic discs were placed after 15 minutes of inoculation
to Mueller-Hinton agar seeded with each isolate and were
incubated for 24 hours at 37°C. The antibiotic discs consisted
of many types of antibiotics depending on the type of
bacteria, ampicillin, levofloxacin, gentamicin, ciprofloxacin,
vancomycin, oxacillin, erythromycin, clindamycin, line-
zolid, tigecycline, cefotaxime, co-trimoxazole, nitro-
furantoin, benzylpenicillin, moxifloxacin, tetracycline,
chloramphenicol, rifampin, quinupristin, amoxicillin/clav-
ulanic acid, and cefoxitin. The diameter of the zone of in-
hibition around the disc was measured using a sliding metal
caliper. Cefuroxime 1.5g IV was administered as a pro-
phylaxis antibiotic in all types of surgeries (elective, trauma,
or emergency), while vancomycin 1 g IV was used in the case
of known patient allergy. Figure 1 demonstrates the man-
agement protocol in patients with suspicion of postoperative
infection.

2.6. Statistical Analysis. All data were entered into Microsoft
Excel software (version 2016; Microsoft, Redmond, WA),
where they were cleaned, polished, and analyzed. Contin-
uous variables were described as the mean (+ standard
deviation). We used the count (frequency) to describe other
nominal variables.

3. Results

3.1. Demographics. A total of 158 patients who had post-
operative orthopedic-related infections from 2016 to 2020
were included in the analysis. Among the participants, the
age ranged from 2 to 89 years, with a mean of 44.9 +24.79
years. The patients” gender was distributed as 63.3% males
and 36.7% females. The most common comorbidity was
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FIGURE 1: Management protocol in patients with suspicion of postoperative infection.

hypertension (26.4%). The demographic data and various
factors associated with postoperative orthopedic-related
infections are summarized in Table 1.

In this study, we categorized cases into two groups based
on the source of infection, in order to better understand the
causes of infection and to better track antibiotic resistance
rates. One hundred fifty-eight patients had postoperative
surgical infections, most (n=84) after a trauma surgery.
Moreover, the most commonly infected site was the hip
(n=23), the knee (n=21), the femur (n=21), the pelvis
(n=9), and the elbow and the hand (n=38).

Among the postoperative infection in JUH, the incidence
of postoperative infection was 1.13%. The average operating
time was 126.3 + 76.4 minutes (range, 15-480 minutes), with
more than half (57.1%) of the operations being more than or
equal to two hours.

3.2. Identified Bacteria. In the vast majority of the cases, we
identified one pathogen, but there were eight cases in which

two pathogens were identified and only one case in which
three pathogens were identified. There were three combi-
nations of bacteria in cultures with mixed infections: three
cases with mixed gram-positive and gram-negative bacteria,
three all gram-positive bacteria, and three all gram-negative
bacteria.

Antibiogram reports showed that more than two-thirds
of the isolates were gram-positive 118 (70.2%), and only in
50 (29.8%) cases, it was gram-negative. The most common
infective organism was Staphylococcus aureus in 64 (38.1%),
including methicillin-resistant ~ Staphylococcus — aureus
(MRSA) in 51 patients (30.4%), coagulase-negative staph-
ylococci species in 40 (23.8%), and Klebsiella species in 14
(8.3%) (Table 2).

3.3. Antibiotic Susceptibility Pattern. The antibiotics with the
greatest sensitivity to gram-positive bacteria were vanco-
mycin, linezolid, tigecycline, moxifloxacin, and nitro-
furantoin while the antibiotics for gram-negative bacteria
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TaBLE 1: Characteristics of cases with postoperative infection.

