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Abstract

Background: Surgical site infection (SSI) is the most frequent site of health care- associated infections 
(HAIs). Surgical incision breaks the protective barrier of the skin and causes bacteria to enter; 
therefore, pre-operative procedure is very important to reduce the risk of SSI. This study aimed to 
identify any bacteria in skin swab of pre-operative closed fracture during elective orthopedic surgery 
patients.
Methods: This was a descriptive laboratory study, conducted in the Department of Microbiology, 
Faculty of Medicine, Universitas Padjadjaran in October to November 2012. Samples were taken from 
skin swab of patients with closed fracture taken before elective orthopedic surgery. Samples were 
cultured on blood agar, then incubated in an aerobic condition for 24 hours at 37°C. The bacteria 
were then identified, including the type and the number of the bacteria colonies, using microscopic 
gram staining and by biochemistry testing using coagulase, novobiocin, and catalase test. The bacteria 
colonies formed on blood agar were counted using CFU/mL. 
Results: Of 24 samples taken, 14 (58.3%) were positive for bacteria, 7 negative and 3 were excluded 
due to dead bacteria. The bacteria identified in the samples were all staphylococcus species and the 
colony counting was lower than 10⁵ CFU/mL.
Conclusions: Bacteria staphylococcus are detected from more than half of skin swab during pre-
operative closed fracture orthopedic surgery patients. Thus, it is important to apply a proper antiseptic 
procedure before making a surgical incision to reduce the risk of SSI. 
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Introduction

According to the Centers for Disease Control 
and Prevention (CDC), the surgical site of 
infection (SSI) is defined as a proliferation of 
pathogenic microorganism that develops in 
an incision site.1 Surgical site infections are 
known as the third most frequent site of health 
care-associated infections (HAIs).2

Based on surveysin five hospitals in the UK, 
the National Nosocomial Infection Surveillance 
(NNIS) system reported aprevalence of 
hospital acquired-infection (HAI) relating to 
surgical wounds as high as 10%. Moreover, a 
prevalence survey that has been conducted 

suggested that at least 5% of patients who had 
undergone a surgical procedure were found 
to have developed SSI. In the other hand, SSI 
accounts for 14% to 16% of the estimated 
2 million nosocomial infections affecting 
hospitalized patients in the USA.1,3,4

For surgical site infections, the initial 
exposure of microbial pathogens occurs 
most often during the surgical procedure 
that performed in the operating theatre (OT), 
therefore, we should be aware of the risk of 
surgical site infections that is influenced by 
the characteristics of the patient, operation, 
and health care facility.2

The normal flora of the patient’s skin is 
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the source of pathogens for most surgical 
site infections. When the physician open or 
make skin incision, the tissue that is exposed 
will be at risk for contamination with normal 
flora.2 The skin always harbors a variety of 
microorganisms that can be divided into two 
groups; the resident flora and transient flora.5 
The superficial layers of the skin are colonized 
by transient flora; while the deep layer of the 
skin are attached by the normal flora resident 
such as Staphylococcus epidermidis.6 Other 
normal bacterial flora in the skin are among 
others Staphylococcus aureus, Staphylococcus 
saprophyticus, diphtheroids, Micrococcus 
species and asmall number of other organisms 
such as Candida species, Acinetobacter species, 
and many others.5 Under certain condition, 
this normal flora may become pathogenic 
as they enter the blood stream resulting in 
disease.5

