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Abstract: Objective: To determine the characteristics of Staphylococcus aureus bloodstream infections among children. Method: A
cross sectional study conducted in Pediatric Ward Sanglah Hospital. This study performed a retrospective review of medical records
from pediatric patients who were proven to have Staphylococcus aureus infection through microbiological examination from blood
culture samples while undergoing treatment. Result: There were total of 30 pediatric patients who were proven to have Staphylococcus
aureus bloodstream infection. Nineteen (63%) cases were male. The most common age group was 12-18 years old (36.7%).
Malnourished was found in 53% of the patients. Malignancy, pneumonia, and chronic kidney disease were found in 8 (26.7%), 5
(16.7%), and 5 (16.7%) subjects as the major comorbidities. Twenty three cases (76.7%) were community-acquired infections while 7
cases (23.3%) were hospital-acquired infections. The average length of stay before Staphylococcus aureus infection was 9.77 (SD 10.67)
days with average total length of stay was 21.97 (SD 17.53) days. Most subjects used medical devices with an average duration of use of
each medical device was more than 10 days. Antibiotics that were given before infection, most of the time, were Cefepime, Amikacin,
and Cefixime with an average duration of use of each antibiotic was more than 7 days. Infections due to methicillin-resistant
Staphylococcus aureus occured in two patients. Mortality rate for this study was 33%. Conclusion: The majority of our patients were
adolescents with malnourished in more than 50% of cases. Malignancy, pneumonia, and chronic kidney disease as the major

comorbidities in this study. Underlying medical conditions and medical devices used may be considered to be related to infection.
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1. Introduction

Staphylococcus aureus is recognized as an important cause
of invasive disease in children [1],[2]. Staphylococcus
aureus remains a major cause of bacteremia and is
associated with severe morbidity and mortality in all age
groups. Staphylococcus aureus is a frequent cause of
hospital-acquired bacteremia, with patients admitted to
neonatal and pediatric intensive care units at the highest risk
[3].[4]. Staphylococcus aureus represented the third most
commonly isolated blood culture organism (12%) in the
pediatric population from 2000 to 2006, following
Streptococcus viridans (23%) and Streptococcus pneumonia
(16%), with a prevalence similar to Escherichia coli. The
proportion was significantly higher in the nosocomial and
healthcare-associated groups [5].

While nosocomial infections due to methicillin-resistant
Staphylococcus aureus (MRSA) have been recognized in
many jurisdictions for decades, in recent years, severe
invasive infections due to MRSA strains have increasingly
been reported in patients, including children, without
significant previous healthcare exposure [6].

Antibiotics have played a major role since the 20" century
on reducing the morbidity and mortality associated with
common infectious diseases and have therefore had an
important impact on health care and human longevity [7].
Antibiotics and other antimicrobial agents are invaluable life
savers, particularly in resource-limited countries where
bacterial infections are predominant in both adults and
childhood illness, contributing to the sustainable use of

antibiotics which is the most important drugs of choice in the
therapeutic arsenal [8]. Staphylococcus aureus is one of the
most common organisms isolated from children with
healthcare—associated infections, regardless of whether these
infections had their onset in the community or were acquired
in the hospital. Thus, the initial empiric treatment of an
invasive infection in a child almost always includes an
antibiotic effective against Staphylococcus aureus [9].

Although Staphylococcus aureus is one of the most frequent
causes of pediatric bacteremia, there are few studies
describing characteristics of Staphylococcus aureus
bloodstream infections in pediatric populations. Therefore,
we aimed to describe the characteristics and antibiotic
susceptibility patterns of Staphylococcus aureus bloodstream
infections among children in Pediatric Ward Sanglah
Hospital

2. Methods

The design of this study was a cross sectional study and
conducted in Pediatric Ward of Sanglah Hospital. We
performed a retrospective review of medical records from
pediatric patients who were proven to have Staphylococcus
aureus infection through microbiological examination from
blood culture samples. The inclusion criteria was pediatric
patients who were proven to have Staphylococcus aureus
bloodstream infection while undergoing treatment in
Pediatric Ward Sanglah Hospital during January 2017 until
December 2018. Staphylococcus aureus identification and
the antimicrobial susceptibility testing (AST) were
performed using VITEK-2 Compact (Biomerieux, France).
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The exclusion criteria was subjects with incomplete medical
records data. Sample in this study determined using total
population sampling with total of 30 samples.

