European Journal of Pediatrics (2020) 179:1247-1254
https://doi.org/10.1007/s00431-020-03598-4

ORIGINAL ARTICLE

®

Check for
updates

Pseudomonas aeruginosa bloodstream infections in children:
a 9-year retrospective study

Benoit Pilmis > - Fanny Alby-Laurent” - Maria Letizia Fasola®* - Valérie Seegers® - Romain Guery' -
Héléne Guet-Revillet® - Martine Postaire” - Julie Toubiana®* - Emmanuelle Bille® - Olivier Lortholary ' .
Jean-Ralph Zahar??

Received: 4 June 2019 /Revised: 24 January 2020 / Accepted: 27 January 2020 / Published online: 21 February 2020
© Springer-Verlag GmbH Germany, part of Springer Nature 2020

Abstract
P, aeruginosa bloodstream infection (BSI) is associated with high hospital mortality. Empirical combination therapy is com-
monly used, but its benefit remains debated. The purpose of this study was to describe in a paediatric population, demographical
characteristics and outcome of children treated for P. aeruginosa BSI receiving either a combined or single antibacterial therapy.
We performed a retrospective, single-centre, cohort study of hospitalized children with P. aeruginosa BSI from 2007 to 2015. A
total of 118 bloodstream infections (BSI) were analysed (102 (86.4%) hospital-acquired, including 52 (44.1%) hospitalized in
intensive care unit). In immunocompromised children, 52% of BSI episodes were recorded. Recent medical history revealed that
68% were hospitalized, 31% underwent surgery and 67% had a prior antibiotic therapy within the last 3 months. In-hospital
mortality was similar for patients receiving single or combined anti-Pseudomonas therapy (p = 0.78). In multivariate analysis,
independent risk factors for in-hospital mortality were neutropenia (OR = 6.23 [1.94-20.01], hospitalization in ICU (OR =5.24
[2.04-13.49]) and urinary tract infection (OR =4.40 [1.02-19.25]).

Conclusion: P. aeruginosa BSI mainly occurred in immunocompromised children. Most infections were hospital-acquired
and associated with high mortality. Combination therapy did not improve survival.

What is Known:
* P aeruginosa bloodstream infection (BSI) is associated with high hospital mortality. Empirical combination therapy is commonly used but its benefit
remains debated.

What is New:

* This is the largest cohort of Pseudomonas aeruginosa bacteraemia in children ever published. P. aeruginosa Bloodstream mainly occurred in
immunocompromised children. Most infections were hospital-acquired and associated with high mortality. Combination therapy did not improve
survival.

Keywords Bloodstream infections - Pseudomonas aeruginosa - Mortality - Combination therapy - Immunocompromised

Abbreviations HA Hospital-acquired
BSI Bloodstream infections ICU Intensive care unit
CA Community-acquired OR Odd ratio
CBEU Cytobacteriological examination of the urine
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Bacillus, was first isolated from green pus by Gessard in
1882. Pseudomonas aeruginosa causes severe nosocomial in-
fections, especially in immunocompromised patients, and is
often resistant to antibiotics. Therefore Pseudomonas
aeruginosa bloodstream infection (BSI) appears as a serious
event [1, 2]. In addition, severity of Pseudomonas aeruginosa
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BSI increased when the source of infection is unknown. The
clinical outcomes of severe infections are strongly associated
to multiple factors such as underlying host disease or condi-
tion, severity of infection (septic shock), antibiotic appropri-
ateness within the first 24 h, the presence of invasive devices
and the development of septic metastasis [3]. Pseudomonas
aeruginosa BSI is associated with high mortality rate com-
pared to infection due to other Gram-negative organisms
reaching 16.2% in Osmon’s study and results in substantial
healthcare costs [4]. Indeed, in a recent study among haema-
tological patients, Pseudomonas aeruginosa BSI was associ-
ated with an increased risk of death (OR =3.7 [1.98-6.95];
p<0.01) compared to that observed for other Gram-negative
rods [5]. In a study conducted by Hilf et al., including 200
consecutive patients with Pseudomonas aeruginosa BSI, it
has been shown that the prognosis was closely related to the
primary site of infection, and mortality seems usually higher
when associated to a pulmonary infection [6]. The most recent
Surviving Sepsis guidelines [7] recommend empirical combi-
nation therapy, particularly for patients with known or
suspected Pseudomonas infections, as a means to decrease
the likelihood of administering inadequate empirical antimi-
crobial therapy. However, it has not been clearly established
whether appropriate empirical antimicrobial therapy truly im-
proves survival in cases of suspected Pseudomonas
aeruginosa bacteraemia [8—11]. Prior studies on
Pseudomonas aeruginosa BSI varied in how they defined
appropriate antimicrobial therapy and did not specifically an-
alyse the influence of administering combination antimicro-
bials agents on prognosis [12]. There have been few studies
focusing on P. aeruginosa BSI in paediatric patients. Herein,
we describe the clinical and epidemiological features of
P aeruginosa BSI in children and the influence of combined
therapy on Pseudomonas aeruginosa BSI outcome.

