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Abstract
We aimed to evaluate the clinical significance of bacterial coexistence and the coinfection dynamics between bacteria and respiratory
viruses among young children. We retrospectively analyzed clinical data from children aged< 5 years hospitalized with a community-
acquired single respiratory viral infection of influenza, adenovirus, or RSV during 2 recent consecutive influenza seasons. Remnant
respiratory specimens were used for bacterial PCR targeting Moraxella catarrhalis, Haemophilus influenzae, Streptococcus
pneumoniae, and Staphylococcus aureus.
A total of 102 children were included; median age was 0.8 years and 44.1% had underlying comorbidities. Overall, 6.8% (7/102) of

cases were classified as severe diseases requiring intensive care unit admission and/or mechanical ventilation and ranged from 8.8%
for a patient with RSV and 7.6% for those with adenovirus to 0% for those with influenza viruses. The overall viral–bacterial
codetection rate was 59.8% (61/102); M catarrhalis was the most frequent (33.3%), followed by H influenzae (31.4%). Influenza
cases showed higher bacterial codetection rates (80.0%; 8/10) compared with those with adenoviruses (69.2%; 9/13) and RSV
(55.7%; 44/79). S pneumoniae and H influenzae codetections were associated with reduced severity (aOR, 0.24; 95% CI, 0.07–
0.89), and reduced risk of wheezing (aOR, 0.36; 95% CI, 0.13–0.98), respectively.
We observed the interactions between respiratory viruses and bacteria and the clinical significance of viral–bacterial

coexistence in upper airway on disease severity. Future study will be necessary to elucidate the active interactions between
different viruses and bacteria and give clues to risk stratified strategy in the management of respiratory infections among young
children.

Abbreviations: CI = confidential interval, IQR = interquartile range, LRTI = lower respiratory tract infection, OR = odds ratio, PCR
= polymerase chain reaction, PICU = pediatric intensive care unit, RSV = respiratory syncytial virus, URTI = upper respiratory tract
infections.
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KEY POINTS

� Among young children with solo-infections of influenza
viruses, adenoviruses, and RSV, the overall viral–
bacterial codetection rate was 60%. The most frequently
codetected bacteria were H influenzae in adenoviral
infection (46.2%), M catarrhalis in RSV infection
(34.2%), and S pneumoniae in influenza (50.0%; 5/
10). Although the presence of viral–bacterial coinfection
was not a risk factor for severe LRTIs, the codetection of
H influenzae was the protective factor for wheezing, and
pneumococcal codetection was associated with reduced
severity of viral LRTIs.
1. Introduction

Respiratory tract infections cause a significant morbidity and
mortality in children, especially during infancy to preschool age.
The majority of acute respiratory infections can be attributed to
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viral infection, possessing a self-limiting clinical course and often
confined to upper respiratory tract involvement. Among diverse
respiratory viruses, respiratory syncytial virus (RSV) and
influenza virus are the most common pathogens during the
winter season in temperate countries. RSV is one of the most
important causes of lower respiratory tract infections in infants
leading to respiratory failure; internationally 200,000 deaths and
3,000,000 hospitalizations each year are attributed to RSV
infection by either direct or nondirect impacts.[1–3] Although
influenza viruses are far less common than RSV infection, except
for seasonal outbreaks, severe complications can occur when the
elderly, children, and patients with underlying disease become
infected. Adenovirus infection can manifest with diverse clinical
presentations based on serotype all year round and is the
causative organism in 5% to 10% of lower respiratory tract
infections in children.[4,5]

Viral–bacterial coinfection frequently occurs, and a number of
studies emphasize the potential risk of synergistic presentation
during coinfection with respiratory viruses and bacteria, showing
longer hospital stays and higher morbidity with variations in
which bacterial strains were invaders being modified by personal
or population immunity.[2,6–8] Secondary bacterial infection
serves as an aggravating factor for disease severity as formerly
shown during the influenza pandemics in which mortality cases
were vastly attributed to secondary bacterial infection from
Streptococcus pneumoniae (S pneumoniae), or Staphylococcus
aureus (S aureus).[6,9,10] Although most coinfection research has
focused on influenza viruses, other viruses also participate in
viral–bacterial coinfections, including RSV and adenoviruses.[10]