Characteristics n (%)
Age (years)
<18 32 (20.3)
19-40 48 (30.4)
41-60 28 (17.7)
>61 50 (31.6)
Gender
Male 100 (63.3)
Female 58 (36.7)
Location of surgery
JUH 110 (69.6)
Outside JUH 48 (30.4)
Type of surgery
Trauma 84 (53.2)
Elective 69 (43.7)
Emergency 5(3.2)
Comorbidities®
Hypertension 42 (26.6)
Diabetes mellitus 38 (24.1)
Ischemic heart disease 11 (7)
Chronic kidney disease 7 (4.4)
Thyroid disease 3 (1.9)
None 103 (65.2)
JUH, Jordan University Hospital; the symbol * indicates that the sum is greater than 100% because some patients had more than one disease.
TaBLE 2: Frequency of bacteria in infected patients.
Microorganisms n (%) Age (years+SD) (mile: %) Postoperative 1(21/f§ct10n (JUH) POSE?EfZE?Ll;)e :ln(f;)c )t ron
Gram-positive
Staphylococcus aureus 64 (38.1) 35.5+23.6 60.9 48 (28.6) 16 (9.5)
Coagulase-negative staphylococci 40 (23.8) 51.7+23.6 70 21 (12.5) 19 (11.3)
Enterococcus species 10 (6) 59.7 +22.7 80 7 (4.2) 3 (1.8)
Staphylococcus species 1 (0.6) 80.0+0.0 100 1 (0.6) 0
Diphtheroid bacilli 1 (0.6) 73.0+0.0 0 0 1 (0.6)
Bacillus species 1 (0.6) 70.0+0.0 0 0 1 (0.6)
Actinomyces odontolyticus 1 (0.6) 14.0+0.0 100 0 1 (0.6)
Gram-negative
Klebsiella species 14 (8.3) 49.6 +23.1 64.3 12 (7.2) 2 (1.2)
Escherichia coli 10 (6) 64.7 +19.1 40 7 (4.2) 3 (1.8)
Pseudomonas aeruginosa 10 (6) 30.6 +20.7 70 7 (4.2) 3 (1.8)
Enterobacter species 5(3) 45.0+22.0 60 4 (2.4) 1 (0.6)
Acinetobacter species 5 (3) 54.8 +26.8 60 3 (1.8) 2 (1.2)
Alcaligenes species 2 (1.2) 25.0+0.0 0 2(1.2) 0
Citrobacter species 2 (1.2) 45.0+22.6 100 1 (0.6) 1 (0.6)
Burkholderia species 1 (0.6) 25.0+0.0 100 1 (0.6) 0
Comamonas testosteroni 1 (0.6) 64.0+0.0 0 0 1 (0.6)

JUH, Jordan University Hospital; data were calculated based on 168 identified bacteria (in 9 cases more than one pathogen was found).

with greater sensitivity were tigecycline, amikacin, ertape-
nem, imipenem, and cefotaxime. Tables 3 and 4 demonstrate
the resistance pattern of bacteria to antibiotic agents.

All gram-positive bacteria were susceptible to vanco-
mycin except in one patient (vancomycin-resistant Staph-
ylococcus aureus), and 100% of S. aureus were sensitive to
linezolid, nitrofurantoin, and quinupristin. The majority
(79.7%) of S. aureus were MRSA, with a very high degree of
resistance observed toward erythromycin, oxacillin, ampi-
cillin, benzylpenicillin, and amoxicillin/clavulanic acid.

Moreover, when comparing antibiotic resistance patterns
based on the source of infection and location of the surgery,
it was noticed that postoperative infection cases referred to
JUH have a higher rate of resistance (Table 5).

4, Discussion

This study aimed to investigate the incidence, bacterial
etiology, and antibiotic susceptibility patterns of the post-
operative orthopedic-related infection incidence at the JUH
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TaBLE 3: Resistance pattern of gram-positive bacteria to antibiotic agents.

