
RESEARCH ARTICLE Open Access

Bacterial co-infection of the respiratory
tract in ventilated children with
bronchiolitis; a retrospective cohort study
Hanke M. G. Wiegers1, Lisa van Nijen1, Job B. M. van Woensel1, Reinout A. Bem1, Menno D. de Jong2 and
Job C. J. Calis1*

Abstract

Background: Viral bronchiolitis is the most common cause of respiratory failure requiring invasive ventilation in
young children. Bacterial co-infections may complicate and prolong paediatric intensive care unit (PICU) stay. Data
on prevalence, type of pathogens and its association with disease severity are limited though. These data are
especially important as bacterial co-infections may be treated using antibiotics and could reduce disease severity
and duration of PICU stay. We investigated prevalence of bacterial co-infection and its association with disease
severity and PICU stay.

Methods: Retrospective cohort study of the prevalence and type of bacterial co-infections in ventilated children
performed in a 14-bed tertiary care PICU in The Netherlands. Children less than 2 years of age admitted between
December 2006 and November 2014 with a diagnosis of bronchiolitis and requiring invasive mechanical ventilation
were included. Tracheal aspirates (TA) and broncho-alveolar lavages (BAL) were cultured and scored based on the
quantity of bacteria colony forming units (CFU) as: co-infection (TA > 10^5/BAL > 10^4 CFU), low bacterial growth
(TA < 10^5/BAL < 10^4 CFU), or negative (no growth). Duration of mechanical ventilation and PICU stay were
collected using medical records and compared against the presence of co-infection using univariate and
multivariate analysis.

Results: Of 167 included children 63 (37.7%) had a bacterial co-infection and 67 (40.1%) low bacterial growth. Co-
infections occurred within 48 h from intubation in 52 out 63 (82.5%) co-infections. H.influenza (40.0%), S.pneumoniae
(27.1%), M.catarrhalis (22.4%), and S.aureus (7.1%) were the most common pathogens. PICU stay and mechanical
ventilation lasted longer in children with co-infections than children with negative cultures (9.1 vs 7.7 days, p = 0.04
and 8.1vs 6.5 days, p = 0.02).

Conclusions: In this large study, bacterial co-infections occurred in more than a third of children requiring invasive
ventilation for bronchiolitis and were associated with longer PICU stay and mechanical ventilation. These findings
support a clinical trial of antibiotics to test whether antibiotics can reduce duration of PICU stay.
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Background
Bronchiolitis is a common respiratory condition in
young children associated with a high morbidity. It is
caused by viral infections, Respiratory Syncytial virus
(RSV) being the commonest cause in hospitalized chil-
dren [1]. The clinical picture of these infections ranges
from mild symptoms to respiratory distress requiring
hospitalization for supportive therapy [2]. About 10% of
hospital admissions for RSV infection are so severe that
invasive ventilation in a Pediatric Intensive Care Unit
(PICU) is needed [3].
Although several risk factors for a more severe course

of bronchiolitis have been identified, including cardiac
disease, chronic lung disease, prematurity, this only
partly explains why some children with bronchiolitis
have severe respiratory failure and require mechanical
ventilation [4].
Previous studies suggested that bacterial co-infections

may be associated with a more severe course, though de-
finitive evidence is lacking [5–8]. This is of particular
interest as current treatment strategies for severe bron-
chiolitis are only supportive, whereas bacterial co-
infections can be treated with antibiotics and thus could
reduce morbidity.
The aim of this study is to investigate the prevalence

and types of bacterial co- infection of the respiratory
tract in children with bronchiolitis requiring invasive
ventilation. We further investigated whether bacterial
co-infection was associated with a prolonged duration of
mechanical ventilation and PICU stay. Finally, we ana-
lysed whether bacterial co-infection can be predicted
using clinical or laboratory markers such as C-Reactive
Protein (CRP).

Methods
Design, setting and patients
This is a retrospective cohort study of children requiring
invasive ventilation in the PICU of the Emma Children’s
Hospital/Academic Medical Center Amsterdam, be-
tween December 2006 and November 2014. The PICU
is a 14-bed, tertiary unit, serving the greater Amsterdam
area in the Netherlands.
Patients less than 2 years of age who were clinically di-

agnosed with bronchiolitis and required invasive mech-
anical ventilation were included. In the Netherlands
patients are referred to the PICU if they (are expected
to) require (non) invasive ventilation. Diagnoses were
scored on discharge by the attending PICU consultant
and stored in an automated database containing all
PICU admissions.

