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Background. Hospital-acquired bloodstream infection (HA-BSI) is associated with substantial morbidity,
mortality, and healthcare costs in all patient populations. Young children have been shown to have a high rate of
healthcare-associated infections compared with the adult population. We aimed to quantify the excess mortality
and length of stay in pediatric patients from HA-BSI.
Methods. We analyzed data collected retrospectively from a probabilistically linked national database of
pediatric (aged 1 month–18 years) in-patients with a microbiologically conﬁrmed HA-BSI in England between
January and March 2009. A time-dependent Cox regression model was ﬁt to determine the presence of any
effect. Furthermore, a multistate model, adjusted for the time to onset of HA-BSI, was used to compare outcomes
in patients with HA-BSI to those without HA-BSI. We further adjusted for patients’ characteristics as recorded in
hospital admission data.
Results. The dataset comprised 333 605 patients, with 214 cases of HA-BSI. After adjustment for time to
HA-BSI and comorbidities, the hazard for discharge (dead or alive) from hospital for patients with HA-BSI was
0.9 times (95% conﬁdence interval [CI], .8–1.1) that of noninfected patients. Excess length of stay associated
with all-cause HA-BSI was 1.6 days (95% CI, .2–3.0), although this duration varied by pathogen. Patients with
HA-BSI had a 3.6 (95% CI, 1.3–10.4) times higher hazard for in-hospital death than noninfected patients.
Conclusions. Hospital-acquired bloodstream infection increased the length of stay and mortality of pediatric
inpatients. The results of this study provide an evidence base to judge the health and economic impact of
programs to prevent and control HA-BSI in children.
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Hospital-acquired bloodstream infection (HA-BSI) is associated with substantial morbidity, mortality, and healthcare
costs in all patient populations [1–4]. However, young
children and older adults have been shown to have higher
rates of healthcare-associated infections (HCAI) than the general population [5–7]. In a recent national point prevalence
survey in the UK, the highest prevalence of HCAI (8.2%;
95% CI, 6.6–10.0) was found in children aged between 1
month and 2 years, compared with an overall prevalence
of 6.4% (95% CI, 4.6–8.7) [5], with HA-BSI diagnosed in

15% of pediatric HCAI cases. Thus, HA-BSI is an important
issue in children in particular. Furthermore, pediatric HCAI
is a Europe-wide and global problem. An HCAI point prevalence survey conducted by the European Centre for Disease
Prevention and Control found HCAI diagnosed in 15.7% of
patients on pediatric intensive care units (ICUs) and 1.8%
on general paediatric units [8]. Amongst others, studies
from the United States of America, Brazil, Kenya, and
Tunisia have similarly highlighted the impact of HA-BSI in
children [9–12].
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Although the incidence and etiology of pediatric HA-BSI
has been investigated, the health and economic impacts of
such infections is not well described. Two clinically relevant
metrics with which to capture these are the number of excess
bed days and the mortality attributable to HA-BSI. Previous
estimates of pediatric mortality due to HA-BSI in critically ill
children ranged from 11% to 18% [3, 4] and excess length
of stay (LoS) ranged between 12 and 21.1 days [13–14].
However, the evidence to date regarding the health and economic impact of HA-BSI in pediatric populations may be
overestimated due to the methods used to account for potential confounders such as underlying illness or other comorbidities. Appropriate statistical techniques are required to
account for the timing and duration of HA-BSI episodes
and the competing risks of discharge from hospital alive
and in-hospital mortality [15], where patients may experience an event other than the one of interest, which alters
the probability of experiencing the event of interest. In recent
studies, using more appropriate statistical methods, researchers demonstrated that HA-BSI is expected to increase
both LoS and risk of in-hospital mortality [1, 16–18].
However, these studies were exclusively in adults and the
ﬁndings varied depending on the microorganisms studied.
Robust and pathogen-speciﬁc estimates of the additional
LoS and excess mortality due to HA-BSI provide an
evidence base to assess the potential health and economic
impact of hospital interventions [19] and large-scale
national programs [20–22] aimed at reducing HCAI.
Our aim was to quantify, for the ﬁrst time, excess LoS
and mortality associated with pediatric HA-BSI in children
in England, by using a unique dataset comprising national
laboratory surveillance and clinical data derived from pediatric in-patient Hospital Episode Statistics (HES) [23].