Antibiotics Staphylococcus aureus CoNS Enterococcus spp. Diphtheroid bacilli Bacillus spp.
n=064 n=40 n=10 n=1 n=1
Ampicillin 36 (91.7) 28 (85.7) 8 (37.5) 1 (0) 1 (0)
Levofloxacin 61 (9.8) 40 (45) 8 (75) 1 (100) 1(0)
Gentamicin 61 (8.2) 39 (33.3) 7 (71.4) 1 (0) 1 (0)
Ciprofloxacin 32 (12.5) 11 (45.5) 4 (100) — —
Vancomycin 62 (1.6) 40 (0) 8 (0) 1 (0) 1 (0)
Oxacillin 62 (77.4) 40 (87.5) — 1 (100) 1 (100)
Erythromycin 63 (41.3) 40 (55) 8 (75) 1 (100) 1 (100)
Clindamycin 62 (29) 40 (30) 1 (100) 1 (100) 1 (100)
Linezolid 26 (0) 11 (0) 5 (20) — —
Tigecycline 53 (1.9) 36 (8.3) 6 (16.7) 1 (0) 1 (0)
Co-trimoxazole 31 (25.8) 11 (18.2) 1 (0) — —
Nitrofurantoin 19 (0) 8 (0) 4 (0) — —
Benzylpenicillin 32 (96.9) 11 (100) 4 (50) — —
Moxifloxacin 30 (6.7) 11 (18.2) 1 (100) — —
Tetracycline 31 (25.8) 10 (20) 4 (100) — —
Chloramphenicol 34 (2.9) 30 (13.3) 7 (14.3) 1(0) 1 (100)
Quinupristin 9 (0) 1(0) 1 (100) — —
Amoxicillin/clavulanic acid 2 (100) — 1 (0) — —

Data are represented in 1 (%); data were calculated based on 168 identified bacteria (in 9 cases more than one pathogen was found); CoNS, coagulase-negative

Staphylococci; spp., species.

TABLE 4: Resistance pattern of gram-negative bacteria to antibiotic agents.

Klebsiella spp.  Escherichia coli ~ Pseudomonas aeruginosa — Enterobacter spp.  Acinetobacter spp.

Antibiotics n=14 n=10 n=10 n=5 n=5s
Ampicillin 5 (100) 4 (100) — — —
Levofloxacin 5 (60) 4 (25) 1 (100) 3 (66.7) 1 (100)
Gentamicin 14 (50) 10 (30) 9 (0) 5 (20) 5 (60)
Ceftriaxone 14 (64.3) 10 (50) — 5 (60) 5 (60)
Cefoxitin 9 (44.4) 6 (66.7) — 3 (100) —
Amikacin 14 (21.4) 10 (0) 10 (20) 5 (0) 4 (50)
Ciprofloxacin 14 (42.9) 10 (60) 10 (20) 5 (40) 4 (75)
Cefazolin 4 (100) 4 (50) — 3 (100) 1 (100)
Imipenem 14 (35.7) 10 (0) 10 (30) 5 (0) 5 (80)
Ertapenem 14 (35.7) 10 (0) — 5 (20) 4 (75)
Ceftazidime 14 (64.3) 10 (50) 10 (30) 5 (60) 5 (100)
Tigecycline 13 (15.4) 8 (0) 1(0) 4 (0) 5 (40)
Cefepime 13 (53.8) 9 (66.7) 10 (70) 5 (40) 5 (100)
Cefotaxime 9 (44.4) 6 (33.3) — 2 (50) 4 (75)
Co-trimoxazole 5 (80) 4 (75) 2 (100) 3 (33.3) 1 (0)
Nitrofurantoin 3 (66.7) 1 (0) — 1 (100) —
Meropenem 1 (0) — 9 (55.6) 1 (0) 4 (100)
Piperacillin/tazobactam 5 (60) 2 (0) 9 (33.3) 3 (0) 4 (100)
Colistin sulfate 1 (0) — 2 (0) — 4 (0)
Minocycline — — 2 (100) — 1 (0)
Piperacillin — — 4 (50) — 1 (100)
Ticarcillin/clavulanic acid — — 4 (50) — 1 (100)
Tobramycin — — 4 (0) — 1 (0)
Ticarcillin — — 3 (33.3) — 1 (100)
Aztreonam 1 (100) — 6 (50) 1 (0) 3 (66.7)
Cefoxitin 5 (60) 4 (50) 1 (100) 2 (100) 4 (100)

Data are represented in #n (%); data were calculated based on 168 identified bacteria (in 9 cases more than one pathogen was found); spp., species.