In healthy children, the upper respiratory tract is colonized by
several microorganisms which can become potential pathogens in
certain circumstances. S pneumoniae is detected as a colonizer of
8% to15% of healthy, asymptomatic adults and adolescents, and
30% to 70% of children, which is responsible for most cases of
community-acquired pneumonia, sinusitis, otitis media, and
meningitis.[11] Evidence is accumulating that bacterial coloniza-
tion or infection of the respiratory tract might modulate the viral
infection by disturbing various steps of defense mechanism
spanning to signal pathway and viral infection might also
modulate the subsequent bacterial infection in similar con-
text.[8,12–14] However, the exact epidemiology and degree of
impact on clinical course of community acquired respiratory
infections are still being gathered.
In this study, we analyzed viral–bacterial codetection in the

upper respiratory tract among young children with a single
respiratory viral infection in distinct severity categories. We
aimed to assess the coinfection dynamics between bacteria and
respiratory viruses especially focused on influenza viruses,
adenoviruses, and RSV and the clinical significance of viral–
bacterial codetection.
2. Methods

2.1. Study population

Data from the clinical virology laboratory at Asan Medical
Center was used to determine the relative frequency of
respiratory viruses detected at Asan Medical Center Children‘s
Hospital during 2 recent consecutive influenza seasons (Novem-
ber 2015 to April 2016 and November 2016 to April 2017).
During the study period, clinical and demographic data
from hospitalized pediatric patients aged under 5 years with
2

community-acquired single viral infections of influenza A/B, RSV
A/B, or adenovirus detected by real-time multiplex polymerase
chain reaction (PCR) (Seeplex: Seegene Inc, Seoul, Korea) were
abstracted from electronic medical records including clinical
diagnosis, duration of hospital stay, underlying medical
conditions, antibiotics use, need for intensive care unit stay,
and/or mechanical ventilation. The analysis only included the
first virus detected during a single clinical episode occurring
within a 4-week period, and duplicates from the same patient
were excluded. The following cases were excluded: healthcare-
associated infection, coexistence of ≥ 2 different respiratory
viruses, influenza cases confirmed only by rapid influenza antigen
test, and respiratory viral infections other than adenovirus,
influenza, or RSV.
Patients with a respiratory infection were grouped into 3

severity subgroups, as mild, moderate, and severe infections;
“mild” infection referred to no need for respiratory support,
absence of tachypnea (respiratory rate > 50/min at age of 2–11
mo and> 40/min at age of 1–5 yrs),[15] and no definite chest wall
indrawing; “moderate” infection meant the presence of oxygen
need (oxygen saturation< 93% on room air), tachypnea or chest
wall indrawing; “severe” infection was defined as need for
advanced respiratory support due to respiratory failure (i.e.,
invasive or noninvasive mechanical ventilation), or need for
pediatric intensive care unit (PICU) admission for reasons
other than respiratory failure (i.e., hemodynamic instability,
lethargy, reduced level of consciousness, convulsions), or cases of
death.
This study was approved by the Institutional Review Board of

Asan Medical Center with a waiver of informed consent for a
retrospective, deidentified data collection, and analysis (IRB No.
2018-0117).
2.2. Definition

Acute respiratory infection was defined as an illness of < 7 days
duration with ≥ 2 of the following symptoms: a cough, fever,
nasal congestion, and sore throat. Lower respiratory tract
infection (LRTI) including acute bronchitis, acute bronchiolitis,
and pneumonia was defined as the presence of wheezing, rales,
hypoxia, and/or chest radiographic opacity/pleural effusion.
Respiratory symptoms not satisfying those of LRTI were
diagnosed as upper respiratory tract infections (URTI). Commu-
nity-acquired infection was defined as an infection excluding
healthcare-associated infections, which referred to infections
newly occurring after 48hours of admission, or within 30 days of
discharge from any healthcare facility.[16]
2.3. Viral identification

With the exception of respiratory specimens only for rapid
influenza antigen testing which were obtained by nasopharyngeal
swabs, respiratory specimens of nasopharyngeal aspirates
submitted to the clinical virology laboratory for detection of
respiratory viruses were tested using real-time multiplex PCR
(Seeplex), which differentiated 15 species of common respiratory
viruses including influenza A and B, RSV A and B, and
adenovirus. Nasopharyngeal aspirates were collected within 3
days of symptom onset and no later than 7 days from the patients
who might have respiratory diseases with/or without fever, if
possible prior to the initiation of antimicrobial therapy at our
institute.
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2.4. Bacterial identification

