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Abstract

The epidemiology of coagulase-negative staphylococcal (CNS) bacteremia among adult ICU patients remains unclear.
Decontamination studies among ICU patients provide a unique opportunity to study the impacts of different diagnostic criteria,
exposure to various decontamination interventions, and various other factors, on its incidence over three decades. Decontamination
studies among ICU patients reporting CNS bacteremia incidence data were obtained mostly from recent systematic reviews. The CNS
bacteremia incidence within component (control and intervention) groups of decontamination studies was benchmarked versus studies
without intervention (observational groups). The impacts of antibiotic versus chlorhexidine decontamination interventions, control
group concurrency, publication year, and diagnostic criteria were examined in meta-regression models. Among non-intervention
(observational) studies which did versus did not specify stringent (> 2 positive blood cultures) diagnostic criteria, the mean CNS
bacteremia incidence per 100 patients (and 95% CI; n) is 1.3 (0.9-2.0; n =23) versus 3.6 (1.8-6.9; n = 8), respectively, giving an overall
benchmark of 1.8 (1.2-2.4; n = 31). Versus the benchmark incidence, the mean incidence is high among concurrent control (5.7; 3.6—
9.1%) and intervention (5.2; 3.6-6.9%), but not non-concurrent control (1.0; 0.4-3.9%) groups of 21 antibiotic studies, nor among
eleven component groups of chlorhexidine studies. This high incidence remained apparent (p < 0.01) in meta-regression models
adjusting for group wide factors such as diagnostic criteria and publication year. The incidence of CNS bacteremia within both
intervention and concurrent (but not non-concurrent) control groups of antibiotic-based decontamination studies are unusually high
even accounting for variable diagnostic criteria and other factors.

Keywords Coagulase-negative staphylococci - Bacteremia - Intensive care unit - Decontamination

Introduction

Coagulase-negative staphylococci (CNS) bacteremias are
common among adult ICU patients. However, whether
CNS bacteremia is more common in recent years, and
whether antibiotic use is a risk factor, remains unclear
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[1-3]. In addition, its overall clinical importance is often
unclear [4, 5] and diagnostic criteria requiring more than
one positive blood culture are in common use [6-9].

Moreover, the impact of decontamination interventions,
such as topical antibiotic prophylaxis (TAP), being used either
alone (selective oropharyngeal decontamination; SOD) or
combined (selective digestive decontamination; SDD) with
protocolized parenteral antibiotic prophylaxis (PPAP) within
SDD/SOD regimens on CNS bacteremia remains unclear as
CNS are generally not subject to surveillance [10, 11]. The
TAP components generally target Gram-negative bacteria and
are non-absorbable. Additionally, chlorhexidine-based decon-
tamination strategies have emerged for consideration although
the impact of these on overall bacteremia incidence is less
apparent than for SDD/SOD interventions [12—15].

The objectives here are threefold: to develop a benchmark for
CNS bacteremia among published observational studies of ICU
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patients; to survey and compare the incidence of CNS bacteremia
within the component (control and intervention) groups decanted
from decontamination studies, versus these external benchmarks;
and to model by meta-regression its association with various group
level factors among the component groups within these studies.

Materials and methods

Being an analysis of published work, ethics committee review
of this study was not required.

Study selection and decant of groups

The literature search and study decant used here is
outlined in Fig. 1 and are as described previously [16,

17]. Most studies were obtained from systematic reviews
of decontamination interventions in ICU patients as listed
previously. These were screened against the following el-
igibility criteria. Inclusion criteria are as follows: inci-
dence data for CNS bacteremia was extractable as an in-
cidence proportion. Exclusion criteria are as follows: stud-
ies limited to patients with the acute respiratory distress
syndrome and studies of topical antibiotics used in the
context of an ICU outbreak. A hand search was undertak-
en for additional studies and additional sources of data not
identified within systematic reviews.

The studies were streamed into one of three catego-
ries: studies in which there was no intervention (obser-
vational studies), studies with antibiotic prophylaxis in
any formulation, and studies of chlorhexidine-based
interventions.

