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Bloodstream Infection in Children Managed
at a Tertiary Hospital in Oman
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ABSTRACT: Objectives: This study aimed to assess the local epidemiology and outcome of bloodstream infection
(BSI) among Omani children. Methods: This retrospective study was conducted at Sultan Qaboos University
Hospital, Muscat, Oman, over 5 years (2014—2018) and included laboratory-confirmed BSI among children aged
0-12 years old. Patients’ demographic, clinical and laboratory data were extracted from the hospital’s electronic
records and used to assess BSI rates and outcomes. Results: A total of 1,253 positive blood cultures were identified,
of which 592 (47.2%) were regarded as contaminants. Overall, 404 (32.2%) significant episodes of BSI were identified
in 272 patients; 346 (85.6%) significant episodes were in children aged <5 years and 366 (90.6%) had comorbidities.
The 5-year incidence of BSI was 13 per 1,000 admissions. Furthermore, 333 (82.4%) episodes were healthcare-
related infections. Enterobacterales (n = 152; 37.6%) were the most common organisms identified followed by
coagulase-negative staphylococci (n = 63; 15.6%). Approximately 40% of Gram-negative organisms were resistant
to third-generation cephalosporins. The crude mortality rate at 30 days was 9.2%. Paediatric intensive care unit
admission (crude odds ratio [COR] = 2.24, 95% confidence interval [CI]: 0.98—4.78) and the presence of graft-
versus-host disease (COR = 7.99, 95% CI: 1.52-37.76) were associated with increased death within 30 days. The
multivariate logistic regression analysis showed that Pseudomonas aeruginosa (adjusted odds ratio = 18.46, 95%
CI: 3.96-97.84) was the only independent predictor of increasing 30-day mortality in this cohort. Conclusion:
A high rate of hospital-related BSI was found in children in Oman, highlighting the need to optimise infection
control strategies and the care of central vein access devices.
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ADVANCES IN KNOWLEDGE

- Enterobacterales were the most common group of bacteria causing bloodstream infection (BSI) among Omani children, followed by
coagulase-negative staphylococci.

- Two-thirds of children with BSI were <5 years of age and >90% had underlying co-morbidities.

- The majority of BSI episodes in this study were hospital-related BSI.

- High rates (35-40%) of resistance of Gram-negative organisms to third-generation cephalosporins.

- Pseudomonas aeruginosa was the only independent predictor of increasing 30-day mortality in this cohort.

APPLICATION TO PATIENT CARE
This study reported a high rate of hospital-related BSI, which highlights the urgent need to optimise infection control strategies and the
care of central vein access devices.

- Given the high rates of resistance to third-generation cephalosporins, a combination empirical therapy of a cephalosporin with an
aminoglycoside is recommended for the first 24—48 hours of admission in patients with community-acquired septic shock.

LOODSTREAM INFECTION (BSI) CAUSES Staphylococcus aureus were the most commonly

significant morbidity and mortality in isolated pathogens among children in a multicentre

children, being associated with longer hospital
stays and higher healthcare costs.? In North America
and Europe, 2 million patients have BSI annually, with
nearly 250,000 estimated to die due to BSL.* According
to a retrospective cohort study conducted in the USA,
the crude mortality rate for BSI patients was higher
compared to non-BSI patients (5% versus 0.34%;
P <0.001).
There is a wide variation among the causative
organisms of paediatric BSI in different countries.’
For instance, Escherichia coli and methicillin-sensitive

study conducted in the USA.° Similarly, S. aureus was
previously reported as the most common pathogen of
bacteraemia in children in a study conducted at the
University Hospital in Riyadh, Saudi Arabia.” While
in Switzerland, the most frequent pathogens identified
are S. aureus, followed by Enterobacterales.®

There is a dearth of data on the epidemiology
and outcome of BSI among Omani children. One
study on the central line linked bloodstream infection
(CLABSI) in children receiving parenteral nutrition
at Royal Hospital, Muscat, Oman, reported that the
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incidence of CLABSI was 14 cases per 1,000 catheter
days with a mortality rate of 5.56%.° Therefore, the
current study aimed to quantify the incidence of BSIs
among children managed at Sultan Qaboos University
Hospital (SQUH), Muscat, Oman, to assess the crude
mortality associated with BSI and identify rates of
antimicrobial resistance to guide empiric antibiotic
choices, risk factors to refine and optimise mitigation
strategies and community pathogens to inform public
health strategies.

