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Introduction

Viral bronchiolitis is one of the most common causes for
nonelective admission to the pediatric intensive care unit
(PICU) worldwide.1 According to recent data, about 5.9% of
bronchiolitis presentations require admission to PICU and that
80% of those require some form of ventilatory support while
there.2 The viruses responsible for these infections are many.3

Respiratory syncytial virus (RSV), followed by rhinovirus, seem
to be the most prevalent pathogens.3–5 Influenza, parain-
fluenza, metapneumovirus, adenovirus, and coronavirus are
also frequently identified and might be responsible for greater
illness severity.3 The treatment for bronchiolitis, irrespective of
the pathogen, is supportive and includes different levels of
respiratoryassistance that rangefromoxygendeliveredvia low-
flow nasal cannula to invasive mechanical ventilation (IMV).6

The detection of multiple respiratory viruses in infants
with bronchiolitis is common, with multiple virus infection
seen in 5 to 20% of presentations.1,7 The clinical significance
of coinfection remains controversial.8,9 Some studies argue
that multiple virus infections cause a more severe course of
illness with more frequent admissions to PICU, longer hos-
pital length of stay (LOS), and the need for more intensive
respiratory support.1,8,10 Other studies suggest that infec-

tion with more than one virus produces a course of illness
that is no different, or even less severe, to that of infections
with only one virus.4,8,11

Despite the abundant literature around this topic, there
are fewdescriptions about the specifics of illness progression
once in PICU.12 With many different respiratory assistance
delivery systems now available, it would be useful to know
what type and how much of that respiratory support
patients with bronchiolitis due to one virus require when
compared to bronchiolitis due to more than one virus.13 This
could potentially help clinicians anticipate what degree of
respiratory support infants will need when admitted to PICU
due to viral bronchiolitis.

This study took a sample of children younger than 1 year of
age, admitted to PICU, with a confirmed diagnosis of bronch-
iolitis through polymerase chain reaction (PCR). Cases were
then separated into two groups: one where infants had
bronchiolitis due to only one virus and a second group where
cases were due tomore than one virus (two ormore). The aim
of this studywas to determinewhether therewas a difference
in the overall duration of respiratory support via anymeans of
deliverybetween these twogroups. The secondaryaimsof this
study were to determine whether there was a difference
between the two groups in: (1) the duration of respiratory
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support depending on the type of support used, (2) PICU LOS,
(3) hospital LOS, (4) the rate of confirmed superimposed
bacterial coinfection, and (5) the rate of empirical use of
antibiotics.

Methods

This is a retrospective, observational, single-center study of
infants of 1 year of age or less. These children had a diagnosis
of viral bronchiolitis between July 1, 2007, and July 1, 2017,
and where admitted to PICU at The John Hunter Children’s
Hospital, which is a tertiary-referral, university-affiliated,
pediatric center in Newcastle, New South Wales, Australia.

Bronchiolitiswas defined as a clinical syndrome occurring
in infants characterized by upper respiratory symptoms
followed by lower respiratory infection with inflammation,
which resulted in wheezing and/or crackles.14–17 Patients
screened were identified from the hospital’s PICU electronic
database. Patients included were 1 year of age or less at the
time of admission to PICU, had an International Classification
of Diseases 10th edition diagnostic criteria for bronchiolitis
(code J21), and hadmicrobiological evidence of viral respira-
tory tract infection on nasopharyngeal aspirate (NPA)
through PCR assay. Patients were excluded from final ana-
lysis if they did not have confirmed viral infection through
PCR or if medical records or PICU data were unavailable.

Ethics approval was obtained from the hospital’s Human
Research Ethics Committee. Demographic data were col-
lected on age, gender, prematurity, birth weight, and comor-
bidities. Clinical data were collected on the presence of fever
on presentation, total number of viruses detected through
PCR on NPA, virus subtypes, duration of respiratory support
via high-flow nasal cannula (HFNC), bubble continuous
positive airway pressure (bCPAP) ventilation, and IMV, as

well as PICU and hospital LOS. Datawere also collected on the
rate of bacterial infections found on cultures and the rate of
use of empirical antibiotics.

Descriptive statistics are presented with medians and
interquartile ranges (IQRs). Statistical analysis was carried
out with the assumption that the datawere of nonparametric
distribution and Mann–Whitney U-test was used to deter-
mine whether there was a statistically significant difference
between groups. Contingency tables were analyzed using
Fisher’s exact test. A p-value of < 0.05 was considered
significant.

