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Background: The role of multiple respiratory viruses in bronchiolitis 
treated with high-flow nasal cannula (HFNC) has not been thoroughly 
investigated. We evaluated the contribution of coinfection on clinical course 
of bronchiolitis treated with HFNC and on response to this treatment.
Methods: We selected 120 children with bronchiolitis, younger than 12 
months, admitted to Emergency Department between 2016 and 2018 and 
treated with HFNC. We compared single and multiple virus infections in 
relation to specific outcomes such as the clinical response to HFNC and the 
HFNC failure. The multiple virus infection was defined by the detection of 2 
or more viruses in nasopharyngeal aspirates. The HFNC failure was defined 
as escalation to higher level of care, including Helmet-Continuous Positive 
Airway Pressure, invasive ventilation or transfer to pediatric intensive care 
unit within 48 hours from the time of HFNC initiation. We also performed a 
comparison between HFNC failure and HFNC not-failure groups according 
to the number of virus and the type of virus.
Results: The severity score post-HFNC initiation was significantly asso-
ciated with coinfection [odds ratio (OR): 1.361; 95% confidence interval 
(CI): 1.036–1.786; P = 0.027]. The likelihood of coinfection decreased by 
23.1% for each increase of saturation O

2
 after HFNC initiation (OR: 0.769; 

95% CI: 0.609–0.972; P = 0.028). Atelectasis was more likely to occur in 
coinfection (OR: 2.923; 95% CI: 1.049–8.148; P = 0.04). The duration of 
HFNC treatment increased significantly in coinfection (OR: 1.018; 95% CI: 
1.006–1.029; P = 0.002). No significant differences were described between 
HFNC failure and the number and the type of detected viruses.
Conclusions: The detection of multiple viruses and the type of virus did not 
influence the HFNC failure, although the coinfection was associated with a 
deterioration of severity score, a longer HFNC treatment and a major pres-
ence of atelectasis. The role of coinfection on HFNC treatment might sub-
tend a complex interplay between multiple viruses and host susceptibility.

Key Words: high-flow nasal cannula, respiratory virus, bronchiolitis, 
infant, severity score.

(Pediatr Infect Dis J 2020;39:102–107)

Until recently, the concomitant identification of 2 or more 
viruses in bronchiolitis was considered an unusual event, but 

because of the diffusion of multiplex polymerase chain reaction 
(PCR) in the medical setting, the detection of viral coinfection is 
growing occurrence.1 The relationship between the infection by 2 
or more respiratory viruses and the clinical course of bronchioli-
tis is not well established. Some studies have highlighted a posi-
tive association between viral coinfection and worse clinical out-
comes,2–6 whereas others have failed to show similar results.1,7–12 
However, to the best of our knowledge, the contribution of multiple 
respiratory virus pathogens in bronchiolitis treated with high-flow 
nasal cannula (HFNC) has not been well studied. HFNC is increas-
ingly utilized not only in pediatric intensive care unit (PICU) but 
also in the overall pediatric ward and in emergency setting with 
a favorable patient safety.13–15 Standard objective signs of clinical 
response to treatment—such as heart rate (HR), respiratory rate 
(RR), nasal flaring, accessory muscle use and oxygen saturation 
(SpO

2
) utilized individually or as part of a respiratory score—are 

often used to gauge response to HFNC therapy. Some studies have 
reported that initiation of HFNC is associated with improvements 
in respiratory efforts as measured by improvements in vital signs, 
clinical respiratory score and gas exchange.13,14 Previously, some 
studies have also focused on identification of predictive factors for 
failure to respond to HFNC treatment,14,16,17 but not any of these 
have studied the role of viral coinfections. Accordingly, we aimed 
to assess the impact of the viral coinfection on clinical course of 
bronchiolitis assisted by HFNC and on failure of HFNC treatment.