Remnants of nasopharyngeal aspirates after viral confirmation
using multiplex PCR, which were kept at �70°C were used for
the bacterial PCR as follows. Nasopharyngeal aspirates stored at
�70°C, were thawed and centrifuged. We suspended a pellet in
180mL of the enzyme solution (20mg/mL lysozyme, 20mMTris-
HCl [pH 8.0], 2mM EDTA, 1% Triton X-100) and incubated at
37°C for 30minutes. Extraction and purification of DNA from
this sample was done according to the manufacturer’s instruc-
tions for the QIAmp DNA Mini Kit (QIAGEN GmbH, Hilden,
Germany).
Bacterial PCR detecting Moraxella catarrhalis (M catarhallis),

Haemophilus influenzae (H influenzae), S pneumoniae, and S
aureus was performed using primer sequences adopted from the
2015 Publication by Gadsby,[17] and the 16S ribosomal RNA
gene was used as an internal control[18] (Table 1). Bacterial PCR
amplifications were performed using 20mL reaction mixtures
containing distilled water 10.8mL, 10� PCR buffer 2mL, 25 mN
MgCl2 1.6mL, primer set 0.4mL each, 2.5mM dNTP mixture
1.6mL, 5U/mL Taq DNA polymerase 0.2mL (TaKaRa Bio Inc,
Shiga, Japan), and 3mL of DNA extract. After placing reaction
tubes within the GeneAmp PCR System 9700 (Applied
Biosystems, Foster, CA), we maintained the temperature at
95°C for 5 minutes and then immediately went through 35 cycles,
each consisting of 95°C for 1 minute, 55°C for 30seconds, and
72°C for 1 minute. The final cycle had a prolonged extension time
of 5minutes. Distilled water was used as a negative control.

2.5. Statistical analysis

Categorical data were analyzed with x2 test and Fischer exact
test, and continuous variables with independent t test, or 1-way
ANOVA. A multivariate logistic regression analysis was used to
assess the potential impact of variables on clinical severity, with
bootstrapping to obtain confidence intervals. A P value of <.05
was considered statistically significant for the comparisons.
Statistical Program for Social Science release 11 was used for all
statistical calculations.

3. Results

3.1. Study population and clinical manifestation

Among the 796 nasopharyngeal aspirates from hospitalized
patients who showed positive results for any respiratory viruses
Table 1

Primers for bacterial PCR.

Organism Target gene Primer
∗

Streptococcus pneumoniae Autolysin lytA

Haemophilus influenza L-Fuculokinase fucK

Staphylococcus aureus Thermostable nuclease Nuc

Moraxella catarrhalis Outer membrane protein copB

Any bacteria 16S ribosomal RNA† U16SRT

FW= forward, RV= reverse.
∗
Primer sequences for each bacteria were adopted from Gadsby.[14]

† 16S ribosomal RNA gene was used as an internal control for quality of the extracted DNA sample.[15

3

using real-time multiplex PCR during 2 consecutive influenza
seasons, 51.5% (410/796) comprised of adenovirus (n=114),
influenza viruses (n=53), or RSV (n=271); 50.2% (206/410) of
these infections occurred in children < 5 years of age (Fig. 1).
Excluding coinfection with ≥ 2 different viruses (n=67) and
healthcare-associated infections (n=37), a total of 102 children
aged under 5 years with community-acquired single viral
infections of adenovirus (n=13), influenza A (n=7), influenza
B (n=3), and RSV (n=79) were included in this analysis.
The demographic and clinical characteristics of 102 patients

are shown in Table 2. Median age was 0.83 years [interquartile
range (IQR), 0.3–2.0 yrs] and 45 (44.1%) patients had
underlying diseases including chronic respiratory conditions
(n=15) and congenital heart diseases (n=13). Themost common
diagnosis was LRTI (71.5%), followed by URTI (23.5%) and
fever without localizing signs (4.9%). Fever ≥ 38°C as an initial
manifestation was present more frequently with adenovirus
(81.8%) than with influenza (60.0%) or RSV (53.1%). Overall
median length of hospital stay was 4 days (IQR 3.0–6.0 d); 4 days
(IQR 3.0–6.0 d) in adenovirus and RSV, and 3 days (IQR 2.0–5.0
d) in influenza viruses, respectively.
The occurrence of severe clinical outcome requiring PICU

admission and mechanical ventilation ranged from 8.8% for
patients with RSV and 7.6% for those with adenovirus to 0% for
those with influenza viruses. Overall, 6.8% (7/102) of cases were
classified as severe with 1 fatal case associated with RSV
infection, in which a 4-month-old boy newly diagnosed with
acute myeloid leukemia progressed to acute respiratory distress
syndrome and expired despite ICU stay and ventilator care.
3.2. Prevalence of viral–bacterial codetection