between 2016 and 2020. Our study showed a low infection
rate following orthopedic procedures, with the hip being the
most commonly affected site. Staphylococcus aureus was the
most isolated specimen with alarming MRSA predomi-
nance, followed by coagulase-negative staphylococci and

Klebsiella species. Furthermore, gram-positive bacteria
showed high resistance to ampicillin, oxacillin, erythro-
mycin, tetracycline, and clindamycin. In addition, gram-
negative bacteria were mainly resistant to ceftriaxone, cef-
tazidime, cefepime, co-trimoxazole, and ampicillin.
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TaBLE 5: Comparison between the resistance pattern according to the source of infection for the most common bacteria.

o Staphylococcus aureus CoNS Enterococcus species

Antibiotics
JUH Referred JUH Referred JUH Referred

Ampicillin 23 (87) 13 (100) 14 (100) 14 (71.4) 5 (20) 3 (66.7)
Levofloxacin 45 (6.7) 16 (18.8) 21 (38.1) 19 (52.6) 5 (80) 3 (66.7)
Gentamicin 46 (6.5) 15 (13.3) 20 (35) 19 (31.6) 5 (80) 2 (50)
Ciprofloxacin 26 (7.7) 6 (33.3) 4 (25) 7 (57.1) 3 (100) 1 (100)
Vancomycin 46 (0) 16 (6.3) 21 (0) 19 (0) 6 (0) 2 (0)
Oxacillin 47 (74.5) 15 (86.7) 21 (100) 19 (73.7) — —
Erythromycin 47 (34) 16 (62.5) 21 (71.4) 19 (36.8) 5 (100) 3 (33.3)
Clindamycin 47 (25.5) 15 (40) 21 (28.6) 19 (31.6) 1 (100) —
Linezolid 21 (0) 5 (0) 4 (0) 7 (0) 3 (0) 2 (50)
Tigecycline 39 (2.6) 14 (0) 17 (17.6) 19 (0) 6 (16.7) —
Co-trimoxazole 26 (23.1) 5 (40) 4 (0) 7 (28.6) 1 (0) —
Nitrofurantoin 16 (0) 3 (0) 2 (0) 6 (0) 3 (0) 1 (0)
Benzylpenicillin 26 (96.2) 6 (100) 4 (100) 7 (100) 3 (66.7) 1 (0)
Moxifloxacin 25 (8) 5 (0) 4 (0) 7 (28.6) 1 (100) —
Tetracycline 25 (24) 6 (33.3) 4 (0) 6 (33.3) 3 (100) 1 (100)
Chloramphenicol 22 (4.5) 12 (0) 16 (18.8) 14 (7.1) 4 (0) 3 (33.3)
Rifampin 1 (0) — — — — —
Quinupristin 7 (0) 2 (0) 1 (0) — 1 (100) —

Data are represented in 7 (%); data were calculated based on 168 identified bacteria (in 9 cases more than one pathogen was found); CoNS, coagulase-negative

Staphylococci; JUH, Jordan University Hospital.

The incidence of orthopedic-related postoperative in-
fections in the literature ranges from 2.5% to 41.9%
[11, 16-23]. Comparable rates were found in developing
countries, such that in a study conducted on 3096 ortho-
pedic patients at a university hospital in Saudi Arabia, the
incidence was found to be 2.55% [24]. A higher rate was
found in another study conducted at a tertiary hospital in
Oman to evaluate the surgical site infection following dif-
ferent orthopedic procedures showing a rate of 8.57% [11].
However, in our study, the incidence was found to be 1.13%.
We hypothesize that the reported rate is lower than in other
studies due to underreporting and loss to follow-up. In
Jordan, there is no effective postoperative follow-up system,
so if a patient decides to follow up outside of JUH, the lack of
a national-computerized patient record system that links
healthcare facilities will prevent JUH from being informed.
This is supported by the fact that in a Jordanian prospective
study conducted by Hamdan et al. where patients were
followed up by the research team, the incidence was found to
be 2.8% [18]. Therefore, a national medical record database is
needed, which will be used as a tool to standardize the care in
Jordan.