Materials and methods

We performed a single-centre retrospective study at Necker-
Enfants Malades University Hospital in Paris. Medical and
bacteriological data were retrospectively collected from both
paper and electronic records covering a 9-year period from
2007 to 2015. Data were extracted from children’s medical
records and computerized hospital databases according to a
predefined case report form. The following items were col-
lected: demographical, microbiological data (prior hospitali-
zation, antibiotic therapy or surgical procedures during the
past 12 weeks, ward of hospitalization, current treatment,
source of infection, time for blood culture’s positivity, out-
come), and antibiotic therapy data (mono or combined thera-
Py, treatment duration). All children, excluding neonates who
underwent Pseudomonas aeruginosa BSI, were included.
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Definition
Bloodstream infection

An episode of Pseudomonas aeruginosa BSI was defined as
the presence of the microorganism in blood culture along with
clinical evidence of infection. Mixed BSI was excluded. Any
positive blood culture after completion of antibiotic therapy
was considered as a new bacteraemic episode. In case of more
than one episode of BSI during the study period, only the first
event was included. The setting of infection was classified as
hospital-acquired (HA) or community-acquired onset (CA).
Among the latter, healthcare-acquired were defined according
to Friedman’s definition [13]. Sepsis was defined according to
bone criteria [14].

Prior antimicrobial therapy

Prior use of any antimicrobial was retained in case of any
administration within the past 3 months before admission
whatever its duration and dosage. Moreover, any surgical in-
tervention or hospitalization within the last 3 months was
recorded.

Neutropenia was defined as an absolute neutrophil count <
500/mm3 at the onset of the infection.

Sites of infections

Sites of infections were defined according to the CDC surveil-
lance definitions [15]. BSI in children with an unknown
source despite extensive work-up (CBEU, pulmonary imag-
ing, catheter-drawn blood samples) were classified as
undefined.

Categories of antimicrobial treatment

Monotherapy consisted of treatment with one of the following
antipseudomonal antimicrobials: ticarcillin £+ clavulanate,
piperacilline + tazobactam, ceftazidime, cefepime, imipenem,
meropenem, aztreonam or ciprofloxacin. Combination thera-
py consisted of the administration of ticarcillin + clavulanate,
piperacilline + tazobactam, ceftazidime, cefepime, imipenem,
meropenem and aztreonam with either an aminoglycoside
(gentamicin or amikacin) or ciprofloxacin [16]. Empirical
antipseudomonal therapy was defined as treatment that in-
cluded at least one antipseudomonal agent and that was started
no later than 24 h after the index positive blood sample for
culture had been drawn. Definitive antipseudomonal therapy
was defined as treatment that included at least one
antipseudomonal agent and that was continued or commenced
on the day that the antibiogram results were reported to the
clinicians.
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Microbiological cure

In our institution, repeat blood culture is a standard practice
for patients with bloodstream infections. Microbiological cure
was defined as negative blood culture 48-72 h after start of
antibiotic therapy and no relapse after treatment completion.

Statistical analysis

Qualitative variables were presented as numbers (frequencies)
and were tested using chi-square tests or Fischer exact tests.
Continuous variables were presented as median (interquartile
range) and were compared using exact t test, Mann Whitney
or Kruskal-Wallis tests when appropriate.