Fig. 1 Search method, screening

criteria and resulting classification

Electronic search terms

of eligible studies and subsequent
decant of component groups. The
six numbered arrows are as
follows: (1) An electronic search
for systematic reviews containing
potentially eligible studies using
search terms; “ventilator associat-
ed pneumonia,” “mechanical
ventilation,” “intensive care unit,”
each combined with either “meta-
analysis” or “systematic review”
up to December 2017, (2) studies
were streamed into one of three
categories; studies in which there
was no intervention (observation-
al studies), and studies of either
chlorhexidine-based or antibiotic-
based interventions; (3) all studies
were reviewed for potentially eli-
gible studies and screened against
inclusion and exclusion criteria;
(4) a hand search was undertaken
for additional studies; (5) eligible
studies were then collated and any
duplicate studies were removed;
(6) the component groups were
decanted from each study being
control (rectangles), intervention
(ovals), and observation
(diamond) groups. Note: the total
numbers do not tally as some
systematic reviews provided
studies in more than one category
and some studies provided groups
in more than one category
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Outcomes of interest

The overall and CNS bacteremia incidences were expressed as
a proportion using the number of patients with prolonged (>
24 h) stay in the ICU as the denominator. In addition, the
following were also extracted: the proportion of each group
receiving mechanical ventilation (MV), the proportion of ad-
missions for trauma, the year of study publication, and wheth-
er the study ICU was located in North America (Canada or the
USA). The use of stringent versus less stringent diagnostic
criteria for CNS bacteremia was examined. Studies which
stated that either CDC criteria [9] were followed or that > 2
positive blood cultures was a specific requirement for CNS
bacteremia were accepted as meeting stringent criteria.

Effect sizes

The study-specific and overall summary effect sizes and asso-
ciated 95% confidence interval for each of the antibiotic-based
and chlorhexidine-based decontamination interventions
against bacteremia overall were calculated using the Der
Simonian-Laird random-effect methods of meta-analysis
using the “metan” command in Stata 14.2 (StataCorp.,
College Station, TX, USA).

Benchmarking

Caterpillar plots of the overall and CNS bacteremia incidence
were generated to facilitate a visual survey. These were gen-
erated from the incidence data as follows. Bacteremia inci-
dence data for each group were logit transformed to generate
caterpillar plots using the “metan” command previously [16,
17]. For CNS bacteremia, this transformation proceeds as fol-
lows: with the number of patients as the denominator (D), the
number of patients with CNS bacteremia as the numerator (),
and R being the CNS bacteremia proportion (N/D), the logit
(CNS bacteremia) is log(NV/(D — N)) and its variance is 1/(D x
R % (1 - R)). Note that for any group with a zero event rate (N =
0), the addition of the continuity correction (i.e., N + 0.5) is
required to avoid indeterminate transformations of the logit
proportion and its variance. For each bacteremia type, the
benchmark is the summary incidence as derived in the cater-
pillar plot of the observational groups. This benchmark is used
as a reference line in the plot of the component groups from
the antibiotic and chlorhexidine-based studies.

Meta-regression

Meta-regression models for each of overall and CNS bac-
teremia incidence data was undertaken using random ef-
fects methods using the calculated logits and logit vari-
ances with the metareg command. Each meta-regression
model incorporates group level factors as predictors being

the type of study, observational or intervention, type of
intervention, being chlorhexidine- or antibiotic-based de-
contamination, and type of component group being mem-
bership of an observational group, a control group, or an
intervention group. For the antibiotic-based decontamina-
tion studies, whether the control groups were concurrent
versus non-concurrent to the intervention groups in the
study were additional predictor variables. All predictor
variables were entered into each model without any pre-
selection step. The meta-regression was repeated with the
following tests of sensitivity: firstly, using the method of
generalized estimating equations; secondly, including
studies which had been excluded because the mean length
of ICU stay was less than 4 days.

Results
Characteristics of the studies

Of the 52 studies identified by the search (Fig. 1), most were
sourced from previous searches (Table 1 [16, 17]), most were
published between 1985 and 2015, and a minority originated
from either North American or trauma ICU’s (Tables S1-S3,
available as Supplementary data). The majority of decontam-
ination studies originated from five systematic reviews as
listed in the ESM.