Results

During thetimeperiodstudied, therewere336infantsscreened
whowere1 yearofageor less,were admitted toPICU, andhada
diagnosis of viral bronchiolitis. Of these, 7 were excluded for
incomplete data sets and 23 were excluded due to lack of
pathogen identified on NPA PCR testing. This left 306 cases
that were analyzed. Of the 306 infants included in the final
analysis, 70.3% (215/306) had a single virus isolated onNPA and
29.7% (91/306) had more than one virus isolated (►Fig. 1).

Demographic data were comparable between the two
groups with no statistically significant difference between
them in any of the categories. Additionally, the two groups
had comparable gestational age, rate of low birth weight,
mode of delivery, rate of breastfeeding at any time in life, and
rate of completed immunization for age. Comorbidities were
also comparable between the two groups with both display-
ing equal rates of congenital heart disease and chronic lung
disease (►Table 1).

When looking at the primary outcome of duration of
respiratory support via any mode, there was no difference
between the twogroupswith amediandurationof respiratory

336 patients screened for
eligibility

306 patients included in
analysis

7 excluded due to
incomplete data sets

23 excluded due to a lack
of virus on NPA through

PCR

70.3% (215/306) of cases
with 1 virus

29.7% (91/306) of cases
with more than 1 virus

Fig. 1 Screening and inclusion of infants admitted to pediatric intensive care unit (PICU), less than 1-year-old, and with bronchiolitis due to one
virus or more than one virus.
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support of 45 hours (IQR: 26–76) in the one virus group and
39 hours (IQR: 24–66) in the more than one virus group (p-
value ¼ 0.14). HFNC was the most common mode of respira-
tory support used, with 94% (287/306) of all cases receiving it,
followed by bCPAP with 65% (200/306) receiving it and with
IMVbeing themode leastusedwithonly9% (26/306)of infants
receiving it. Duration of HFNC, bCPAP, and IMV was also
comparable between the two groups (►Table 2).

Themedian PICU LOSwas 2.1 days (IQR: 1–3) in the single
virus group and 3 days (IQR: 1–4) in the more than one virus
group (p ¼ 0.06). The median duration of hospital LOS was
4 days (IQR: 3–6) in the one virus group and 5 days (IQR: 4–9)
in the more than one virus group (p ¼ 0.03).

There was no statically significant difference in the rates
of HFNC, bCPAP, or IMV that infants received between the
two groups (►Table 3).

The most commonly identified viruses in the group with
one virus were RSV with 61% (133/215), picornavirus with
32% (68/215), and metapneumovirus with 3% (6/215) of
cases. The most commonly identified viruses in the group
with more than one virus were RSV with 27% (73/273),
picornavirus with 26% (71/273), and adenovirus with 10%
(27/273) of cases.

The rate of infants who presented to hospital with fever as
part of their symptoms was 26% (55/215) in the group with
one virus and 24% (22/91) in the group of patients withmore
than one virus (p ¼ 0.89) (►Table 4).

Table 1 Demographic characteristics of infants admitted to
PICU, less than 1-year-old, and with bronchiolitis due to one
virus or more than one virus

Characteristics One virus
(n ¼ 215)

More than
one virus
(n ¼ 91)

p-Value

Age (d)

Median (IQR) 102 (44–226) 111 (54–187) 0.73

Gender

Male 56% (121/215) 67% (61/91) 0.10

Female 43% (94/215) 33% (30/91)

Gestational age at birth (wk)

Median (IQR) 38 (36–39) 37.8 (36–39) 0.82

Birth weight < 2.5 kg

< 2.5 kg 17% (37/215) 23% (21/91) 0.26

� 2.5 kg 83% (178/215) 77% (70/91)

Mode of delivery

Vaginal 55% (118/215) 49% (45/91) 0.45

Caesarean 45% (97/215) 51% (46/91)

Breastfed at any time during life

Yes 55% (90/163) 62% (56/91) 0.36

No 45% (73/163) 38% (35/91)

Immunizations up to date

Yes 92% (188/205) 98% (81/83) 0.11

No 8% (17/205) 2% (2/83)

Congenital heart diseases

Yes 4% (9/215) 4% (4/91) 1.00

No 96% (206/215) 96% (87/91)

Chronic lung diseases

Yes 3% (7/215) 0/91 0.11

No 97% (208/215) 91/91

Length of illness at presentation

Median (IQR) 3 (2–4) 3 (2–4) 0.84

Abbreviations: IQR, interquartile range; PICU, pediatric intensive care unit.

