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1 o8]
2 g
3 ABSTRACT o
4 D
]
S Objectives -
6 =
; Infectious diseases consultation (IDC) in adults with Staphylococcus aureus =
O
9 =
10 bacteraemia (SAB) has been shown to improve management and outcome. The aim of %
T o
11 o o
12 this study was to evaluate the impact of IDC on the management of SAB in children. g ]
13 g 2
14 Study design g @
15 o T
@]
i? Observational cohort study of children with SAB 2 %
=. O
18 . N
19 Setting T~ B
20 S ©
21 Cambridge University Hospitals NHS Foundation Trust, a large acute NHS Trust in s 8
22 2 3
23 the United Kingdom. s 2
24 c S
[y
25 Participants & <
26 o _<
o M
27 All children with SAB admitted to the Cambridge University Hospitals NHS S50
29 =37
30 Foundation Trust between 16 July 2006 and 31 December 2012. ;* ‘;”75
31 =83
D5
32 Methods 208
33 252
34 Children with SAB between 2006 and 31 October 2009 were managed by routine g_g
35 = 3
]
g? clinical care (pre-IDC group) and data were collected retrospectively by case notes = E
> =
gg review. An IDC service for SAB was introduced in November 2009. All children with ;T:a _g
=. o
40 3. T
41 SAB were reviewed regularly and data were collected prospectively (IDC group) until 3 3
- o
42 5 2
43 31 December 2012. Baseline characteristics, quality metrics, and outcome were o 3
44 5 3
jg compared between the pre-IDC group and IDC group. » 9
T <
47 g S
Results 3 o
s S 5
50 There were 66 episodes of SAB in 63 children; 28 patients (30 episodes) in the pre- L‘E §
51 Ca
52 IDC group, and 35 patients (36 episodes) in the IDC group. The median age was 3.4 gé
53 3
54 years (IQR 0.2 — 10.7 years). Patients in the IDC group were more likely to have 2
55 3
0]
gs echocardiography performed, a removable focus of infection identified, and to receive i
58 N
59 0
60 >
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a longer course of intravenous antimicrobial therapy. There were no differences in
total duration of antibiotic therapy, duration of hospital admission, or outcome at 30
or 90 days following onset of bacteraemia.

Conclusions

IDC resulted in improvements in the investigation and management of SAB in

children.
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2 g
3 ARTICLE SUMMARY o
4 D
]

g Strengths and limitations of the study o
®

; e This is the first study to examine the impact of introduction of infectious 2
O

d z
10 diseases consultation (IDC) on the management of S. aureus bacteraemia - 2z
12 (SAB) in children. N
13 g 2
ig e We found that IDC was associated with an improvement in investigation and 3 Q
16 . . . S 2
management of SAB, but there was no difference in mortality between the < o

17 = o
I E
19 pre-IDC and IDC groups. = "§
20 o
21 e The main limitation of the study was the size of the study population, which s S
22 2 3
gi may explain the lack of mortality benefit. S g
c S

25 : . - o =
26 e The study was conducted in a tertiary referral centre, where clinical =
27 . o | Ui
28 management is likely to have been good prior to introduction of the IDC, and o E
29 S § o
30 may not be generalizable to other settings. 32
31 292
o

32 ag®
33 2 g ]
34 5 — =
35 3 3
36 = =
37 e 8
38 > 3
o s 2
40 =
41 a i
42 5 2
43 S 3
44 3 3
45 5 ©
46 2 o
47 S %
48 3
49 S z
50 2 N
51 7o
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53 3
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MAIN TEXT

Introduction

Staphylococcus aureus bacteraemia (SAB) is a serious infection that leads to
significant morbidity and mortality in adults and children." Staphylococcus aureus
(S. aureus) causes significant disease in the paediatric population, occurring in 1.5%
of all neonatal intensive care unit (ICU) admissions® and 6 per 100,000 children older
than 1 year of age.* In neonates, SAB is almost always hospital-acquired, and is
frequently due to intravascular catheter (IVC) associated infections.”® The majority
of non-neonatal cases of SAB are community-acquired; those that are hospital-

acquired infections are usually IVC-associated.”®

Identified risk factors for the development of SAB in the paediatric population
include having a pre-existing medical condition, prolonged hospitalization, the
presence of an IVC, and HIV infection.'” ®*'® Mortality from SAB in the adult
population is about 30%."" Mortality rates in the paediatric population tend to be
lower, but can be up to 15% in neonates and/or children with co-morbidities."”*>1?
Given that SAB causes a substantial burden of disease in the paediatric population,

strategies to improve management, prevent the complications of SAB, and reduce

mortality are a clinical priority.

The impact of infectious disease consultation (IDC) in adults with SAB has been
extensively.'*2* IDC has been associated with improved adherence to evidence-based
practice, including appropriate and targeted investigation, optimal duration of
antibiotic therapy, and a reduction in complicated infection, morbidity and

mortality.'*1¢1722232528 1 contrast, the impact of an IDC on the management and
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1 o8]
2 g
3 outcomes of SAB in children has not previously been evaluated. The aim of this study o
4 D
g was to determine the effects of routine IDC on the investigation, management, and ;
®
; outcome of children with SAB. o
O
d z
=0
11 3
. 2 B
12 Materials and methods °
13 T ©
o [
14 Study setting and participants g Q
15 o T

@]
16 Cambridge University Hospitals National Health Service Foundation Trust (CUH) is 2 %
" & 3
18 a tertiary referral centre for paediatrics in the East of England. The paediatric service % ?'8
2 P
20 o
21 has a 22-bed medical and surgical ward, a 17-bed paediatric haematology and s §
22 2 5
gi oncology ward, an 11-bed paediatric ICU and high dependency unit (both caring for 5] §
c S

(7]
Sg children aged from 0 to 16 years), and a 12-bed surgical and medicine ward for 3 ;
3 S
% children aged up to 3 years. The Rosie Hospital, the on-site mother and baby hospital, §§ §
3+

29 Sc

30 has a 17-cot Neonatal ICU and a 10-cot Special Care Baby Unit. o ‘;”Tg
58 >S5
:
33 §§§
34 Study design 5= 3
35 3 3
g? We conducted an observational cohort study of all children with SAB admitted to = E
38 . > =
39 CUH from 16 July 2006 until the 31 December 2012. In November 2009 an IDC = _g
=. o
40 3. T
41 service for all patients with SAB was established at CUH. IDC comprised an initial 3 3
- o
42 5 2
43 clinical review, followed by weekly follow-up until the time of hospital discharge. o 3
44 5 3
jg Data were collected from 2006 to 2009 by a retrospective review of the medical » 9
T <
j; records, and prospectively thereafter during the IDC service. Demographic, clinical % i
49 o £
50 and microbiology information were collected using a case record form, and entered S B
o N
51 v
52 into an electronic database. Patients with contaminated blood cultures or 95,
53 3
54 polymicrobial blood cultures were excluded from the analysis. 2
55 3
56 3
57 I_GI_)I
58 N
59 0
60 >
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Microbiological investigation

Blood cultures were collected and incubated at 37°C for 5 days using BacT/Alert 3D
system (bioMérieux, Basingstoke, UK). Blood cultures that flagged positive were
examined by microscopy and presumptively identified as S. aureus using a
thermostable nuclease test.”” Colonies of S. aureus were identified by routine methods
after a further overnight incubation. Antibiotic susceptibilities were determined using
disc diffusion testing, according to British Society for Antimicrobial Chemotherapy
standards.*® Throughout the study period a medical microbiologist provided telephone
advice to the clinical team for all patients with SAB, and attended weekly ward

rounds on the paediatric oncology ward and paediatric ICU.

Study procedures

From November 2009, all patients with SAB were reviewed by a member of the IDC
team following presumptive identification of S. aureus in the blood culture. The
assessment included clinical history to determine symptoms of infection, and physical

examination to determine possible foci of infection.

An IVC was considered to be the focus of infection if there was evidence of
inflammation at the catheter exit site and/or a vascular catheter tip culture positive for
S. aureus, without clinical evidence of another source of bacteraemia.’’
Thrombophlebitis was diagnosed when there was clinical evidence of infection and
inflammation along a blood vessel or when ultrasound or other imaging confirmed the
presence of intravascular thrombosis in the setting of suspected infection. Bone and
joint infections were defined according to United States Centers for Disease Control

criteria.*> The lung was considered to be the source of infection when there was
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1 o8]
2 =
3 clinical, radiological and/or microbiological evidence of pulmonary infection. Soft o
4 D
g tissue infection was considered to be the source of the bacteraemia if the clinical signs :«
®
; of a known or suspected soft tissue infection pre-dated or were present at the time of T
O
9 : . : L _ @
10 bacteremia.'* A deep tissue abscess was defined by radiological imaging criteria. 5 é
11 . y . . . 334 S 8
12 Infective endocarditis was diagnosed according to the modified Duke criteria.” T
13 g 2
14 g g
15 o T
@]
i? A SAB episode was defined as being greater than or equal to 14 days from a previous 2 g'
18 g S
19 episode, in the absence of persistent bacteraemia or focus of infection. A secondary TR
2 : G
=2 w
21 site of infection was defined as a site of infection separate from the primary site of S 8
22 E
23 infection that was not present at the time of the initial examination. Healthcare- s 2
24 c 5
[
gg associated bloodstream infection was defined according to previously published & <
3 <
% criteria.*® Hospital-acquired infection was defined according to United States Centers §§ §
3+
29 . . o . . Sc
30 for Disease Control.*> Community-acquired infections were defined as those patients 5%5
31 nE
32 with a positive blood culture taken at or within 48-hours of admission who did not 22 gs_
33 239
. . . . . <
34 meet criteria for healthcare-associated bloodstream infection.”> Patients were g -3
35 = 3
]
36 classified as having uncomplicated SAB if blood cultures were negative two to four s 2
37 © o
38 _— L , 2 5
39 days after the initial blood culture was positive, if they had defervesced at 72 hours, if 3 _g
40 ES
a1 there was no evidence of metastatic disease or endocarditis, or if they had a catheter a 3
- o
42 5 2
43 related infection.* o 3
44 5 3
45 5 o
= >
4 5 £
48 Appropriate antimicrobial therapy was defined as therapy to which the isolate was = 3
2
49 . . - S g : . S
50 determined to be susceptible by antimicrobial disc susceptibility testing. The duration L‘E §
51 S
52 of therapy was the length of time that a patient received antibiotics to which the 95,
53 3
54 isolate was susceptible. An underlying medical condition was defined as any chronic 2
55 3
0]
g? medical condition that was present at the time of bacteraemia. C-reactive protein, i
58 N
59 0
60 >
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white cell counts, and platelets were measured on the day of or within 48 hours post
bacteraemia. Duration of hospital admission and outcome at 30 and 90 days post-

bacteraemia were recorded for all patients.

Treatment recommendations

Antimicrobial treatment recommendations were provided for all children with SAB,
based on existing evidence on the management of SAB in adults."**"* These
included removal of a removable focus of infection,'* performing repeat blood
cultures at 48 to 96 hours,’’ performing a transthoracic echocardiogram, performing
radiological imaging of suspected deep foci of infection, treating uncomplicated
infection with 14 days of intravenous (IV) antibiotics,” treating complicated
infections with a minimum of 28 days of IV antibiotics®® and using beta-lactam

therapy as the mainstay of treatment for methicillin-susceptible S. aureus.*

Statistical analysis

Data were analyzed using STATA version 12 (StataCorp, College Station, Texas,
USA). Categorical variables were analyzed using the Fisher’s exact test and reported
as the number and percent. Continuous variables were compared using the Mann

Whitney U test and reported as the median and interquartile range.

Ethics statement

Written informed consent from participants was not required as the study was
conducted as a service evaluation. The study was approved by the University of
Cambridge Human Biology Research Ethics Committee and the CUH Research and

Development Department.
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1 o8]
2 g
3 0
. L
> Results o
° g
! Patient characteristics =
8 s
9 =
10 Between July 2006 to December 2012, 71 children had one or more blood cultures %
T o
11 o o
12 that were positive for S. aureus. Sixty-three children (66 episodes) were included in g ]
13 T ©
o [
14 the study. Five children (six episodes) were excluded because of polymicrobial g Q
15 o T
@]
16 infection. Three patients (three episodes) were excluded when the culture was Z %
" & 3
ig interpreted as representing contamination following clinical assessment. Thus, 28 % ?'8
2 P
20 o
21 patients (30 episodes) were included in the pre-intervention (pre-IDC) group, and 35 s 8
22 2 5
23 patients (36 episodes) in the intervention (IDC) group. The study schema is 5] §
24 c 5
(7]
gg summarized in Figure 1. Four patients (14.3%) received an IDC before the service ? ;
3 <
% was implemented in 2009 and 34 patients (94.4%) received an IDC after the service §§ §
N
29 : : 525
30 was implemented in 2009. 3 ‘:”rg
31 =83
32 523
33 §§§
34 The baseline characteristics of the study population are presented in Table 1. These ggg
35 = 3
]
g? were similar apart from a higher serum C-reactive protein in the IDC group (448 g E
> =
gg nmol/L versus 333nmol/L, P=0.047). The clinical features for SAB were likewise ;T:a _g
=. o
40 =
41 similar, apart from an increased proportion of IVC-associated infections in the IDC 3 3
- o
42 5 2
ji group (61.3% versus 26.7%, P=0.013) (Table 2). A higher proportion of patients had ; %
3 -
jg an unidentified focus of infection in the pre-IDC group compared with the IDC group 2 3
T <
j; (23.3% versus 5.6%, P=0.068). The risk factors for SAB were also similar apart from % >
o r
49 S
50 an increased frequency of IVC in the IDC group (63.9% versus 43.3%, P=0.137) < §
(2]
51 S
52 (Table 3). %
53 3
54 2
55 3
56 .. 2
=7 Clinical management o
58 N
59 0
60 >
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A service evaluation of the IDC service was conducted, the results of which are
summarized in Table 4. In the IDC group, 34/36 episodes had an infectious diseases
review with a median time to review of two days (range 1 to 4 days). Patients in the
IDC group were more likely to have a transthoracic echocardiogram performed
(80.6% versus 33.3%, P=0.0001). They were also more likely to have a removable
focus of infection identified (43.9% versus 23.3%, P=0.003), although there was no
difference between the two groups in the likelihood of removal, or the time to
removal. There was no difference in the number of repeat blood cultures performed

between groups.