Data collection
A standardised questionnaire was completed using data
from the electronic patient chart that automatically

recorded vital signs, ventilator settings; and collected
medication given (Metavision®). An electronic patient
chart was used to gather demographic data, previous
medical history, physical examination on admission, la-
boratory results, chest X-ray on admission, microbio-
logical results, and outcome parameters. The mechanical
ventilation duration was defined as the cumulative
period of invasive ventilation and non-invasive ventila-
tion. If extubation failed the cumulative periods of (non-
)invasive ventilation was used.

Sampling and laboratory techniques
Viral
Nasal specimens were collected and used for DNA ex-
traction and multiplex PCR as previously described [9].
The multiplex platform included influenza viruses (A
and B), enterovirus, adenovirus, respiratory syncytial
virus (A and B), rhinovirus (A-C), human metapneumo-
virus; parainfluenza viruses (1–4), parechovirus, human
bocavirus and coronaviruses (hCoV; HKU1, NL63, 229E,
and OC43). With every extraction and PCR, three con-
trols were run. A minority of children had previously
been tested in other hospitals for RSV using PCR or
antigen tests. These data were used if multiplex results
from our hospital were not available.
Viral testing was performed by the discretion of at-

tending physicians. In some children no viral testing was
performed at all.

Bacterial sampling
The cultures performed in this study were ordered by
the attending physicians in case of clinical suspicion of a
bacterial (super)infection. During the study period two
sampling techniques were used: tracheal aspirates and
mini-broncho-alveolar lavage [10]. Sampling was per-
formed the endotracheal tube without previous installa-
tion of normal saline (tracheal aspirate) or by mini
broncho-alveolar lavage. Tracheal aspirate was the pri-
mary sampling method. The mini-BAL was performed
as part of an observative study on cytokine levels in
bronchiolitis.

Bacterial cultures
Bacterial cultures were performed according to standard
operating procedures at our laboratory. In brief, 10 μl of
specimen were inoculated on standard media (CLED,
Colombia, Sheep blood and Chocolate agars) and incu-
bated for 1–2 days. Bacterial colonies were counted and
identified by Vitek (Biomerieux) or Malditof (Bruker).

Other diagnostics
X-rays were scored and reported by attending radiolo-
gists. Plasma levels of C-reactive protein, were analyzed
on Modular P800 and Modular Analytics E170 systems
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(Roche). Leukocytes were determined on an automated
hematology cell counter.

Definitions
To distinguish between colonisation and infection we
used quantitative culture results, represented by the
number of CFU per ml. We distinguished 3 categories
based on the American Thoracic Society definitions in
adults and Thorburn et al. [5, 11].

Bacterial counts
To distinguish between colonisation and infection we
used the quantity of CFU/ml [5, 11] to distinguish 3
categories.

No bacterial growth: no growth or growth of
commensal bacteria only.
Low bacterial growth: Presence of pathogens in the
BAL <104 CFU/ml or trachea aspirates <105 CFU/ml.
Bacterial co-infection: Presence of pathogens in the
BAL ≥104 CFU/ml or trachea aspirates ≥105 CFU/ml.

Timing
To distinguish between bacterial co- infections present on
admission and those associated with ventilation we used
the following definitions. Early infections (non-ventilator-
associated) apply to cultures taken within 48 h of intub-
ation, whilst late infections (ventilator -associated) refer to
samples taken more than 48 h after intubation [11].

Statistical analysis
Data was entered and analysed in an anonymised database
SPSS 22.0 (SPSS Inc., Chicago, Illinois, USA). For com-
parison of continuous variables we used independent t –
tests and for comparison of categorical variables Chi-
square test and Fisher exact test were used. All p – value
reported are two-sided and values less than 0.05 was con-
sidered significant. Potential predictors of duration of ven-
tilation and PICU stay were assessed using univariate and
linear regression analysis. Logistic regression was used to
assess potential predictors of bacterial co-infection. Vari-
ables were included in multivariate analyses if p-values of
univariate associations were < 0.1. Multivariate models in-
cluded potential confounding factors (e.g. previous anti-
biotic use). The study adhered to the STROBE guidelines.
Medical ethical approval was waived as it concerned retro-
spective analysis of anonymised patient data.