MATERIALS AND METHODS
We conducted a retrospective observational study including 

children with diagnosis of bronchiolitis admitted to the Pediatric 
Emergency Department of the Bambino Gesù Children’s Hospi-
tal and needed a noninvasive respiratory support using HFNC in 
an emergency setting outside PICU. We selected patients between 
September 1, 2016 and April 31, 2018. The study was approved 
by the Ethics Committee of the Bambino Gesù Children’s Hospi-
tal according to the Declaration of Helsinki (as revised in Seoul, 
Korea, October 2008). Cases were identified by a free test search of 
the electronic medical record database followed by electronic chart 
review. Inclusion criteria were: infants 12 months old or younger 
with a diagnosis of bronchiolitis—defined as a seasonal viral 
illness—characterized by fever, nasal discharge, dry and wheez-
ing cough and, on examination, the presence of fine inspiratory 
crackles and/or high-pitched expiratory wheeze.18 All cases were 
treated with HFNC. Exclusion criteria included intubation or hel-
met-continuous positive airway pressure (H-CPAP) before HFNC 
treatment; children initially admitted to PICU; patients undergo-
ing oxygen support in another hospital and then transferred to our 
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hospital. Lastly, we excluded cases with incomplete and missing 
data; no chest radiograph preceding initiation of HFNC; no naso-
pharyngeal aspirates for virus detection before starting HFNC 
and no respiratory viruses detected on nasopharyngeal aspirates. 
Data extracted included: demographic variables (age, sex, ethnic-
ity); symptoms associated with bronchiolitis, that is, fever (body 
temperature > 38°C) and feeding difficulties; symptoms onset at 
presentation; medical history (prematurity, comorbidity, weight at 
hospital admission); length of hospitalization; vital signs before 
and 6 hours after initiation of HFNC, that is, HR; RR; SpO

2
. Other 

variables were respiratory severity score (RSS) before and 6 hours 
after HFNC initiation; blood tests: C-Reactive Protein (CRP) (mg/
dL), leukocytes (10 × 3/µL), neutrophils (10 × 3/µL), lymphocytes 
(10 × 3/µL); chest radiograph findings (air trapping, consolidation, 
atelectasis). We also reported: maximum fraction of inspired oxy-
gen (FiO

2
); duration of treatment; oxygen low flow administered 

before starting HFNC; need to escalate to further respiratory sup-
port: H-CPAP or intubation or transfer to PICU. The weight per-
centile was categorized into ≤ 5th, 6–89th, ≥ 90th. A modified RSS 
proposed by Rutman at al19 (see Table, Supplemental Digital Con-
tent 1, http://links.lww.com/INF/D686) was adopted. It was calcu-
lated by using 5 assessments made before and 6 hours after HFNC 
initiation. These scores were summed for a total score between 1 
and 15 (with 15 indicating the most severe distress). RR was coded 
as: < 90th or ≥ 90th percentile according to population-based ref-
erence value,20 and HR was coded as < 90th or ≥ 90th according 
to age and body temperature.21 The identification of respiratory 
viruses on nasopharyngeal aspirates was performed by multiplex 
real-time PCR. Samples were processed, immediately or after 
storage at −80°C, by AllplexTM Respiratory Panel Assays (See-
gene, Korea). Nucleic acids were extracted using the STARMag 
Universal Cartridge kit (Seegene, Korea) on automated Nimbus 
IV platform. Real-time PCR was performed on CFX96 (Bio-Rad 
Laboratories, Italy) with respiratory panel assay kit. The panel is 
made up of 3 mixes which allow the identification of 16 different 
viruses: influenza A and B virus, respiratory syncytial virus (RSV) 
A and B, adenovirus, enterovirus, parainfluenza virus 1, 2, 3 and 4, 
human metapneumovirus, human bocavirus, rhinovirus (HRV), and 
3 coronaviruses NL63, 229E and OC43. An internal control was 
included in each sample to check both extraction efficiency and 
PCR inhibition. In every run, a negative control was used to moni-
tor carry-over contamination. The results were analyzed automati-
cally using Seegene software (Seegene Viewer V2.0). We specify 
that a great limitation of the methods was the undetermined viral 
loads. We compared single virus infection with coinfection in rela-
tion to specific outcomes including the clinical response to HFNC 
assessed using the modification of vital signs and the evolution of 
RSS at baseline and 6 hours after HFNC initiation. Other outcome 
was HFNC failure defined as escalation to higher level of care, 
including: H-CPAP, invasive ventilation, or transfer to PICU within 
48 hours from the time of HFNC initiation. In addition, we per-
formed a comparison between HFNC failure and not-failure groups 
according to the number and the type of detected virus.