Antimicrobial therapy

There was no difference between the two groups in the time taken to initiate
appropriate antimicrobial therapy. Patients in the IDC group were more likely to
receive a longer duration of IV antimicrobial therapy (18 days versus 13.5 days,
P=0.035), although there was no difference in total duration of therapy (IV and oral)
between the two groups. In patients with complicated SAB, the duration of IV
antibiotic therapy was longer in the IDC group (22 days versus 14 days, P=0.02)
although there was no difference in total duration of antibiotic therapy (IV and oral)
between the two groups. Patients in the IDC group were more likely to receive a
longer duration of IV therapy if their repeat blood culture result was positive
(P=0.007). In patients with uncomplicated SAB there was no difference between
groups in the duration of IV antibiotics, or the total duration of antibiotic therapy. In
terms of compliance with recommended standards for duration of therapy, patients in
the IDC group were more likely to meet these standards compared with patients in the

non-IDC group, both for complicated SAB (42.1% versus 13.3%, P=0.13) and
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1 o8]
2 =
3 uncomplicated SAB (68.4% versus 46.7%, P=0.14). There were no differences in the o
©
. | | o E
. proportion of patients receiving beta-lactam therapy. i
8 S
9 =
10 Outcome of SAB 5 g
11 o o
12 The duration of hospital admission was similar in the pre-IDC and IDC groups, and in g ]
13 T ©
o [
14 those with uncomplicated and complicated SAB (Table 4). SAB was recorded in the g Q
15 o T

@]
i? discharge summary in the majority of patients in both groups. Four secondary 2 g'
1 e . : : S 3
8 infections were diagnosed, three in the IDC group and one in the pre-IDC group. In B
19 S o
20 S ©
21 the IDC group, the secondary infections were tricuspid valve endocarditis in a very s 8
22 2 3
23 low birth weight neonate with patent ductus arteriosus, pneumonia, and osteomyelitis, s 2
24 c 5
[
gg respectively. One child in the non-IDC group developed osteomyelitis. There were & <
3 <
% three cases of recurrent bacteraemia within 90 days, of which two were in the pre-IDC §§ §
3+

29 Sc

30 group and one was in the IDC group. Three children died within 30 days of SAB, all §§§
31 %83
32 in the IDC group, giving an overall 30-day mortality rate of 4.8%. One death occurred %%é
33 252
a_l o
34 in a child with metastatic cancer and was not attributed to the SAB. The other two g O_g“
35 = 3

]
g? deaths were deemed attributable to SAB, as blood cultures were positive at the time of 3 E
38 . L > 5
39 death. One patient was a neonate and died prior to IDC, and the second case had 3 _g
= o
40 =
41 cerebellar atrophy, developmental delay and was receiving total parenteral nutrition. 3 3
- o
42 5 2
43 The 90-day overall mortality rate was 7.9%. Two patients died between 30 and 90 o 3
44 5 3
45 days post-SAB, both in the pre-IDC group. One patient had metastatic cancer, and the » 9
4 5 £
48 other had complex congenital heart disease. :gT i
49 o @
50 & 8
51 25
52 Discussion gé
53 3
54 To our knowledge this is the first study to systematically examine the impact of 2
55 3
0]
g? introduction of an IDC service on the management of SAB in children. We compared i
58 N
59 0
60 >
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the clinical features, management, and outcomes of all children with presenting with
SAB to our hospital between July 2006 and December 2012, before and after
introduction of an IDC service. The main findings of the study were that patients in
the IDC group were more likely to have echocardiography performed, a removable
focus of infection identified, and to receive a longer course of IV antibiotic therapy.
These findings concur with those from previous studies of IDC conducted in adults

with SAB, and reflect current best practice.

Follow-up blood cultures have been recommended in adults as prolonged bacteraemia
is a predictor of complicated infection and poorer outcome in SAB.”” As a result,
prolonged IV antibiotic therapy is recommended in patients with positive repeat blood
cultures. We found that children who had a positive repeat blood culture were more

likely to receive a longer course of IV antibiotics if they were in the IDC group.

Echocardiography was performed in a higher proportion of children in the IDC group
compared with the pre-IDC group. The rates of IE in children with SAB are reported
to be between 0-20%, which is similar to rates reported in the adult
population.' #1243 Ap American study by Valente and colleagues diagnosed IE in
20% of children with SAB (~12% of whom had confirmed IE).*' Children with
underlying congenital heart disease had a higher prevalence of confirmed or probable
IE compared to those who had structurally normal hearts (53% versus 3%) and
patients with definite IE had multiple positive blood cultures. Mortality was higher in
patients with endocarditis compared to those without (40% versus 12%). Another
study from South Africa reported an IE rate of 11% in children with SAB.'? Risk

factors for the development of IE in children include congenital heart disease, a

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 14 of 28

'saIfojouyoal Jejiwis pue ‘Buiuresy | ‘Buluiw elep pue 1Xa1 01 pale|al sasn Joj Buipnjoul ‘1ybliAdoo Aq paloalold

* Jooyoasaboysnwseiq
V171-Z39 wawiredaq 1e GZoz ‘€T aunr uo jwod fwg-uadolwa//:dny woly papeojumoqd ¥T0Z AINC T U0 659700-£TOZ-uadolwag/9eTT 0T Se paysiignd 1suiy :uado CING


http://bmjopen.bmj.com/

Page 15 of 28 BMJ Open

1 o8]
2 g
3 central IVC, and persistently positive blood cultures after 24 hours. *',** In the United o
4 D
g Kingdom, there are no published guidelines on the use of echocardiography in ;
®
; children with SAB. The Infectious Diseases Society of America guidelines for T
O
9 . : . . . : @
10 MRSA bacteraemia recommend performing echocardiography in children with 5 g
11 o o
12 congenital heart disease, those with bacteraemia duration greater than two days, or g ]
13 T ©
o [
14 those with other clinical findings suggestive of endocarditis.® In this study the one g Q
15 o T
@]
i? child who developed tricuspid valve endocarditis was a very low birth weight Z %
=. O
18 . : o : S 3
19 premature neonate with a patent ductus arteriosus, an IVC infection, and persistent - 'B
20 s b
21 bacteremia. Our findings concur with these guidelines, and support the use of s 8
22 2 3
23 echocardiography in children with SAB. s 2
24 s 3
25 o
26 3 \5
27 . . . . . o M
o8 We also found that a higher proportion of children had an IVC-related infection, g8
3+
29 Sc
30 and/or a removable focus of infection in the IDC group compared with the pre-IDC o ‘;”Tg
X O
31 283
32 group. Conversely, there were fewer patients with an unidentified focus of infection %2 é
33 239
a_l o
34 in the IDC group compared with the pre-IDC group. These findings indicate that the g O_g“
35 = 3
]
g? introduction of specialist infectious diseases review improved the rate of diagnosis of 3 E
38 o . . . > 3
39 the focus of infection in children with SAB, suggesting that the consult service was 3 _g
40 _ ES
a1 beneficial. 3 S
- o
42 5 3
p : B8
44 3 3
jg In terms of duration of antimicrobial therapy, we found that patients in the IDC group 2 3
T <
j; received longer courses of IV antibiotics in complicated infection, compared with = 3
o =
49 . . . : . L s ¢
50 patients in the pre-IDC group. This corresponds with findings from studies in adults 5 §
51 o1
52 with SAB, and suggests that specialist infectious diseases review may be beneficial. gé
53 3
54 However, no differences in morbidity or mortality between the pre-IDC and IDC 2
55 3
0]
gs groups were found. The most likely explanation for this was the small study i
58 N
59 0
60 >
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population (63 patients in total and only 35 in the IDC group). The mortality rate of
SAB in children is low so a large number of patients would be required to
demonstrate even in small difference in mortality. Furthermore the duration of
antibiotic therapy was similar in the two groups, although the IDC group did receive
longer courses of IV antibiotics. It may be that total duration of antibiotic therapy is
more important than the route of administration provided that adequate concentrations
can be achieved in the blood. Indeed studies to examine this question, comparing
short versus long courses of IV antibiotics in S. aureus bacteraemia in adults are
ongoing, and should also be conducted in the paediatric population. Finally, although
a removable focus of infection was identified more frequently in the IDC group, the
likelihood or removal and the time to removal did not differ; this may also explain the

lack of difference in outcome between the two groups.

We acknowledge several limitations to our study. The study population was small and
the differences in diagnosis and management that we observed in the two groups did
translate into differences in outcome, as discussed above. The retrospective data
collection during the pre-IDC period (2006 to 2009) carries a risk of incomplete
recording of data and potential bias. There were, however, no differences in baseline
characteristics between the two groups in terms of age, gender, underlying co-
morbidities or focus of infection. The only exception was a higher frequency of IVC-
related infections in the IDC group, which may have been under-reported in the pre-

IDC period and/or diagnosed more frequently in the IDC period.

In conclusion, we found that introduction of IDC for paediatric SAB resulted in

improvements in management and a more consistent approach to care across the
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paediatric service. These findings concur with those of previous studies of IDC in
adults with SAB and support the use of echocardiography in SAB in children,
particularly for patients with risk factors for complicated disease. Despite
improvements in the investigation and clinical management, we did not find any
differences in the development of secondary infections, recurrent bacteremia, or death
between the two groups. The most likely explanation for this is the small study
population and larger prospective studies are required validate our findings and to

determine the optimal strategies for investigation and management of paediatric SAB.
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Table 1: Baseline characteristics of children with Staphylococcus aureus
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bacteraemia included in the study

Baseline variable Pre-IDC group IDC group Combined
N=28 patients (%) N=35 patients (%) N=63 patients (%)
Male 20 (71.4) 20 (57.1) 40 (63.5)
Female 8 (28.6) 15 (42.9) 23 (36.5)
Median age in years (IQR) 43(0.2-9.4) 3.4(0.2-12.2) 3.4(0.2-10.7)
Neonates 6 (20) 9(25.0) 15 (23.8)
Prematurity 4 (66.7) 9 (100.0) 13 (86.7)
Median age in days (IQR) 11(7-47) 26 (23 - 38) 25 (14 —-47)
Median birth weight in
grams (IQR) 1117 (630-3535) 820 (755-1120) 830 (710 - 1330)
Congenital heart disease 5(17.9) 8(22.9) 13 (20.6)
Chronic Pulmonary Disease 3(10.7) 5(14.3) 8(12.7)
Liver Disease 0 1(2.9) 1(1.6)
Malignancy 7 (25.0) 9 (25.7) 16 (25.4)
Metastatic cancer 2(7.1) 1(2.9) 3(4.8)
Neurological condition 4(14.3) 13 (37.1) 17 (27.0)
Diabetes mellitus 0 1(2.9) 1(1.6)
Skin Condition 3(10.7) 1(2.9) 4(6.4)
Atopic dermatitis 3 (100.0) 3(75.0)
Immunosuppression 6(21.4) 8(22.9) 14 (22.2)
Corticosteroid therapy 2 3 5
Anti-neoplastic 5 5 10
Neutropenia 2 0 2

N=30 episodes (%)

N=36 episodes (%)

N=66 episodes (%)

Mode of Acquisition

Community-acquired 11 (36.7) 10 (27.8) 21 (31.8)

Healthcare-associated 9 (30.0) 7(19.4) 16 (24.2)

Hospital-acquired 10 (33.3) 19 (52.8) 29 (43.9)
Duration of symptoms of
bacteremia (hours)

0-24 21 (70.0) 18 (50.0) 39 (59.1)

25-72 1(3.3) 6(16.7) 7 (10.6)

>72 7 (23.3) 10 (27.8) 17 (25.8)

Unknown 1(3.3) 2(5.6) 3 (4.6)
Organism

MSSA 28 (93.3) 33 (91.7) 61 (92.4)

MRSA 2 (6.7) 3(8.3) 5(7.6)
C-Reactive Protein (nmol/L) 333 (114 - 890) 448 (181 —1081) 390 (133 -1005)
White cell count (10°/L) 8.8 (5.8—15.6) 10.1 (6.9 - 18.4) 9.6 (6.3-16.5)
Neutrophils (x 10°/L) 543.6-9) 6.3 (4.9-11.8) 573.6-11.8)