Overall viral–bacterial codetection rate was 59.8% (61/102); M
catarrhalis was the most frequent bacteria in the nasopharyngeal
aspirates (33.3%), followed by H influenzae (31.4%), S
pneumoniae (21.6%), and S aureus (7.8%) (Table 3). There
was no significant difference in the distribution of 4 different
bacteria in the upper respiratory tract according to the clinical
diagnosis of LRTI and non-LRTI. Patients with influenza viruses
showed higher bacterial coinfection rates (80.0%; 8/10)
compared with those with adenoviruses (69.2%; 9/13) and
RSV (55.7%; 44/79) even though there was no statistically
significant difference. The most frequently observed pairs of viral
and bacterial combination in each viral infection were as follows:
Sequence (50 → 30) Product size

FW: ACGCAATCTAGCAGATGAAGCA
RV: TCGTGCGTTTTAATTCCAGCT

75bp

FW: ATGGCGGGAACATCAATGA
RV: ACGCATAGGACATCAATGA

102bp

FW: AGCATCCTAAAAAAGGTGTAGAGA
RV: CTTCAATTTTMTTTGCATTTTCTACCA

87bp

FW: CGTGTTGACCGTTTTGACTTT
RV: CATAGATTAGGTTACCGCTGACG

127bp

FW: ACTCCTACGGGAGGCAGCAGT
RV: TATTACCGCGGCTGCTGGC

180bp

]

http://www.md-journal.com


206 (50.2%) occurred in children < 5 years of age

139 single viral infection 

[adenovirus (n=21), influenza virus (n=14), 

and RSV (n=104)

102 children aged under 5 years with community-acquired 

single viral infections of adenovirus (n = 13), influenza A (n = 7), 

influenza B (n = 3), and RSV (n = 79)

Exclusion of co-infection with ≥ 2 different viruses 
[n = 67;  adenovirus (n=26), influenza virus (n=6), 

and  RSV (n=35) ]    

Exclusion of healthcare- associated infections 

(n = 37)

410 (51.5%) comprised of 

adenovirus (n = 114), influenza viruses (n = 53), or RSV (n = 271) 

n = 5

Fever without respiratory 

symptoms

n = 73           

LRTI

n = 24            

URTI

During 2 recent consecutive influenza seasons, 

any respiratory viruses from hospitalized pediatric patients
(n=796)

Figure 1. Study flow of recruitment of children hospitalized under age 5, with proven single viral infections of adenovirus, influenza A and B viruses, and respiratory
syncytial virus (RSV). LRTI= lower respiratory tract infection, RSV= respiratory syncytial virus, URTI=upper respiratory tract infection.
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adenovirus and H influenzae (46.2%; 6/13), RSV and M
catarrhalis (34.2%; 27/79), and influenza viruses and S pneumo-
niae (50.0%; 5/10). Pneumococcal coinfection rate was 50%
in influenza viral infection, which was higher than that of
adenovirus (15.3%) or RSV (18.9%).
Overall, 29 pairs of viral–bacterial codetections had ≥ 2

different bacteria simultaneously; dual or triple bacterial
coinfection rate was not statistically different according to each
virus, ranging from 27.8% to 30.8% (Table 3). The percent with
≥ 2 bacterial species was not statistically different between LRTI
and non-LRTI [24.7% (18/73) and 37.9% (11/29), respectively;
P= .180]. Although simultaneous detection of ≥ 3 different
bacteria in the nasopharyngeal aspirates was not observed in
adenoviral infection, 5 of the children infected with RSV or
influenza virus were colonized with 3 different bacteria.
However, none of the aspirates exhibited 4 different bacteria
at once.
4