Statistical Analysis
Descriptive statistics were calculated in the overall study 

population and in the specific study groups using frequencies and 
percentage, medians and range or means and SD as appropriate. 
We used χ2 or Fisher test (as appropriate) for categorical variables. 
Student test was applied for continuous variable in case of normal 
distribution; otherwise, Mann-Whitney U test was used. We used 
the multivariable logistic regression to predict the effect of differ-
ent variables associated with viral coinfection adjusting the model 
for age, sex, prematurity and comorbidity. Statistical analysis was 

performed using the software IBM SPSS (Statistical Package for 
the Social Sciences) version 25.0. The P value < 0.05 was consid-
ered statistically significant.

RESULTS
Three hundred and fifty patients underwent HFNC during 

the period study, but 120 patients met inclusion criteria. Real-time 
PCR method detected more than 1 respiratory virus in 41.7% of 
120 patients and a single virus infection in 58.3% of cases. RSV 
was the most frequently detected virus (n = 82/120) (Fig.1A) fol-
lowed by HRV (n = 46/120). Influenza A and B virus, parainfluenza 
virus, adenovirus, enterovirus occurred only in combination. RSV 
resulted in 78% in coinfection and HRV in 64% (Fig. 1B).

We analyzed patient characteristics and clinical features 
(see Table, Supplemental Digital Content 2, http://links.lww.com/
INF/D687) and laboratory tests, radiologic findings, treatment and 
evolution in single or multiple respiratory virus infection (Table 1).

Six hours after HFNC initiation, the 2 groups presented sim-
ilar HR ≥ 90th, RR ≥ 90th, but SpO

2
 was significantly lower in viral 

coinfection group (P = 0.004). No difference of RSS was reported 
between viral coinfection and single virus infection before HFNC 
initiation, but after 6 hours of HFNC therapy, the coinfection group 
had a higher severity score (P = 0.02).

No significant difference was reported on laboratory indi-
ces, such as CRP, leukocytes, neutrophils, lymphocytes, but radio-
logic findings were characterized by the significant prevalence of 
atelectasis in coinfection (34% versus 18.6%; P = 0.04). Maximum 
FiO

2
 was significantly more elevated in coinfection (P = 0.04). The 

escalation of assistance to H-CPAP and its treatment duration, the 
admission and the length of staying at PICU, the need and the dura-
tion of intubation and the length of hospitalization were not signifi-
cantly different between the 2 groups.

In Table 2, the results demonstrated that the number of 
viruses and the type of detected virus were not significantly associ-
ated with HFNC failure.

Multivariable Logistic Regression Exploring the 
Contribution of Each Variable to the Occurrence 
of Coinfection in Children Assisted by HFNC

Whereas, the fever was 3 times more likely to occur with 
coinfection [odds ratio (OR): 3.304; 95% confidence interval (CI): 
1.245–8.768; P = 0.016], the odds of loss of appetite was reduced 
by 78% in coinfection compared with single virus infection (OR: 
0.220; 95% CI: 0.073–0.667; P = 0.007) (Table 3). The likelihood 
of coinfection decreased by 23.1% for each percentage increase 
of SpO

2
 post-HFNC initiation (OR: 0.769; 95% CI: 0.609–0.972; 

P = 0.028). For each increased value of the RSS after 6 hours initia-
tion of HFNC, the odds of coinfection increased by 36.1% (OR: 
1.361; 95% CI: 1.036–1.786; P = 0.027). Atelectasis was signifi-
cantly associated with coinfection (OR: 2.923; 95% CI: 1.049–
8.148; P = 0.04) as well as the duration of HFNC treatment (OR: 
1.018; 95% CI: 1.006–1.029; P = 0.002).