The risk factors associated with mortality were assessed
with a logistic regression model, and the Wald test was used
to test the significance of coefficient. All variables with p
value < 0.3 in univariate analysis were included in a multivar-
iate analysis. The final multivariate model was selected using
a backward and forward stepwise selection procedure, based
on Akaike Information Criterion (AIC). A difference was con-
sidered as significant at a level of 5% (alpha risk). All statis-
tical analyses were performed with R software, version 3.2.2
[17].

Results

During the 9-year period, 118 children developed
Pseudomonas aeruginosa BSI at Necker-Enfants Malades
University Hospital, representing 3% of BSI. Patients’ char-
acteristics are detailed in Table 1. Antimicrobial susceptibility
changes of Pseudomonas aeruginosa from 2007 to 2015 are
presented in Tables 2 and 3. Briefly, the median age of the
population was 1.5 year [0.4—4.3], and 64 (54%) patients were
boys. Almost half BSI episodes were recorded in immuno-
compromised children (62; 52%). Among them, 43 (36%),
19 (16%) and 5 (4%) had immunosuppressive treatment, neu-
tropenia or malignancy, respectively. A patient could have
multiple immunosuppression. Regarding the underlying con-
ditions, 9 (8%) presented chronic lung disease, and 4 (3%) had
urinary malformation. Most infections occurred in intensive
care units (ICU) and medical departments (52, 44%), followed
by surgical departments for 14 patients (12%). A total of 102
(86%) children had a hospital-acquired infection, and the me-
dian time between admission and infection was 15 days
[5.25-52]. Among patients with a hospital-acquired infection,
47 (40%), 43 (36%) and 12 (10%) were hospitalized in ICU,
medical and surgical unit, respectively. In the 16 (14%) com-
munity onset infections, 14 (12%) were considered
healthcare-associated infections. Regarding prior medical his-
tory, 80 (68%) patients were hospitalized within the last
3 months, 37 (31%) underwent surgery, and 79 (67%) had a

previous antibiotic therapy. Among 118 cases, 84 (71%) and
34 (29%) cases presented with sepsis and septic shock, respec-
tively. Catheter-related infection was the most frequent source
of infection (31%), followed by primary bloodstream infec-
tion (22%), respiratory tract infection (17%) and skin and soft
tissue infections (15%).

When referring to treatment, we observed that antibiotic
treatment against Pseudomonas aeruginosa was started within
an average of 12+20.64 h after the first positive blood
culture.

A total of 113 children (96%) were given appropriate em-
pirical therapy, which included combination therapy in 93
(79%) and single therapy in 20 (17%). Among the 108 chil-
dren (92%) who were treated with appropriate definitive
targeted treatment according to antibiotic test susceptibility,
75 (69%) were given combination therapy, and 33 (31%) were
given single therapy (data presented as supplemental data in
Table S1). Among the 93 patients who received combined
antibiotic therapy, the most frequent combination consisted
in a (3-lactam with an aminoglycoside (79, 85%) followed
by a (3-lactam with a fluoroquinolones (10, 11%). The mean
duration of combination antibiotic therapy was 5.9 days (+
6.1 days). The overall clinical and microbiological cure rates
were 69 (81/118) and 96% (113/118), respectively. Blood cul-
ture became negative within a median of 2 days (1-3 days)
after appropriate treatment. Median duration of treatment was
14 days [10-15 days], and median duration of hospitalization
was 39 days [18-139 days]. Mortality rate was 31.4% (37
patients) without differences between patients treated with
single antibiotic therapy (75.6%) and those treated with com-
bined antibiotic therapy (80.2%; p = 0.62). Furthermore, there
was no statistical difference in hospital mortality between pa-
tients receiving appropriate initial empirical antimicrobial
treatment with a single anti-Pseudomonas drug and patients
treated with a combined antibiotic therapy in multivariate
analysis. Similarly, for appropriate definitive antimicrobial
treatment, there was no statistical difference in hospital mor-
tality among patients receiving monotherapy or combined an-
tibiotic therapy in multivariate analysis (Table 1).