From 52 studies, 83 component groups were decanted with
31 groups from observational studies (Table S1), and 52
groups from studies of either chlorhexidine (Table S2) or
antibiotic-based (Table S3) decontamination regimens. Eight
studies had either no control group or more than one control,
intervention, or observational group. Most groups from obser-
vational studies had more than 600 patients per group versus
less than 120 patients in the majority of all remaining groups.
The majority of groups across all categories included patients
receiving prolonged mechanical ventilation.

Among the studies of antibiotic-based decontamination, 19
of'the 26 TAP regimens contained topical polymyxin. Among
the chlorhexidine decontamination methods, oropharyngeal
applications were used in four and body washings were used
in two studies.

The use of stringent diagnostic criteria for CNS bacteremia
(= 2 positive blood cultures) was reported among all the stud-
ies from North America (n = 15) versus most studies from the
rest of the world (25 of 46) and was similar over the thirty year
period. Any increase in CNS incidence over the period was
non-significant as a linear trend (Fig. S7).

Bacteremia overall

The level of protection apparent against overall bacter-
emia among the various decontamination interventions
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Table 1  Characteristics of studies

Variable

Observational (no intervention)

Chlorhexidine studies

Antibiotic studies

Non-concurrent control

Concurrent control

Supplemental material
Number of studies *

Origin from systematic review
Publication year (range)

LOS < 5 days (1) °

MV for > 48 h for < 90% °©
Trauma ICUs () ¢

Liver transplant ICU ©
Stringent criteria &

North American ICUs (n) ©

Patients per study group;
median (IQR)
Bacteremia prevention effect size
(summary odds ratio; 95% CI, n)
Overall bacteremia incidence
per 100 patients
* Observational or control
(mean; 95% CI,; n)
« Intervention (mean; 95% CI; n)
Overall S. aureus bacteremia
incidence per 100 patients
* Observational or control
(mean; 95% CI; n)
« Intervention (mean; 95% CI; n)
CNS bacteremia incidence per
100 patients

* Observational or control
(mean; 95% CI; n)
« Intervention (mean; 95% CI; n)

Table S1
26

4
1985-2014
2

10

19
11
680; 2062640

8.7;6.9-10.0 (31)

1.5; 1.1-2.0 (29)

1.8; 1.2-2.45%(31)

Table S2

6

3

20002016

0

1

0

4

2

114; 30-164

0.89; 0.74-1.05
(6); Fig. S1

5.2;2.4-10.9 (5)

6.3;5.2-8.3 (6)

2.7;12-5.7 (5)

1.3;1.1-1.8 (6)

24;1.6-3.2(5)

2.2;0.7-5.7 (6)

Table S3

6

1
1984-2018

S N O NN =

99; 59-925

0.78; 0.6-0.91
(7); Fig. S1

10.0; 4.7-19.8 (6)

10.9; 7.6-15.4 (23)

1.6; 0.4-5.7 (6)

2.4;13-47(23)

1.0;0.4-3.9 (6)

5.2;3.6-6.9 (24)

Table S3
24

11
1984-2018

1
3
4
6
7
3

90; 41-200

0.85; 0.66-1.09
(11); Fig. S1

19.8; 14.2-26.9 (10)
4.3;2.7-6.9 (10)

5.7;3.6-9.1 (11)

#Note: Several studies had one, > 1, or no control and or one or > 1 intervention group. Hence, the number of groups does not equal the number of studies

®LOS < 5 days = mean length of stay for the group of less than 5 days

MV for > 48 h for < 90% = studies for which less than 90% of patients were reported to receive > 48 h of MV

9 Trauma ICU arbitrarily defined as an ICU with more than 50% of admissions for trauma

“PPAP = protocolized parenteral antibiotic prophylaxis
fStudy originating from an ICU in the USA or Canada

€ Groups for which stringent criteria were applied for CNS bacteremia (e.g., an explicit statement that at least 2 positive blood cultures were required)