DISCUSSION
We report a complete panel of viral testing and clinical data 

in a large cohort of infants with bronchiolitis treated with HFNC 
and characterize the role of coinfection in the clinical course of 
bronchiolitis assisted by HFNC.

In our study, a coinfection was identified in 41.7% of infants. 
The rates of concomitant infection by 2 or more respiratory virus 
agents have substantially varied in past studies ranging from 11.3% 
to 49.2%.6–8,22 This diversity of the coinfection rate may rely on fac-
tors such as geographic variations or inclusion period8 in seasonal 
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activity of the most commonly detected respiratory viruses or pos-
sible technical limitations or differences in case selection or com-
position of population study.7 RSV was more frequently detected 
virus as a single rather than multiple virus infection. This finding is 
consistent with previous reports in bronchiolitis.6,8,23

The burden of coinfection on the clinical severity of bron-
chiolitis is well studied even if remains inconclusive. We found that 
the deterioration of RSS after initiating HFNC was significantly 
associated with coinfection as well as the lower level of SpO

2
 at 6 

hours from initiating HFNC.
This finding is consistent with previous studies2,4,5,24 but con-

trasts with others.7,8,10,12 This might be attributed to different cri-
teria adopted to define the severity of diseases including several 
parameters, separately or in combination, such as need to admit 
to the PICU,4 need and duration of oxygen supplementation, res-
piratory effort,4 clinical score evaluation,10 need and length of hos-
pitalization.5 In addition, the different results might be due to the 
kind of investigation; in fact, in some cases, a dual infection was 
contemplated4 rather more than 2 viruses12 in comparison with a 
single infection, or in other cases, only a specific combination of 
virus agents was compared with a single virus infection.5 Finally, 
we should consider that our study is based on recruitment of infants 

with moderate disease already needing HFNC at baseline time. 
Consequently, a comparison with previous results is not completely 
achievable because any of these previous studies did not envisage 
the use of HFNC at zero time of study.

Even if the RSS and the SpO
2
 deteriorated in coinfection 

after commencement of HFNC, in our study, neither the multiple 
virus infections nor the type of respiratory virus was associated 
significantly with failure of HFNC. Previous reports considered 
other factors associated with HFNC failure, not including coinfec-
tion, such as high FiO

2
 requirements, history of intubation, cardiac 

comorbidity,25 triage RR greater than 90th percentile for age, initial 
venous PCO

2
 greater than 50 mm Hg and initial venous pH less 

than 7.3017 and no change in RR after HFNC initiation.16 Only in 
one preceding research,16 authors described that only 3% RSV-
positive HFNC responders who were tested for coinfection, was 
positive for coinfection compared with 79% of RSV-positive non-
responders. When both RSV-negative and RSV-positive patients 
tested for coinfections were compared, only 2% of 50 responders 
had coinfections compared with 71% of nonresponders. Neverthe-
less, while the bacterial coinfections were only tested in all case 
of the intubation after HFNC use, other testing—including pertus-
sis, mycoplasma, rapid influenza A and B, and/or viral respiratory 

FIGURE 1. A, Frequencies of viruses detected as single virus (light gray) or combined with other viruses (dark gray). B, 
Percentage distribution of viruses in single infection (light gray) and coinfection (dark gray). AdV indicates adenovirus; CoV, 
coronavirus; EV, enterovirus; FLU, influenza A and B virus; hBoV, bocavirus; hMPV, metapneumovirus; PIV, parainfluenza virus; 
RV, rhinovirus. 
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TABLE 1. Laboratory Tests, Radiologic Findings, Treatment and Evolution in Single or Multiple Respiratory Virus 
Infection