We also attempted to identify risk factors for mortality,
which are summarized in Table 4. In univariate analysis ad-
mission department, septic shock and neutropenia were asso-
ciated with poor outcome. The following variables are as fol-
lows: admission department, septic shock, neutropenia and
urinary tract infection as source of infection and age were
integrated in multivariate model. In multivariate analysis after
logistic regression, neutropenia (OR =6.23 IC 95% [1.94—
20.01]; p=0.002) hospitalization in intensive care unit
(OR=5.241C 95% [2.04-13.49]; p = 0.006) and urinary tract
infection as source of bacteraemia (OR =4.40 IC 95% [1.02—
19.25]; p=0.04) were associated with higher mortality.
Interestingly, severity of infection and healthcare-associated
status were not statistically different among patients receiving
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Table 1  Demographic characteristics, comorbidities, treatment and outcome data in 118 children with P. aeruginosa bacteraemia

Characteristics Total Monotherapy Combined therapy p value
(n=118) (n=20) n=93)
Hospital-acquired infection, n (%) 102 (86.4)
Gender
Boys, n (%) 64 (54.2) 11 (55) 50 (53.7) 1
Girls, n (%) 54 (45.8) 9 (45) 43 (46.3) -
Median age in years (IQR) 1.48 (0.38-4.36) 1.69 [0.5-4.8] 1.5[0.4-4] 0.83
Preexisting medical conditions,
Immunosuppression, #n (%) 62 (52.5) 10 (50) 49 (52.7) 1
Neutropenia (neutrophils< 0.5 x 10°/L), n (%) 19 (16.1) 3(15) 14 (15) 1
Chronic lung disease, n (%) 9 (7.6) 2 (10) 7(7.5) 0.65
Urinary malformation, n (%) 4 (3.4) 1(5) 33.2) 0.54
Hospital admittance department
Medical department, 1 (%) 52 (44) 11 (55) 41 (44.1) 0.46
Intensive care unit, 7 (%) 52 (44) 5(25) 43 (46.2) 0.13
Surgical department, n (%) 14 (12) 4 (20) 9(9.7) 0.24
Clinical status
Sepsis, 1 (%) 83 (70.3) 16 (80) 63 (67.8) 0.42
Septic shock, n (%) 35(29.7) 4 (20) 30(32.2) -
Source of infection
Catheter related infection, n (%) 36 (30.5) 7 (35) 29 (31.2) 0.79
Primary bacteraemia, n (%) 26 (22) 4 (20) 20 (21.6) 1
Respiratory tract infection, n (%) 21 (17.8) 2 (10) 17 (18.3) 0.52
Skin and soft tissue infection, 7 (%) 18 (15.3) 4 (20) 14 (15) 0.52
Urinary tract infection, n (%) 10 (8.6) 0(0) 9 (9.6) 0.35
Digestive tract infection, n (%) 6(5) 2 (10) 4(4.3) 0.28
Other, n (%) 1(0.8) 1(5) 0 (0) 0.17
Risk factors for infection
Hospitalization within 3 months, 7 (%) 80 (67.8) 16 (80) 62 (66.7) 0.29
Prior antibiotic therapy within 3 months, n (%) 79 (66.9) 13 (65) 64 (68.8) 0.79
Prior surgical intervention within 3 months, 7 (%) 37 (31.3) 8 (40) 28 (30.1) 0.43
Median time from admission to positive blood culture days, 18 [8-57] 18 [3.5-56.5] 15 [6-51] 0.88
median [IQR]
Empirical antibiotic therapy
Monotherapy, 1 (%) 20 (16.9) - - -
Combined antibiotic therapy, n (%) 93 (78.8) - - -
No treatment, n (%) 54.3) - - -
Empirical anti-Pseudomonas drugs
Cephalosporins (ceftazidime, cefepime), n (%) 38 (32.2) 9 (45) 29 (31.2) 0.29
Carbapenems, n (%) 27 (22.9) 5(25) 22 (23.6) 1
Aminoglycosides, n (%) 80 (67.8) 0 (0) 80 (86) <0.01
Ureidopenicillin, n (%) 45 (38.1) 6 (30) 39 (42) 0.45
Fluroquinolones, n (%) 16 (14.8) 0 (0) 16 (17.2) 0.12
Outcome
Median time for blood culture negativation, day, median [IQR] 2 [1-3] 2 [1-3] 2 [1-3.75] 0.92
Median time for apyrexia, day, median [IQR] 3[2-5.5] 1[0.75-2.5] 2 [2-4] 0.72
Median duration of hospitalization, days median (IQR) 39 (18-139) 54 [16.25-143.5] 41 [19.75-143] 0.99
Death, n (%) 37 (31.4) 6 (30) 28 (30.1) 1
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Table 2 Susceptibility of Pseudomonas aeruginosa isolated obtained from clinical samples to 8 antimicrobials from 2007 to 2015
Organism/drugs 2007 2008 2009 2010 2011 2012 2013 2014 2015
% S % S % S % S % S % S % S % S % S
P. aeruginosa n=248 n=362 n=310 n=319 n=352 n=389 n=318 n=283 n=255
(n=2836)
Amikacin 93 89 92 95 95 94 94 97 98
Ticarcillin 79 75 82 81 79 72 74 63 86
Piperacillin 92 88 94 95 95 93 94 95 94
Piperacillin/tazobactam 93 89 95 95 95 94 95 95 94
Ceftazidim 94 92 95 96 95 93 95 95 95
Imipenem 90 85 85 85 82 70 77 82 85
Aztreonam 90 85 85 82 84 79 79 - -
Ciprofloxacin 93 94 95 94 95 91 91 96 95