Methods

This retrospective study included laboratory-
confirmed BSI in children managed at the Child
Health Department at SQUH from January 2014 to
December 2018. All positive blood cultures during

the study period were extracted from the laboratory
electronic database through the hospital information
system.

Bacteraemia refers to the detection of an organism
in a positive blood culture, which was deemed to be
the causative agent responsible for the clinical illness.
Commensal isolates were included if cultured on
more than 1 occasion within 48 hours. Single positive
cultures with commensals from peripheral or central
lines were regarded as contaminants.

Primary BSI refers to a laboratory-confirmed BSI
without an associated infection at another body site,
while secondary BSI occurs when the BSI is linked to a
site-specific tissue or organ infection elsewhere in the
body. CLABSI was defined as a clinically significant BSI
in a patient with either a current or recently removed
central venous access device (CVAD) within 48 hours of
the BSI diagnosis, without any other apparent primary
infection site. Community-onset BSI was defined as
the detection of a clinically significant pathogen in a
blood culture obtained within 48 hours of admission.
Conversely, instances where the blood culture was
collected after the initial 48 hours of admission were
classified as a healthcare-associated infection (HAI).
A BSI episode was defined as 14 days after the first
positive blood culture, excluding repeat positives of
the same organism during this time. The purpose of
employing this definition was to mitigate any potential
overestimation of the number of episodes.'

Blood cultures were processed by the Microbiology
Diagnostic Laboratory at SQUH. Blood culture
bottles were incubated using the Bactec® automated
microbial detection system (Becton Dickinson,
Franklin Lakes, New Jersey, USA). Positive blood
cultures were processed as per the standard operating
procedures in the laboratory. Organism identification
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and susceptibility testing were performed using the
BD Phoenix™ automated system (Becton Dickinson).
The susceptibility interpretive breakpoints were based
on the Clinical and Laboratory Standards Institute
(CLSI) M100 document, which was in use for that
year. During the last year of the study period, Bruker
Biotyper, which uses matrix-assisted laser desorption
ionisation time-of-flight technology, was introduced
in the lab and was used for organism identification
along with Phoenix™.

Institutional ethical approval was obtained to
conduct this study from the Medical Research Ethics
Committee (MREC) at Sultan Qaboos University.

Results

Between 2014 and 2018, 19,769 blood cultures were
collected from children <13 years of age at SQUH, of
which 1,253 (6.3%) positive blood culture episodes
were identified. Among those, approximately half (n =
592, 47.2%) were excluded as they were contaminants,
with the contamination rate being 3%. Furthermore,
251 positive blood cultures were repetitions and were
therefore excluded from the analysis. A total of 404
(32.2%) episodes of bacteraemia in 272 patients were
included in the final analysis. HAI comprised 82.4%
of all BSIs, equating to an incidence rate of 11.1 per
1,000 patient days. Concurrently, community-onset
bacteraemia constituted approximately 17.6% of the
total cases.

The overall 5-year incidence of BSI was 13
per 1,000 hospital admissions. Table 1 presents the
demographic and clinical data of the study population.
Approximately two-thirds of the study population (n =
346, 85.6%) were <5 years of age; of whom 139 (34.4%)
were infants were 1 month to 1 year old. Underlying
comorbidities were identified in 366 (90.6%) patients,
and prematurity-related complications were associated
with 26.2% of the cases, followed by haematological
malignancies (n = 90, 22.3%), gut-related pathologies
(n = 71, 17.6%) and metabolic/genetic syndromes
(n = 47, 11.6%). A total of 182 patients (45.0%) had
central venous catheters. CLABSI was found to be
the most common cause of bacteraemia (n = 193,
47.8%), followed by neonatal sepsis (n = 52; 12.9%) and
sinopulmonary infection (n = 36, 8.9%), but no source
was identified in 7.7% (n = 31) of the episodes. Overall,
62 patients with BSI required paediatric intensive care
unit admission during the study period, of whom 37
died, accounting for a 30-day crude mortality of 9.2%
[Table 1].