Characteristics
Total;  

n = 120

Single  
Viral Infection;  
n = 70 (58.3%)

Multiple  
Viral Infection;  
n = 50 (41.7%) P Value

CRP (mg/dL), median (range) 0.89 (0.05–7.90) 0.8 (0.05–5.26) 1.08 (0.05–7.09) 0.5
Leukocytes (cells/µL), median (range) 10,880 (2570–37,760) 10,320 (3370–29,030) 11,060 (2570–37,760) 0.45
Neutrophils (cells/µL), median (range) 4650 (740–25,730) 4720 (900–25,620) 4580 (740–25,930) 0.6
Lymphocytes (cells/µL), median (range) 4100 (760–13,760) 3810 (850–10,920) 4530 (770–13,750) 0.5
Chest radiogram
  Air trapping, n (%) 80 (66.7) 45 (64.3) 35 (70) 0.32
  Atelectasis, n (%) 30 (25) 13 (18.6) 17 (34) 0.04
  Consolidation, n (%) 48 (40) 28 (40) 20 (40) 0.57
Low flow oxygen pre-HFNC, n (%) 24 (20) 12 (17.1) 12 (24) 0.24
Duration of HFNC treatment (hours), median (range) 73 (2–212) 70 (6–171) 81 (2–217) 0.09
Maximum FiO2, median (range) 0.35 (0.21–0.50) 0.32 (0.21–0.50) 0.37 (0.21–0.50) 0.04
H-CPAP, n (%) 39 (32.5) 19 (27.1) 20 (40) 0.1
H-CPAP treatment duration (hours), median (range) 72 (1–177) 74.66 (1–156) 67 (127–289) 0.7
PICU admission, n (%) 20 (16.7) 13 (18.6) 7 (14.3) 0.36
PICU length of stay, median (range) 8 (1–156) 7.5 (1–156) 9 (4–15) 0.6
Need intubation, n (%) 10 (8.3) 6 (8.6) 4 (8) 0.6
Intubation duration (h), median (range) 228.5 (121–528) 185.2 (121–528) 266.5 (127–289) 0.94
Length of hospitalization (d), median (range) 6 (1–30) 6 (1–30) 6 (3–29) 0.12

TABLE 2. Relationship Between Number and Type of Virus and HFNC 
Failure and Not-Failure

Characteristics
Total;  
n (%)

HFNC Failure;  
n = 40 (33.3%)

HFNC  
Not-Failure;  

n = 80 (66.7%) P Value

1 virus detection, n (%) 70 (58.3) 20 (50) 50 (62.5) 0.13
2 virus detection, n (%) 37 (30.8) 15 (37.5) 22 (27.5) 0.18
3 virus detection, n (%) 12 (10) 5 (12.5) 7 (8.8) 0.36
4 virus detection, n (%) 1 (0.8) 0 1 (1.3) 0.7
RSV (A/B), n (%) 82 (68.3) 30 (75) 52 (65) 0.18
FLU (A/B), n (%) 8 (6.7) 3 (7.5) 5 (6.3) 0.53
HCoV (OC43 /229E / NL63), n (%) 8 (6.7) 1 (2.5) 7 (8.8) 0.19
AdV, n (%) 6 (5) 2(5) 4 (5) 0.7
HRV, n (%) 46 (38.3) 18 (45) 28 (35) 0.2
PIV (1/2/3/4), n (%) 3 (2.5) 1 (2.5) 2 (2.5) 0.74
hMPV, n (%) 14 (11.7) 4 (10) 10 (12.5) 0.47
EV, n (%) 8 (6.7) 5 (12.5) 3 (3.8) 0.08
HBoV, n (%) 7 (5.4) 2 (5) 5 (6.3) 0.5

AdV indicates adenovirus; EV, enterovirus; FLU, influenza A and B virus; hBoV, bocavirus; hMPV, metapneu-
movirus; PIV, parainfluenza virus.