Arab countries face a significant MRSA burden, as
MRSA rates among S. aureus infections range from 9% to
69%, with Jordan having one of the highest rates (37%)
[24]. Based on our results, MRSA was the most common
infective organism, accounting alone for 30.4% of cases.
This finding is similar to that reported by Latha et al. where
MRSA was the most frequently identified pathogen in
27.7% of patients [9]. The high rate of MRSA among our
patients raises concerns about the emergence of antibiotic
resistance in Jordan, especially when considering the in-
appropriate dispensing of antibiotics and the poor
knowledge of the population regarding antibiotic resis-
tance [25, 26].

Antibiotic resistance is a major global issue that has led
to 2.8 million antibiotic-resistant infections and 35000
deaths in the United States each year. The rapid emergence
of these strains led the Centers for Disease Control and
Prevention (CDC) to utilize a list used as a reference in order
to detect these pathogens and take appropriate actions [27].
Regarding S. aureus, our results showed high resistance to
oxacillin, ampicillin, benzylpenicillin, and amoxicillin/
clavulanic acid 77.4%, 91.7%, 96.9%, and 100%, respectively.
Xie et al. reported that S. aureus had high resistance to
penicillin and ampicillin 97.89% and 100%, respectively,
which is in line with our findings [28]. However, the oxa-
cillin resistance rate in our study is higher than that of other
studies. Hassan et al. found a rate of 53.3%, and in another
study, it was 52.4% [28, 29]. In the light of these findings, an
effective intervention must be implemented as the high
resistance rates to those common antibiotics will be reflected
in the treatment efficacy sooner or later. Although the usage
of broad-spectrum antibiotics is restricted to prevent further
emergence of resistant strains, our results revealed that S.
aureus had higher rates of vancomycin and tigecycline-re-
sistant strains when compared to the global prevalence
[30, 31]. These striking findings raise questions regarding
overprescription of broad-spectrum antibiotics in Jordan.

Gram-negative bacteria are more resistant to antibiotics
in comparison to gram-positive [30, 31]. These pathogens
have developed a variety of mechanisms to counteract the
action of antimicrobials, such as f3-lactamase production,
minimizing antimicrobial agent penetration, target site al-
terations, and efflux pumps [32]. The results of this analysis
demonstrated that Klebsiella species showed high resistance
against co-trimoxazole (80%), cefazolin (100%), and ampi-
cillin (100%). These findings are comparable to those of a
study investigating the surgical site infections at a tertiary
hospital in India, where drug resistance was 93.6% and
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FIGURE 2: The treatment algorithm used in JUH for patients with postoperative orthopedic infection.

95.7% to cefazolin and ampicillin, respectively [33]. These
findings indicate that those antibiotics are unusable, leaving
physicians with limited options. Carbapenems are consid-
ered the most powerful class of S-lactams; therefore, these
drugs are reserved for treating severe infections in hospital
settings [33]. However, our results showed that Acineto-
bacter species had high resistance to ertapenem (75%),
imipenem (80%), and meropenem (100). Our findings go
hand in hand with what Tuon et al. found in their study,
where meropenem had a resistance rate of 100% [10].
Figure 2 shows the treatment algorithm used in JUH for
patients with postoperative orthopedic infection.

The financial impact of surgical site infections is a
worldwide challenge for the healthcare system [34-36]. In the
United States, it is considered the third most expensive
healthcare-acquired infection to treat with an estimation of
20785 US dollars [37]. A study in Jordan showed that the
mean healthcare costs of patients with surgical site infections
are approximately twice as high as that of noninfected patients
[38]. It is worth noting that these costs are affected by a variety

of factors, including the severity of the infections, charac-
teristics of the patients and comparators, hospital settings, and
the type of medical costs [36]. In addition to the financial
burden, surgical site infections in orthopedic patients impact
patients’ quality of life and limit their physical activities [39].