Among the isolates, 211 (52.2%) were Gram-
negative bacteria, 168 (41.6%) were Gram-positive



Nadiya Al Saeghi, Marwah Al Thuhli, Hajer Al Hamrashi, Naema Al Shibli,
Adil Al Wahaibi, Badriya Al Adawi and Laila Al Yazidli

Table 1: Characteristics of children with culture-proven
bloodstream infection at the Sultan Qaboos University
Hospital, Muscat, Oman (N = 404)

Characteristic n (%)
Age group

<1 month 76 (18.8)
1 month to 1 year 139 (34.4)
1-5 years 131 (32.4)
>5 year 58 (14.4)
Admitting speciality

Nephrology 9(2.2)
Surgery 11 (2.7)
Gastroenterology 71 (17.6)
Haematology/oncology 90 (22.3)
Immunology 9(2.2)
Metabolic/genetic 47 (11.6)
Neonatology 106 (26.2)
Respiratory 8(2.0)
Other 53 (13.1)
Diagnosis during episode of bacteraemia

CLABSI 193 (47.8)
GI infection 24.(5.9)
MBI-LCBI 14 (3.5)
Neonatal intensive care 52 (12.9)
Sinopulmonary infection 36 (8.9)
Urosepsis 8(2.0)
Febrile neutropenia 5(1.2)
Meningitis 18 (4.5)
Osteoarticular infection 10 (2.5)
Primary bacteraemia 31(7.7)
Skin and soft tissue infection 10 (2.5)
Other 3(0.7)
Central line

No 222 (55.0)
Yes 182 (45.0)
TPN

No 225 (55.7)
Yes 179 (44.3)
PICU admission

0 342 (84.7)
1 62 (15.3)
Death at 30 days

No 367 (90.8)
Yes 37 (9.2)

CLABSI = central line-associated bloodstream infection;

GI = gastrointestinal; MBI-LCBI = mucosal barrier injury laboratory-
confirmed bloodstream infections; TNP = total parenteral nutrition;
PICU = paediatric intensive care unit.

bacteria and 25 (6.2%) were Candida species.
Enterobacterales (n = 152, 37.6%) were the most
common organism identified, followed by coagulase-
negative staphylococci (CoNS; n = 63, 15.6%) and S.
aureus (n = 47, 11.6%). Similarly, Enterobacterales

(37.5%), followed by CoNS (18.9%), were the most
common causes of hospital-related BSI, whereas
Enterobacterales (38.0%) followed by Streptococcus
pneumoniae (16.9%) and S. aureus (12.7%), were the
most common isolates in community-onset BSL.

Susceptibility testing revealed that about one-
third of S. aureus (n = 15/47; 33%) isolates were
methicillin-resistant S. aureus (MRSA). Approximately
94% and 100% of Pseudomonas aeruginosa isolates
were susceptible to piperacillin-tazobactam and
amikacin, respectively. Furthermore, third-generation
cephalosporin susceptibility was around 60% for both
E. coli (n = 18/29) and Klebsiella pneumoniae (n =
32/49), whereas gentamicin susceptibility was 86% and
80%, respectively [Table 2].

Univariate analysis was performed to identify
factors associated with mortality within 30 days of
confirmed BSI. The analysis indicated a statistically
significant increase in mortality rates among children
admitted to the paediatric intensive care unit (crude
odds ratio [COR] = 2.24, 95% confidence interval
[CI]: 0.98-4.78), those afflicted with graft-versus-
host disease (COR = 7.99, 95% CI: 1.52-37.76) during
episodes of bacteraemia, Gram-negative (COR = 3.12,
95% CI: 1.43-6.813) and P. aeruginosa infection (COR
= 6.04, 95% CI: 2.67-13.69). The multivariate logistic
regression analysis identified P aeruginosa infection
(adjusted odds ratio = 18.46, 95% CI: 3.96-97.84) as
the only independent predictor increasing the risk of
30-day mortality following a confirmed BSIin children.

Discussion

The overall positivity rate of the BSI cultures in this
study was 6.3%, which is higher than the rate of 4.8%
reported in an Australian centre and lower than the
rate of 12.3% observed in South Africa.'"'?

