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Background: Surgical site infections are hospital-acquired, vary from one hospital to another, and can cause significant postoperative
morbidity, mortality, and prolonged hospital stay.
Objective: The main aim of the study was to identify the bacterial pathogens associated with surgical site infections and their
antibiotic susceptibility in a public hospital in northern Jordan.
Methods: Postsurgical wound samples were collected and processed in a microbiology laboratory using standard microbiological
techniques. Antibiotic susceptibility tests were performed using 13 antibiotics covering the gram-positive and gram-negative bacteria
using the disc diffusion test.
Results: The bacterial species that were identified in this study include Escherichia coli 8 (29%), Pseudomonas aeruginosa 3 (11%),
Proteus mirabilis 1 (3.5%), Klebsiella pneumoniae 4 (14%), Salmonella enterica 2 (7%), Staphylococcus aureus 8 (29%),
Staphylococcus epidermidis 1 (3.5%), and Streptococcus pyogenes 1 (4%). The antibiotic profiles of these bacteria showed high
resistance. The MAR indices showed that 17 of 28 bacteria isolated were above 0.2 indicating high resistance.
Conclusion: Resistant bacteria are becoming more dominant in wound infections with a high prevalence of multidrug resistant
isolates. Hospital disinfection and treatment protocols regarding the use of antibiotics should be practiced vigorously and monitored
regularly to combat resistance.
Keywords: surgical site infection, antimicrobial susceptibility, bacterial resistance, multidrug resistance, bacterial isolation, wound
swab

Background
Surgical site infections (SSIs) are the main cause of postoperative morbidity and mortality. The Centres for Disease
Control and Prevention (CDC) defines SSIs as infections that occur within a month of an operation in the part of the body
where the surgery is done, or within 12 months if an implant is used.1,2 Among surgical patients, SSIs are the most
common hospital-acquired infections, accounting for 36% of nosocomial infections. SSIs are associated with significant
morbidity, mortality and increased costs in health care.3

Overall, SSIs are estimated to occur following 1–3.1% of all surgical procedures and are responsible for approxi-
mately 2.0% mortality due to health care-associated infections (HAIs).4 SSIs are often polymicrobial, including aerobic
and anaerobic organisms. Staphylococcus aureus, Pseudomonas aeruginosa, the members of Enterobacteriaceae family,
Streptococcus spp., Enterococcus spp., and Acinetobacter spp. are the predominant organisms that were reported.5

Risks factors associated with SSIs are either host related or perioperative factors: older patients, male sex, presence of
comorbidities, smoking, using steroids, improper shaving technique of hair at the operative skin, as well as inadequate
surgical scrub or antiseptic preparation have been shown to be associated with higher rates of SSIs.6,7 In addition, the
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higher bacterial load and the higher wound class (contaminated or dirty-infected cases) increase the probability of
developing a wound infection.8,9

However, a vast majority of these infections are preventable. In each case, a mechanical or anatomic source control
maneuver is essential to the resolution of the surgical infection, and in most cases antimicrobial treatment is needed as
well. Antibiotic prophylaxis administration prior to incision significantly reduces the incidence of SSIs.10

The presence of multidrug resistant strains, which is defined as an isolate with resistance to three or more
antimicrobial classes, the polymicrobial nature of these infections, and the role of anaerobic bacteria in surgical site
infections can cause failure in antibiotic therapy.5 Therefore, in order to achieve a high level of cure for these infections,
causative microorganisms and their resistance to antimicrobial therapy must be identified.

At Jordan University Hospital 17% of the patients had signs or symptoms of SSI within 30 days of surgery, of which
1.9% had SSI before being discharged from the hospital.11 In a retrospective study aimed to assess the frequency of SSIs,
the bacterial profile, and the antibiogram of the isolates, from a tertiary hospital in Jordan found that SSIs constituting an
overall incidence rate of about 5.4%.12

The current study aimed to detect and identify bacteria from surgical sites as well as to determine the antimicrobial
susceptibility profile of these isolates among Jordanian patients from a public teaching hospital in northern Jordan.