One of the strengths of this study is that it represents a
comprehensive assessment of the characteristics of post-
operative infections in orthopedic practice at Jordan Uni-
versity Hospital, including their antimicrobial susceptibility
pattern. This is particularly important due to the fact that
there is no regulating body concerned with the appropriate
dispensing of antibiotics in Jordan. However, this study has
some limitations. Firstly, because our study was carried out
in a retrospective design, we had to rely solely on the pa-
tients’ records to confirm the presence or absence of in-
fections; therefore, misclassification bias and underreporting
of cases could not be ruled out. Secondly, we collected only
the records of the infected patients without taking into
account other patients who underwent operations, pre-
venting us from comparing the two groups.



5. Conclusions

Our results showed that the postoperative infection rate at
JUH is lower than that of other developing country hospitals.
Furthermore, S. aureus species were the most isolated
bacteria, with a concerningly high proportion being MRSA.
This emphasizes the need to strictly regulate antibiotic
dispensing through the collaboration of the authorities,
physicians, and pharmacists, as well as, supporting the
initiatives that call for smart use and stewardship of anti-
biotics which have been shown to be effective in Jordan [40].

Data Availability

The data from the present research that were utilized and
analyzed are accessible from the corresponding author upon
reasonable request.

Conflicts of Interest

The authors declare that there are no conflicts of interest
regarding the publication of this paper.

Acknowledgments

The authors would like to thank all those hospital personnel
involved in this study.

References

[1] M. Akova, “Epidemiology of antimicrobial resistance in
bloodstream infections,” Virulence, vol. 7, no. 3, pp. 252-266,
2016.

[2] World Health Organization, Global Antimicrobial Resistance

and Use Surveillance System (GLASS) Report, World Health

Organization, Geneva, Switzerland, 2021.

P. Shrestha, B. S. Cooper, J. Coast et al., “Enumerating the

economic cost of antimicrobial resistance per antibiotic

consumed to inform the evaluation of interventions affecting
their use,” Antimicrobial Resistance and Infection Control,

vol. 7, no. 1, p. 98, 2018.

[4] F. Prestinaci, P. Pezzotti, and A. Pantosti, “Antimicrobial
resistance: a global multifaceted phenomenon,” Pathogens
and Global Health, vol. 109, no. 7, pp. 309-318, 2015.

[5] F. Tom, Antibiotic Resistance Threats in the United States,
DIANE Publishing Company, Collingdale, PA, USA, 2013.

[6] C. Llor and L. Bjerrum, “Antimicrobial resistance: risk as-
sociated with antibiotic overuse and initiatives to reduce the
problem,” Therapeutic Advances in Drug Safety, vol. 5, no. 6,
pp. 229-241, 2014.

[7] C.Edwards, A. Counsell, C. Boulton, and C. G. Moran, “Early
infection after hip fracture surgery,” Journal of Bone and Joint
Surgery British Volume, vol. 90-B, no. 6, pp. 770-777, 2008.

[8] M. S. Khan, R. Saif ur, M. A. Ali, B. Sultan, and S. Sultan,

“Infection in orthopedic implant surgery, its risk factors and

outcome,” Journal of Ayub Medical College, Abbottabad,

vol. 20, no. 1, pp. 23-25, 2008.

T. Latha, B. Anil, H. Manjunatha et al., “MRSA: the leading

pathogen of orthopedic infection in a tertiary care hospital,

South India,” African Health Sciences, vol. 19, no. 1, p. 1393,

2019.

E. F. Tuon, J. Cieslinski, A. F. M. Ono et al., “Microbiological

profile and susceptibility pattern of surgical site infections

[3

—
X

(10

(11]

(12]

(13]

(14]

(15]

(16]

(17]

(18]

(19]

(20]

[21]

(22]

(23]

[24]

(25]

Advances in Orthopedics

related to orthopaedic trauma,” International Orthopaedics,
vol. 43, no. 6, pp. 1309-1313, 2019.

A. Al-Rashdi and A. Al Wahaibi, “Surgical site infections after
orthopedic procedures in a tertiary hospital in Oman: inci-
dence, characteristics and risk factors,” Gazette of Medical
Sciences, vol. 30, 2020.