B This is the effect of overall bacteremia prevention

i Data is median and inter-quartile range (IQR) for numbers in the observation or control groups

i This is the overall CNS bacteremia benchmark as derived in Fig. S1

X For groups using > 2 positive blood culture as diagnostic criteria, the mean incidence is 1.3; 0.9-2.0 (23) versus 3.6; 1.8-6.9 (8) for those not using this

criteria (Fig. S5)

included here was statistically marginal (Table 1; Fig. S1).
The mean incidence of overall bacteremia (Fig. 2, Fig S2—
S3), and S. aureus bacteremia (Fig S4), was in each case
higher among the CC groups of the studies of antibiotic-
based decontamination methods versus the respective
mean bacteremia incidence among the observational

groups (Table 1).
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CNS bacteremia

The CNS bacteremia benchmark here is 1.8 per 100 patients
(Fig. S5). The mean incidence of CNS bacteremia was higher
among both the CC groups and the intervention groups of the
studies of antibiotic-based decontamination methods versus
the benchmark whereas the mean incidence derived from the
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other component group categories was each similar to this
benchmark (Table 1, Fig. 3, Fig. S7).

Among non-intervention (observational) studies which did
versus did not specify stringent diagnostic criteria, the mean
CNS bacteremia incidence per 100 patients (and 95% CI) is
1.3 (0.9-2.0; n = 23) versus 3.6 (1.8-6.9; n = 8), respectively.

Seven studies were excluded because the mean length of
stay was less than 4 days (Table S4). Among these studies, the
CNS bacteremia incidence was < 1% in eight groups of 2
multi-ICU studies of chlorhexidine decontamination methods
(131,986 patients) and > 1% in seven of eight groups of five
studies of antibiotic-based decontamination regimens (577 pa-
tients) (Table S4).

In a meta-regression model adjusting for all the group level
factors as detailed in Table 2, memberships of either a CC
control (p = 0.003) or an intervention (p = 0.002) group within
a study of antibiotic-based decontamination methods were
significantly associated with higher CNS bacteremia inci-
dence. The magnitude of this association was similar to that
of the significant association with the application of loose
versus stringent diagnostic criteria for CNS bacteremia. By
contrast, membership of an NCC control group (p = 0.37) of
an antibiotic-based decontamination study or membership of a
control or intervention group of a chlorhexidine-based decon-
tamination study (p = NS) was not associated with CNS bac-
teremia incidence.

Overall bacteremia proportion
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Fig. 2 Incidence of overall bacteremia versus benchmark. The overall
bacteremia incidence for the control (C, open symbols) and intervention
(L, solid symbols) component groups from studies of either chlorhexidine-
based or antibiotic-based methods versus the benchmark being the sum-
mary mean (central vertical line) derived from the observation studies
(open circles). The 95% confidence limits for mean incidence are shown
for each stratum. Among component groups of antibiotic studies are
control (CC and NCC) and intervention groups that received PPAP (solid
triangles) or intervention groups that received only TAP (solid circles).
All other control groups received neither (open circles). Note that the x-
axis is a logit scale. The plot is shown in more detail in Fig. S2
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Fig. 3 Incidence of CNS bacteremia versus benchmark. The CNS
bacteremia incidence for the component groups from studies of either
chlorhexidine-based or antibiotic-based methods versus the benchmark
being the summary mean (central vertical line) derived from the observa-
tion studies (open circles). Symbol coding is as in the Fig. 2 legend. Note
that the x-axis is a logit scale and the continuity correction is used to
enable a plot of those groups with a zero count. The plot is shown in
more detail in Figs. S5 and S6

Discussion

The CNS bacteremia benchmark derived here is 1.8% (Table 1).
The incidence is higher among studies applying less stringent
diagnostic criteria for CNS bacteremia and among both inter-
vention and CC control (but not NCC control) groups of
antibiotic-based decontamination studies. The incidence in stud-
ies of ICU populations with a short mean length of stay, which
were excluded from the analysis, is usually lower (Table S4).