Materials and Methods
Study Population and Sample Size
A hospital-based prospective study was carried out at Public-Teaching Hospital in northern Jordan with a total capacity
of 400 beds. The study was carried out during the period from August 2019 to October 2019. The inclusion criterion was
having clinical picture of a post-operative wound infection in different surgical wards and ICUs. The study included 24
patients with surgical site infections.

Specimen Collection
A surgical site infection was diagnosed by the attending physician before post-surgical wounds were swabbed during the
30 postoperative days under aseptic technique. The skin around the surgical wound was sterilized with 70% ethyl alcohol
using a sterile cotton-wool swab. We avoided touching the surrounding tissues to prevent swab contamination with
endogenous skin flora.

Bacterial Isolation
The swabswere transported to labwithin an hour in Stuart’s transportmedium, then cultured on different culturemedia including
blood agar, nutrient agar, MacConkey agar, and mannitol salt agar (Bio lab, Hungary), after which they were incubated
aerobically for 24 hr at 37°C. The culture media were prepared and sterilized according to the manufacturer’s instructions.

Identification of Bacterial Isolates
The Identification of the bacterial isolates depended upon the cultural, biochemical, and morphological characteristics
according to Baron et al and Forbes et al.13,14 The biochemical identification tests differ according to the Gram reactivity;
for Gram positive bacteria we performed coagulase and catalase tests, then checking the tolerance to novobiocin and the
ability to grow on bile esculin agar. The bacitracin susceptibility test was used to differentiate Staphylococci from
Micrococci. For Gram negative bacteria, the isolate was observed for morphology and motility and tested on triple sugar
iron slant for the reaction pattern followed by tests using the triple sugar iron agar, methyl red, indole, citrate, and Voges
Proskauer to confirm the identity of the isolate.

Antibiotic Susceptibility Test
Antibiotic susceptibility test was carried out using the disc diffusion method on Muller-Hinton agar according to the
guidelines of the Clinical Laboratory Standards Institute “CLSI” using antibiotic disks including: penicillin (10 µg),
oxacillin (1 µg), ampicillin (10 µg), erythromycin (15 µg), amoxicillin/clavulanic acid (20/10 µg), ciprofloxacin (5 µg),
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norfloxacin (10 µg), cefepime (30 µg), chloramphenicol (30 µg), gentamicin (10 µg), trimethoprim-sulfamethoxazole
(1.25/23.75 µg), tetracycline (30 µg), clindamycin (2 µg), and vancomycin (30 µg). A brief suspension of the bacteria in
saline was performed to a turbidity of 0.5 McFarland standards. Then, the cell suspension was swabbed, and the swab
was spread on the surface of a Mueller Hinton Agar plate (MHA) and left briefly to dry at room temperature. After that,
the antibiotic disks were applied onto the agar; thereafter, they were incubated for 18–24 hours at 35°C. Lyophilized
S. aureus (ATCC # 25923) was used as a control. The interpretation of the results was in accordance with the guidelines
of the Clinical and Laboratory Standards Institute.15

Multiple Antibiotic Resistance
Multiple antibiotic resistance (MAR) was calculated according to the following formula: Multiple antibiotic resistance
index = number of antibiotics to which organism is resistant to total number of antibiotics to which the organism is
exposed. MAR index is indicative of the level of resistance of the isolated microorganisms.

Results
A total of 24 swab samples from surgical wounds with clinical suspicion of infection were collected and processed.
Fifteen (60%) were culture positive and 9 (40%) were culture negative. Nine cases (60%) with positive cultures showed
the growth of a single organism, while 6 (40%) had growth of multiple organisms. Twenty-eight bacterial species were
isolated from 15 (60%) of the 24 surgical wound samples. The isolated bacteria included: 6 (21.4%) from bed sore
patients who underwent minor surgeries before swapping, 9 (32%) from diabetic foot patients who also underwent minor
surgeries before swapping, 2 (7%) isolates from post-operative orthopaedic surgeries, 6 (21.4%) from tonsillectomy
patients, 1 (3.5%) isolate from gunshot patients, 3 (11%) from trauma patients and 1 (3.5%) from colectomy patients. The
highest pathogenic bacteria isolation was detected in diabetic foot patients followed by bed sore and trauma patients,
respectively. Distribution of the bacterial isolates with the type of surgery is presented in Table 1. Fifty-seven percent of
the isolated bacteria were Gram negative, and 43% were Gram positive. Eight bacterial species were isolated and
identified in this study, including: E. coli 8 (29%), P. aeruginosa 3 (11%), P. mirabilis 1 (3.5%), K. pneumoniae 4 (14%),
S. enteric 2 (7%) and S. aureus 8 (29%), S. epidermidis 1 (3.5%), S. pyogenes 1 (4%).