G. Seyoum Asres, M. Hailu Legese, and G. Mulugeta Wol-
dearegay, “Prevalence of multidrug resistant bacteria in
postoperative wound infections at tikur anbessa specialized
hospital, Addis Ababa, Ethiopia,” Archives of Medicine, vol. 9,
2017.

T. C. Horan, R. P. Gaynes, W. J. Martone, W. R. Jarvis, and
T. G. Emori, “CDC definitions of nosocomial surgical site
infections, 1992: a modification of CDC definitions of surgical
wound infections,” Infection Control and Hospital Epidemi-
ology, vol. 13, no. 10, pp. 606-608, 1992.

B. P. Jean, “Performance standards for antimicrobial sus-
ceptibility testing,” CLSI Supplement MI100, Clinical and
Laboratory Standards Institute, Wayne, PA, USA, 2020.

A. W. Bauer, W. M. M. Kirby, J. C. Sherris, and M. Turck,
“Antibiotic susceptibility testing by a standardized single disk
method,” American Journal of Clinical Pathology, vol. 45,
pp. 493-496, 1966.

M. Motififard, M. Teimouri, K. Shirani, S. Hatami, and
M. Yadegari, “Prevalence of Bacterial surgical site infection in
traumatic patients undergoing orthopedic surgeries: a cross-
sectional study,” International Journal of Burns and Trauma,
vol. 11, no. 3, pp- 191-196, 2021.

F. A. Al-Mulhim, M. A. Baragbah, M. Sadat-Ali, A. S. Alomran,
and M. Q. Azam, “Prevalence of surgical site infection in or-
thopedic surgery: a 5-year analysis,” International Surgery,
vol. 99, no. 3, pp. 264-268, 2014.

Z. M. Hassan, Y. W. Najjar, M. Y. Saleh, and M. Hamdan,
“Incidence risk level and severity of orthopedic surgical site
infection in Jordan,” Infectious Diseases in Clinical Practice,
vol. 27, no. 1, pp. 36-40, 2019.

E. Korol, K. Johnston, N. Waser et al., “A systematic review of
risk factors associated with surgical site infections among
surgical patients,” PLoS One, vol. 8, no. 12, Article ID e83743,
2013.

H. Narula, G. Chikara, and P. Gupta, “A prospective study on
bacteriological profile and antibiogram of postoperative
wound infections in a tertiary care hospital in Western
Rajasthan,” Journal of Family Medicine and Primary Care,
vol. 9, no. 4, p. 1927, 2020.

W. G. Cheadle, “Risk factors for surgical site infection,”
Surgical Infections, vol. 7, pp. S7-S11, 2006.

U. S. Kamat, A. M. A. Fereirra, M. S. Kulkarni, and
D. D. Motghare, “A prospective study of surgical site infec-
tions in a teaching hospital in Goa,” Indian Journal of Surgery,
vol. 70, no. 3, pp. 120-124, 2008.

S. M. Suranigi, S. R. Ramya, C. Sheela Devi, R. Kanungo, and
S. Najimudeen, “Risk factors, bacteriological profile and
outcome of surgical site infections following orthopaedic
surgery,” Iranian Journal of Microbiology, vol. 13, no. 2,
pp. 171-177, 2021.

H. Tabaja, J.-R. Hindy, and S. S. Kan, “Epidemiology of
methicillin-resistant Staphylococcus aureus in arab countries
of the middle east and north African (MENA) region,”
Mediterranean Journal of Hematology and Infectious Diseases,
vol. 13, no. 1, Article ID €2021050, 2021.

D. H. Abdel-Qader, A. Albassam, N. S. Ismael et al.,
“Awareness of antibiotic use and resistance in Jordanian



Advances in Orthopedics

(26]

(27]

(28]

[29]

(30]

(31]

(32]

(33]

(34]

(35]

(36]

(371

(38]

(39]

community,” Journal of Primary Care and Community
Health, vol. 11, Article ID 215013272096125, 2020.

R. N. Haddadin, M. Alsous, M. Wazaify, and L. Tahaineh,
“Evaluation of antibiotic dispensing practice in community
pharmacies in Jordan: a cross sectional study,” PLoS Oue,
vol. 14, no. 4, Article ID e0216115, 2019.