Table 2 Duration of respiratory support and lengths of stay for
cases with one virus compared to cases with more than one virus

All cases One virus More than
one virus

p-Value

Duration of respiratory support (h)

Median
(IQR)

44
(25–73)

45
(26–76)

39
(24–66)

0.14

HFNC ventilation (h) (n ¼ 287)

Median
(IQR)

22
(10–34)

23
(12–36)

25
(14–36)

0.71

bCPAP ventilation (h) (n ¼ 200)

Median
(IQR)

16
(0–38)

19
(0–38)

8
(0–38)

0.97

IMV (h) (n ¼ 26)

Median
(IQR)

113
(65–142)

115
(76–133)

101
(52–326)

1.0

PICU length of stay (d)

Median
(IQR)

2.2
(1.4–3.5)

2.1 (1–3) 3 (1–4) 0.06

Hospital length of stay (d)

Median
(IQR)

4.5
(3.2–6.7)

4 (3–6) 5 (4–9) 0.03

Abbreviations: bCPAP, bubble continuous positive airway pressure;
HFNC, high-flow nasal cannula; IMV, invasive mechanical ventilation;
IQR, interquartile range; PICU, pediatric intensive care unit.

Table 3 Rate of three types of ventilatory support for cases
with one virus compared to more than one virus

One virus More than
one virus

Total p-Value

HFNC 203 84 287 0.6

No HFNC 12 7 19

Total 215 91 306

bCPAP 147 53 200 0.11

No bCPAP 68 38 106

Total 215 91 306

IMV 21 5 26 0.27

No IMV 194 86 280

Total 215 91 306

Abbreviation: bCPAP, bubble continuous positive airway pressure ventila-
tion; HFNC, high-flow nasal cannula; IMV, invasive mechanical ventilation.
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The rate of infants who had a secondary superimposed
bacterial infection confirmedmicrobiologicallywas 12% (21/
306), while the rate of infants who received antibiotics
during their PICU admission was 73% (222/306) (►Table 5).

Discussion

In this cohort of 306 infants admitted to PICU with viral
bronchiolitis, 70% had one virus and 30% had more than one
virus. This is similar to some reports fromdifferent parts of the
world, but different to otherswere thefigure presented here is
higher than the 5 to 20% viral coinfection rate that has been
reported.1–3,7Therewasnodifferencebetweenthetwogroups
in terms of demographics or comorbidities, so based on these
data it cannot besaid that thesehavea role incausing infants to
develop infections with more than one virus.

When analyzing the primary outcome, there was no
difference in the total duration of respiratory support needed
when infants had bronchiolitis due to one virus or more than
one virus. This would add support to the argument that the
number of viruses causing bronchiolitis does not alter the
time that respiratory support is necessary. Therefore, we
would not be able to use the number of viruses identified on
NPA with PCR to predict how long infants would require
respiratory support during PICU stay.

In this study, there was also no difference in the duration
of respiratory support when using any type of deliverymode.
The duration of respiratory support with each of the different
delivery systemswas similar in both groups. Not onlywas the
duration of respiratory support similar, but also the rate of
patients receiving HFNC, bCPAP, and IMV was also similar
between the two groups. Infants in this cohort spent the
most amount of time receiving respiratory support via HFNC,
followed by bCPAP, and the least amount through IMV. It
would seem that noninvasive methods of respiratory sup-
port, maybe HFNC more than bCPAP, deliver enough assis-
tance during viral bronchiolitis to keep the majority of
infants from requiring IMV.18–21 Avoiding the need of IMV
is beneficial because induction of anesthesia and intubation
is commonly associated with morbidity, including loss of
lung volume and desaturation, and it requires the use of
sedative agents, which have been associated with concerns
about detrimental effects to the developing brain.22,23

Previous studies have shown that HFNC decreases the need
for IMV.18 The reduced rate of IMV requirement seen here
could possibly be a consequence of the effectiveness of HFNC
rather than illness severity from thenumberof viruses causing
bronchiolitis, but it is difficult to know just from looking at
these data. The practices described here, of more noninvasive
and less IMV, are consistent with current trends in the treat-
mentofbronchiolitis throughoutAustraliaandNewZealand.24