combination antimicrobial therapy directed against
Pseudomonas aeruginosa compared to those receiving
monotherapy.

Discussion

This single-centre, retrospective study sought to determine clin-
ical characteristics and influence of antibacterial strategy on mor-
tality of children with Pseudomonas aeruginosa BSI. Literature
describing risk factors for mortality in children with BLSI is
scarce. As previously described, in adult population,
Pseudomonas aeruginosa BSI in our study occurred mostly in
immunocompromised children and were mostly healthcare-
acquired and associated with a high mortality [18-21]. We ob-
served that neutropenia, hospitalization in ICU and urinary tract
infection were independent risk factors for in-hospital mortality.
In addition, there was no difference in hospital mortality between
appropriate single therapy and combination therapy.

Most of Pseudomonas aeruginosa BSI were severe late
hospital-acquired infections. Only 16 patients had a community
onset infection including 62% (10/16) that were healthcare-ac-
quired. As previously reported in patients with neutropenia, more

than 20% of Pseudomonas aeruginosa episodes were primary
BSI. The latter is mainly due to pulmonary infections and
bacteraemia during periods of neutropenia [22]. The overall mor-
tality rate among our patients was 37%. This relatively high death
rate was similar to those reported in the literature for
Pseudomonas aeruginosa BSI in adult populations. Indeed
Kang et al. [23] and Chamot et al. [24] each reported a compa-
rable 30-day mortality rate of 39%. This high mortality might be
related to the severity of the infections with septic shock (29%),
intensive care unit hospitalization (44%) and the high rate of
severely immunocompromised hosts (53%). Moreover 4 patients
died from Pseudomonas aeruginosa bacteraemia, among 6 pa-
tients with mixed immunosuppression (cellular and humoral).
In the present study, independent risk factors for poor outcome
were neutropenia and initial clinical severity. Despite the severity
of the infection, combination therapy for the treatment is still
discussed. Surprisingly, we did not find a beneficial effect of
combination therapy on the outcome of our patients. However,
host factors and severe ill situations are confounding factors that
may influence physician’s choice for combination therapy or
single agent therapy. This phenomenon could partially explain
the absence of positive effect of combination therapy in our
study. Our data suggest that combination therapy tended to be

Table 3 Susceptibility of

Pseudomonas aeruginosa Organism/drugs 2007 2008 2009 2010 2011 2012 2013 2014 2015

isolated from our cohort to 8 %S %S % S %S %S %S % S % S % S

antimicrobials P aeruginosa (n=2836) n=7 n=11 n=11 n=18 n=7 n=20 n=15 n=13 n=16
Amikacin 100 91 100 100 100 91 80 92 100
Ticarcillin 71 91 91 83 100 62 53 62 75
Piperacillin 71 91 91 94 100 85 87 100 88
Piperacillin/tazobactam 71 91 91 94 100 85 87 100 88
Ceftazidim 86 100 91 89 100 88 87 100 88
Imipenem 86 91 91 89 71 59 60 85 81
Aztreonam 71 91 91 83 100 76 60 46 0*
Ciprofloxacin 100 91 100 100 100 82 80 85 94