Results
Patient characteristics
Of 251 PICU admissions for bronchiolitis, 189 (75.3%) re-
quired invasive ventilation and were included in the study.
The mean age was 2.9months, 168 patients (88.9%) were
less than 6months of age and 108 (57.1%) were boys.

Twenty-five patients had an underlying medical condition
(13.3%) and 53 (31.0%) were prematurely born (Table 1).
Data on antibiotic use prior to PICU referral was available
in 101 children, 51 of these received antibiotics (50.5%).
One patient died due to pulmonary hypertension.
RSV testing was performed in 162 (85.7%) patients

and was detected in 126 (77.8% Table 1). In 97
(51.3%) children a full multiplex platform was per-
formed and 24 children (24.7%) had presence of two
of more viral pathogens (Table 1).

Bacterial co-infection
In 167 of 189 (88.4%) patients one or more cultures
(BAL or tracheal aspirates) were performed, whereas in
22 patients there was no culture performed (11.6%).

Table 1 Patient characteristics of children with bronchiolitis
requiring invasive ventilation

N = 189

Demographic characteristics

Boys 108 (57.1%)

Age (months) 2.91 ± 3.52

< 6months of age 168/189 (88.9%)

Admission weight (kg) 4.91 ± 2.0

Born Prematurea 53/171b (31.0%)

Gestational age (weeks) 37.1 ± 4.05

Deathsc 1 (0.5%)

Underlying conditions

Any underlying condition 25/188b (13.3%)

Congenital Heart diseases 11/25b (44.0%)

Down Syndrome 5 (20.0%)

Viral characteristics

RSV 126/162b(77.8%)

2 or more viral infection 24/97b (24.7%)

Clinical characteristics

CRP max (mg/l) 85.0 ± 62.2

CRP 0–40mg/l 55/188b (29.3%)

40–100mg/l 67/188b (35.6%)

> 100mg/l 66/188b (35.1%)

Leukocytes highest value (× 109 /l) 13.6 ± 6.4

Fever (> 38,5 °C) 4/149b (2.7%)

Antimicrobial drug treatment

Antibiotics started prior to PICU admission 51/101b (50.5%)

Treatment started during PICU admission 159 (84.1%)

Cultures

Cultured (BAL or TA) 167 (88.4%)
a: < 37 weeks
bdata was only available for this proportion of patients
cDied from pulmonary hypertension
Data is either displayed as mean and standard deviation
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Demographic data or underlying conditions were not
different in these groups (data not shown).
Among the 167 cultured children, the overall occur-

rence of bacterial co-infections was 63 (37.7% of children
cultured, or 33.3% of all 189 children). Low bacterial
growth was found in 67 children (40.1%). In the 63
children with a bacterial co-infection 52 (82.5%) co-
infections were detected within 48 h from intubation
and were typed as early infection (Table 2). Thirty-four
co-infections were detected by tracheal aspirate (54.0%),
and 29 (46.0%) by mini-BAL. Patients who received anti-
biotics prior to PICU admission had more often negative
cultures as compared to patients who did not receive an-
tibiotics (43.2% versus 11.6%, p = 0.001).
Bacterial co-infections were found in 36.0% of 111 chil-

dren with a proven RSV infection as compared to 21.9%
in the RSV-negative group (7/32) and 66.7% in those who
had no viral test performed (16/24; p = 0.002).

Types of pathogens
In 63 children with a bacterial co-infection a total of 85
pathogens were isolated including H. influenza (40.0%),
S. pneumoniae (27.1%), M. catarrhalis (22.4%), and S.
aureus (7.1%) (Table 3). Enterobacteriaceae were only
seen as late co-infection.
In 67 patients with low bacterial growth the distribu-

tion of pathogens was comparable to the co-infection
group (data not displayed). Only S. aureus was more
common in low bacterial growth as compared to the co-
infection group (25.4% vs 7.1%, p = 0.02).
S. pneumoniae was found in 13.5% of RSV-positive pa-

tients (15/111), 3.1% in RSV-negative patients (1/32) and
in 29.3% of patients who had no viral test performed
group (7/24, p = 0.02).