The overall 5-year incidence of BSI was calculated
at 13 cases per 1,000 admissions, which contrasts with
the bacteraemia incidence of 19 and 4.8 cases per
1,000 reported by studies conducted in Qatar and
Australia, respectively.'>’® The overall contamination
rate in the current study was approximately 3%, which
falls within the acceptable range as per the guidelines
of the CLSL™®

Remarkably, among the current cohort,
healthcare-associated BSI accounted for more than
two-thirds of all recorded BSI episodes. These results
closely mirror a recent retrospective study conducted
in Australia, which reported a prevalence of 71.8%."
This observation might signify an elevation in the
usage of CVADs among patients presenting with

comorbidities, constituting 45% of the study cohort.
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This underscores the imperative to enhance infection
control strategies and prioritise meticulous care of
CVADs within the hospital.

Advancements in prenatal screening and
infant immunisations have influenced the trends in
bacteraemia. In the past, S. pneumoniae, Haemophilus
influenzae type b and Neisseria meningitidis were
the primary culprits.* However, the current study
demonstrates a shift toward Enterobacterales,
CoNS and S. aureus as the more common causative
agents in paediatric bacteraemia cases. Moreover,
the Specialist Advisory Committee on Antibiotic
Resistance paediatric subgroup reported that CoNS
were responsible for the highest number of isolates
reported in all age groups, and there was a significant
34% increase in E. coli bacteraemia between 1998 and
2007; this is consistent with the present findings.”
The overall rise in CoNS and Gram-negative bacteria
observed in this study may correspond to a trend
towards increased healthcare-associated infections.™

Susceptibility testing showed that 33% of the S.
aureus isolates in this study were methicillin-resistant,
which is higher than those in a recent similar study
by Al Yazidi et al. from Australia, where they reported
that 19% of the S. aureus isolates were MRSA."
Given that one-third of the S. aureus isolates in this
cohort are MRSA, this study recommends giving anti-
MRSA empiric antibiotic cover to patients presenting
with sepsis when S. aureus sepsis is suspected. Only
60% of the E. coli and K. pneumoniae isolates were
susceptible to third-generation cephalosporins, but
80-86% were susceptible to aminoglycosides. This is
similar to data presented in a review of 15 paediatric
studies from Africa, which showed that 11% of E.
coli isolates were resistant to gentamicin and 30% of
K. pneumoniae isolates were resistant to ceftriaxone."
In the current study, the empiric antibiotic therapy
for community-acquired sepsis includes vancomycin
and ceftriaxone, and for hospital-acquired sepsis,
piperacillin-tazobactam is recommended for extra
Gram-negative cover. Given that more than half
of the isolates are Enterobacterales, it is strongly
recommended to add an aminoglycoside to the third-
generation cephalosporin for patients presenting with
community-acquired sepsis pending culture results.
The addition of an aminoglycoside in combination
with piperacillin-tazobactam for hospital-acquired
sepsis can be considered depending on how ill the
patient is. Carbapenems should be considered when
infection with a multi-drug-resistant organism is
suspected.

The crude mortality rate in this cohort was
high at 9.2% compared to a previous cohort in
Australia, which reported a rate of 3.3%."> Conversely,

a recently reported large multi-centre study from 59
US hospitals demonstrated a crude mortality rate of
13%.> These variations in crude mortality rates can
likely be attributed to differences in case complexity,
types of organisms involved and other host-related
factors that influenced the outcomes of hospitalised
patients. Therefore, this underscores the significance
of conducting population-based studies to accurately
assess the burden of BSI at a local level.

This is a single-centre, retrospective cohort study
with several associated limitations such as selection
bias and missing data. In addition, the results of this
study may not necessarily reflect the experience at other
tertiary, secondary and primary healthcare settings
and might not completely assess the burden of BSI
infection among Omani healthcare facilities. However,
the authors believe that it is a good representation of
the burden and outcome of BSI among children in a
tertiary healthcare setting. Future work should include
conducting a multi-centre study in Oman to assess the
burden and outcome of BSI among children.

Conclusion

Most of the BSIs in this study were healthcare-related
BSI, which highlights the need to optimise infection
control strategies and CVAD care among patients.
Enterobacterales are the most common cause of BSI in
this cohort, and only 60% of the isolates are susceptible
Adding an
aminoglycoside to the BSI empiric antimicrobial cover

to third-generation cephalosporins.

is highly recommended.
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