3. Results

There were total of 30 pediatric cases who were proven to
have Staphylococcus aureus bloodstream infection from
January 2017 to December 2018. Nineteen (63%) cases were
male. The most common age group was 12-18 years old
(36.7%) with the most common nutritional status was
malnourished (53%). Six (20%) neonates developed
Staphylococcus aureus bloodstream infection, of which 3
cases were complicated by prematurity. All cases had
comorbidities, including 8 (26.7%) with malignancy, 5
(16.7%) with pneumonia, and 5 (16.7%) with chronic kidney
disease. The average length of stay before Staphylococcus
aureus bloodstream infection was 9.77 (SD 10.67) days with
average total length of stay was 21.97 (SD 17.53) days.
Twenty three cases (76.7%) were community-acquired
infections while 7 cases (23.3%) were hospital-acquired
infections. Subject characteristics were shown in Table 1.

Table 1: Subject Characteristics

Characteristics n=230

Age, n (%)
0-28 days 6 (20)
29 days-24 months 5 (16.7)
2-12 years 8 (26.7)
12-18 years 11 (36.7)
Sex, n (%)

Male 19 (63.3)

Female 11 (36.7)
Nutritional status, n (%)
Malnourished 16 (53.3)
Well nourished 12 (40)
Overweight / Obese 2(6.7)
Comorbidity, n (%)

Pneumonia 5 (16.7)

Malignancy 8 (26.7)

Prematurity 5 (16.7)

Intracranial Infection 3 (10)
Combustio 1(3.3)
Chronic Kidney Disease 5 (16.7)
Septic arthritis 3 (10)
Congenital Heart Disease 1(3.3)
HIV infection 1(3.3)
Length of stay before infection, mean (SD), days [9.77 (10.67)
Total length of stay, mean (SD), days P1.97 (17.53)
Outcome, n (%)
Alive 20 (66.7)
Death 10 (33.3)

Most subjects used medical devices with an average duration
of use of each medical device was more than 10 days. The
most used medical devices was peripheral venous catheter
with an average usage for 19 (SD 16.19) days. The length of
use of medical devices were shown in Table 2.

Table 2: The Length of Use of Medical Devices

Medical Devices n | Mean (SD), days
Endotracheal Tube 6 10.17 (7.25)
Non Invasive Ventilation 5 12.20 (12.23)

Central Venous Catheter 8 20.38 (18.79)
Peripheral Venous Catheter | 28 19.07 (16.19)
Nasogastric Tube 10 11 (9.14)

Endotracheal Tube 6 15.50 (10.24)

The most used antibiotics before infection was Cefepime,
Amikacin, and Cefixime with an average duration of use of
each antibiotic was more than 7 days. History of antibiotics
before Staphylococcus aureus bloodstream infection were
shown in Table 3.

Table 3: History of Antibiotics Before Infection

Antibiotics n Mean (SD), days
Ampicillin 3 9.67 (3.78)
Amikacin 4 7.75 (4.92)
Cefepime 5 7 (2.23)
Ceftriaxone 3 6 (1.73)
Cefotaxime 1 9
Cefazoline 1 8
Cefixime 4 8.25 (0.95)
Amoxicillin 1 4
Clindamycin 1 14

Antibiotic susceptibility testing of Staphylococcus aureus
infection from blood culture samples showed that 100% of
isolates were still sensitive to Vancomycin and Linezolid.