Duration of ventilation and PICU stay
Children with a bacterial co-infection required a mean
duration of ventilation of 8.1 days compared to 6.5 days
in children with a negative culture result (p = 0.02;
Table 4). PICU length of stay was 9.1 and 7.7 days in
children with and without a co-infection respectively

(p = 0.04). No difference was noted in duration of venti-
lation nor PICU stay between the groups with co-
infection and low bacterial growth. Early co-infections
were not associated with a longer duration of ventilation
or PICU stay as compared to children with negative cul-
tures (7.5 vs 6.5, p = 0.12 and 8.5 vs 7.6, p = 0.21 respect-
ively). Late co-infections were associated with a longer
duration of ventilation and PICU stay (11.1 vs 6.5, p <
0.001 and 12.4 vs 7.6, p < 0.01).

Predictors of a bacterial co-infection
A high CRP was associated with bacterial co-infection in
a multivariate analysis including antibiotic use prior to
PICU admission (p = 0.001, Table 5). A CRP level of 40
mg/L or more had a sensitivity of 85.7% and a specificity
of 56.8% to detect a bacterial co-infection.

Discussion
In this large and concise study assessing the prevalence
and relevance bacterial co-infections of the respiratory
tract in children with bronchiolitis requiring invasive
ventilation, bacterial co-infections were identified in at
least a third of patients. In our population bacterial co-
infections were associated with a longer duration of ven-
tilation and PICU stay. CRP was associated with bacter-
ial co-infection and may be used to identify children at
increased risk.

Table 2 Prevalence of bacterial co-infection in children with
bronchiolitis requiring invasive ventilation

Cultured (N = 167)

Co-infection 63 (37.7%)

Early co-infection 52 (82.5%)

Late co-infection 11 (17.5%)

Low bacterial growth 67 (40.1%)

No growth 37 (22.2%)

Co-infection: Tracheal culture: > 10^5 CFU/ml or BAL: > 10^4 CFU/ml;
low bacterial growth: Tracheal culture: <10^5 CFU/ml or
BAL < 10^4 CFU/ml;
negative: No growth or commensal flora
Early refers to samples collected < 48 h from intubation

Table 3 Pathogens of co-infection in children with bronchiolitis
requiring invasive ventilation

Co-infection
(N = 85)

Early co-infection
(N = 69)

Late co-infection
(N = 16)

p-value

Haemophilus
influenza

34 (40.0%) 29 (42.0%) 5 (31.3%) 0,533

Streptococcus
pneumoniae

23 (27.1%) 19 (27.5%) 4 (25.0%) 0,637

Moraxella
catarrhalis

19 (22.4%) 17 (24.6%) 2 (12.5%) 0,286

Staphylococcus
aureus

6 (7.1%) 4 (5.8%) 2 (12.5%) 0,280

Enterobacteriaceaea 3 (3.5%) – 3 (18.8%) 0,004

Co-infection: Tracheal culture: > 10^5 CFU/ml or BAL: > 10^4 CFU/ml;
Early refers to samples collected < 48 h from intubation.
aEnterobacteriaceae: E. coli and Enterobacter cloacae

Table 4 Duration of invasive ventilation and PICU stay in
children with bronchiolitis

Duration of
ventilation
(days)

p-value
Uni−/multivariate

PICU stay p-value
Uni−/multivariate(days)