Centers for Disease Control and Prevention, Antibiotic Re-
sistance Threats in the United States, CDC, Atlanta, GA, USA,
2019.

B.-L. Xie, R.-S. Guo, X.-W. Yang et al.,, “Epidemiology and
drug resistance analysis of mixed infection in orthopedic
surgical sites,” Surgical Infections, vol. 21, no. 5, pp. 465-471,
2020.

A. M. Hassan, O. Ibrahim, and M. El Guinaidy, “Surveillance
of antibiotic use and resistance in orthopaedic department in
an Egyptian university hospital,” International Journal of
Infection Control, vol. 7, no. 1, p. 7, 2011.

A. Shariati, M. Dadashi, M. T. Moghadam, A. Van Belkum,
S. Yaslianifard, and D. Darban-Sarokhalil, “Global prevalence
and distribution of vancomycin resistant, vancomycin in-
termediate and heterogeneously vancomycin intermediate
Staphylococcus aureus clinical isolates: a systematic review and
meta-analysis,” Scientific Reports, vol. 10, no. 1, 2020.

A. Shariati, M. Dadashi, Z. Chegini et al., “The global prev-
alence of daptomycin, tigecycline, quinupristin/dalfopristin,
and linezolid-resistant Staphylococcus aureus and coagulase-
negative staphylococci strains: a systematic review and meta-
analysis,” Antimicrobial Resistance and Infection Control,
vol. 9, no. 1, p. 56, 2020.

C. M. Oliphant and K. Eroschenko, “Antibiotic resistance,
part 2: gram-negative pathogens,” The Journal for Nurse
Practitioners, vol. 11, no. 1, pp. 79-86, 2015.

S. Deka, D. Kalita, P. Mahanta, and D. Baruah, “High
prevalence of antibiotic-resistant gram-negative bacteria
causing surgical site infection in a tertiary care hospital of
northeast India,” Cureus, vol. 12, no. 12, Article ID 12208,
2020.

World Health Organization, Global Guidelines for the Pre-
vention of Surgical Site Infection, World Health Organization,
Geneva, Switzerland, 2018.

J. M. Badia, A. L. Casey, N. Petrosillo, P. M. Hudson,
S. A. Mitchell, and C. Crosby, “Impact of surgical site in-
fection on healthcare costs and patient outcomes: a systematic
review in six European countries,” Journal of Hospital In-
fection, vol. 96, no. 1, pp. 1-15, 2017.

M. Monahan, S. Jowett, T. Pinkney et al., “Surgical site in-
fection and costs in low- and middle-income countries: a
systematic review of the economic burden,” PLoS One, vol. 15,
no. 6, Article ID e0232960, 2020.

E. Zimlichman, D. Henderson, O. Tamir et al., “Health care-
associated infections: a meta-analysis of costs and financial
impact on the US health care system,” JAMA Internal
Medicine, vol. 173, no. 22, p. 2039, 2013.

I. M. Hweidi, M. Al Barbarawi, L. I. Tawalbeh, M. A. Al-
Hassan, and S. W. Al-Ibraheem, “Surgical site infections after
craniotomy: a matched health-care cost and length of stay
study,” Journal of Wound Care, vol. 27, no. 12, pp. 885-890,
2018.

J. D. Whitehouse, N. D. Friedman, K. B. Kirkland,
W. J. Richardson, and D. J. Sexton, “The impact of surgical-
site infections following orthopedic surgery at a community
hospital and a university hospital: adverse quality of life,
excess length of stay, and extra cost,” Infection Control and
Hospital Epidemiology, vol. 23, no. 4, pp. 183-189, 2002.

[40] D. Yusef, W. A. Hayajneh, A. Bani Issa et al., “Impact of an

antimicrobial stewardship programme on reducing broad-
spectrum antibiotic use and its effect on carbapenem-resistant
acinetobacter baumannii (CRADb) in hospitals in Jordan,”
Journal of Antimicrobial Chemotherapy, vol. 76, no. 2,
pp. 516-523, 2021.