Platelets (x 10°/L)

277 (151 - 374)

213 (101 — 270)

224 (140 — 301)

IDC = infectious diseases consultation; IQR = interquartile range; MSSA = methicillin-susceptible
Staphylococcus aureus; MRSA = methicillin-resistant Staphylococcus aureus
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Table 2: Clinical features of Staphylococcus aureus bacteraemia in children
included in the study

Focus of Pre-IDC group IDC group Combined P-value
infection at time N=30 episodes N=36 episodes N=66 episodes
of bacteremia (%) (%) (%)
Unknown focus 7 (23.3) 2 (5.6) 9 (13.6) NS
Intravascular 8(26.7) 22 (61.3) 30 (45.5) 0.013
catheter
Culture 5(62.5) 11 (50.0) 16 (53.3) NS
confirmed
Thrombophlebitis 0 2(5.7) 2 (3.0) NS
Bone/Joint 8(26.7) 8(22.2) 16 (24.2) NS
infection NS
Culture 4 (50.0) 2 (25.0) 6(37.5)
confirmed
Lung 1(3.3) 1 (2.8) 2 (3.0) NS
Culture 0 1 (100.0) 1(50) NS
confirmed
Skin & Soft tissue 7 (23.3) 9 (25.0) 16 (24.2) NS
Culture 4(57.1) 8(88.9) 12 (75.0) NS
confirmed
Deep tissue 2 (6.7) 1(2.8) 3 (4.6) NS
abscess NS
Culture 2 (100.0) 0 2 (66.7)
confirmed
Other focus 2(6.7) 4(11.1) 6(9.1) NS
Defervescence at
72 hours
Yes 18 (60.0) 20 (55.6) 38 (57.6) NS
No 11 (36.7) 14 (38.9) 25(37.9)
Unknown 1(3.3) 2 (5.6) 3 (4.6)

IDC = infectious diseases consultation; NS = non-significant
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Table 3: Risk factors for Staphylococcus aureus bacteraemia in children included

in the study
Risk factor for SAB Pre-IDC group IDC group All children P-value
N=30 episodes (%) | N=36 episodes (%) N=66 (episodes)

Age <1 year 11 (36.7) 14 (38.9) 25(37.9) NS

Underlying medical 16 (53.3) 24 (66.7) 40 (60.6) NS

condition

Duration in hospital 11.5(7.0-21.0) 19.0 (12.0-37.0) 16.0 (8.0-24.0) NS

in days (IQR)
Prior to

bacteremia*

Prosthetic material 14 (46.7) 26 (72.2) 40 (60.6) 0.04
Intravascular line 13 (43.3) 23 (63.9) 36 (54.6) NS
Endotracheal tube 0 4 4 NS
Other 1 6 8 NS

Corticosteroid 2 (6.7) 3(8.3) 5(7.6) NS

therapy

Surgery within 4(13.3) 4(11.1) 8(12.1) NS

previous 30 days

IDC=infectious disease consultation; IQR=interquartile range; NS = non-significant;
SAB=Staphylococcus aureus bacteremia
*Hospital-acquired infection only
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Table 4: Comparison of the management and outcome of Staphylococcus aureus

bacteraemia in children, pre- and post-introduction of an infectious disease

consult service.

Quality indicator Pre-IDC group IDC group P-Value
N=30 episodes (%) N=36 episodes (%)
Median time to infectious N=4 N=34
diseases review in days 3.5(0.5-21.5) 2.0 (1.0-4.0) NS
IQR)
Repeat blood culture 26 (86.7) 32 (88.9) NS
performed
Time to repeat blood
culture
0-48 hours 20 18 NS
48-96 hours 8 13 NS
> 96 hours 1 1 NS
Repeat blood culture
positive 6 6 NS
0-48 hours 3 4 NS
48-96 hours 0 0 NS
> 96 hours
Echocardiogram
performed
Yes 10 (33.3) 29 (80.6) 0.0001
No 20 (66.7) 7(19.4)
Beta-Lactam therapy 27 (90.0) 34 (94.4) NS
MSSA 25 (92.6) 33 (97.1)
Removable focus of 7(23.3) 22 (43.9) 0.003
infection
Focus removed 6 (85.7) 21 (95.5) NS
Median time to removal in
days (IQR) 2.0 (2.0-2.0) 3.0 (1.0-18.0) NS
Median time to appropriate 0.0 (0) 0.0 (0) NS
antibiotics in days (IQR)
Median duration of IV 13.5 (7.0-21.0) 18.0 (15.0-29.0) 0.035
antibiotics in days (IQR)
Median duration of IV 20.5 (16.0-42) 19.0 (15.0 — 29.5) NS
and/or oral antibiotics in
days (IQR)
Complicated infection N=15 episodes N=19 episodes
Days (IQR) Days (IQR)
Median duration of IV
antibiotics 14.0 (6.0-21.0) 22 (15.0-39.0) 0.02
Median duration of IV or
oral antibiotics 19.0 (17.0-43.0) 27.0 (16.0-39.0) NS
Median duration of IV
antibiotics if repeat blood
culture positive 13.0 (6.0 — 14.0) 19.0 (15.0 - 27.0) 0.007
Met standard
recommendation 28 days
IV antibiotics (%) 2(13.3) 8 (42.1) NS
Uncomplicated infection N=1S5 episodes N=17 episodes
Days (IQR) Days (IQR)
Median duration of IV
antibiotics 13.0 (7.0 — 22.0) 15.0 (14.0-21.0) NS
Median duration of IV or
oral antibiotics (IQR) 22.0 (14.0-32.0) 18.0 (14.0-29.0) NS

Met standard
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recommendation of 14
days (%) 7 (46.7) 13 (68.4) NS
Outcomes N=30 episodes N=36 episodes
Days (IQR) Days (IQR)
Median duration of
hospital admission
Total 14.0 (6.0-42.0) 16.5 (7.5-58) NS
Complicated 20.0 (6.0 —49.0) 25.0 (8.0-88.0) NS
Uncomplicated 7.0 (3.0-22.0) 11.0 (6.0-36.0) NS
SAB recorded in discharge 24 (80.0) 29 (82.9) NS
summary
Secondary infection 1 3 NS
detected
Outcomes 30-day post-
SAB
Death 0 3 NS
Recurrence 0 0 NS
Outcomes 30-90 days post
SAB
Death 2 NS
Recurrence 2 1 NS

IDC = infectious diseases consultation; IQR = Interquartile range; IV = intravenous; NS = non-
significant; SAB = Staphylococcus aureus bacteremia
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71 children with
S. aureus
bacteraemia

Figure 1. Study schema of paediatric patients with S. aureus bacteraemia

Page 28 of 28

!

A

8 children excluded from the study
e Polymicrobial bacteraemia (n=5)

e Contaminant (n=3)

63 children included
in the study
(66 bacteracmia
episodes)

Pre-IDC group
28 children
(30 bacteraemia
episodes)

A

Routine clinical
management and
retrospective data

collection

IDC group
35 children
(36 bacteraemia
episodes)

A\ 4

Infectious diseases
consultation and
prospective data

collection

Comparison of baseline characteristics, quality indicators and outcomes

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

‘saiIfojouyoal Jejiwis pue ‘Buiurey | ‘Buluiw elep pue 1Xa1 01 pale|al sasn Joj Buipnjoul ‘1ybliAdoo Aq paloalold

* jooyoasaboysnwselq
V171-Z39 wawiredaq e GZog ‘€T aunr uo jwod fwg-uadolwa//:dny woly papeojumoqd ¥T0Z AINC T U0 659700-£TOZ-uadolwag/9eTT 0T Se paysiignd 1suiy :uado CING


http://bmjopen.bmj.com/

BMJ Open

BM) Open

Impact of infectious diseases consultation on the
management of S. aureus bactaeremia in children

Journal:

BMJ Open

Manuscript ID:

bmjopen-2013-004659.R1

Article Type:

Research

Date Submitted by the Author:

02-Jun-2014

Complete List of Authors:

Saunderson, Rebecca; University of Cambridge, Department of Medicine
Gouliouris, Theodore; University of Cambridge, Department of Medicine
Cartwright, Edward; University of Cambridge, Department of Medicine
Nickerson, Emma; Cambridge University Hospitals NHS Foundation Trust,
Department of Infectious Diseases

Aliyu, Sani; Cambridge University Hospitals NHS Foundation Trust,
Department of Infectious Diseases

O'Donnell, Roddy; Cambridge University Hospitals NHS Foundation Trust,
Department of Paediatrics

Kelsall, Wilf; Cambridge University Hospitals NHS Foundation Trust,
Department of Paediatrics

Limmathurotsakul, Direk; Mahidol Oxford Research Unit,

Peacock, Sharon; University of Cambridge, Department of Medicine
Torok, Estee; University of Cambridge, Department of Medicine

<b>Primary Subject
Heading</b>:

Infectious diseases

Secondary Subject Heading:

Epidemiology, Medical management

Keywords:

Epidemiology < INFECTIOUS DISEASES, Diagnostic microbiology <
INFECTIOUS DISEASES, Cardiology < INTERNAL MEDICINE

A\RONE

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

"saiIfojouyoal Jejiwis pue ‘Buiuresy | ‘Buluiw elep pue 1Xa1 01 pale|al sasn Joj Buipnjoul ‘1ybliAdoo Aq paloalold

* Jooyoasaboysnuwselq
V171-Z39 wawiredaq e GZoz ‘€T aunr uo jwod fwg uadolwa//:dny woly papeojumoqd ¥T0Z AINC T U0 659700-£TOZ-uadolwag/9eTT 0T Se paysiignd 1suiy :uado CING


http://bmjopen.bmj.com/

Page 1 of 58

©CoO~NOUITA,WNPE

BMJ Open

Title
Impact of infectious diseases consultation on the management of S. aureus

bacteraemia in children

Authors
Rebecca B. Saunderson,1 Theodore Gouliouris,l’z’3 Edward J. Cartwright,l’3 Emma J.
Nickerson,* Sani H. Aliyu,z’4 D. Roddy O’Donnell,” Wilf Kelsall,’ D.

Limmathurotsakul,” Sharon J. Peacock,">>® M. Estée Torok'*

Affiliations

1. Department of Medicine, University of Cambridge, Cambridge, United Kingdom
2. Department of Microbiology, Cambridge University Hospitals NHS Foundation
Trust, Cambridge, United Kingdom

3. Public Health England, Clinical Microbiology and Public Health Laboratory,
Cambridge, United Kingdom

4. Department of Infectious Diseases, Cambridge University Hospitals NHS
Foundation Trust, Cambridge, United Kingdom

5. Department of Paediatrics, Cambridge University Hospitals NHS Foundation Trust,
Cambridge, United Kingdom

6. Wellcome Trust Sanger Institute, Hinxton, United Kingdom

7. Mahidol Oxford Research Unit, Mahidol University, Bangkok, Thailand

Correspondence:

Dr M. Estée Torok

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

'saIfojouyoal Jejiwis pue ‘Buiuresy | ‘Buluiw elep pue 1Xa1 01 pale|al sasn Joj Buipnjoul ‘1ybliAdoo Aq paloalold

* Jooyoasaboysnwseiq
V171-Z39 wawiredaq 1e GZoz ‘€T aunr uo jwod fwg-uadolwa//:dny woly papeojumoqd ¥T0Z AINC T U0 659700-£TOZ-uadolwag/9eTT 0T Se paysiignd 1suiy :uado CING


http://bmjopen.bmj.com/

©CoO~NOUITA,WNPE

BMJ Open

University of Cambridge, Department of Medicine, Box 157, Addenbrooke’s
Hospital, Hills Road, Cambridge CB2 0QQ, United Kingdom

Telephone: +44 (0) 1223 336 845

Facsimile: +44 (0) 1223 336 846

Email: et317@medschl.cam.ac.uk

Key words
Staphylococcus aureus bacteraemia; infectious diseases consultation; management;

outcome; paediatric

Word count

Abstract = 260 words; Main text = 3,605; Tables = 4; Figures=1

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 2 of 58

'saIfojouyoal Jejiwis pue ‘Buiuresy |v ‘Buluiw elep pue 1Xa1 01 pale|al sasn Joj Buipnjoul ‘1ybliAdoo Aq paloalold

* Jooyoasaboysnwselq
V17-Z39 wawiredaq e GZozZ ‘€T aunr uo jwoo fwgruadolwa/:dny woly papeojumoqd ¥T0Z AINC T U0 659700-£TOZ-uadolwag/9eTT 0T Se paysiignd 1suiy :uado CING


http://bmjopen.bmj.com/

Page 3 of 58 BMJ Open

1 o8]
2 g
3 ABSTRACT o
4 D
]
S Objectives -
6 =
; Infectious diseases consultation (IDC) in adults with Staphylococcus aureus =
O
9 =
10 bacteraemia (SAB) has been shown to improve management and outcome. The aim of %
T o
11 o o
12 this study was to evaluate the impact of IDC on the management of SAB in children. g ]
13 g 2
14 Study design g @
15 o T
@]
i? Observational cohort study of children with SAB. 2 %
=. O
18 . N
19 Setting T~ B
20 S ©
21 Cambridge University Hospitals NHS Foundation Trust, a large acute NHS Trust in s 8
22 2 3
23 the United Kingdom. s 2
24 c S
[y
25 Participants & <
26 o _<
o M
27 All children with SAB admitted to the Cambridge University Hospitals NHS S50
29 =37
30 Foundation Trust between 16 July 2006 and 31 December 2012. ;* ‘;”75
31 =83
D5
32 Methods 208
33 252
34 Children with SAB between 2006 and 31 October 2009 were managed by routine g_g
35 = 3
]
g? clinical care (pre-IDC group) and data were collected retrospectively by case notes = E
> =
gg review. An IDC service for SAB was introduced in November 2009. All children with ;T:a _g
=. o
40 3. T
41 SAB were reviewed regularly and data were collected prospectively (IDC group) until 3 3
- o
42 5 2
43 31 December 2012. Baseline characteristics, quality metrics, and outcome were o 3
44 5 3
jg compared between the pre-IDC group and IDC group. » 9
T <
47 g S
Results 3 o
0 s 5
50 There were 66 episodes of SAB in 63 children — 28 patients (30 episodes) in the pre- S B
o N
51 Ca
52 IDC group, and 35 patients (36 episodes) in the IDC group. The median age was 3.4 gé
53 3
54 years (IQR 0.2 — 10.7 years). Patients in the IDC group were more likely to have 2
55 3
0]
gs echocardiography performed, a removable focus of infection identified, and to receive i
58 N
59 0
60 >

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml


http://bmjopen.bmj.com/

©CoO~NOUITA,WNPE

BMJ Open Page 4 of 58

a longer course of intravenous antimicrobial therapy. There were no differences in
total duration of antibiotic therapy, duration of hospital admission, or outcome at 30
or 90 days following onset of SAB.