DATA AND METHODS
Data Collection and Linkage

A case of HA-BSI was deﬁned as the isolation of 1 positive
bacterial, clinically relevant blood isolate reported to the
national laboratory surveillance database (LabBase2) database that occurred 48 hours or more after admission to
hospital. The pediatric HA-BSI cohort used in this study
comprised a previously described group of patients in
England aged 1 month–18 years, with a positive blood culture between January and March 2009, and in-hospital
follow-up to March 2010 [24]. Data on BSI were extracted
from the LabBase2 maintained by Public Health England,
which stores information on infections voluntarily reported by hospital microbiology laboratories. Patient information was extracted from HES, which contains demographic
and clinical data, dates of hospital admission, and

discharge for all patients and in-hospital mortality with
date of death.
The LabBase2 data were probabilistically linked with
HES data [25]. The technique assigned match weights to
1 or more potential matches for those records that could
not be assigned “unequivocal matches,” and the record
with the highest weight was accepted as a match.
A case of HA-BSI was deﬁned as the isolation of clinically signiﬁcant bacteria from a blood sample taken 2 or more
days after admission to hospital (day 0). A comparison
group comprised pediatric patients aged 1 month–18
years who were hospitalized between January and March
2009 but with no record of HA-BSI. The large size of
this population imposed computational limitations. As a
result, in-hospital follow-up of non-HA-BSI patient beyond
this period was not feasibly possible so the HA-BSI dataset
was administratively censored at March 31, 2010 and the
non-HA-BSI at March 31, 2009 (additional details are
provided in Appendix, Section I and Appendix Tables 1
and 2). Each hospital admission was assumed to be independent so readmissions were assumed to be different
patients.
Clinical criteria were coded using International Statistical
Classiﬁcation of Diseases and Related Health Problems 10th
Revision (ICD-10) codes, and surgical procedures were
coded according to the Ofﬁce of Population Censuses and
Surveys Classiﬁcation of Interventions and Procedures
(OPCS-4) codes [26–27].
Non-HA-BSI patient records with ICD-10 codes indicating infection may have included previously unmatched true
HA-BSI patients. Appendix Tables 5 and 8–10 present results with these patient records removed from the comparison group, such that the remaining dataset did not contain
patients with community-acquired infections or other HA
infections.
Patients with “Other” or “Unknown” ICD-10 codes
were removed because of their nonidentiﬁability. It was
not possible to classify these patients by risk factors or
whether they were uninfected with certainty. Patients
with head injury or mental health illness codes were also
removed because their in-care patient journey contrasted
markedly with other patients’, commonly recording systematically longer LoS. Appendix Table 3 lists all group
codes, and Appendix Figure 1 shows a CONSORT diagram summarizing the construction of the ﬁnal dataset.
Patients with same-day admission and discharge were
recorded as having LoS 0.5 days.
Patient Confounders

Age, sex, and comorbidity were selected as baseline confounders. Because a comorbidity index for pediatric

Table 1. Dataset Summary Statistics Including Risk Factor, Comorbidities, and Patient Movements Summary Statistics*
Characteristics