When looking at the PICU LOS, there was a trend toward
longer LOS of almost 1 day for bronchiolitis cases with more
than one virus, but that difference was not statistically sig-
nificant. When analyzing hospital LOS, there was a significant
difference of about 1 day more when cases of bronchiolitis
were caused by more than one virus. Viral bronchiolitis is
responsible for sequelae including recurrent wheezing and
asthma. We also know that persistent immune activation can
lead to chronic lung problems.25 It is possible that what we are
seeing here are infants recovering from their acute illness
relatively quickly, but still having a more intense immune
response with persistent immune activation when bronchio-
litis is due to more than one virus, which requires a longer
hospital stay.

When looking at the viruses responsible for the illness, RSV
was the most common pathogen in both groups, which is
consistent with what is known and accepted about this con-
dition.26This report is also similar toothers looking specifically
at infants where picornavirus has been found as the causative
pathogenwith a similar frequency as found here.27 From these
data, it would be difficult to make assumptions as to why this
occurs in this way, but finding similar pathogens with similar
frequencies, the results of this studycouldbegeneralized to the
larger population of infants with this condition.

When looking at the prevalence of fever on presentation
in both groups, there was no statistical difference between
the groups. With both groups seeming to mount an inflam-
matory response at similar rates, and in the absence of a
difference between duration of respiratory support or PICU
LOS, it would seem that severity of illness is not affected by
the number of viruses present at the time of infection.We are
not assuming that all viruses behave or manifest themselves

Table 4 Rate of fever on presentation for cases with one virus
compared to more than one virus

Fever on presentation

One virus More than one virus Total p-Value

Yes 55 22 77 0.89

No 160 69 229

Total 215 91 306

Odds ratio: 1.08 (95% confidence interval: 0.61–1.91)

Table 5 Rate of confirmed superimposed bacterial infection
and of use of empirical antibiotics for cases with one virus
compared to more than one virus

Confirmed superimposed bacterial infection

One virus More than one virus Total p-Value

Yes 12 9 21 0.22

No 203 82 286

Total 215 91 306

Odds ratio: 0.54 (95% confidence interval: 0.22–1.33)

Received antibiotics

One virus More than one virus Total p-Value

Yes 161 61 222 0.16

No 54 30 84

Total 215 91 306

Odds ratio: 1.47 (95% confidence interval: 0.86–2.5)
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clinically in the same way, but we are unable to detect a
difference from these data.

In this study, only 12% of children had confirmed super-
imposed bacterial infection with there being no difference
between the two groups. Viral load does not seem to affect
the likelihood of bacterial lower respiratory tract infection.
This figure is consistent with current reports where the rate
of secondary bacterial infection can range from 1.6% in the
general infant population presenting with bronchiolitis to
40% in childrenwith bronchiolitis receiving IMV. The specific
pathogens and the rate at which they occurred were not
identified, as this was not within the objectives of this study.

A high percentage of infants, 73% (222/306), received
empirical antibiotics in this cohort with there being no differ-
encebetween thetwogroups. This ispossiblybecause children
can appear just as sick regardless of the number of viruses
causing the illness. It is not uncommon that children with
bronchiolitis receive empirical antibiotics with some studies
reporting around 80% of nonintubated patients and 100% of
intubatedpatients receivingantibioticswhenat thesame time
less than1%of screening cultures are positive for bacteria.28–30

This is a practice that seems to bewidespreadand is unlikely to
change without more precise ways of determining the pre-
sence of bacterial infection at the beginning of the illness.

This study’s strengths include its generalizability since the
hospital where it was conducted receives a very wide and
varied population that looks after every type of child. This
study also includes a number of cases that is large enough to
be able to produce a clear comparison between the two
groups.

The limitations are that it is a single-center study and
that it is difficult to eliminate selection bias. Mitigating this
was attempted through including enough cases to minimize
this.

When comparing infants under 1 year of age who have
been admitted to PICU with viral bronchiolitis, the presence
of one or more than one virus did not affect the duration of
respiratory support through any means of delivery, did not
affect the PICU LOS, did not affect the presence of super-
imposed bacterial infection, or the use of empirical antibio-
tics. It did however affect the hospital LOS, with cases who
had more than one virus staying in hospital up to 1 day
longer. This information can help clinicians and families
understand these infections better.
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