Conclusions

IDC resulted in improvements in the investigation and management of SAB in

children.
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MAIN TEXT

Introduction

Staphylococcus aureus bacteraemia (SAB) is a serious infection that leads to
significant morbidity and mortality in adults and children.'? Staphylococcus aureus
(S. aureus) causes significant disease in the paediatric population, occurring in 1.5%
of all neonatal intensive care unit (ICU) admissions’, and 6 per 100,000 children older
than 1 year of age.* In neonates, SAB is almost always hospital-acquired, and is
frequently due to intravascular catheter (IVC) associated infections.”® The majority
of non-neonatal cases of SAB are community-acquired; those that are hospital-

acquired infections are usually IVC-associated.”®

Identified risk factors for the development of SAB in the paediatric population
include having a pre-existing medical condition, prolonged hospitalization, the
presence of an IVC, and HIV infection.'” ®*'® Mortality from SAB in the adult
population is about 30% .%."" Mortality rates in the paediatric population tend to be
lower, but can be up to 15% in neonates and/or children with co-morbidities.'*>1
Given that SAB causes a substantial burden of disease in the paediatric population,

strategies to improve management, prevent the complications of SAB, and reduce

mortality are a clinical priority.

The impact of infectious disease consultation (IDC) in adults with SAB has been
extensively studied . .'*** IDC has been associated with improved adherence to
guidelines, including appropriate and targeted investigation, optimal duration of
antibiotic therapy, and a reduction in complicated infection, morbidity and

mortality.'*1¢!722232528 1y contrast, the impact of an IDC on the management and
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1 o8]
2 g
3 outcomes of SAB in children has not previously been evaluated. The aim of this study o
4 D
g was to determine the effects of routine IDC on the investigation, management, and ;
®
; outcome of children with SAB. o
O
d z
=0
11 3
o Q
12 Materials and methods g ]
13 T ©
o [
14 Study setting and participants g Q
15 o T
@]
16 Cambridge University Hospitals National Health Service Foundation Trust (CUH) is 2 %
" & 3
18 a tertiary referral centre for paediatrics in the East of England. The paediatric service % ?'8
2 P
20 o
21 has a 22-bed medical and surgical ward, a 17-bed paediatric haematology and s §
22 2 5
23 oncology ward, an 11-bed paediatric ICU and high dependency unit (both caring for 5] §
24 c 5
(7]
Sg children aged from 0 to 16 years), and a 12-bed surgical and medical ward for 3 ;
3 S
% children aged up to 3 years. The Rosie Hospital, the on-site mother and baby hospital, §§ E
3
29 Sc
30 has a 17-cot Neonatal ICU and a 10-cot Special Care Baby Unit. ;* ‘;”Tg
31 225
32 288
33 252
a_l o
34 Study design 5= 3
35 3 3
g? We conducted an observational cohort study of all children with SAB admitted to = E
38 > 5
39 CUH between 16 July 2006 and 31 December 2012. In November 2009 an IDC = _g
=. o
40 3. T
a1 service for all patients with SAB was established at CUH. Data were collected from 2 3
- o
42 5 2
43 2006 to 2009 by a retrospective review of the medical records, and prospectively o 3
44 5 3
jg thereafter during the IDC service. Patients with blood cultures that were considered to » 9
T <
j; be contaminants (afebrile with no clinical evidence of infection) or with % >
49 - | g b
50 polymicrobial blood cultures were excluded from the analysis. S B
o N
51 v
52 2
53 3
54 Microbiological investigation 2
55 3
gs Blood cultures were collected and incubated at 37°C for 5 days using BacT/Alert 3D i
m
58 N
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system (bioMérieux, Basingstoke, UK). Blood cultures that flagged positive were
examined by microscopy and presumptively identified as S. aureus using a
thermostable nuclease test.”” Colonies of S. aureus were identified by routine methods
after a further overnight incubation. Identification of S. aureus was performed using a
commercial latex agglutination test (Staphaurex, Remel, Lenexa, USA) until 2011 and
then wusing matrix-assisted laser desorption ionization time-of-flight mass
spectroscopy (Bruker Daltonik, Bremen, Germany). Antibiotic susceptibilities were
determined using disc diffusion testing, according to British Society for Antimicrobial
Chemotherapy standards.”® Throughout the study period a clinical microbiologist
provided telephone advice to the clinical team for all patients with SAB, and attended

weekly ward rounds on the paediatric oncology ward and paediatric ICU.

Study procedures

Prior to November 2009 all patients with S. aureus bacteraecmia were managed by
their primary clinical care team, with telephone advice from the microbiologists.
From November 2009, all patients with SAB were reviewed by an infectious diseases
Specialist Registrar or Consultant, following presumptive identification of S. aureus
in blood cultures. The assessment included clinical history to determine symptoms of
infection, and physical examination to determine possible foci of infection. Patients
underwent clinical review daily by their primary care team and at least weekly by the
IDC team during their inpatient stay. Demographic, clinical and microbiology data
were collected using a standard case record form, and entered into an electronic

database.

An IVC was considered to be the focus of infection if there was evidence of
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1 o8]
2 =
3 inflammation at the catheter exit site and/or a vascular catheter tip culture positive for o
4 D
g S. aureus, without clinical evidence of another source of bacteraemia.’ ;
®
; Thrombophlebitis was diagnosed when there was clinical evidence of infection and =
O
9 . : . : @
10 inflammation along a blood vessel or when ultrasound or other imaging confirmed the %
11 3 @
o Q
12 presence of intravascular thrombosis in the setting of suspected infection. Bone and g ]
13 T ©
o [
14 joint infections were defined according to United States Centers for Disease Control g Q
15 o T
. .. . . . S 3
i? and Prevention criteria.> The lung was considered to be the source of infection when S 5
18 g g
19 there was clinical, radiological and/or microbiological evidence of pulmonary TR
2 : 5
9 w
21 infection. Soft tissue infection was considered to be the source of the bacteraemia if s 8
22 2 3
23 the clinical signs of a known or suspected soft tissue infection pre-dated or were s 2
24 c 5
. . . . . n =
gg present at the time of bacteremia.'* A deep tissue abscess was defined by radiological & <
3 <

o M
% imaging criteria. Infective endocarditis (IE) was diagnosed according to the modified §§ §
3+
29 .. 3334 SZo
30 Duke criteria. g é-%
:
33 233
. : : 28
34 A SAB episode was defined as being greater than or equal to 14 days from a previous g -3
35 = 3

]
36 episode, in the absence of persistent bacteraemia or focus of infection. A secondary s 2
37 ¢ 3
38 , o : o : : 2 5
39 site of infection was defined as a site of infection separate from the primary site of = 3
40 ES
41 infection that was not present at the time of the initial examination. Healthcare- a 2
42 s 3
43 associated bloodstream infection was defined according to previously published o 3
44 5 3
jg criteria.”> Hospital-acquired infection was defined according to United States Centers » 9
T <
[¢]

ar for Disease Control and Prevention ..*> Community-acquired infections were defined S @
48 5 o

49 . . . o S
50 as those patients with a positive blood culture taken at or within 48-hours of S B
o N
51 v
52 admission who did not meet criteria for healthcare-associated bloodstream infection. 95,
53 3
54 Patients were classified as having uncomplicated SAB if blood cultures were negative 2
55 3
0]
gs two to four days after the initial blood culture was positive, if they had defervesced at i
58 N
59 0
60 >
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72 hours, if there was no evidence of metastatic disease or endocarditis, or if they had

a catheter related infection.*®

Appropriate antimicrobial therapy was defined as therapy to which the isolate was
determined to be susceptible by antimicrobial disc susceptibility testing. The duration
of therapy was the length of time that a patient received antibiotics to which the
isolate was susceptible. An underlying medical condition was defined as any chronic
medical condition that was present at the time of bacteraemia. Serum C-reactive
protein (CRP), blood white cell counts, and platelet counts were measured on the day
of, or within 48 hours post -bacteraemia. Duration of hospital admission and outcome

at 30 and 90 days post-bacteraemia were recorded for all patients.

Treatment recommendations

Antimicrobial treatment recommendations were provided for all children with SAB,
based on existing evidence on the management of SAB in adults."**"* These
included removal of a removable focus of infection," performing repeat blood
cultures at 48 to 96 hours,’’ performing a transthoracic echocardiogram, performing
radiological imaging of suspected deep foci of infection, treating uncomplicated
infection with 14 days of intravenous (IV) antibiotics,” treating complicated
infections with a minimum of 28 days of IV antibiotics®”, and using beta-lactam

therapy as the mainstay of treatment for methicillin-susceptible S. aureus. .*°
Statistical analysis

Data were analyzed using STATA version 12 (StataCorp, College Station, Texas,

USA). Categorical variables were analyzed using the Fisher’s exact test and reported
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:ZL <
3 as the number and percent. Continuous variables were compared using the Mann 8
4 D
g Whitney U test and reported as the median and interquartile range. Mortality was ;
®
7 . : L -
8 analysed per patient (i.e. only the first bacteraemia episode was analysed). 'g
9
10 o 2
11 o o
12 Ethics statement g ]
13 g 2
14 Written informed consent from participants was not required as the study was g Q
15 o T
@]
i? conducted as a service evaluation. The study protocol received approval from by the 2 %
=. O
1 . . . : : S 3
18 University of Cambridge Human Biology Research Ethics Committee, and the CUH % 5
20 2 &
21 Research and Development Department. S 3
22 ‘g §
23 5 ¢
24 c S
[y
25 Results 3 o
26 a 5
27 Patient characteristi 2N
28 atient characteristics g B2
29 =
30 Between July 2006 to December 2012, 71 children had one or more blood cultures = ‘;”75
X O
31 283
32 that were positive for S. aureus. Sixty-three children (66 episodes) were included in %2 g:_
33 239
a_l o
34 the study. Five children (six episodes) were excluded because of polymicrobial g gg
35 = 3
]
g? bacteraemia and Three patients (three episodes) were excluded because the cultures = E
38 . . . . . . > 5
39 were considered to be contaminants. Thus, 28 patients (30 episodes) were included in = _g
=. o
40 3. T
41 the pre-IDC group, and 35 patients (36 episodes) in the IDC group. The study schema 3 3
- o
42 5 2
43 is summarized in Figure 1. Four of 30 episodes (13.3%) received an IDC before the o 3
44 5 3
jg service was implemented in 2009, and 34 of 36 episodes (94.4%) received an IDC » 9
47 § £
48 after the service was implemented in 2009. = 3
o =
= w
49 8
50 3 R
51 v
52 The baseline characteristics of the two groups were similar (Table 1). The clinical 95,
53 3
54 features for SAB were likewise similar, apart from an increased proportion of IVC- 2
55 3
0]
gs related infections in the IDC group (61.3% versus 26.7%, P<0.01) (Table 2). A higher i
58 N
59 0
60 >
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proportion of patients had an unidentified focus of infection in the pre-IDC group
compared with the IDC group (23.3% versus 5.6%, P=0.07). risk factors for SAB
were also similar apart from an increased frequency of prosthetic material in the IDC

group (72.2% versus 46.7%, P=0.04) (Table 3).

Clinical management

A service evaluation of the IDC service was conducted, the results of which are
summarized in Table 4. In the IDC group, 34/36 episodes had an infectious diseases
review, with a median time to review of two days (range 1 to 4 days). Patients in the
IDC group were more likely to have transthoracic echocardiography performed
(80.6% versus 33.3%, P<0.01). They were also more likely to have a removable focus
of infection identified (43.9% versus 23.3%, P<0.01), although there was no
difference between the two groups in the likelihood of removal, or the time to
removal. In the IDC group two patients did not have their IVC removed, despite the
recommendation to do so, because of concerns about difficulty in re-establishing
vascular access. There was no difference in the number of repeat blood cultures

performed between groups.