HA-BSI

All

Count

Mean/Median

P Value

IQR

Count

Mean/Median

P Value

IQR

Count

Mean/Median

P Value

IQR

333 391
–
–
–
157
160 928

–
8/6
1.35/0.5
–
–
–

1.00
–
–
–
< .005
.48

–
[1, 14]
[0.5, 1]
–
–
–

214
–
–
–
13
104

–
5/1
56.55/30
30.40/11.5
–
–

< .005
–
–
–
.06
.49

–
[0, 8]
[10, 66]
[3, 36]
–
–

333 605
–
–
–
170
161 032

–
8/6
1.38/0.5
–
–
–

1.00
–
–
–
< .005
.48

–
[1, 14]
[0.5, 1]
–
–
–

4596
632
24 912
4083
6243
20 717
97 007

–
–
–
–
–
–
–

.01
< .005
.07
.01
.02
.06
.29

–
–
–
–
–
–
–

12
42
72
12
39
65
164

–
–
–
–
–
–
–

.06
.2
.34
.06
.18
.3
.77

–
–
–
–
–
–
–

4608
674
24 984
4095
6282
20 782
97 171

–
–
–
–
–
–
–

.01
< .005
.07
.01
.02
.06
.29

–
–
–
–
–
–
–

128 255
187 144
315 399
20

–
–
–
–

.38
.56
.94
< .005

–
–
–
–

48
106
154
8

–
–
–
–

.22
.5
.72
.04

–
–
–
–

128 303
187 250
315 553
28

–
–
–
–

.38
.56
.94
< .005

–
–
–
–

2380
318 235
320 615

–
–
–

.01
.95
.96

–
–
–

38
130
168

–
–
–

.18
.61
.79

–
–
–

2418
318 365
320 783

–
–
–

.01
.95
.96

–
–
–

Abbreviations: HA-BSI, hospital-acquired bloodstream infection; IQR, interquartile range.
*For count data, subset size is given; for continuous values, mean/median is given. Note that a patient can be in more than 1 risk factor group.
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Patient sample size
Age (years)
LoS (days)
Time from admission to infection (days)
Deaths
Sex (F)
Comorbidity group
Cancer
Premature birth
Congenital disorder
Surgical
In-dwelling catheter
Tai comorbidity score [29]
At least 1
Type of Admission
Elective
Emergency
Total
Intensive neonatal care
Origin of patient
Another hospital
Residence
Total

Non-HA-BSI
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1.57 (0.20, 2.95)†
2.35 (−0.22, 4.92)
3.81 (−3.71, 11.32)
6.94 (−2.71, 16.58)
−3.09 (−5.4, −0.77)†
9.45 (−6.04, 24.93)
5.62 (−3.31, 14.54)
11.31 (−16.32, 38.95)
−3.64 (−5.34, −1.94)†
0.89 (−3.68, 5.46)
−2.61 (−3.90, −1.31)†
14.86 (−6.40, 36.11)
0.93 (0.78, 1.10)
0.86 (0.72, 1.03)
0.99 (0.66, 1.49)
0.72 (0.53, 0.98)†
0.70 (0.42, 1.18)
0.94 (0.42, 2.13)
0.95 (0.63, 1.44)
1.07 (0.56, 2.05)
1.32 (0.85, 2.07)
0.74 (0.55, 0.99)†
1.06 (0.63, 1.78)
0.43 (0.28, 0.68)†

Excess LoS (95% CI)
Fully-Adjusted

0.95 (0.82, 1.09)
0.90 (0.79, 1.05)
0.90 (0.61, 1.31)
0.77 (0.61, 0.98)†
0.95 (0.65, 1.38)
1.01 (0.55, 1.84)
0.88 (0.58, 1.33)
0.84 (0.44, 1.59)
1.36 (0.95, 1.96)
0.76 (0.59, 0.98)†
1.17 (0.67, 2.06)
0.55 (0.35, 0.86)†
3.63 (1.26, 10.43)†
2.34 (0.67, 8.13)
4.35 (0.73, 25.70)
0.14 (0.02, 0.94)
6.42 (0.36, 114.12)
5.99 (0.38, 95.60)
3.22 (0.68, 15.30)
2.59 (0.33, 19.96)
6.42 (0.51, 81.37)
6.3 (0.98, 40.56)
N/A
0.99 (0.07, 13.80)
Abbreviations: CI, confidence intervals; CoNS, coagulase-negative staphylococci; LoS, length of stay.
*Note that an individual patient may belong to multiple groups.
†
Statistically significant value.