Negative 6.5 ± 3,20 7.7 ± 3.55

Co-infection 8.1 ± 3,47 0.021/0.016* 9.1 ± 3.45 0.044/0.054*

Low Bacterial
Growth

7.3 ± 3,40 0.260/0.200* 8.7 ± 3.74 0.167/0.104*

*second p-values reflect regression analyses corrected for previous
antibiotic use and age
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Presence of bacterial co-infection
In our study more than a third (37%) of the children with
bronchiolitis requiring invasive ventilation had a bacterial
co-infection. Potentially this number may have been
higher as we used: a) a very strict definition of bacterial
coinfection, ignoring 40% of children with low bacterial
growth; b) 50% of children received antibiotics prior to
sampling, which may have decreased detection of bacterial
co-infections. We may also have overestimated the preva-
lence of bacterial co-infections as we used a clinical diag-
nosis of bronchiolitis whilst some children may have had a
primary bacterial infection. This hypothesis is less likely
though as the prevalence of bacterial co-infections in the
RSV-positive group was comparable to the overall preva-
lence (36 and 37% respectively). The prevalence of bacter-
ial co-infection is in line with previous studies that
reported bacterial co-infections occurred in 20–45% of
children with bronchiolitis admitted to PICU’s [1, 2, 5–8,
12–15]. Like our study, most data were retrospective and
had similar limitations such as previous antibiotic use. A
prospective study reported that 22% had a co-infection
and 21% had low bacterial growth/possible co-infection
[5]. Also, in this study more than 50% of children had re-
ceived antibiotics prior to airway sampling.
Most co-infections were detected within 48 h, a cut off

that is used to distinguish pre-existing infections from
ventilator acquired pneumonias (VAP) [11]. Although it
is not possible to distinguish pre-existing co-infections
from infections acquired by our invasive techniques the
fact that most co-infections occurred within these 48 h
suggest that these infections are not likely introduced by
intubation or colonization of endotracheal tubes.

Bacterial pathogens
In our setting most bacterial isolates were common airway
pathogens such as H. influenza, S. pneumoniae, M.

catarrhalis and to a lesser extent S. aureus. This corrobo-
rates with data from bronchiolitis studies in Liverpool [5]
and Zurich [6], however in our setting S. pneumoniae was
more and S. aureus less common than in other studies.
Enterobacteriaceae were solely identified as late co-
infections; which is in line with previous data on VAP
[16]. In our setting empirical treatment with amoxicillin
(with or without clavulanic acid) would be appropriate for
early infections, however in late co-infections an antibiotic
with a broader coverage should be considered.

Duration of ventilation and PICU stay
In this study we identified an association between bac-
terial co-infection and duration of PICU stay and mech-
anical ventilation. The difference was 2 days which can
be considered clinically relevant. Three other studies re-
ported on duration of ventilation and the presence of
bacterial co-infections in children with bronchiolitis re-
quiring ventilation. Kneyber et al. found a trend towards
longer duration of mechanical ventilation in children
with bacterial co-infections as compared to those with-
out (14.3 vs. 10.6 days, p = 0.09) [7]; Thorburn et al. re-
ported that bacterial infection contributed to longer
mechanical support [5] and Hennus et al. confirmed that
mechanical ventilation and bacterial co-infection were
positively correlated [15].
The association between bacterial growth and a pro-

longed duration of mechanical ventilation suggests that
bacterial co-infection could be of clinical importance.
Alternatively, prolonged ventilation may predispose to
increased prevalence of bacterial infections (ventilator
associated pneumonia) [16]. In our study the difference
in duration of ventilation was only significant in the late
co-infections which corroborates with the latter theory.
A similar trend was observed in the early co-infections
which could suggest that both hypotheses are correct.

Table 5 Predictors of bacterial co-infection

Negative (N = 37) Co-infection (N = 63) Low Bacterial Growth (N = 67) P Value** univariate P Value** Multivariate

Age (months) 4.1 ± 5.2 2.3 ± 2.6 3.0 ± 3.4 0.053 0.088

Fever (> 38,5 °C) 0 (0.0%) 3 (4.8%) 1 (1.5%) 0.394

CRP (mg/l)* 57.6 ± 53.8 97.7 ± 51.8 102.6 ± 69.5 < 0.001 0.001

CRP 0–40 mg/l 21 (56.8%) 9 (14.3%) 12 (17.9%) < 0.001

40–100mg/l 9 (24.3%) 28 (44.4%) 23 (34.3%)

> 100mg/l 7 (18.9%) 26 (41.3%) 32 (47.8%)

Leukocytes* (10e9/ml)* 12.58 ± 4,72 14.67 ± 7.25 14.16 ± 6.79 0.085 –

Neutrophils* (10e9/ml)* 6.38 ± 4,45 8.93 ± 6.50 8.40 ± 6.41 0.048 –

Two viral infections 4/21 (19.0%) 6/23 (26.1%) 12/43 (27.9%) 0.578

CXR*** Consolidation 15/36 (19.0%) 25/62 (40.3%) 33/66 (50.0%) 0.896

Antibiotics before 1st culture 9/34 (75.0%) 21/59 (35.6%) 39/63 (61.9%) < 0.001 0.000