Antimicrobial therapy

There was no difference between the two groups in the time taken to initiate
appropriate antimicrobial therapy. Patients in the IDC group were more likely to
receive a longer duration of IV antimicrobial therapy (18 days versus 13.5 days,
P=0.04), although there was no difference in total duration of therapy (IV and oral)
between the two groups. In patients with complicated SAB, the duration of IV

antibiotic therapy was longer in the IDC group (22 days versus 14 days, P=0.02)
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:ZL <
3 although there was no difference in total duration of antibiotic therapy (IV and oral) 8
4 D
g between the two groups. Patients in the IDC group were more likely to receive a ;
®
; longer duration of IV therapy if their repeat blood culture result was positive 'g
9 =
10 (P<0.01). In patients with uncomplicated SAB there was no difference between %
T o
11 o o
12 groups in the duration of IV antibiotics, or the total duration of antibiotic therapy. In g ]
13 T ©
o [
14 terms of compliance with recommended standards for duration of therapy, patients in g Q
15 o T
@]
i? the IDC group were more likely to meet these standards compared with patients in the 2 %
=. O
1 - «Q @
18 non-IDC group, both for complicated SAB (42.1% versus 13.3%, P=0.13) and % ?'8
2 P
20 o
21 uncomplicated SAB (68.4% versus 46.7%, P=0.14). There was no difference in the s 8
22 2 3
23 proportion of patients receiving beta-lactam therapy for MSSA bacteraemia between s 2
24 c 5
(7]
25 the two groups. 3 ;
27 LN
o =
28 23x
29 Sty
30 Outcome of SAB §32
31 o8 g
32 The duration of hospital admission was similar in the pre-IDC and IDC groups, and in 288
33 239
a_l o
34 those with uncomplicated and complicated SAB (Table 4). SAB was recorded in the g O_g“
35 = 3
]
g? discharge summary in the majority of patients in both groups. Four secondary = E
38 o . . . > 3
39 infections were diagnosed, three in the IDC group and one in the pre-IDC group. In = _§
40 e o e = 3
41 the IDC group, the secondary infections were tricuspid valve endocarditis (in a very 8 3
- o
42 5 2
43 low birth weight neonate with patent ductus arteriosus), pneumonia, and o 3
44 5 3
jg osteomyelitis, respectively. One child in the non-IDC group developed osteomyelitis. » 9
T <
j; There were three cases of recurrent bacteraemia within 90 days — two in the pre-IDC % >
o =
49 o £
50 group and one in the IDC group. Three children died within 30 days of SAB, all in the S B
n N
51 v
52 IDC group, giving an overall 30-day mortality rate of 4.8%. One death occurred in a 95,
53 3
54 child with metastatic cancer and was not attributed to the SAB. The other two deaths 2
55 3
0]
o6 were deemed attributable to SAB, as blood cultures were positive at the time of death. =
57 I_GI_)I
58 N
59 0
60 >
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One patient was a neonate and died prior to IDC, and the second case had cerebellar
atrophy, developmental delay and was receiving total parenteral nutrition. The 90-
day mortality rate was 7.9%. Two patients died between 30 and 90 days post-SAB,
both in the pre-IDC group. One patient had metastatic cancer, and the other had

complex congenital heart disease.

Discussion

To our knowledge this is the first study to systematically examine the impact of
introduction of an IDC service on the management of SAB in children. We compared
the clinical features, management, and outcomes of all children presenting with SAB
to our hospital between July 2006 and December 2012, before and after introduction
of an IDC service. The main findings of the study were that patients in the IDC group
were more likely to have echocardiography performed, a removable focus of infection
identified, and to receive a longer course of IV antibiotic therapy. These findings
concur with those from previous studies of IDC conducted in adults with SAB, and

reflect current best practice.

Follow-up blood cultures have been recommended in adults, as prolonged
bacteraemia is a predictor of complicated infection and poorer outcome in SAB.*” As
a result, prolonged IV antibiotic therapy is recommended in patients with positive
repeat blood cultures. We found that children who had a positive repeat blood culture

were more likely to receive a longer course of IV antibiotics if they were in the IDC

group.

Echocardiography was performed in a higher proportion of children in the IDC group
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1 o8]
2 =
3 compared with the pre-IDC group. The rates of IE in children with SAB are reported o
4 D
g to be between 0 and 20%, which is similar to rates reported in the adult :«
®
; population.'* #1243 Apn American study by Valente and colleagues diagnosed IE in =
O
9 =
10 20% of children with SAB (~12% of whom had confirmed IE) .).*' Children with =
T o
11 o o
12 underlying congenital heart disease had a higher prevalence of confirmed or probable g ]
13 T ©
o [
14 IE compared to those who had structurally normal hearts (53% versus 3%) and g Q
15 o T
@]
i? patients with definite IE had multiple positive blood cultures. Mortality was higher in Z %
=. O
1 : . . : S 3
18 patients with endocarditis compared to those without (40% versus 12%). Another % ?'8
2 P
20 o
21 study from South Africa reported an IE rate of 11% in children with SAB.'* Risk s 8
22 2 3
23 factors for the development of IE in children include congenital heart disease, a s 2
24 c =
(7]
gg central IVC, and persistently positive blood cultures after 24 hours. *',** In the United 3 ;
3 <
% Kingdom, there are no published guidelines on the use of echocardiography in §§§
29 =
30 children with SAB. The Infectious Diseases Society of America guidelines for ;,;‘;”Tg
X O
31 283
32 MRSA bacteraemia recommend performing echocardiography in children with %2 gs_
33 239
a_l o
34 congenital heart disease, those with bacteraemia duration greater than two days, or g O_g“
35 = 3
]
g? those with other clinical findings suggestive of endocarditis.*® In our study the one 3 E
38 . o g . . > 5
39 child who developed tricuspid valve endocarditis was a very low birth weight 3 _g
40 | | .y 2 3
41 premature neonate with a patent ductus arteriosus, an IVC-related infection, and 8 3
o
42 5 2
43 persistent bacteremia. Our findings concur with these guidelines, and support the use o 3
44 5 3
jg of a risk-based strategy for the use of echocardiography in children with SAB. » 9
47 5 £
5 (0]
19 S B
50 We found that a higher proportion of children had an IVC-related infection, and/or a S B
n N
51 o1
52 removable focus of infection in the IDC group compared with the pre-IDC group, 95,
53 &
54 although neither of these differences were statistically significant. It is possible that 2
55 3
0]
gs IVC was used more during the IDC period compared with the pre-IDC period. i
58 N
59 0
60 >
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Although removable foci of infection were more frequently identified and removed in
the IDC group compared to the pre-IDC group, the median time to removal was
slightly longer (3 versus 2 days). In some cases this was related to practical
difficulties in removing the focus, such as re-establishing vascular access in neonates.
Conversely, there were fewer patients with an unidentified focus of infection in the
IDC group compared with the pre-IDC group. These findings indicate that the
introduction of specialist IDC service improved the rate of diagnosis of the focus of

infection in children with SAB, suggesting that the consult service was beneficial.

The frequency of MRSA bacteraemia was only 7.6% in our study cohort. Possible
explanations for this are that MRSA bacteraemia is less common in children than in
adults , and that MRSA bacteraemia rates have significantly declined in the United
Kingdom since 2001 . By contrast, in other countries such as the United States, the
incidence of MRSA bloodstream infections have been higher than in the UK , but
have recently declined . In a large retrospective study of over 57,000 hospitalised
children with S. aureus infections, 51% had MRSA and 61% had MRSA skin and soft
tissue infections. The incidence of skin and soft tissue infections, pneumonia,
osteomyelitis and bacteraemia increased over time but overall mortality was low (1%)
. Thus the findings of our study may not be generalizable to other settings where the

epidemiology and outcomes of MRSA bacteraemia are different.

In terms of duration of antimicrobial therapy, we found that patients in the IDC group
received longer courses of IV antibiotics in complicated infection, compared with
patients in the pre-IDC group. This concurs with findings from studies in adults with

SAB, and suggests that specialist infectious diseases review may be beneficial in
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:ZL <
3 ensuring that clinical management recommendations, such as the length of IV 8
4 D
g antimicrobial therapy, are applied. There were, However, no differences in mortality ;
®
; observed between the pre-IDC and IDC groups. The most likely explanation for this T
O
9 . : : : . @
10 was the small study population, combined with a low mortality rate, which meant that %
11 3 @
o Q
12 a large number of patients would be required to demonstrate even in small difference g ]
13 T ©
o [
14 in mortality. Furthermore the overall duration of antibiotic therapy was similar in the g Q
15 o T
@]
i? two groups. It may be that total duration of antibiotic therapy is more important than 2 g'
18 g S
19 the route of administration, provided that adequate concentrations are achieved in the TN
20 3 E
21 bloodstream. Indeed studies to examine this very question, comparing short versus s S
22 2 3
23 long courses of IV antibiotics in SAB in adults are ongoing. Finally, although a s 2
24 c 5
[
gg removable focus of infection was identified more frequently in the IDC group, the & <
3 <
% likelihood of removal and the time to removal did not differ; this may also explain the §§ §
N
29 . : 525
30 lack of difference in outcome between the two groups. = ‘;”Tg
31 =83
32 529
aogd
33 2 g ]
34 We acknowledge several limitations to our study. The study population was small and g -3
35 = 3
]
g? the differences in diagnosis and management that we observed in the two groups did 3 E
38 o . . > 3
39 not translate into differences in outcome, for reasons discussed above. The = 3
40 . . | o = 3
41 retrospective data collection during the pre-IDC period (2006 to 2009) carries a risk a 2
42 ® 3
. . . . = -
43 of incomplete recording of data and potential bias. There were, however, no o 3
44 3 3
jg differences in baseline characteristics between the two groups in terms of age, gender, 2 3
T <
[¢]
j; underlying co-morbidities or focus of infection. The only exception was a higher = 3
49 s
50 frequency of IVC-related infections in the IDC group, which may have been under- < §
(2]
51 o1
52 recorded in the pre-IDC period and / or diagnosed more frequently in the IDC period. 95,
53 3
54 2
55 3
g? In conclusion, we found that introduction of IDC for paediatric SAB resulted in i
58 N
59 0
60 >
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improvements in management and a more consistent approach to care across the
paediatric service. These findings concur with those of previous studies of IDC in
adults with SAB. Our findings support the use of a targeted approach to
echocardiography in SAB in children, particularly for patients with risk factors for
complicated disease. Despite improvements in the investigation and clinical
management, we did not find any differences in the development of secondary
infections, recurrent bacteremia, or death between the two groups. The most likely
explanation for this is the small study population and larger prospective studies are
required validate our findings and to determine the optimal strategies for investigation

and management of paediatric SAB.
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Baseline variable Pre-IDC group IDC group Combined
N=28 patients (%) N=35 patients (%) N=63 patients (%)
Male 20 (71.4) 20 (57.1) 40 (63.5)
Female 8 (28.6) 15 (42.9) 23 (36.5)
Median age in years (IQR) 43(0.2-9.4) 3.4(0.2-12.2) 3.4(0.2-10.7)
Neonates 6 (20) 9(25.0) 15 (23.8)
Prematurity 4 (66.7) 9 (100.0) 13 (86.7)
Median age in days (IQR) 11(7-47) 26 (23 - 38) 25 (14 —-47)
Median birth weight in
grams (IQR) 1117 (630-3535) 820 (755-1120) 830 (710 - 1330)
Congenital heart disease 5(17.9) 8(22.9) 13 (20.6)
Chronic Pulmonary Disease 3(10.7) 5(14.3) 8(12.7)
Liver Disease 0 1(2.9) 1(1.6)
Malignancy 7 (25.0) 9 (25.7) 16 (25.4)
Metastatic cancer 2(7.1) 1(2.9) 3(4.8)
Neurological condition 4(14.3) 13 (37.1) 17 (27.0)
Diabetes mellitus 0 1(2.9) 1(1.6)
Skin Condition 3(10.7) 1(2.9) 4(6.4)
Atopic dermatitis 3 (100.0) 3(75.0)
Immunosuppression 6(21.4) 8(22.9) 14 (22.2)
Corticosteroid therapy 2 3 5
Anti-neoplastic 5 5 10
Neutropenia 2 0 2

N=30 episodes (%)

N=36 episodes (%)

N=66 episodes (%)

Mode of Acquisition

Community-acquired 11 (36.7) 10 (27.8) 21 (31.8)

Healthcare-associated 9 (30.0) 7(19.4) 16 (24.2)

Hospital-acquired 10 (33.3) 19 (52.8) 29 (43.9)
Duration of symptoms of
bacteremia (hours)

0-24 21 (70.0) 18 (50.0) 39 (59.1)

25-72 1(3.3) 6(16.7) 7 (10.6)

>72 7 (23.3) 10 (27.8) 17 (25.8)

Unknown 1(3.3) 2(5.6) 3 (4.6)
Organism

MSSA 28 (93.3) 33 (91.7) 61 (92.4)