0.89 (0.75, 1.05)
0.84 (0.70, 1.00)
0.83 (0.56, 1.22)
0.73 (0.54, 1.00)
0.64 (0.37, 1.11)
0.76 (0.36, 1.60)
0.84 (0.54, 1.32)
0.83 (0.42, 1.62)
1.25 (0.80, 1.92)
0.7 (0.52, 0.92)†
1.07 (0.64, 1.81)
0.41 (0.26, 0.65)†
0.90 (0.79, 1.04)
0.88 (0.76, 1.02)
0.76 (0.52, 1.10)
0.78 (0.62, 0.99)†
0.88 (0.60, 1.29)
0.82 (0.49, 1.38)
0.79 (0.51, 1.22)
0.66 (0.34, 1.31)
1.27 (0.90, 1.81)
0.72 (0.55, 0.92)†
1.19 (0.67, 2.08)
0.52 (0.33, 0.82)†
All
Gram-positive
Gram-negative
CoNS
Escherichia coli
Enterobacter spp.
Enterococcus spp.
Klebsiella spp.
Nonpyogenic streptococci
Staphylococcus aureus
Other (Gram-positive)
Other (Gram-negative)

Fully-Adjusted

†

5.10 (2.20, 11.76)
3.42 (1.29, 9.08)†
12.55 (3.75, 42.38)†
0.36 (0.09, 1.39)
7.85 (0.92, 66.47)
16.12 (2.48, 105.60)†
7.39 (2.14, 25.33)†
8.85 (2.03, 38.33)†
8.67 (1.16, 65.6)†
5.37 (0.96, 30.02)
N/A
2.51 (0.32, 19.64)

Time-Adjusted
Time-Adjusted
Time-Adjusted

Fully-Adjusted

Hazard Ratio for Time to In-Hospital
Death (95% CI)

Hazard Ratio for Time to Death or
Discharge (95% CI)

patients equivalent to the Charlson index for adult patients
[28–29] does not currently exist, we determined relevant
clinical groupings associated with high morbidity informed
by the published literature [30, 31]. The clinical groups
were cancer, premature birth, congenital disorder, surgical
procedure, presence of an indwelling catheter, and the
pediatric morbidity score developed by Tai et al [30]. A patient was assigned to 1 or more of these groups using their
ICD-10 and OPCS-4 codes. Table 1 presents the characteristics of HA-BSI and non-HA-BSI patients, whereas
Appendix Table 4 presents a table of the characteristics
of non-HA-BSI patients with a stay 2 days.
Procedure

Hazard Ratio for Time to Discharge
While Alive (95% CI)
Organism/Outcome

Table 2. Cox Model Cause-Specific Hazard Regression for Alternative Outcomes by Organism Group, With 95% CI and Expected Excess LoS*
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We compared outcomes between patients with HA-BSI on a
given day with patients without HA-BSI on that day. These
were time-dependent nested samples of patients in contrast
to a single, time-independent, case-control patient stratiﬁcation. In the all-cause HA-BSI analysis, the earliest infection
time of any HA-BSI for a given patient-stay was retained and
subsequent HA-BSI data discarded. Likewise, when analyzing a particular pathogen, the earliest relevant infection time
was retained and others discarded. This selection was irrespective of the presence of prior or subsequent infection
with a different organism.
The comparison was carried out for patients with
HA-BSI due to the following groups of microorganisms:
coagulase-negative staphylococci (CoNS), Enterococcus
spp, Staphylococcus aureus, Escherichia coli, pyogenic
streptococci, Enterobacter spp., and Klebsiella spp., all
Gram-negative HA-BSI and all Gram-positive HA-BSI.
For example, when HA-BSI was deﬁned as S aureus
HA-BSI, we compared the clinical outcome of patients
with S aureus HA-BSI with patients who have no record
of an HA-BSI.
Patient outcomes of interest were in-hospital death and
excess LoS. These were analyzed for the dataset endpoints
of (1) hospital discharge while alive, or (2) in-hospital
death, and the time in days at which these occurred relative
to a patient’s admission date. This distinction was necessary because patients with HA-BSI who died while in hospital may have had a reduced LoS, whereas a prolonged
LoS might be seen for patients who were discharged
alive. We performed separate statistical tests to determine
the presence of an effect on LoS due to HA-BSI for patients
with either in-hospital death or discharged while alive as
the outcome. Furthermore, an overall excess LoS estimate
was calculated by combining these 2 into a single outcome.
Statistical Analysis
Multistate Model. We constructed a multistate model with