TABLE 3. Multivariable Logistic Regression Exploring the Effect of Different Variables 
Associated With Children Affected by Bronchiolitis Treated With HFNC in Virus Multiple 
Infection Compared With Single Virus Infection

Characteristic B SE Wald Sign. OR CI 95%

Sex (female vs. male) 0.378 0.505 0.562 0.454 1.460 0.543 3.926
Age (months) −0.125 0.090 1.946 0.163 0.882 0.740 1.052
Symptom onset (d) 0.165 0.088 3.524 0.060 1.179 0.993 1.400
Fever 1.195 0.498 5.760 0.016 3.304 1.245 8.768
Feeding difficulties −1.513 0.566 7.154 0.007 0.220 0.073 0.667
Prematurity (< 37 weeks gestation) 0.125 0.710 0.031 0.860 1.133 0.282 4.559
Comorbidity −0.012 0.988 0.000 0.990 0.988 0.142 6.850
SpO2 post-HFNC* −0.262 0.119 4.833 0.028 0.769 0.609 0.972
RSS post- HFNC* 0.308 0.139 4.910 0.027 1.361 1.036 1.786
Atelectasis 1.073 0.523 4.205 0.040 2.923 1.049 8.148
Maximum FiO2 −1.939 4.228 0.210 0.647 0.144 0.000 571.655
Duration of HFNC treatment (h) 0.018 0.006 9.318 0.002 1.018 1.006 1.029

*Post-HFNC: SpO2 and RSS assessed 6 h after initiation of HFNC.
B indicates coefficient (T-Statistic); DF, degree of freedom; Sign, significance; and Wald, test of Wald.
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panels—were performed at the discretion of the treating physician. 
Consequently, the detection of coinfection was not achieved homo-
geneously for all population, and viruses and bacterial agents were 
not discriminated in coinfection.

No significant differences were observed between multiple 
and single virus groups about PICU admission, need for intubation, 
length of hospitalization and escalation to assistance by H-CPAP. 
Nevertheless, children with coinfection presented a more signifi-
cant elevated FiO

2
 after 6 hours HFNC initiation and a longer dura-

tion of HFNC treatment than single virus group. In literature, the 
influence of virus coinfection on PICU admission, PICU length of 
stay, need for respiratory support and length of hospital stay fol-
lowed conflicting pattern in viral mono-infection versus coinfected 
children,4,5,22 but not specifically a longer duration of HFNC has 
been studied.

Presumably, in our study, a longer HFNC treatment was to 
attribute to a higher RSS after 6 hours after HFNC initiation in 
coinfection group. Consequently, infants with coinfection, proba-
bly, developed a more severe disease, and they needed a longer tim-
ing of treatment. In addition, in coinfection, infants needed higher 
FiO

2
; therefore, the treatment might have required a longer timing 

of weaning. Finally, in our study the presence of atelectasis was 
significantly associated with coinfection at difference with other 
studies.7,26 The atelectasis has been highly correlated with worse 
clinical outcome,27 probably because of the abundance of thickened 
mucus and the inability to clear it from the airways.28 This limits 
oxygen transport to blood and contributes to hypoxemic respira-
tory failure and increases airway resistance. The atelectasis associ-
ated with coinfection might not only affect the severity score but 
might cause a prolonged assistance with HFNC. In fact, in patients 
with atelectasis the mechanism of HFNC to help overcoming air-
ways resistance, increasing oxygen delivery to blood and reducing 
respiratory muscle fatigue29 might take a longer time. Presumably, 
the relationship between multiple respiratory virus infection and 
the worsening of RSS and SpO2 after commencing HFNC and the 
atelectasis is speculated to be the result of the complex and delicate 
interplay between host and viruses. On the one hand, the modi-
fication of immune responses after initial infection2 and the host 
susceptibility to multiple viruses5 can play an important role in the 
disease. On the other hand, virus-specific factors are decisive in the 
expression of disease such as the different combination of viruses 
with different mechanism in the disease,24 different virus-related 
stimulation of the host immune system especially in the context of 
the T-helper (TH) cell TH1-TH2 balance with a diverse pattern of 
induced cytokine,30 different virus-related ability to produce a dif-
ferent cytopathology,31 modulation of the host inflammatory media-
tors through multiple mechanisms.31