MRSA 2 (6.7) 3(8.3) 5(7.6)
C-Reactive Protein (nmol/L) 333 (114 - 890) 448 (181 —1081) 390 (133 -1005)
White cell count (10°/L) 8.8 (5.8—15.6) 10.1 (6.9 - 18.4) 9.6 (6.3-16.5)
Neutrophils (x 10°/L) 543.6-9) 6.3 (4.9-11.8) 573.6-11.8)

Platelets (x 10°/L)

277 (151 - 374)

213 (101 — 270)

224 (140 — 301)

IDC = infectious diseases consultation; IQR = interquartile range; MSSA = methicillin-susceptible
Staphylococcus aureus; MRSA = methicillin-resistant Staphylococcus aureus
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Table 2: Clinical features of Staphylococcus aureus bacteraemia in children
included in the study

Focus of Pre-IDC group IDC group Combined P-value
infection at time N=30 episodes N=36 episodes N=66 episodes
of bacteremia (%) (%) (%)
Unknown focus 7 (23.3) 2 (5.6) 9 (13.6) NS
Intravascular 8(26.7) 22 (61.3) 30 (45.5) 0.013
catheter
Culture 5(62.5) 11 (50.0) 16 (53.3) NS
confirmed
Thrombophlebitis 0 2(5.7) 2 (3.0) NS
Bone/Joint 8(26.7) 8(22.2) 16 (24.2) NS
infection NS
Culture 4 (50.0) 2 (25.0) 6(37.5)
confirmed
Lung 1(3.3) 1 (2.8) 2 (3.0) NS
Culture 0 1 (100.0) 1(50) NS
confirmed
Skin & Soft tissue 7 (23.3) 9 (25.0) 16 (24.2) NS
Culture 4(57.1) 8(88.9) 12 (75.0) NS
confirmed
Deep tissue 2 (6.7) 1(2.8) 3 (4.6) NS
abscess NS
Culture 2 (100.0) 0 2 (66.7)
confirmed
Other focus 2(6.7) 4(11.1) 6(9.1) NS
Defervescence at
72 hours
Yes 18 (60.0) 20 (55.6) 38 (57.6) NS
No 11 (36.7) 14 (38.9) 25(37.9)
Unknown 1(3.3) 2 (5.6) 3 (4.6)

IDC = infectious diseases consultation; NS = non-significant
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Table 3: Risk factors for Staphylococcus aureus bacteraemia in children included

in the study
Risk factor for SAB Pre-IDC group IDC group All children P-value
N=30 episodes (%) | N=36 episodes (%) N=66 (episodes)

Age <1 year 11 (36.7) 14 (38.9) 25(37.9) NS

Underlying medical 16 (53.3) 24 (66.7) 40 (60.6) NS

condition

Duration in hospital 11.5(7.0-21.0) 19.0 (12.0-37.0) 16.0 (8.0-24.0) NS

in days (IQR)
Prior to

bacteremia*

Prosthetic material 14 (46.7) 26 (72.2) 40 (60.6) 0.04
Intravascular line 13 (43.3) 23 (63.9) 36 (54.6) NS
Endotracheal tube 0 4 4 NS
Other 1 6 8 NS

Corticosteroid 2 (6.7) 3(8.3) 5(7.6) NS

therapy

Surgery within 4(13.3) 4(11.1) 8(12.1) NS

previous 30 days

IDC=infectious disease consultation; IQR=interquartile range; NS = non-significant;
SAB=Staphylococcus aureus bacteremia
*Hospital-acquired infection only
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Table 4: Comparison of the management and outcome of Staphylococcus aureus

bacteraemia in children, pre- and post-introduction of an infectious disease

consult service.

Quality indicator Pre-IDC group IDC group P-Value
N=30 episodes (%) N=36 episodes (%)
Median time to infectious N=4 N=34
diseases review in days 3.5(0.5-21.5) 2.0 (1.0-4.0) NS
IQR)
Repeat blood culture 26 (86.7) 32 (88.9) NS
performed
Time to repeat blood
culture
0-48 hours 20 18 NS
48-96 hours 8 13 NS
> 96 hours 1 1 NS
Repeat blood culture
positive 6 6 NS
0-48 hours 3 4 NS
48-96 hours 0 0 NS
> 96 hours
Echocardiogram
performed
Yes 10 (33.3) 29 (80.6) 0.0001
No 20 (66.7) 7(19.4)
Beta-Lactam therapy 27 (90.0) 34 (94.4) NS
MSSA 25 (92.6) 33 (97.1)
Removable focus of 7(23.3) 22 (43.9) 0.003
infection
Focus removed 6 (85.7) 21 (95.5) NS
Median time to removal in
days (IQR) 2.0 (2.0-2.0) 3.0 (1.0-18.0) NS
Median time to appropriate 0.0 (0) 0.0 (0) NS
antibiotics in days (IQR)
Median duration of IV 13.5 (7.0-21.0) 18.0 (15.0-29.0) 0.035
antibiotics in days (IQR)
Median duration of IV 20.5 (16.0-42) 19.0 (15.0 — 29.5) NS
and/or oral antibiotics in
days (IQR)
Complicated infection N=15 episodes N=19 episodes
Days (IQR) Days (IQR)
Median duration of IV
antibiotics 14.0 (6.0-21.0) 22 (15.0-39.0) 0.02
Median duration of IV or
oral antibiotics 19.0 (17.0-43.0) 27.0 (16.0-39.0) NS
Median duration of IV
antibiotics if repeat blood
culture positive 13.0 (6.0 — 14.0) 19.0 (15.0 - 27.0) 0.007
Met standard
recommendation 28 days
IV antibiotics (%) 2(13.3) 8 (42.1) NS
Uncomplicated infection N=1S5 episodes N=17 episodes
Days (IQR) Days (IQR)
Median duration of IV
antibiotics 13.0 (7.0 — 22.0) 15.0 (14.0-21.0) NS
Median duration of IV or
oral antibiotics (IQR) 22.0 (14.0-32.0) 18.0 (14.0-29.0) NS

Met standard
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recommendation of 14
days (%) 7 (46.7) 13 (68.4) NS
Outcomes N=30 episodes N=36 episodes
Days (IQR) Days (IQR)
Median duration of
hospital admission
Total 14.0 (6.0-42.0) 16.5 (7.5-58) NS
Complicated 20.0 (6.0 —49.0) 25.0 (8.0-88.0) NS
Uncomplicated 7.0 (3.0-22.0) 11.0 (6.0-36.0) NS
SAB recorded in discharge 24 (80.0) 29 (82.9) NS
summary
Secondary infection 1 3 NS
detected
Outcomes 30-day post-
SAB
Death 0 3 NS
Recurrence 0 0 NS
Outcomes 30-90 days post
SAB
Death 2 NS
Recurrence 2 1 NS

IDC = infectious diseases consultation; IQR = Interquartile range; IV = intravenous; NS = non-
significant; SAB = Staphylococcus aureus bacteremia; Mortality was analysed per patient (only the

first episode was analysed).

Figure legend

Figure 1. Study schema of paediatric patients with S. aureus bacteraemia
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a longer course of intravenous antimicrobial therapy. There were no differences in
total duration of antibiotic therapy, duration of hospital admission, or outcome at 30
or 90 days following onset of SABbacteraemia.

Conclusions

IDC resulted in improvements in the investigation and management of SAB in

children.
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MAIN TEXT

Introduction

Staphylococcus aureus bacteraemia (SAB) is a serious infection that leads to
significant morbidity and mortality in adults and children.'” Staphylococcus aureus
(S. aureus) causes significant disease in the paediatric population, occurring in 1.5%
of all neonatal intensive care unit (ICU) admissions’, and 6 per 100,000 children older
than 1 year of age.4 In neonates, SAB is almost always hospital-acquired, and is
frequently due to intravascular catheter (IVC) associated infections.> ® The majority
of non-neonatal cases of SAB are community-acquired; those that are hospital-

acquired infections are usually IVC-associated.”®

Identified risk factors for the development of SAB in the paediatric population
include having a pre-existing medical condition, prolonged hospitalization, the
presence of an IVC, and HIV infection.'” ®>!® Mortality from SAB in the adult
population is about 30% .%."" Mortality rates in the paediatric population tend to be
lower, but can be up to 15% in neonates and/or children with co-morbidities.'”*'*"
Given that SAB causes a substantial burden of disease in the paediatric population,

strategies to improve management, prevent the complications of SAB, and reduce

mortality are a clinical priority.

The impact of infectious disease consultation (IDC) in adults with SAB has been
extensively_studied . .'*?* IDC has been associated with improved adherence to

guidelinesevidenee-based-praetiee, including appropriate and targeted investigation,

optimal duration of antibiotic therapy, and a reduction in complicated infection,

14,16,17,22,

morbidity and mortality. 232528 In contrast, the impact of an IDC on the
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; <
3 management and outcomes of SAB in children has not previously been evaluated. The 8
4 D
g aim of this study was to determine the effects of routine IDC on the investigation, :«
®
; management, and outcome of children with SAB. T
(o)
9 7
10 o 5
11 o o
12 Materials and methods g
13 g 2
14 Study setting and participants g Q
15 o T
o
i? Cambridge University Hospitals National Health Service Foundation Trust (CUH) is 2 %
= =]
1 . o L : S 3
18 a tertiary referral centre for paediatrics in the East of England. The paediatric service % ?'8
2 P
20 o
21 has a 22-bed medical and surgical ward, a 17-bed paediatric haematology and s §
22 2 5
23 oncology ward, an 11-bed paediatric ICU and high dependency unit (both caring for g ;‘g
24 c 5
(7]
Sg children aged from O to 16 years), and a 12-bed surgical and medicalmedieinre ward 3 ;
3 <
% for children aged up to 3 years. The Rosie Hospital, the on-site mother and baby §§§
29 =
30 hospital, has a 17-cot Neonatal ICU and a 10-cot Special Care Baby Unit. g %g
31 285
32 ag8
33 2 g ]
34 Study design B=3
35 3 3
g? We conducted an observational cohort study of all children with SAB admitted to 3 _g
38 . > =
39 CUH betweenfrem 16 July 2006 andunti-the 31 December 2012. In November 2009 = _%
40 5 <
41 an IDC service for all patients with SAB was established at CUH. IDC-comprised-an a 2
o
42 5 2
43 > 3
44 3 3
jg discharge—Data were collected from 2006 to 2009 by a retrospective review of the 2 3
T <
j; medical records, and prospectively thereafter during the IDC service. Demeographie; % o
o B
49 S
50 % §
51 ® o
52 entered—into—an—electronic—database—Patients with eentaminated-blood cultures that 95,
53 3
54 were considered to be contaminants (afebrile with no clinical evidence of infection) or 2
55 3
0]
g? wither polymicrobial blood cultures were excluded from the analysis. i
58 N
59 0
60 >
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Microbiological investigation

Blood cultures were collected and incubated at 37°C for 5 days using BacT/Alert 3D
system (bioMérieux, Basingstoke, UK). Blood cultures that flagged positive were
examined by microscopy and presumptively identified as S. aureus using a
thermostable nuclease test.*’ Colonies of S. aureus were identified by routine methods

after a further overnight incubation._Identification of S. aureus was performed using a

commercial latex agglutination test (Staphaurex, Remel, Lenexa, USA) until 2011 and

then using matrix-assisted laser desorption ionization time-of-flicht mass

spectroscopy (Bruker Daltonik, Bremen, Germany). Antibiotic susceptibilities were

determined using disc diffusion testing, according to British Society for Antimicrobial
Chemotherapy standards.”® Throughout the study period a clinicalimedieat
microbiologist provided telephone advice to the clinical team for all patients with
SAB, and attended weekly ward rounds on the paediatric oncology ward and

paediatric ICU.

Study procedures

Prior to November 2009 all patients with S. aureus bacteraemia were managed by

their primary clinical care team, with telephone advice from the microbiologists.