3 states; 0 = “Admission, no BSI”; 1 = “HA-BSI”; and
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Figure 1. Schematic diagram of multistate model with 4 states. Each patient enters the model at state 0 (hospital admission no hospital-acquired bloodstream
infection detected) and may move between states with deﬁned daily probabilities
(each arrow representing a possible transition). At each time-point, each patient
occupies 1 of the states.

2 = “Discharge”. State 2 consisted of 2 competing endpoints
2a = “Discharged alive” and 2b = “In-hospital death”.
Hospital-acquired bloodstream infection was considered an
intermediate, discrete state between admission and discharge
while alive or in-hospital death states (Figure 1). If a patient
entered the HA-BSI state, they were considered infected until
they were discharged from hospital alive or died. Uninfected
patients were those that remained in the state Admission, no
HA-BSI until discharged alive or death. Thus, each model
had 3 states, in which time-varying hazards determined
between-state transitions, with probabilities estimated using
the Aalen-Johansen estimator [32].
The competing endpoints (discharged alive and death
in-hospital) were combined as a single state to give a measure of the overall excess LoS related to HA-BSI, which accounted for the time dependency of the infection [33]. The
mean difference in LoS between HA-BSI and non-HA-BSI
patients was calculated for each day from admission to the
end-state. Overall excess LoS was then calculated as the average excess LoS across all days, weighted relative to the
frequency of transitions to HA-BSI, discharge alive or
in-hospital death on each day [34]. This method produced
a time-adjusted estimate of excess LoS due to HA-BSI in
days, either in aggregate or for infections caused by particular pathogens. This estimate could not be further adjusted
for confounders. Standard errors were estimated using
bootstrap sampling and conﬁdence intervals (CIs) were calculated assuming approximate normality.
Cox Regression. The risk of in-hospital death or discharge
while alive was modeled with a time-dependent regression
model, assuming Cox proportional hazards, with HA-BSI
treated as a time-dependent risk factor. Because the
number of deaths in the dataset was very small relative to
the number of patients discharged while alive, a cause-

speciﬁc hazard approach was used in which the times of
occurrence of competing risks were represented by
censored times. The model structure adjusted for time to
HA-BSI, by using the times between HA-BSI and
discharge rather than simply the times between admission
and discharge. Other confounders were explicitly adjusted
for by a multivariate analysis with the assumption that
patient characteristics at admission remained unaltered
throughout a patient’s stay.
Comparisons of hazard ratios (HRs) for the time-adjusted
and “fully-adjusted” (ie, with all identiﬁed confounders)
models were carried out. This allowed for the assessment
of the possible inﬂuence of identiﬁed comorbidities on
excess LoS estimates.
All computation was carried out using the statistical software R version 3.0.0. The R-packages msm and etm (available at http://cran.r-project.org) were used to estimate
excess LoS and standard errors [32, 35].