Being an uncommon and variably defined end-point, the
study of CNS bacteremia and the identification of risk factors
is challenging. This study attempts to provide a novel, group
level perspective on the impact of various exposures on CNS
bacteremia incidences reported in the ICU literature. The ex-
posures of interest here, decontamination interventions and
diagnostic criteria for CNS bacteremia, can be regarded as
group allocated. That is, they are received, or not, by all mem-
bers of the group. Moreover, the control groups of the SDD/
SOD studies may or may not be concurrent to an ICU context
in which topical antibiotic is in use. This arrangement enables
testing the concurrency of control patients to TAP use in the
ICU environment might serve as a contextual exposure. In this
regard, the studies here can be regarded as a natural experi-
ment resembling a cluster-randomized trial [18].

Natural experiments are those in which a differential pop-
ulation exposure, often unplanned, enables an analysis of con-
sequences, often unforeseen, which otherwise might be diffi-
cult to study. For harmful outcomes, the intervention might
otherwise be unethical to undertake as an intentional study.
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Table 2 Meta-regression

models®?© Overall bacteremia CNS bacteremia
Factor Coef!  95% CI p Coefd  95% CI P
Groups from observational -23 -30to—1.6 0.001 —-4.1 —-50to—-3.1 0.001

studies (reference group)
Chlorhexidine studies

* Control groups -055 —15t0+0.40 0.25 -004 —12to+1.09 0.94

* Intervention groups -046 —135to+044 0.31 -003 —-105t0+098 095
Antibiotic studies

* NCC control groups -0.09 -0.68t0+0.86 0.82 -046 —149t0o+0.57 037

* CC control groups +0.80 +0.15to+ 1.46 0.017 +1.15 +041to+19 0.003

* Intervention groups +022 —-0.27t0+0.70 0.37 +0.88 +033to+ 142 0.002
MV for >48 h for > 90% °© +022 —-027t0+0.70 0.37 +025 —-027t0+0.78 034
Stringent diagnostic criteria © -053 -0.16to—042 0.034
Year of publication £ -0.09 —034t0+0.15 043 +0.13 —0.18t0+037 0.38

 These models are derived using random effects methods. The findings from a generalized estimating equation
model were similar (data not shown)

® JCU intensive care unit, LOS length of ICU stay, NCC non-concurrent control, CC concurrent control, MV
mechanical ventilation

¢ Repeating the meta-regression model to incorporate two senstivivity tests as mentioned in the methods gave
similar findings

9 Interpretation. For each model, the reference group is the observational study (benchmark) groups and this
coefficient equals the difference in logits from 0 (a logit equal to 0 equates to a proportion of 50%; a logit equal
to — 2.2 equates to a proportion of 10%; a logit equal to — 4.6 equates to a proportion of 1%) and the other
coefficients represent the difference in logits for groups positive for that factor versus the reference group

°The coefficient representing the increment for groups for which > 90% of patients received mechanical venti-
lation for > 48 h

"The coefficient representing the increment for groups with stringent diagnostic criteria for CNS bacteremia

(documented in at least two blood cultures)

€ Year of study publication with the coefficient representing the increment for each decade post 1980

Examples of natural experiments with population-wide expo-
sures to antibiotics are rare [19].

This natural experiment enables a study of the impact of var-
ious exposures on CNS bacteremia in this patient population.
Most studies here were undertaken among ICU patients receiving
MV with the ventilator-associated pneumonia incidence being
the foreseen end-point. Only in the last decade has the overall
bacteremia incidence among the broader ICU patient population
including those without MV emerged as a primary study end-
point among these decontamination studies. The CNS bacteremia
incidence was the primary end-point for none of the studies here.

This natural experiment recapitulates previous analyses of
these studies of decontamination interventions that have found
multiple paradoxical observations [20—22]. Specifically, several
bacteremia and other end-points are higher among concurrent
control (CC) groups versus non-concurrent control (NCC)
groups of SDD/SOD studies presumably in association with
contextual (indirect) exposure to the TAP use within the ICU.