* Disappearance of the sensitive classification in the EUCAST guidelines
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Table 4 Risk factors for death among children with P. aeruginosa bacteraemia

Characteristics Dead (n=37) Alive (n=281) Univariate analysis Multivariate analysis Odds ratio
(p value) (p value)
Age, years, median [IQR] 1[0.1-2.8] 1.3 [0.44-4.1] 0.112 - -
Male sex, n (%) 23 (62.1) 41 (50.6) 031 - -
Admission department
Medical department, 1 (%) 13 (35.2) 39 (48.1) 0.004 - -
Surgical department, n (%) 0(0) 14 (54.3) 0.23 - -
Intensive care unit, n (%) 24 (64.8) 28 (34.6) 0.002 0.006 5.24 (2.04-13.49)
Septic shock, n (%) 16 (43.2) 19 (23.5) 0.049 - -
Underlying conditions
Immunosuppression, 7 (%) 24 (64.8) 38 (46.9) 0.07 - -
Neutropenia, n (%) 11 (29.7) 8(9.8) 0.01 0.002 6.23 (1.94-20.01)
Source of infection
Catheter related infection, n (%) 9(24.3) 27 (33.4) 0.39 - -
Urinary tract infection, n (%) 6 (16.3) 4(4.9) 0.06 0.04 440 (1.02 - 19.25)
Pulmonary infection, n (%) 9(24.3) 12 (14.9) 0.29 - -
Skin and soft tissue infection, 7 (%) 2(5.4) 16 (19.9) 0.054 - -
Digestive tract infection, n (%) 3(8.1) 3(3.8) 0.37 - -
Primary bacteraemia, n (%) 8 (21.6) 18 (21.8) 1 - -
CNS infection, n (%) 0 (0) 1(1.3) 1
Combined antibiotic therapy 28 (75.6) 65 (80.2) 0.62

CNS central nervous system

administered to patients with more severe clinical presentation. In
addition, antibiotic susceptibility data in our centre show a low
proportion of strains resistant to conventional antibiotics. This
may lead to discuss the value of combination therapy in centres
with higher levels of antibiotic resistance. Combination therapy
could increase the proportion of initial antibiotic therapy adequa-
cy, and a switch to monotherapy could be justified after receipt of
antibiotic susceptibility tests. From previous studies, combination
antibiotics as empirical therapy had been associated with higher
appropriateness [25]; however, in case of definitive therapy, it
seems that combination therapy does not add any benefit [10,
24, 26-28].

Furthermore, combination therapies have been put forward
to decrease the rate of resistance evolution, but few studies
have investigated it, and experimental data on the beneficial
effect of combination therapy are conflicting [29]. A recent
study showed that combination therapy with ceftazidime and
ciprofloxacin selected for mutants displayed broad-spectrum
resistance by mutational inactivation of the repressor gene
mexR that regulates the multidrug efflux operon mexAB-
oprM [30]. This is a key point of our study: With the emer-
gence of multidrug-resistant Pseudomonas aeruginosa, it is a
challenge to all physicians in choosing the best strategy for
their children. As suggested by Martinez [31], combination
therapy reduces the risk of inadequate initial antibiotic therapy.

@ Springer

In conclusion, in this single-centre study, treatment with
combined antibiotic therapy did not reduce overall mortality
compared with single-drug antibiotic therapy in children, even
those with severe initial clinical presentation and/or underly-
ing disease(s). The results are in agreement with previous
studies in adults and suggest that combination therapy as em-
piric treatment increased the chance of therapeutic adequation
but is not a decisive factor in the prognosis or BSI-PA after
susceptibility test results [32]. This information is important in
a period of increase of global antibiotic resistance among
Pseudomonas aeruginosa isolates.
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