RESULTS
The dataset contained data on 333 605 patients, of which
214 (0.06%) were identiﬁed as developing HA-BSI between
January and March 2009 (Table 1). Among 62 676 patients
admitted for at least 2 days, 0.34% acquired an HA-BSI [24]
(see Appendix Table 6 for details). Table 1 presents summary
statistics for admitted patients. The average age of HA-BSI
cases was lower than for non-HA-BSI patients (HA-BSI median 1 year, non-HA-BSI median 6 years). A higher proportion of HA-BSI patients were members of at least 1
comorbidity group (HA-BSI 77%, non-HA-BSI 29%).
The overall crude median LoS for all patients was less
than 1 day (interquartile range [IQR], .5–1.0), representing
patients with same-day admission and discharge, and 30
days (IQR, 10.0–66.0) for patients with an HA-BSI
(Table 1). For patients with an HA-BSI, the median time
to infection was 11.5 days (IQR, 3.0–35.8). The distributions of time to infection, discharge, and death for patients
with HA-BSI are shown in Figure 2. The median time to infection ranged from 7 days (IQR, 2.0–23.0) for patients
with an S aureus HA-BSI to 41 days (IQR, 13.2–65) for patients with a Klebsiella spp. HA-BSI. In Figure 2, the relatively large, light gray regions indicate that a signiﬁcant
proportion of an HA-BSI patient’s hospital stay is spent uninfected so a crude analysis, using a static sample stratiﬁcation in either infected or noninfected cases, would clearly
result in an overestimate of the excess LoS attributable to
HA-BSI.
The crude in-hospital mortality was 13 of 214 (61 per
1000) for patients with HA-BSI and 157 of 333 391
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Figure 2. Schematic of patient events for those with all-cause hospital-acquired bloodstream infection (HA-BSI) and other pathogen types under investigation coagulasenegative staphylococci (CoNS), Enterococcus spp., Staphylococcus aureus (S aureus), Escherichia coli (E coli), nonpyogenic (Non-p.) streptococci, Klebsiella spp., and
Enterobacter spp. Each line represents a patient; a light gray line indicates the pre-HA-BSI period, and the black line indicates the length of stay (LoS) after BSI. At the
right limit of each line, a black vertical tick mark represents a discharge from hospital while alive and a light gray circle represents an in-hospital death. The vertical lines
represent the median discharge time for noninfected patients with LoS  2 days (solid), the median in-hospital infection time (dotted), and the crude median discharge
time for HA-BSI patients not accounting for time to infection (dashed).

(0.5 per 1000) for non-HA-BSI patients, giving a risk ratio
of 129.0 (95% CI, 110.6–150.5).
Risk of Death, Discharge, and Excess LoS Associated
With HA-BSI

Clinical outcomes for patients with HA-BSI are presented
in Table 2. Hazard ratios for time to discharge (alive or due
to death) were calculated adjusting only for time to HA-BSI
(“time-adjusted”) and adjusting for additional confounders (age, sex, cancer, premature birth, congenital disorder,
surgical, in-dwelling catheter, and Tai morbidity score)
(fully-adjusted). Cases in which an HR and upper limit
of the associated 95% CI were < 1, HA-BSI was associated
with an increased LoS. In contrast, cases in which an HR
and lower limit of the associated 95% CI were > 1, HA-BSI
was associated with a decreased LoS.
For the all-cause HA-BSI, on each day, infected patients
had a lower chance of being discharged (alive or due to
death), with an HR of 0.95 (95% CI, .82–1.09) after
adjusting for time to onset of infection only (Table 2).
In the fully-adjusted model, the HR was 0.93 (95% CI,
.78–1.1). In contrast to considering the relative chances

on each day, the chance of leaving hospital (dead or whilst
alive) for HA-BSI or non-HA-BSI patients can be compared
over all days. There was a 52% chance of a HA-BSI patient
leaving hospital before a non-HA-BSI patient. Compare
this against the 50% chance if there is no difference between the patients, corresponding to a HR of 1.0. [36].
Equivalent results were found, in terms of the effects due
to HA-BSI, when the analysis was repeated for the bacterial
species or groups considered, with the exception of
Klebsiella spp. nonpyogenic streptococci and Other
Gram-positive bacteria (none of which were statistically
signiﬁcant). However, only S aureus, CoNS, and Other
Gram-negative bacteria were statistically signiﬁcant when
fully adjusted.
For the all-cause HA-BSI, on each day, infected patients
had a higher chance of in-hospital death than noninfected
patients with an HR of 3.63 (95% CI, 1.26–10.43) when
fully-adjusted. This conclusion held true for all bacteria
with the exception of CoNS (HR, 0.14; 95% CI, 0.02–
0.94), which is not meaningful because of only a single associated death. However, the speciﬁc rates varied between
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organisms, with statistically signiﬁcant increased rate of
deaths for all-cause HA-BSI only, likely due to the relatively
small number of in-hospital deaths.
In the time-adjusted model, the excess LoS associated
with all-cause HA-BSI was 1.57 days (95% CI, 0.20,
2.95) (Table 2). However, this time period varied by pathogen. Infection with any Gram-positive bacteria was associated with an excess LoS of 2.35 days (95% CI, −.22 to
4.92); for CoNS speciﬁcally, the excess LoS was 6.94
days (95% CI, −2.71 to 16.58). Variation was also seen
within Gram-negative infections, ranging from −3.09
days (95% CI, −5.40 to 0.77) for E coli to 11.31 days
(95% CI, −16.32 to 38.95) for Klebsiella spp. The negative
estimates were due, in particular, to a small sample of
patients who were infected soon after admission and
were discharged soon after (see Figure 2).