Surgical wounds are classified by the 
degree of bacterial contamination or microbial 
loads during the time of the procedure. The 
greater the microbial loads, the higher the risk 
of infection. The Centers for Disease Control 
and Prevention (CDC), classifies wounds as 
clean, clean-contaminated, contaminated and 
dirty wounds.7 Orthopedic surgery as general 
surgery can be divided into 2 groups, elective 
surgery and emergency surgery. Elective 
surgery is the surgery that is planned in 
advanced and can safely be delayed for more 
than 24 hours while emergency surgery is the 
type of surgery that need to be performed in 
response to an urgent medical need or life-
threatening within 24 hours.8,9 Fracture is 
defined as a break in the bone, and classified 
into 2 types; open and closed fracture. Open 
fracture is defined as broken bone that 
penetrates the skin; whereas closed fracture is a 
broken bone that does not penetrate the skin.10 
According to CDC criteria, a surgical site that 
is contaminated with >10⁵ microorganisms 
per gram of tissue, has been shown to have 
an increased risk of SSI. Nevertheless, the 
contaminating microorganisms concentration 
is required to cause infection and that is much 
lower when foreign material is present at the 
surgical site; for example, 100 staphylococci per 
gram tissue.2,7,11 Thus, pre-operative patients’ 
skin hygiene is very crucial prior asurgery to 
prevent post-operative complications. It is not 
only the responsibility of the physicians to 
make sure of this, as the patients themselves 
should take measures to avoid any post-
operative infections. Therefore, skin care is 
imperative for pre-operative patients.12

The CDC recommends a patient to take a 

shower with an antiseptic solution or with a 
normal bath soap and warm water the night 
before surgery. This skin microbial colony 
counts will decrease, but it has not been shown 
definitively to reduce SSI rates. The CDC notes 
that the most commonly used skin antiseptic 
is chlorhexidinegluconate (CHG).13-15

Another way to prevent infection is by 
applying antiseptics to the skin of pre-operative 
patients. The role of an antiseptic is to inhibit 
the growth or action of microorganisms. It is 
used for skin before a clinical procedure. The 
United States Food and Drug Administration 
(FDA) has defined that an antiseptic is an 
agent that is able to decrease the number 
of bacteria on the skin. Antiseptics that are 
suggested by CDC for skin preparation are 
alcohol, chlorhexidinegluconate, and iodine/
iodophors.16

The aim of this study was to identify the 
presence of bacteria in skin swab, including 
the type of bacteria and the number of bacteria 
coloniesformed on blood agar. 

Methods

The study method was descriptive laboratory 
study using skin swabs from previous study. 
In brief, skin swabs from patients in Dr. Hasan 
Sadikin Hospital in Bandung were taken, 
before an elective orthopedic surgery of closed 
fracture during the period of February to 
April 2012.17 The skin swab was taken 30─60 
minutes before applying the antiseptic, and 
stored until used in this current study. Sample 
selection was performed using consecutive 
sampling method. The inclusion criteria in 
the previous study was skin swab from pre-
operative closed fracture orthopedic patients 
before applying antiseptic. The exclusion 
criteria were skin swab from pre-operative 
closed fracture orthopedic surgery patientthat 
was already infected, or that was cleaned with 
an antiseptic soap. The identification of the 
bacteria in this current study was conducted 
in October–November 2012, thus, bacteria 
in asample that died due to a longer time of 
incubation was excluded.

In this current study, the swab was cultured 
using Levine technique. The swab collection 
was placed in a sterile tube containing 1 mL of 
brain heart infusion (BHI) broth as a transport 
media, thenspread over the entire blood agar 
plate, prior incubation in an aerobic condition 
at 37°C for 24 hours. Any presence of bacteria 
on blood agar was identified, including the 
type of bacteria and the number of bacteria 
colonies. Colonies from blood agar were taken 
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Table 2 The Number of Bacteria Colonies

Sample Colony Forming Units 
(CFU/mL)

1 6.0 × 10²
2 1.13 × 10⁴
3 1.87 × 104
4 2.1 × 103
5 1.0 × 10³
6 1.0 × 10²
7 3.0 × 10²
8 2.0 × 10²
9 3.0 × 10²

10 2.0 × 10²
11 5.0 × 10²
12 1.1 × 10³
13 2.0 × 10²
14 1.0 × 10²

Note: CFU= colony forming units (CFU)

for gram staining to identify Gram-positive 
or Gram-negative bacteria. Gram-positive 
bacteria retained a purple color of the crystal 
violet in its cell wall, whereas Gram-negative 
bacteria were stained red with safranin.