Antibiotics Susceptibility of
Staphylococcus aureus Bloodstream Infections
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Figure 1: Antibiotics Susceptibility of Staphylococcus
aureus Bloodstream Infections

4. Discussion

More than 100 years after its discovery, Staphylococcus
aureus remains one of the most common and troublesome of
bacteria causing disease in humans, despite the development
of effective antibacterials and improvement in hygiene.
Staphylococcus aureus is one of the most common skin
commensals, yet possesses the ability to cause a range of
different infections ranging from trivial to life threatening
[10].

Staphylococcus aureus is an aerobic, non-spore-forming,
Gram-positive coccus belonging to the Micrococcaceae
family, which is found in air, fomites, and dust, and
commonly colonizes humans and animals. It can be
distinguished from other Staphylococcal species on the basis
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of the yellow pigmentation it produces, B-hemolysis on
blood agar, and positive results of coagulase, mannitol
fermentation, and deoxyribonuclease tests [10].

Humans are a natural reservoir of Staphylococcus aureus,
with 25-50% of the general population being nasal carriers
and 10-20% being persistently colonized [10]. A recent
Canadian population-based study covering almost a million
residents in and around Calgary reported that the annual
incidence of invasive Staphylococcus aureus infection was
28.4/100000 population, which is comparable to invasive
Pneumococcal disease and 5- to 10-fold higher than invasive
group A or group B Streptococcal disease [11].

Study conducted by Otto Vanderkooi (2011) reported that
the risk for developing Staphylococcus aureus bacteremia
was related to age, with the risk being highest in the neonatal
period (younger than 30 days) with an increased risk in male
children [6]. Similarly, a recent Canadian population-based
study reported that Staphylococcus aureus infection was
more common in males, infants <1 year of age, and adults
over 65 years old [10]. We found the most common age
group in our study was 12-18 years old (36.7%). Neonatal
patients accounted for 6 (20%) cases of the total number of
patients in the study.

Individuals with primary skin disorders (such as atopic
dermatitis, contact dermatitis, and psoriasis), underlying
diseases (such as diabetes mellitus and AIDS), those
undergoing hemodialysis, and surgical patients, have higher
carriage rates of up to 100% [10]. In this study, all cases had
underlying disease in the form of malignancy (26.7%),
pneumonia (16.7%), and chronic kidney disease (16.7%)
who routinely undergo hemodialysis.

The presence of an indwelling catheter has been consistently
shown to be a major risk factor for invasive Staphylococcal
infections. The mean incidence of catheter-related
bloodstream infection in hospitalized pediatric patients is 2.4
episodes per 1000 days. Staphylococcus aureus is
responsible for around one-third to one-half of all catheter-
associated bacteremias, and is generally more aggressive and
associated with more complications than coagulase-negative
staphylococci. The presence of a long-term catheter, as in
patients on long-term hemodialysis, increases the risk of
catheter-related bacteremia, which is mostly due to
coagulase-negative staphylococci or Staphylococcus aureus
[12]. There were 6 cases in our study used indwelling
catheter with an average duration for 11 days. It is important
to note that most of the patients who have indwelling
catheters are either very ill (such as those admitted to the
pediatric or neonatal intensive care unit or children with
severe burns) or have serious underlying disease (such as
immune deficiency due to various causes including
chemotherapy for malignancy) [13],[14]. In this study, there
were 8 (26.7%) patients with malignancy who undergo
chemotherapy for their illness.

Staphylococcus aureus remains one of the major pathogens
responsible for causing human disease and death in all age
groups. In the pre-1940s era, mortality due to
Staphylococcus aureus bloodstream infections was reported

to be over 80%, and, although the discovery of Penicillin
resulted in a dramatic decrease in mortality due to invasive
Staphylococcus aureus infections, it still remains around
25%, with reported mortality rates of 11-43% over the past
25 years [11]. In this study, 10 (33%) patients died.