DISCUSSION
In this study, we found that the instantaneous rate for
in-hospital death from all-cause HA-BSI was nearly 4
times that of non-HA-BSI patients (HR, 3.63). The instantaneous rate of discharge from hospital (dead or alive) was
approximately one tenth lower in patients with HA-BSI
(HR, 0.93). In turn, the excess LoS associated with allcause HA-BSI was estimated to be over a day and a half.
Although many of the excess LoS estimates for patients
infected with particular pathogens were not statistically
signiﬁcant due to small sample sizes, the results are consistent with an association between increased LoS and
in-hospital mortality due to HA-BSI.
To our knowledge, there are few studies speciﬁcally estimating excess LoS due to HA-BSI in children. Where studies do exist, excess LoS estimates were greater than those
here [13, 37]. Such studies may have overestimated the
impact of HA-BSI on LoS because they failed to adopt
appropriate modeling approaches to address important
time-dependent biases [38].
Lambert et al [1] adopted a multistate modeling approach, but they restricted their analysis to an adult ICU
population. This study estimated an excess LoS due to
HA-BSI of 1.1 days for antibiotic-susceptible organisms
and 2.5 days for resistant organisms. In our ﬁndings, the
excess LoS due to HA-BSI (with antibiotic susceptible
and resistant organisms) was 1.57 days, which suggests a
similar impact of HA-BSI in the pediatric population.
Lambert et al [1] found that the excess daily risk of
in-hospital death due to HA-BSI was 3.1 (95% CI, 2.7–
3.6) for drug-susceptible organisms and 3.6 (95% CI,
3.0–4.4) for drug-resistant organisms, which is comparable to our ﬁndings. Although the trend in the species-

speciﬁc analyzes in our study suggests a greater impact of
HA-BSI on mortality, for some species, the small number
of deaths meant that the results were not statistically
signiﬁcant.
This study used a larger cohort than previous studies
[1, 13, 37], allowing a meaningful comparison between organisms and LoS estimates that are relevant across the pediatric population. However, in contrast to prospective
studies, the dataset used here comprised routinely generated data collected on a voluntary basis through a national
surveillance scheme and a heterogeneous patient case-mix
[39]. Although Cox regression adjusts for clinical comorbidities, the multistate model only provides time-adjusted
results. Stratifying the dataset to analyze the impact of
comorbidities resulted in a signiﬁcant loss of power due
to diminished sample sizes ( presented in Appendix
Figures 2 and 3). Thus, although excess LoS estimates are
more easily interpretable for clinicians, for health economists and policymakers HRs can be considered to be a
more robust statistic.
The rare but important issue of multiple infections was
beyond the scope of this research and too rare in our dataset to analyze robustly, but it would be interesting for
future research if a larger dataset were available.
Coagulase-negative staphylococci were the most frequently isolated causative organisms in our dataset and
have been highlighted as an important hospital pathogen
[40]. Although the reporting guidelines indicate that only
clinically signiﬁcant infections should be reported, we cannot be certain that none of the CoNS were contaminants.
CONCLUSIONS
Our results provide robust estimates of the clinical consequences of HA-BSI in children. This provides an evidence
base for researchers and policymakers to evaluate the
health and economic impact of interventions to prevent
HA-BSI in children and reinforces the clinical need for
improved infection prevention and control.
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