Limitations

There are five key limitations to this analysis. Firstly, there are
multiple decontamination agents, regimens, and strategies and

@ Springer

not all studies were sourced from systematic reviews. Second,
the studies have been published over three decades with conse-
quent heterogeneity in the populations and study designs. Several
had novel study designs with one or more intervention groups
and either one or no control group. Hence, given these two lim-
itations, the summary effect sizes derived here as displayed in
Fig. S1 are indicative and intended for internal reference only. Of
note, however, is that the summary effect estimates of these
decontamination interventions on overall bacteremia here is sim-
ilar to that in recent respective systematic reviews [14, 15].

Thirdly, the analysis is inherently observational and there is no
ability to adjust for differences between groups in underlying
patient-level risk. By benchmarking the incidences of CNS bac-
teremias in the component groups of studies of decontamination
studies versus studies of comparable patient groups in the litera-
ture, this analysis takes a group level rather than patient-level
approach to examine the question of risk factors. Of note, the
strength of an exposure as a risk factor will differ for a subject-
specific estimate, as in a case control study, versus a population-
averaged estimate, as in the analysis here. The latter estimate
could be expected to be weaker.

Fourthly, the allocation to decontamination in several stud-
ies was either cluster-randomized or non-random, more so for
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NCC studies. Moreover, exposure to other potential risk fac-
tors for CNS bacteremia would likely have occurred among
the patients in all groups and remains unmeasured. For exam-
ple, antibiotic therapies given as therapeutic interventions may
be a compounding factor towards the acquisition of CNS col-
onization and bacteremia. Moreover, any association with
prolonged mechanical ventilation prevalence may represent
mechanical ventilation serving as a surrogate marker for other
invasive devices, such as prevalence of central venous line
use. These unspecified and unmeasured exposures would like-
ly bias the findings here towards the null.

Finally, are the findings here robust to possible publication
bias and undiscovered data? There are at least another ~
17,000 control and intervention group patients among two
large studies of SDD/SOD in the literature for which CNS
bacteremia data was not available [23, 24]. Assuming inci-
dences equivalent to 1.3% (i.e., stringent criteria) would give
an additional 221 CNS bacteremias. Tallying these hypothet-
ical with the known CNS bacteremias (n = 555) among the
10,986 intervention and CC control group patients of the
SDD/SOD studies as noted here (Table S3) would give 776
CNS bacteremias among a hypothetical total of 27,986
(10,986 + 17,000) patients for an overall hypothetical inci-
dence of 2.8%, which does not quench the excess.

The findings here are generally consistent with findings
reported elsewhere. A non-randomized study of SDD among
hematology patients found substantial differences in CNS
bacteremia incidence defined using stringent criteria among
the 313 bacteremia isolates over 6 years [25]. The CNS bac-
teremia incidence rate was approximately sixfold higher in
hematology wards using versus not using SDD. While the
time trend here was not significant, other studies have found
an increasing incidence of CNS bacteremia over this time
period [1-3]. The findings with overall bacteremia here re-
semble the findings for overall bacteremia among larger
panels of > 100 studies [16, 17]. Moreover, the findings with
S. aureus bacteremia here resemble the findings for S. aureus
VAP among a larger panel of 198 studies [22].

The likely explanation for the high incidence of CNS bac-
teremia within the concurrent control and intervention groups
of SDD/SOD studies is through an altered ICU ecology as an
indirect effect of antibiotic use. Moreover, there is a rebound
colonization following withdrawal of SDD/SOD and whether
CNS forms part of this rebound remains unclear [26]. The
effect of ICU contextual, or “whole-of-ICU,” exposure can
be difficult to estimate except as a natural experiment [27].

Conclusion

Decontamination studies among adult ICU patients provide a
natural experiment of group level risk factors for CNS bacter-
emia. Surprisingly, CNS bacteremia is increased in both

intervention and CC but not NCC groups of the antibiotic
but not chlorhexidine decontamination studies versus groups
from studies without an intervention in the literature. This
implicates an indirect effect of antibiotic use on CNS bacter-
emia within the ICU context. The size of this effect appears to
equal or exceed the size of several other key determinants.
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