From November 2009, all patients with SAB were reviewed by an infectious diseases

Specialist Registrar or Consultant.a-member-efthe HDC+team following presumptive

identification of S. aureus in the-blood cultures.euttire: The assessment included
clinical history to determine symptoms of infection, and physical examination to

determine possible foci of infection. Patients underwent clinical review daily by their

primary care team and at least weekly by the IDC team during their inpatient stay.
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1 o8]
2 =
3 Demographic, clinical and microbiology data were collected using a standard case o
4 ®
g record form, and entered into an electronic database. i
®
7 :
8 o
9 . . L . o
10 An IVC was considered to be the focus of infection if there was evidence of %
i)
11 | | . | y S g
12 inflammation at the catheter exit site and/or a vascular catheter tip culture positive for g )
13 T ©
o [
14 S. aureus, without clinical evidence of another source of bacteraemia.’’ g Q
15 o T
... . .. . . . S 3
i? Thrombophlebitis was diagnosed when there was clinical evidence of infection and S o
18 g g
19 inflammation along a blood vessel or when ultrasound or other imaging confirmed the T8
20 3 .B
21 presence of intravascular thrombosis in the setting of suspected infection. Bone and s 8
22 2 o
23 joint infections were defined according to United States Centers for Disease Control g o
24 c 5
2
Sg and Prevention criteria.’” The lung was considered to be the source of infection when & <
3 <
o M
% there was clinical, radiological and/or microbiological evidence of pulmonary §§ §
3+
29 Sc
30 infection. Soft tissue infection was considered to be the source of the bacteraemia if o @y
31 =83
.. . . . . QD
32 the clinical signs of a known or suspected soft tissue infection pre-dated or were ggé
>
o y 588
34 present at the time of bacteremia.”™ A deep tissue abscess was defined by radiological g -3
35 = 3
]
g? imaging criteria. Infective endocarditis (IE) was diagnosed according to the modified g _g
38 L 2 5
39 Duke criteria.**** = _%
L o
40 =
41 a i
42 s 2
ji A SAB episode was defined as being greater than or equal to 14 days from a previous ; %
3 -~
jg episode, in the absence of persistent bacteraemia or focus of infection. A secondary 2 3
g g
[¢]
a1 site of infection was defined as a site of infection separate from the primary site of = 3
48 5 o
49 : L o S -
50 infection that was not present at the time of the initial examination. Healthcare- S B
n N
51 S
52 associated bloodstream infection was defined according to previously published 95,
53 3
54 criteria.”> Hospital-acquired infection was defined according to United States Centers 2
55 3
0]
g? for Disease Control and Prevention ..** Community-acquired infections were defined i
58 N
59 0
60 >
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as those patients with a positive blood culture taken at or within 48-hours of
admission who did not meet criteria for healthcare-associated bloodstream infection.™
Patients were classified as having uncomplicated SAB if blood cultures were negative
two to four days after the initial blood culture was positive, if they had defervesced at
72 hours, if there was no evidence of metastatic disease or endocarditis, or if they had

a catheter related infection.*®

Appropriate antimicrobial therapy was defined as therapy to which the isolate was
determined to be susceptible by antimicrobial disc susceptibility testing. The duration
of therapy was the length of time that a patient received antibiotics to which the
isolate was susceptible. An underlying medical condition was defined as any chronic
medical condition that was present at the time of bacteraemia. Serum C-reactive
protein (CRP), blood; white cell counts, and platelet countsplatelets were measured on
the day of, or within 48 hours post -bacteraemia. Duration of hospital admission and

outcome at 30 and 90 days post-bacteraemia were recorded for all patients.

Treatment recommendations

Antimicrobial treatment recommendations were provided for all children with SAB,
based on existing evidence on the management of SAB in adults."**"*" These
included removal of a removable focus of infection,'* performing repeat blood
cultures at 48 to 96 hours,”’ performing a transthoracic echocardiogram, performing
radiological imaging of suspected deep foci of infection, treating uncomplicated
infection with 14 days of intravenous (IV) antibiotics,” treating complicated
infections with a minimum of 28 days of IV antibiotics®, and using beta-lactam

therapy as the mainstay of treatment for methicillin-susceptible S. aureus. *°
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1 o8]
2 =
s S
@
S Statistical analysis i
6 >
; Data were analyzed using STATA version 12 (StataCorp, College Station, Texas, T
(o}
9 =
10 USA). Categorical variables were analyzed using the Fisher’s exact test and reported %
T o
11 o o
12 as the number and percent. Continuous variables were compared using the Mann g )
13 T ©
o =
14 Whitney U test and reported as the median and interquartile range. Mortality was g Q
15 o T
o
i? analysed per patient (i.e. only the first bacteraemia episode was analysed). 2 é
I E
2 5 £
= w
21 Ethics statement 5 8
22 E
23 Written informed consent from participants was not required as the study was g O
24 c =
2B
Sg conducted as a service evaluation. The study protocol received approval fromwas & <
3 <
% appreved by the University of Cambridge Human Biology Research Ethics §§ §
3+
29 Sc
30 Committee, and the CUH Research and Development Department. TS S
22<
31 2eS
32 388
33 gg ]
34 Results ®=3
35 3 3
36 Patient characteristics s 2
37 © o
38 : > 5
39 Between July 2006 to December 2012, 71 children had one or more blood cultures 5 3
40 5 <
41 that were positive for S. aureus. Sixty-three children (66 episodes) were included in 8 3
- o
42 g 3
ji the study. Five children (six episodes) were excluded because of polymicrobial ; %
3 -
45 bacteraemia andinfeetion: Three patients (three episodes) were excluded becausewhen 2 S
4 5 £
the cultures were considered to be contaminants.ewture—was—interpreted—as S @
48 5 o
49 o -
50 representine—eontamination—toHowine—elintealassessment— Thus, 28 patients (30 S B
51 25
52 episodes) were included in the pre-intervention{pre-IDC) group, and 35 patients (36 95,
53 &
54 episodes) in the intervention{IDC) group. The study schema is summarized in Figure 2
55 3
0]
g? 1. Four of 30 episodes (13patients{(+4.3%) received an IDC before the service was i
m
58 N
59 0
60 >
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implemented in 2009, and 34 of 36 episodespatients (94.4%) received an IDC after

the service was implemented in 2009.

The baseline characteristics of the two groupsstudy-pepulation-are-presented-in—Table
+—These were similar (Table 1).apartfrom—a-hisher seramC-reactiveproteinin-the
D C—greup(448—nmel—versus333ameld;P=0-047) The clinical features for SAB

were likewise similar, apart from an increased proportion of IVC-relatedasseeiated
infections in the IDC group (61.3% versus 26.7%, P<=0.01643) (Table 2). A higher
proportion of patients had an unidentified focus of infection in the pre-IDC group
compared with the IDC group (23.3% versus 5.6%, P=0.07).068)—The risk factors for

SAB were also similar apart from an increased frequency of prosthetic materialFV€ in

the IDC group (72.263-9% versus 46.743-3%, P=0.041437) (Table 3).

Clinical management

A service evaluation of the IDC service was conducted, the results of which are
summarized in Table 4. In the IDC group, 34/36 episodes had an infectious diseases
review, with a median time to review of two days (range 1 to 4 days). Patients in the

IDC group were more likely to have a-transthoracic echocardiographyechoeardiogram

performed (80.6% versus 33.3%, P<=0.0100604). They were also more likely to have a
removable focus of infection identified (43.9% versus 23.3%, P<=0.01063), although
there was no difference between the two groups in the likelihood of removal, or the

time to removal. In the IDC group two patients did not have their IVC removed,

despite the recommendation to do so, because of concerns about difficulty in re-

establishing vascular access. There was no difference in the number of repeat blood

cultures performed between groups.
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1 o8]
2 =
3
4 H
]
g Antimicrobial therapy 5
®
; There was no difference between the two groups in the time taken to initiate T
(o}
9 =
10 appropriate antimicrobial therapy. Patients in the IDC group were more likely to 5 g
11 o o
12 receive a longer duration of IV antimicrobial therapy (18 days versus 13.5 days, @ é
13 o
o [
14 P=0.046035), although there was no difference in total duration of therapy (IV and g Q
15 o T
@]
i? oral) between the two groups. In patients with complicated SAB, the duration of IV 2 %
=. O
18 L : S 3
19 antibiotic therapy was longer in the IDC group (22 days versus 14 days, P=0.02) % ?'8
2 P
20 o
21 although there was no difference in total duration of antibiotic therapy (IV and oral) s 8
22 2 o
23 between the two groups. Patients in the IDC group were more likely to receive a g o
24 c =
(7]
Sg longer duration of IV therapy if their repeat blood culture result was positive 3 ;
3 <
% (P<=0.0106%). In patients with uncomplicated SAB there was no difference between §§ §
3+
29 Sc
30 groups in the duration of IV antibiotics, or the total duration of antibiotic therapy. In o ‘;”75
X O
31 %83
32 terms of compliance with recommended standards for duration of therapy, patients in %2 gs_
33 239
a_l o
34 the IDC group were more likely to meet these standards compared with patients in the g < 3
35 = 3
]
g? non-IDC group, both for complicated SAB (42.1% versus 13.3%, P=0.13) and 32 2
38 . > 5
39 uncomplicated SAB (68.4% versus 46.7%, P=0.14). There waswere no = _%
=, @]
40 3. T
41 differencedifferenees in the proportion of patients receiving beta-lactam therapy_for 3 3
- o
42 s 2
43 MSSA bacteraemia between the two groups.- o 3
44 3 3
45 5 ©
= >
4 -
a7 g <
48 Outcome of SAB S
49 g ©
50 The duration of hospital admission was similar in the pre-IDC and IDC groups, and in S B
n N
51 S
52 those with uncomplicated and complicated SAB (Table 4). SAB was recorded in the 95,
53 3
54 discharge summary in the majority of patients in both groups. Four secondary 2
55 3
0]
g? infections were diagnosed, three in the IDC group and one in the pre-IDC group. In i
58 N
59 0
60 >
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the IDC group, the secondary infections were tricuspid valve endocarditis (in a very
low birth weight neonate with patent ductus arteriosus),; pneumonia, and
osteomyelitis, respectively. One child in the non-IDC group developed osteomyelitis.
There were three cases of recurrent bacteraemia within 90 days —-ef-which two were
in the pre-IDC group and one was-in the IDC group. Three children died within 30
days of SAB, all in the IDC group, giving an overall 30-day mortality rate of 4.8%.
One death occurred in a child with metastatic cancer and was not attributed to the
SAB. The other two deaths were deemed attributable to SAB, as blood cultures were
positive at the time of death. One patient was a neonate and died prior to IDC, and the
second case had cerebellar atrophy, developmental delay and was receiving total
parenteral nutrition. The 90-day-everall mortality rate was 7.9%. Two patients died
between 30 and 90 days post-SAB, both in the pre-IDC group. One patient had

metastatic cancer, and the other had complex congenital heart disease.

Discussion

To our knowledge this is the first study to systematically examine the impact of
introduction of an IDC service on the management of SAB in children. We compared
the clinical features, management, and outcomes of all children-with presenting with
SAB to our hospital between July 2006 and December 2012, before and after
introduction of an IDC service. The main findings of the study were that patients in
the IDC group were more likely to have echocardiography performed, a removable
focus of infection identified, and to receive a longer course of IV antibiotic therapy.
These findings concur with those from previous studies of IDC conducted in adults

with SAB, and reflect current best practice.
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1 o8]
2 =
3 Follow-up blood cultures have been recommended in adults, as prolonged o
4 3
g bacteraemia is a predictor of complicated infection and poorer outcome in SAB.*” As :«
®
; a result, prolonged IV antibiotic therapy is recommended in patients with positive 'g
9 =
10 repeat blood cultures. We found that children who had a positive repeat blood culture %
T o
11 o o
12 were more likely to receive a longer course of IV antibiotics if they were in the IDC g )
13 g 2
14 group. g 3
15 = g
17 s
18 S g
19 Echocardiography was performed in a higher proportion of children in the IDC group T8
2 P
20 o
21 compared with the pre-IDC group. The rates of IE in children with SAB are reported s 8
22 E
23 to be between 0_and -20%, which is similar to rates reported in the adult g o
24 c 5
(7]
Sg population.l’3 08124143 A American study by Valente and colleagues diagnosed IE in 3 ;
3 <
gg 20% of children with SAB (~12% of whom had confirmed IE) .).*' Children with 85
3+
29 Sc
30 underlying congenital heart disease had a higher prevalence of confirmed or probable o ‘;”Tg
X O
31 %83
32 IE compared to those who had structurally normal hearts (53% versus 3%) and %2%
33 239
a_l o
34 patients with definite IE had multiple positive blood cultures. Mortality was higher in g < 3
35 = 3
]
36 patients with endocarditis compared to those without (40% versus 12%). Another s 2
37 © o
38 . 2o : : 2 5
39 study from South Africa reported an IE rate of 11% in children with SAB.'* Risk 2 _g
=. o
40 3. T
a1 factors for the development of IE in children include congenital heart disease, a 2 3
- o
42 s 2
43 central IVC, and persistently positive blood cultures after 24 hours. *'..** In the United o 3
44 5 3
jg Kingdom, there are no published guidelines on the use of echocardiography in » 9
T <
j; children with SAB. The Infectious Diseases Society of America guidelines for % o
o =
49 S
50 MRSA bacteraemia recommend performing echocardiography in children with S B
n N
51 S
52 congenital heart disease, those with bacteraemia duration greater than two days, or 95,
53 3
54 those with other clinical findings suggestive of endocarditis.*® In ourthis study the one 2
55 3
0]
g? child who developed tricuspid valve endocarditis was a very low birth weight i
m
58 N
59 0
60 >
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premature neonate with a patent ductus arteriosus, an IVC-related infection, and
persistent bacteremia. Our findings concur with these guidelines, and support the use

of a risk-based strategy for the use of echocardiography in children with SAB.

We-alse found that a higher proportion of children had an IVC-related infection,
and/or a removable focus of infection in the IDC group compared with the pre-IDC

group, although neither of these differences were statistically significant. It is possible

that IVC was used more during the IDC period compared with the pre-IDC period.

Although removable foci of infection were more frequently identified and removed in

the IDC group compared to the pre-IDC group, the median time to removal was

slightly longer (3 versus 2 days). In some cases this was related to practical

difficulties in removing the focus, such as re-establishing vascular access in neonates.-

Conversely, there were fewer patients with an unidentified focus of infection in the
IDC group compared with the pre-IDC group. These findings indicate that the
introduction of specialist IDC serviceinfeetious—diseases—review improved the rate of
diagnosis of the focus of infection in children with SAB, suggesting that the consult

service was beneficial.