The antibiotic profile of the isolates showed a high resistance as shown in Table 2. Only five isolates were sensitive to the
11 antibiotics used, while the other isolates were resistant to the same antibiotics with the range of 3–11 antibiotics. S. aureus
was resistant to most of the antibiotics used. We found that 75% and 87% of S. aureus isolates were resistant to penicillin and

Table 1 Distribution of Bacterial Isolates with the Type of Surgery from Surgical Site Infections in Public Hospitals in Northern Jordan

Bacteria Bed Sore Diabetic Foot Fracture Tonsils Gun Shot Trauma Colectomy No. of Isolates

M F M F M F M F M F M F M F

E. coli 2 0 1 2 0 0 3 0 0 0 0 0 0 0 8

P. mirabilis 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1

P. aeruginosa 2 0 0 0 0 0 0 0 1 0 0 0 0 0 3

K. pneumonia 1 0 0 1 0 0 2 0 0 0 0 0 0 0 4

S. enterica 0 0 1 0 0 1 0 0 0 0 0 0 0 0 2

S. pyogenes 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1

S. aureus 0 0 2 1 1 0 1 0 0 0 1 1 1 0 8

S. epidermidis 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1

Total 6 9 2 6 1 3 1 28

Abbreviations: M, male; F, female.
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ampicillin, respectively. Single S. pyogenes was resistant to tetracycline, erythromycin, and oxacillin, while S. epidermidis
isolate was resistant to penicillin and ampicillin. One of the P. aeruginosa isolates was resistant to 8 of the antimicrobials, and
the other two were resistant to 9 of the antimicrobials tested. K. pneumonia isolate showed a variable antimicrobial
resistance, one isolate was resistant to 3 antimicrobials, 2 were resistant to 4 antimicrobials, and the last one was resistant
to 9 tested antimicrobials. Most of E. coli isolates showed high antimicrobial resistance. Two isolates were resistant to 2
antimicrobials, one isolate was resistant to 7 antimicrobials, one isolate was resistant to 10 antimicrobials and 2 isolates were
resistant to 11 of the 13 antimicrobials tested. A single P. mirabilis isolate was resistant to 6 of the tested antimicrobials. The
most resistant bacteria to the studied antibiotics were E. coli, S. aureus, P. aeruginosa, K. pneumonia isolates which showed
resistance to multiple antibiotics with a ratio of 0.92, 0.85, 0.75 and 0.75, respectively. The least resistant isolated bacteria
were S. enteric which were resistant to only 2 of the tested antimicrobials namely penicillin and oxacillin. The most effective
antibiotics against the isolated bacteria were ciprofloxacin, chloramphenicol, and gentamicin.

The multidrug resistance profile of the isolated bacteria to thirteen different antibiotics used in this study is shown in
Table 3. The multiple antibiotic resistance (MAR) indices were determined with reference to the tested antibiotics, and it
was above 0.2 in 17 of the total 28 bacteria studied. The highest MAR indices were detected in E. coli (0.92), S. aureus
(0.85) P. aeruginosa (0.75), K. pneumonia (0.75) and P. mirabilis (0.5). However, S. epidermides and S. pyogenes had
MAR index less than 0.5.

Discussion
Postoperative wound infection is a major complication in surgery, as it complicates the postoperative course, delays
recovery, and results in prolonged hospital stay with subsequent increase in the cost especially with the presence of
antimicrobial resistance.16 The aim of this study was to identify the various pathogens associated with surgical site
infections and their antibiotic susceptibility in a public hospital in northern Jordan. The study included wound swabs

Table 2 Antibiotic Profile of the Isolated Bacteria from Surgical Site Infections in Public Hospitals in Northern Jordan

Antibiotic S. enterica E. coli P. mirabilis P. aeruginosa K. pneumoniae S. pyogenes S. aureus S. epidermidis