3.3. Clinical significance of viral–bacterial codetection
Statistically significant risk factors associated with LRTIs were as
follows: the presence of underlying diseases [adjusted odds ratio
(aOR), 2.82; 95% confidence interval (CI), 1.02–7.75] and viral
pathogen of RSV (aOR, 5.71; 95% CI, 2.02–16.1) (Table 4).
However, age was not an additional risk factor for progression to
LRTIs among young children aged < 5 years with respiratory
viral infections (OR, 0.96; 95% CI, 0.68–1.35). In addition, the
presence of viral–bacterial coinfection and frequently observed
pairs of viral–bacterial combinations did not have any significant
influence on progression to LRTI.
Younger age and presence of underlying diseases were

associated with the increased risk of accompanying wheezing
(aOR, 1.85 and 5.05, respectively) (Table 5). AlthoughRSV itself
was a risk factor for wheezing in univariate analysis (OR, 3.34;
95% CI, 1.13–9.87), there was no statistical significance in
multivariate analysis. The codetection of H influenzae



Table 2

Demographic data and clinical characteristics of hospitalized children < 5 years old with community-acquired single viral infections
during 2 consecutive influenza seasons.

Adenovirus (n=13) Influenza virus (n=10) RSV (n=79) Total (n=102)

Median age, yrs (IQR) 1.58 (0.7–2.8) 1.79 (0.7–2.6) 0.50 (0.2–1.8) 0.83 (0.3–2.0)
Male gender, n (%) 9 (69.2) 4 (40.0) 43 (54.4) 56 (54.9)
Underlying disease, n (%) 7 (53.8) 5 (50.0) 33 (41.8) 45 (44.1)
Chronic respiratory condition

∗
2 2 11 15

Congenital heart disease† 1 0 12 13
Immunosuppressed condition‡ 1 1 6 8
Neuromuscular diseasex 1 2 3 6
Others¶ 2 0 1 3
None 6 5 46 57

Use of antibiotics before admission, n (%) 4 (30.7) 5 (55.0) 20 (25.6) 69 (71.1)
Presence of fever (≥ 38°C) at initial presentation, n (%) 9 (81.8) 6 (60.0) 42 (53.1) 57 (55.9)
Median (IQR) CRP at worst (mg/dL) 7.10 (4.1–9.7) 1.64 (0.8–3.7) 1.04 (0.2–3.4) 1.73 (0.4–4.1)
Clinical diagnosis
URTI, n (%) 6 (46.0) 3 (30.0) 15 (21.7) 24 (23.5)
LRTI, n (%) 4 (30.7) 6 (60.0) 63 (79.7) 73 (71.5)
Fever without localizing sign, n (%) 3 (33.3) 1 (10.0) 1 (1.3) 5 (4.9)

Days of hospital stay, in median value (IQR) 4.0 (3.0–6.0) 3.0 (2.0–5.0) 4.0 (3.0–6.0) 4.0 (3.0–6.0)
Severity subgroup
Mild disease, n (%) 10 (76.9) 8 (80.0) 48 (60.7) 66 (64.7)
Moderate disease, n (%) 2 (15.3) 2 (20.0) 25 (31.6) 29 (28.4)
Oxygen saturation < 93% at room air at admission 2 2 24 28
Tachypneajj at admission 0 1 11 12

Severe disease, n (%) 1 (7.6) 0 (0.0) 6 (8.8) 7 (6.8)
Fatality 0 0 1# 1#

ICU stay for other than mechanical ventilation 0 0 0 0
Need for invasive mechanical ventilator 1 0 2 3
Need for noninvasive mechanical ventilator 0 0 3 3

ICU= intensive care unit, LRTI= lower respiratory tract infection, RSV= respiratory syncytial virus, URTI=upper respiratory tract infection.
∗
Chronic respiratory condition includes asthma (n=5), chronic lung disease due to prematurity (n=4), congenital diaphragmatic hernia related lung hypoplasia (n=1), congenital cystic adenoid malformation

(n=1), hypoplastic lung due to narrow thorax (n=1), acute respiratory distress syndrome (n=1), and postinfectious bronchiolitis obliterans (n=1).
† Congenital heart disease includes ventricular septal defect (n=5), complex heart disease (n=5), right aortic arch with vascular ring (n=1), coarctation of aorta (n=1), and patent ductus arteriosus (n=1).
‡ Immunosuppressed condition includes hematologic malignancies (n=4), solid tumor on chemotherapy (n=2), and liver transplanted status on immunosuppressants (n=2).
xMicrocephaly and developmental delay (n=2), intractable epilepsy (n=2), Miller-Dieker syndrome (n=1), agenesis of corpus callosum (n=1).
¶ Others include hemolytic uremic syndrome (n=1), hypospadias (n=1), tracheo-esophageal fistula (n=1).
jj Tachypnea was defined as follows; respiratory rate > 50/min at 2 to 11 mo of age, and > 40/min at 1 to 5 yrs of age.
# Fatality occurred related to RSV infection, in which a 4-mo-old boy newly diagnosed as acute myeloid leukemia progressed to acute respiratory distress syndrome and expired despite of ICU stay and ventilator
care.
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was the protective factor for wheezing (aOR, 0.36; 95% CI,
0.13–0.98).
Among the 73 patients with LRTIs, age, underlying disease,

and viral species did not affect the clinical severity (Table 6); RSV
infection itself had no association with the severity of LRTIs
Table 3