The frequency of MRSA bacteraemia was only 7.6% in our study cohort. Possible

explanations for this are that MRSA bacteraemia is less common in children than in

adults , and that MRSA bacteraemia rates have significantly declined in the United

Kingdom since 2001 . By contrast, in other countries such as the United States, the

incidence of MRSA bloodstream infections have been higher than in the UK . but

have recently declined . In a large retrospective study of over 57.000 hospitalised

children with S. aureus infections, 51% had MRSA and 61% had MRSA skin and soft
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1 o8]
2 g
3 tissue infections. The incidence of skin and soft tissue infections, pneumonia, o
4 D
2 osteomyelitis and bacteraemia increased over time but overall mortality was low (1%) Z
®
g . Thus the findings of our study may not be generalizable to other settings where the =
O
9 S . . @
10 epidemiology and outcomes of MRSA bacteraemia are different. %
T o
11 S g
13 o
o =
14 In terms of duration of antimicrobial therapy, we found that patients in the IDC group g Q
15 o T
o
i? received longer courses of IV antibiotics in complicated infection, compared with 2 %
18 g g
19 patients in the pre-IDC group. This concurseerresponds with findings from studies in S
20 3 B
21 adults with SAB, and suggests that specialist infectious diseases review may be S S
22 E
23 beneficial_in ensuring that clinical management recommendations, such as the length s 2
24 c 5
2B
Sg of IV antimicrobial therapy, are applied. There were,- However, no differences in ? o
3 <
gg merbidity-er-mortality observed between the pre-IDC and IDC groups.—-were—feund: §§ E
29 S c
30 The most likely explanation for this was the small study population, combined with a o ‘;”75
31 §8 >
. . . B . DD g
32 low —(63-patients—in-total-and-enhy35-in-the IDCgreup)—TFhe-mortality rate, which 29
33 o3 o
. . . . . —~ O
34 meant that-ef SAB-in-childrenistow-se a large number of patients would be required ; -3
35 = 3
]
g? to demonstrate even in small difference in mortality. Furthermore the overall duration 3 _5
38 o o . > 5
39 of antibiotic therapy was similar in the two groups.;—althevgh—the IDC—group—did = 3
40 E
41 reeeivetonger—courses—of IV -antibioties: It may be that total duration of antibiotic a 2
42 s 3
43 therapy is more important than the route of administration, provided that adequate o 3
44 5 3
22 concentrations areean—be achieved in the bloodstream.bloed: Indeed studies to 5 9
T <
[¢]
j; examine this very question, comparing short versus long courses of IV antibiotics in g i
49 . . . s ¢
50 SABS—awrens-bacteraemia in adults are ongoing.-and-should-alse-be-condueted-inthe > S
51 25
52 paediatrie-population: Finally, although a removable focus of infection was identified %
53 3
54 more frequently in the IDC group, the likelihood ofer removal and the time to 2
55 3
0]
g? removal did not differ; this may also explain the lack of difference in outcome i
58 N
59 0
60 >
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between the two groups.

We acknowledge several limitations to our study. The study population was small and
the differences in diagnosis and management that we observed in the two groups did
not translate into differences in outcome, for reasonsas discussed above. The
retrospective data collection during the pre-IDC period (2006 to 2009) carries a risk
of incomplete recording of data and potential bias. There were, however, no
differences in baseline characteristics between the two groups in terms of age, gender,
underlying co-morbidities or focus of infection. The only exception was a higher
frequency of IVC-related infections in the IDC group, which may have been under-
recordedreperted in the pre-IDC period and_/ for diagnosed more frequently in the

IDC period.

In conclusion, we found that introduction of IDC for paediatric SAB resulted in
improvements in management and a more consistent approach to care across the
paediatric service. These findings concur with those of previous studies of IDC in

adults with SAB. Our findings—and support the use of a targeted approach to

echocardiography in SAB in children, particularly for patients with risk factors for
complicated disease. Despite improvements in the investigation and clinical
management, we did not find any differences in the development of secondary
infections, recurrent bacteremia, or death between the two groups. The most likely
explanation for this is the small study population and larger prospective studies are
required validate our findings and to determine the optimal strategies for investigation

and management of paediatric SAB.
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Baseline variable Pre-IDC group IDC group Combined
N=28 patients (%) N=35 patients (%) N=63 patients (%)
Male 20 (71.4) 20 (57.1) 40 (63.5)
Female 8 (28.6) 15 (42.9) 23 (36.5)
Median age in years (IQR) 43(0.2-9.4) 3.4(0.2-12.2) 3.4(0.2-10.7)
Neonates 6 (20) 9(25.0) 15 (23.8)
Prematurity 4 (66.7) 9 (100.0) 13 (86.7)
Median age in days (IQR) 11(7-47) 26 (23 - 38) 25 (14 —-47)
Median birth weight in
grams (IQR) 1117 (630-3535) 820 (755-1120) 830 (710 - 1330)
Congenital heart disease 5(17.9) 8(22.9) 13 (20.6)
Chronic Pulmonary Disease 3(10.7) 5(14.3) 8(12.7)
Liver Disease 0 1(2.9) 1(1.6)
Malignancy 7 (25.0) 9 (25.7) 16 (25.4)
Metastatic cancer 2(7.1) 1(2.9) 3(4.8)
Neurological condition 4(14.3) 13 (37.1) 17 (27.0)
Diabetes mellitus 0 1(2.9) 1(1.6)
Skin Condition 3(10.7) 1(2.9) 4(6.4)
Atopic dermatitis 3 (100.0) 3(75.0)
Immunosuppression 6(21.4) 8(22.9) 14 (22.2)
Corticosteroid therapy 2 3 5
Anti-neoplastic 5 5 10
Neutropenia 2 0 2

N=30 episodes (%)

N=36 episodes (%)

N=66 episodes (%)

Mode of Acquisition

Community-acquired 11 (36.7) 10 (27.8) 21 (31.8)

Healthcare-associated 9 (30.0) 7(19.4) 16 (24.2)

Hospital-acquired 10 (33.3) 19 (52.8) 29 (43.9)
Duration of symptoms of
bacteremia (hours)

0-24 21 (70.0) 18 (50.0) 39 (59.1)

25-72 1(3.3) 6(16.7) 7 (10.6)

>72 7 (23.3) 10 (27.8) 17 (25.8)

Unknown 1(3.3) 2(5.6) 3 (4.6)
Organism

MSSA 28 (93.3) 33 (91.7) 61 (92.4)

MRSA 2 (6.7) 3(8.3) 5(7.6)
C-Reactive Protein (nmol/L) 333 (114 - 890) 448 (181 —1081) 390 (133 -1005)
White cell count (10°/L) 8.8 (5.8—15.6) 10.1 (6.9 - 18.4) 9.6 (6.3-16.5)
Neutrophils (x 10°/L) 543.6-9) 6.3 (4.9-11.8) 573.6-11.8)

Platelets (x 10°/L)

277 (151 - 374)

213 (101 — 270)

224 (140 — 301)

IDC = infectious diseases consultation; IQR = interquartile range; MSSA = methicillin-susceptible
Staphylococcus aureus; MRSA = methicillin-resistant Staphylococcus aureus
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Table 2: Clinical features of Staphylococcus aureus bacteraemia in children
included in the study

Focus of Pre-IDC group IDC group Combined P-value
infection at time N=30 episodes N=36 episodes N=66 episodes
of bacteremia (%) (%) (%)
Unknown focus 7 (23.3) 2 (5.6) 9 (13.6) NS
Intravascular 8(26.7) 22 (61.3) 30 (45.5) 0.013
catheter
Culture 5(62.5) 11 (50.0) 16 (53.3) NS
confirmed
Thrombophlebitis 0 2(5.7) 2 (3.0) NS
Bone/Joint 8(26.7) 8(22.2) 16 (24.2) NS
infection NS
Culture 4 (50.0) 2 (25.0) 6(37.5)
confirmed
Lung 1(3.3) 1 (2.8) 2 (3.0) NS
Culture 0 1 (100.0) 1(50) NS
confirmed
Skin & Soft tissue 7 (23.3) 9 (25.0) 16 (24.2) NS
Culture 4(57.1) 8(88.9) 12 (75.0) NS
confirmed
Deep tissue 2 (6.7) 1(2.8) 3 (4.6) NS
abscess NS
Culture 2 (100.0) 0 2 (66.7)
confirmed
Other focus 2(6.7) 4(11.1) 6(9.1) NS
Defervescence at
72 hours
Yes 18 (60.0) 20 (55.6) 38 (57.6) NS
No 11 (36.7) 14 (38.9) 25(37.9)
Unknown 1(3.3) 2 (5.6) 3 (4.6)

IDC = infectious diseases consultation; NS = non-significant
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Table 3: Risk factors for Staphylococcus aureus bacteraemia in children included

in the study
Risk factor for SAB Pre-IDC group IDC group All children P-value
N=30 episodes (%) | N=36 episodes (%) N=66 (episodes)

Age <1 year 11 (36.7) 14 (38.9) 25(37.9) NS

Underlying medical 16 (53.3) 24 (66.7) 40 (60.6) NS

condition

Duration in hospital 11.5(7.0-21.0) 19.0 (12.0-37.0) 16.0 (8.0-24.0) NS

in days (IQR)
Prior to

bacteremia*

Prosthetic material 14 (46.7) 26 (72.2) 40 (60.6) 0.04
Intravascular line 13 (43.3) 23 (63.9) 36 (54.6) NS
Endotracheal tube 0 4 4 NS
Other 1 6 8 NS

Corticosteroid 2 (6.7) 3(8.3) 5(7.6) NS

therapy

Surgery within 4(13.3) 4(11.1) 8(12.1) NS

previous 30 days

IDC=infectious disease consultation; IQR=interquartile range; NS = non-significant;
SAB=Staphylococcus aureus bacteremia
*Hospital-acquired infection only
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Table 4: Comparison of the management and outcome of Staphylococcus aureus

bacteraemia in children, pre- and post-introduction of an infectious disease

consult service.

Quality indicator Pre-IDC group IDC group P-Value
N=30 episodes (%) N=36 episodes (%)
Median time to infectious N=4 N=34
diseases review in days 3.5(0.5-21.5) 2.0 (1.0-4.0) NS
IQR)
Repeat blood culture 26 (86.7) 32 (88.9) NS
performed
Time to repeat blood
culture
0-48 hours 20 18 NS
48-96 hours 8 13 NS
> 96 hours 1 1 NS
Repeat blood culture
positive 6 6 NS
0-48 hours 3 4 NS
48-96 hours 0 0 NS
> 96 hours
Echocardiogram
performed
Yes 10 (33.3) 29 (80.6) 0.0001
No 20 (66.7) 7(19.4)
Beta-Lactam therapy 27 (90.0) 34 (94.4) NS
MSSA 25 (92.6) 33 (97.1)
Removable focus of 7(23.3) 22 (43.9) 0.003
infection
Focus removed 6 (85.7) 21 (95.5) NS
Median time to removal in
days (IQR) 2.0 (2.0-2.0) 3.0 (1.0-18.0) NS
Median time to appropriate 0.0 (0) 0.0 (0) NS
antibiotics in days (IQR)
Median duration of IV 13.5 (7.0-21.0) 18.0 (15.0-29.0) 0.035
antibiotics in days (IQR)
Median duration of IV 20.5 (16.0-42) 19.0 (15.0 — 29.5) NS
and/or oral antibiotics in
days (IQR)
Complicated infection N=15 episodes N=19 episodes
Days (IQR) Days (IQR)
Median duration of IV
antibiotics 14.0 (6.0-21.0) 22 (15.0-39.0) 0.02
Median duration of IV or
oral antibiotics 19.0 (17.0-43.0) 27.0 (16.0-39.0) NS
Median duration of IV
antibiotics if repeat blood
culture positive 13.0 (6.0 — 14.0) 19.0 (15.0 - 27.0) 0.007
Met standard
recommendation 28 days
IV antibiotics (%) 2(13.3) 8 (42.1) NS
Uncomplicated infection N=1S5 episodes N=17 episodes
Days (IQR) Days (IQR)
Median duration of IV
antibiotics 13.0 (7.0 — 22.0) 15.0 (14.0-21.0) NS
Median duration of IV or
oral antibiotics (IQR) 22.0 (14.0-32.0) 18.0 (14.0-29.0) NS

Met standard
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recommendation of 14
days (%) 7 (46.7) 13 (68.4) NS
Outcomes N=30 episodes N=36 episodes
Days (IQR) Days (IQR)
Median duration of
hospital admission
Total 14.0 (6.0-42.0) 16.5 (7.5-58) NS
Complicated 20.0 (6.0 —49.0) 25.0 (8.0-88.0) NS
Uncomplicated 7.0 (3.0-22.0) 11.0 (6.0-36.0) NS
SAB recorded in discharge 24 (80.0) 29 (82.9) NS
summary
Secondary infection 1 3 NS
detected
Outcomes 30-day post-
SAB
Death 0 3 NS
Recurrence 0 0 NS
Outcomes 30-90 days post
SAB
Death 2 NS
Recurrence 2 1 NS

IDC = infectious diseases consultation; IQR = Interquartile range; IV = intravenous; NS = non-
significant; SAB = Staphylococcus aureus bacteremia; Mortality was analysed per patient (only the

first episode was analysed).
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Figure 1. Study schema of paediatric patients with S. aureus bacteraemia
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