To differentiate the staphylococcus from 
streptococcus, catalase test was performed 
resulting in a positive or negative result, 
respectively. In brief, one drop of 3% hydrogen 
peroxide was brought on a slide using a pipette. 
A colony from blood agar was taken, and the 
formation of bubbles was observed, indicating 
the production of oxygen and the catalase test 
was thus positive.18

To differentiate Staphylococcus aureus 
from other coagulase-negative staphylococci, 
coagulase test was performed. Two test tubes 
labeled as ‘control’ and ‘test’ was prepared, 
filled in with 1 mL of 1 in 10 diluted citrated 
plasma. Sterile broth and sample culture of 
0.2 mL each was put into the test tubes, prior 
further incubation at 37°C for four hours.
Coagulase test was positive when gelling of the 
plasma remained in place after inverting the 
tube, indicating S.aureus; whereas coagulase 
test was negative, indicating S.epidermidis and 
S.saprophyticus.18

Novobiocin test was performed to assess 
the susceptibility of bacteria to antibiotic. 
An antibiotic-impregnated disk containing 
novobiocinwas placed in the center of 
the agar, prior incubation at 35−37°C for 
24 hours, and the bacteria growth on the 
surface of the plate was observed. A visible 
zone surrounding the disk was the zone of 
inhibition, indicating thesusceptibility of 
bacteria to the antibiotic. When there was no 
zone present or zone of inhibition was <16 
mm, the bacteria was resistant to the antibiotic 
such as S. saprophyticus. Zone of inhibition >16 
mm indicated that bacteria was sensitive to 
novobiocin such as S. epidermidis.19

Results

This study was to identify the presence of 

the bacteria in skin swab, including the 
type of bacteria and the number of bacteria 
coloniesformed on blood agar. After 24-hour 
period of time, the presence of bacteria on 
the blood agar were identified. Of 24 samples 
taken, 14 (58.3%) were positive for bacteria, 
7 negative and 3 were excluded due to dead 
bacteria (Table 1).

These samples were then viewed under 
a microscope to identify the type of bacteria. 
Blood agar that contained more than one 
colony was isolated twice to explore whether 
there was possibly more than one type of 
bacteria. Of those 14 positive samples, 12 
samples had one colony and 2 samples had two 
colonies, and the number of bacteria colonies 
were expressed in colony-forming units (CFU) 
per mL, ranging from 1.0x102 to 1.87x104 
CFU/mL (Table 2). The type of bacteria present 
in the skin swab was Staphylococcus aureus 

Table 1 The Presence of The Bacteria in A Closed Fracture Skin Swab on Blood Agar during 
  A Pre-operative Elective Orthopedic Surgery

Presence of bacteria Sample Percentage (%)

Positive 14 58.3
Negative 7 29.2
Excluded* 3 12.5

Note: * Excluded due to dead bacteria on blood agar
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layers of the skin while resident flora attached 
to deeper layers of the skin. An example 
oftransient flora is S. aureus, while resident 
flora is coagulase negative Staphylococci such 
as S. epidermidis and S. saprophyticus.6 In this 
study, the bacteria that mostly found was S. 
epidermidis compared to S. aureus. This is 
because transient flora iseasier to remove 
compared to resident flora that ismore 
resistant to removal.

Even though there is no risk of infections, 
patients should be aware of their own skin 
hygiene before they undergo surgery to 
prevent complications of post-operative. This 
is because there are other factors that can cause 
SSI such as the general state of the patient, 
intraoperative factors like the operating room 
environment (ventilation and cleanliness), 
sterilization of instrument, surgical attire 
like masks, caps, glove and gowns, and post-
operative factors like length of stay in hospital 
after the surgery.11 Antiseptic is thus very 
crucial for pre-operative patients to decrease 
the risk of surgical site infection, as it can 
inhibit the growth or action of microorganisms.

In conclusion, there is a presence of 
bacteria from skin swab of pre-operative 
closed fracture elective orthopedic surgery 
patients, such as staphylococcus species like S. 
aureus, S. epidermidis and S. saprophyticus with 
acceptable colony forming units. Therefore, 
it is important to apply a proper antiseptic 
procedure before making a surgical incision to 
reduce the risk of SSI.
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