* maximum value
** negative vs co-infection;- participated in the multivariate analysis, but removed
*** chest x-ray
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The association between co-infections and length of
ventilation in our and other studies justify a trial to as-
sess the role of antibiotics in reducing duration of venti-
lation and PICU stay in children with a bronchiolitis
requiring invasive ventilation. Ideally the design of such
a study should include a curative and preventive arm to
evaluate both the role of pre-existing and ventilator as-
sociated bacterial pneumonia. Except for a study asses-
sing the role of antibiotics to prevent PICU admissions
[10], such a study has not been performed so far. The
use of prophylactic antibiotics in ventilated patients has
been studied in adults using selective digestive decon-
tamination (SDD). D’Amico et al. showed that SDD
given to adults admitted to ICU reduced VAP and overall
mortality [17]. The data on the overall effect of all venti-
lated children admitted to PICU is conflicting however,
but SDD appears to be effective in controlling re-
spiratory infections [18]. No studies have been per-
formed in the current subgroup of bronchiolitis
patients admitted to PICU.

CRP
In this study CRP was a useful predictor of bacterial co-
infection, which corroborates with previous data [2].
That study used a much lower cut-off of 11 mg/L, which
in practice does apply to most children admitted with a
bronchiolitis and may not be very discriminative. Other
studies did not find an association between CRP and
bacterial co-infection in bronchiolitis patients [5, 10].
Unlike these studies we used the maximum CRP during
admission, which may explain this discrepancy. CRP is
known to have a twofold increase every 6 h, and therefor
CRP dynamics could be used to guide antibiotic use in
this population awaiting culture results.

Limitations
Several limitations apply to our study, firstly we may have
underestimated the prevalence of bacterial co-infections
as we used a) a strict definition and b) the majority of the
patients received antibiotics prior to sampling. These fac-
tors potentially may have contributed to an underestima-
tion of the actual prevalence and underline that the
number of bacterial co-infections in children with viral
bronchiolitis in PICU is high. Alternatively we may have
overestimated the role of bacterial co-infections in chil-
dren with bronchiolitis as we recruited children based on
the clinical discharge diagnosis of the attending PICU
consultant. Although 4 of 5 children had a proven viral in-
fection some children may have had a primary bacterial
lower airway infection. This is less likely though as also in
the group with proven RSV infection the co-infection rate
was 36% as compared to 37% in the overall study.
Secondly, not every patient who was admitted to the

PICU had a culture and cultures were performed based on

clinically suspicion. This may mean that selection bias ap-
plied. However, the culture rate was nearly 90% and even
if all children that were not cultured would have negative
cultures still a third would have had a co-infection.
Thirdly, this was a retrospective and observational

study, therefore we can only detect associations and not
prove causal relationships. However, it justifies a pro-
spective randomized controlled trial which could test
the role of (curative or preventive) antibiotics to reduce
duration of ventilation.
Fourthly, we have used different sampling techniques

for bacterial cultures. However, we have applied strict def-
initions and corrected for this using the definition from
Thorburn [5] et al. and international ATS guidelines [11].

Clinical relevance
Until prophylactic or curative use of antibiotics have been
tested in a double blind, randomized controlled trial, the
use of antibiotics may be restricted to children with a sus-
picion of bacterial co-infection. Especially in young chil-
dren and children with an increased CRP (> 40mg/l)
cultures should be taken and antibiotics covering normal
airway pathogens should be considered. In case late
co-infection is suspected empiric antibiotics should
cover gram-negative bacteria and S. aureus. Future
studies should prove if prophylactic or curative use of
antibiotics could reduce duration of ventilation and
PICU stay in bronchiolitis patients.

Conclusions
In this large and concise study on bacterial co-infections
in children with bronchiolitis we have found that bacter-
ial infections are common, associated with prolonged
ventilation and a raised CRP. Bacterial co-infections of
the respiratory tract occurred in at least 37.7% of chil-
dren with a bronchiolitis requiring invasive ventilation.
In most cases bacterial co-infection was present within
48 h after intubation and was caused by common airway
pathogens: H. influenza, S. pneumoniae, M. catarrhalis.
Future studies should focus on the potential beneficial
role of preventive or curative antibiotics to reduce dur-
ation of ventilation and PICU stay.
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