About symptoms related to bronchiolitis, we found that the 
fever was over 3 times more likely to occur in coinfection. The pres-
ence of fever is also a discordant finding in previous studies; in fact, 
some of them are in line with our results,2,6,26 others are in contrast 
with them.12 Instead, difficulties in feeding were significantly associ-
ated with single virus infection. Generally, the feeding reduces pro-
gressively in parallel to clinical severity in bronchiolitis. It is coun-
terintuitive that the difficulties in feeding at admission appeared 
more frequently in single virus infection. However, in our study, 
children did not initially differ for RSS. Thus, we might suggest that 
difficulties in feeding at presentation was not due to an increased 
work of breathing, but probably it might be caused by other factors, 
such as nasal congestion and thickened nasal secretions.32

Laboratory data analysis did not highlight any significant 
difference about CRP levels between 2 study groups. Petrarca 
at al7 reported higher CRP levels in infants with a single infec-
tion and proposed that coinfected infants seem to mount a lower 
inflammatory response than those without coinfections. CRP levels 

reflect the severity of the acute phase reaction, and generally, it is 
a marker of bacterial infection, but not necessarily ruling out viral 
infection. In fact, respiratory infection caused by adenovirus often 
associated with an intense inflammatory response and can mimic a 
bacterial infection.33 Raised CRP levels are more frequently found 
in patients with respiratory tract infection caused by adenovirus34 
than in those with an RSV or influenza infection.35 Therefore, we 
believe that the CRP level might vary according to causative virus 
as already described by Berce et al.36

This study has a lot of limitations. First, we collected the 
nasopharyngeal specimen just only at admission to our emergency 
ward, precluding the identification of other potential viruses that 
infected children during recovery. We did not determine viral load 
making difficult to differentiate asymptomatic shedding from 
active infection.10 We also did not contemplate the potential bacte-
rial pathogens as Mycoplasma pneumoniae, Chlamydia pneumo-
niae and Bordetella Pertussis. Finally, the timing of assessment of 
severity score after HFNC initiation was established on basis of 
our medical practice and experience. We believed infants needed 
time to get a right tolerance and compliance to HFNC treatment, 
especially in an open space—as our emergency ward—where many 
stressor stimulations (monitors, infants’ crying, nursing maneuvers, 
etc.) can affect the child comfort. Perhaps, we should have consid-
ered more time steps for assessment of severity score.

We cannot rule out with certainty a difference between 
HFNC failure and nonfailure groups in relation to the role of viral 
coinfection and the type of detected virus because the power of 
study is 0.25. Probably with a greater sample size, we would have 
detected a difference. Finally, many factors can affect the relation 
between HFNC failure and the coinfection/single virus groups. 
Of course, the availability of an intensivist on call and the number 
of free beds in PICU influences the patient’s transferal to PICU; 
however, the greater availability of H-CPAP outside PICU and the 
increasing expertise of emergency pediatrician in management of 
H-CPAP can have an impact on the relation between HFNC failure 
and coinfection.

Conclusions
The detection of 2 or more viruses, as well as the type of 

virus, in bronchiolitis, did not influence the HFNC failure. How-
ever, the worsening of RSS and the lowest level of SpO

2
 post-

HFNC initiation and the presence of atelectasis are significantly 
associated with coinfection.
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