S R I S R I S R I S R I S R I S R I S R I S R I

CIP 2 0 0 5 2 1 1 0 0 3 0 0 4 0 0 1 0 0 5 3 0 1 0 0

AML 1 1 0 4 4 0 0 1 0 0 3 0 1 3 0 1 0 0 1 7 0 1 0 0

NOR 2 0 0 5 2 1 1 0 0 2 1 0 4 0 0 1 0 0 5 3 0 1 0 0

E N N N N N N N N N N N N N N N 0 1 0 4 4 0 1 0 0

C 2 0 0 6 2 0 1 0 0 2 1 0 3 1 0 1 0 0 8 0 0 1 0 0

CN 2 0 0 7 1 0 1 0 0 3 0 0 3 1 0 1 0 0 5 3 0 1 0 0

TE 2 0 0 4 4 0 0 1 0 0 3 0 4 0 0 0 1 0 5 3 0 1 0 0

VA N N N N N N N N N N N N N N N 1 0 0 7 1 0 1 0 0

AMC 2 0 0 4 4 0 1 0 0 0 3 0 3 0 1 1 0 0 4 4 0 0 1 0

FEP 2 0 0 5 3 0 1 0 0 3 0 0 3 1 0 1 0 0 5 3 0 1 0 0

P 0 2 0 2 6 0 0 1 0 0 3 0 4 0 0 1 0 0 2 6 0 0 1 0

SXT 2 0 0 4 4 0 1 0 0 0 3 0 3 1 0 1 0 0 5 3 0 1 0 0

OX 0 2 0 6 2 0 0 1 0 0 3 0 0 4 0 0 1 0 4 4 0 1 0 0

Abbreviations: S, sensitive; R, resistant; I, intermediate; N, not applicable; CIP, ciprofloxacin; AML, ampicillin; NOR, norfloxacin; E, erythromycin; C, chloramphenicol; CN,
gentamicin; TE, tetracycline; VA, vancomycin; AMC, amoxicillin/clavulanic acid; FEP, cefepime; P, penicillin; DA, clindamycin; SXT, trimethoprim/sulfamethoxazole; OX,
oxacillin.
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collected from post-surgical wound infections. A total of 24 wound samples were collected and processed. Positive
Cultures were higher than negative cultures, 15 (60%) were culture positive and 9 (40%) were culture negative showing
the same type of bacterial species isolated by Al-Awaysheh et al12 who carried out a study to assess the bacterial profiles
and the associated antibiotic susceptibility profiles in SSIs, which occurred in tertiary hospital in Amman, the capital of
Jordan, SSIs constituted an overall incidence rate of about 5.4%.12 Giacometti et al conducted a study on 676 surgery
patients, pathogenic bacteria was identified in 614 individuals in which multiple etiologic agents were found in 343
patients, while a single agent was found in 271 patients.17 In a study carried out by Hubab et al, the growth percentages
were 84% out of 250 wound swabs.18

In this study, the most commonly isolated pathogens were S. aureus 8 (29%), E. coli 8 (29%), K. pneumoniae 4 (14%)
and P. aeruginosa 3 (11%). S. aureus is known to be predominant in surgical site infection across continents and over
decades, and this is consistent with reports from other studies. It was isolated in 63% of patients in a study by Shriyan
et al.19 In another study conducted by Manyahi, S. aureus was the predominant organism.20

In this study, 13 specimens (54%) were from female patients and 11 (46%) were from male patients. Among the 15
positive culture cases, 9 (60%) belong to male patients and 6 (40%) belong to female patients. Therefore, in this study
wound infection was higher in male patients than in female patients, and this could be due to males being more active
outdoors and exposed more to infectious agents. Anguzu and Olila in a study on 94 patients found that 56 (59.6%) were
males and 38 (40.4%) were females.16 Similar results were shown in the study carried out by Khan et al where out of 104
patients, 64.4% were males and 35.6% were females.21 Also, in a study carried out by Adegoke et al there was a higher
percentage of male (76.5%) patients than females.22 The correct prescription for antibiotics depends upon antimicrobial
susceptibility testing. The highest rate of resistance for ampicillin (70%) within the Gram-positive isolates was in
S. aureus, penicillin (60%) and 40% for each of erythromycin, oxacillin and amoxicillin/clavulanic acid.