Despite all advances in the prevention and management of
infections (including improved hygiene, more aggressive
treatment, and new antibacterial families), the incidence of
both community-acquired and hospital-acquired
Staphylococcal infections over the past 20 years continues to
rise, with little change in mortality rates. This increase
parallels more widespread use of invasive procedures,
increasing severity of illness in the hospitalized population,
poor compliance with infection control practices, increasing
selection of antibacterial-resistant strains, intravenous drug
abuse, and an increasing prevalence of diabetes [11].
Children exposed to frequent and/or multiple hospital
infections are also at high risk of developing Staphylococcal
infections, particularly in intensive care units [13],[15]. One
6-month prospective European study of 20 pediatric units in
eight countries reported a 2.5% overall incidence rate of
nosocomial infection, ranging from 1% in the general
pediatric ward to almost 25% in the pediatric intensive care
unit, and Gram-positive cocci (including Staphylococcus
aureus) accounted for 31% of all confirmed infections [15].
In our study we found 23 cases (76.7%) were community-
acquired infections while 7 cases (23.3%) were hospital-
acquired infections.

Numerous studies have consistently shown that people who
are colonized with Staphylococcus aureus are at higher risk
for subsequent development of Staphylococcal infections.
Other predisposing factors for developing Staphylococcal
infections include immunodeficiency, diabetes, chronic
granulomatous disease, defects in the mucocutaneous
barriers produced by trauma including surgery, foreign
surfaces (sutures, shunts, intravascular catheters), and burns.
The risk of infection was highest in patients on hemodialysis
and in those with HIV infection, although solid organ
transplantation, heart disease, cancer, illicit intravenous drug
use, alcohol abuse, diabetes, stroke and chronic obstructive
pulmonary disease were also important risk factors [16]. Our
study reported that there were 5 (16.7%) patients with
routine hemodialysis and there was 1 (3.3%) patient with
HIV infection.

The past 2 decades have seen a dramatic rise in the incidence
of MRSA infections, not only in adults but also in children
[17]. Previous assumptions that methicillin resistance was
restricted to a selected subgroup of patients with well
defined risk factors — namely, prolonged or frequent hospital
admissions, the presence of indwelling catheters, invasive or
surgical procedures, critical care unit stay, prolonged or
recurrent antibacterial exposure, endotracheal intubation,
tracheotomy, chronic illnesses, and malignancies — have
been challenged by reports of community-acquired MRSA in
adults and children who have not been exposed to any of the
above risk factors [18]. We found infections due to MRSA
occured in two patients in our study.
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For severe infections due to MRSA, intravenous
Vancomycin remains the antibacterial of choice. Intravenous
Clindamycin may also be used as an alternative or an adjunct
to Vancomycin. Both have the advantage of covering for
Streptococcus pyogenes infections — the second most
common cause of skin and soft tissue infection. The use of
Teicoplanin for the treatment of serious multi-resistant
Gram-positive infections is increasing because of its once
daily administration and the option to change to the oral
route once the patient is improving. Linezolid is a new class
of antibacterial that is currently showing great promise for
the treatment of multi-resistant infections [19],[20].
Linezolid has been shown to be as effective as the
cephalosporins for the treatment of Staphylococcus aureus
infections in children, with the added advantage of being
highly effective against MRSA infections [21]. In this study,
antibiotic susceptibility testing of Staphylococcus aureus
infection from blood culture samples showed that 100% of
isolates were still sensitive to Vancomycin and Linezolid.

This study has limit in terms of it design as a descriptive
study and using cross-sectional approach so that patients
progressed can’t be followed either forward or backward. A
limitation of using administrative data is that they do not
allow for case follow-up and, thus, sequelae related to
Staphylococcus aureus bacteremia cannot be determined.
The exact length of treatment (intravenous portion followed
by oral step down) cannot be determined. It is possible that
not all potential risk factors associated with invasive
Staphylococcal infection would be identified using
administrative data. Further studies are needed to see
predictive factors that significantly influence the occurrence
of Staphylococcus aureus infection in children who receive
treatment at Pediatric Ward, especially at NICU and PICU.
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