In this study, the predominant species were S. aureus and E. coli (29%), which is in agreement with previous studies
that reported S. aureus to be the most common cause of SSIs.23,24 S. aureus is part of the normal flora and can lead to

Table 3 Multidrug Resistance Profile of the Isolated Bacteria to the Tested Antibiotics (N = 13)

Parameter Frequency MAR
Index

Parameter Frequency MAR
Index

S. pyogenes K. pneumoniae

R3 = TE, E, OX 1 0.23 R3 = P, VA, OX 1 0.25

S. aureus R4 = P, AML, VA, OX 2 0.33

R7 = P, AML, TE, VA, AMC, E, OX 1 0.54 R9 = P, AML, C, FEP, VA, SXT, CN, E, OX 1 0.75

R10 = AML, AMC, P, OX, FEP, SXT, CN, E,

NOR, CIP

2 0.77 E. coli

R11 = AML, AMC, P, OX, TE, FEP, SXT, CN,

E, NOR, CIP

1 0.85 R7 = AML, TE, P, VA, OX, SXT, AMC 1 0.58

P. aeruginosa R10 = AML, AMC, VA, P, OX, TE, FEP, SXT,

CN, E

1 0.83

R8 = P, AML, TE, VA, SXT, AMC, E, OX 1 0.66 R11 = AML, AMC, VA, P, OX, TE, FEP, SXT,

CN, E, NOR

2 0.92

R 9 = P, AML, TE, VA, SXT, AMC, E, OX,

NOR

1 0.75 P. mirabilis

R 9 = P, AML, TE, VA, SXT, AMC, E, OX, C 1 0.75 R6 = AMC, P, TE, VA, E, OX 1 0.50

Note: MAR index = multiple antibiotic resistance index = no. of antimicrobials to which the isolate is resistant/no. of antibiotics to which the isolate is subjected.
Abbreviations: CIP, ciprofloxacin; AML, ampicillin; NOR, norfloxacin; E, erythromycin; C, chloramphenicol; CN, gentamicin; TE, tetracycline; VA, vancomycin; AMC,
amoxicillin/clavulanic acid; FEP, cefepime; P, penicillin; DA, clindamycin; SXT, trimethoprim/sulfamethoxazole; OX, oxacillin.
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endogenous infections. This is consistent with what has been reported previously by other studies.25 Endogenous fecal
flora could be the reason for the observed high incidence of E. coli, in addition to poor hygiene.26 In a study on 63
university students in Jordan, nine bacterial species were isolated from the contact lenses, conjunctiva, and mobile
phones. The isolates included gram positive and negative bacteria, and most of them were highly resistant to
antibiotics.27 The rate of SSIs in the current study was comparable to that in other studies. However, the antibiogram
was different than previously reported.28 This could be due to differences in the prevalence of bacterial strains among the
population, variable infection-control measures and surgical techniques, and a high-likelihood of antibiotics misuse.

The multiple antibiotic resistance (MAR) indices were above 0.2 in 17 of the total 28 bacteria studied. This is
comparable to other studies in the Middle East, where a retrospective study on nosocomial infections in Iran on 509
isolates showed that 80.5% and 57.3% in Gram-negatives and 91.7% and 72.9% in gram positives isolated strains were
classified as multidrug-resistant (MDR) and extensive drug-resistant (XDR) strain, respectively.29

Limitations of this study include the convenient sample size and the lack of detection of anaerobes. Further studies on
a larger sample size to investigate anaerobes in post-operative site infections are required. We used the STARD checklist
when writing our report.30

Conclusion
Resistant bacteria are becoming more dominant in wound infections with a high prevalence of multidrug resistant
isolates. Hospital disinfection and treatment protocols regarding the use of antibiotics should be practiced vigorously and
monitored regularly to combat resistance.

Data Sharing Statement
We may share all the individual deidentified participant data upon request, keeping the privacy of the participants. The
data may be shared by email or online in the form of a Microsoft Excel file containing the anonymized participant’s ages,
genders, clinical and microbiologic lab results. For data sharing please contact the corresponding author by email: raed.
ennab@yu.edu.jo.
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