Distribution of viral–bacterial coinfection among children infected wi

Adenovirus (n=13) In

Presence of any of the following bacteria
∗
, n (%) 9 (69.2)

M catarrhalis 4 (30.8)
H influenza 6 (46.2)
S pneumonia 2 (15.3)
S aureus 0 (0.0)

Presence of ≥ 2 bacteria at the same time†, n (%) 4‡ (30.8)
∗
Includes duplicates.

† None had 4 different bacteria at once.
‡ Includes dual bacterial cocolonization as follows: M catarrhalis and H influenzae (n=3), and M catarr
x Includes triple bacterial cocolonization as follows; S pneumonia, H influenzae, and M catarrhalis (n=2
¶ Includes 4 patients of triple bacterial cocolonization (3 patients with S pneumoniae, H influenzae, and M
bacterial colonization.

5

compared with adenoviral or influenza viral infections (OR 0.97;
95% CI 0.26–3.68). Although codetection of H influenzae
had a tendency to be associated with increased severity (aOR
3.14, 95% CI 0.92–10.0), the presence of viral–bacterial
coinfection was not a risk factor for severe LRTIs (OR, 0.76;
th any single respiratory viruses.

fluenza virus (n=10) RSV (n=79) Total (n=102) P value

8 (80.0) 44 (55.7) 61 (59.8) .255
3 (30.0) 27 (34.2) 34 (33.3) .945
4 (40.0) 22 (27.8) 32 (31.4) .346
5 (50.0) 15 (18.9) 22 (21.6) .068
1 (10.0) 7 (8.9) 8 (7.8) .555
3x (30.0) 22¶ (27.8) 29 (28.4) .082

halis and S pneumoniae (n=1).
), and dual bacterial cocolonization as follows: S aureus, H influenzae (n=1).
catarrhalis, and 1 patient with S aureus, H influenzae, and M catarrhalis), and 18 patients with dual

http://www.md-journal.com


Table 6

Comparison among 73 patients presented with LRTI according to the clinical severity.

Severity of LRTI patients
∗
(n=73)

Mild (n=37) Moderate or severe (n=36) OR (95% CI) Adjusted OR† (95% CI)

Median age, yrs (interquartile range) 1.75 (0.25–2.33) 0.48 (0.12–1.58) 1.37 (0.49–1.08) NA
Presence of underlying diseases 16 (43.2%) 19 (52.8%) 1.47 (0.58–3.69) NA
Presence of fever at initial presentation 20 (54.1%) 16 (44.4%) 0.68 (0.27–1.71) NA
Virus species
Adenovirus (n=4) 1 (2.7%) 3 (8.3%) 3.27 (0.32–33.0) NA
Influenza virus (n=6) 4 (10.8%) 2 (5.6%) 0.49 (0.08–2.83) NA
RSV (n=63) 32 (86.5%) 31 (86.1%) 0.97 (0.26–3.68) NA

Presence of bacterial coinfection 22 (59.5%) 19 (52.8%) 0.76 (0.30–1.93) NA
S pneumoniae (n=1) 12 (32.4%) 4 (11.1%) 0.26 (0.07–0.91) 0.24 (0.07–0.89)
H influenzae (n=29) 6 (16.2%) 13 (36.1%) 2.92 (0.97–8.84) 3.14 (0.92–10.0)
M catarrhalis (n=33) 11 (29.7%) 12 (33.3%) 1.18 (0.44–3.18) NA
S aureus (n=6) 3 (8.1%) 3 (8.3%) 1.03 (0.19–5.48) NA

CI= confidence interval, LRTI= lower respiratory tract infection, NA=not applicable, OR= odds ratio, RSV= respiratory syncytial virus.
∗
Mild infection referred to no need for respiratory support, absence of tachypnea (respiratory rate > 50/min at age of 2–11 mo and > 40/min at age of 1–5 yrs), and no definite chest wall indrawing.

†Multivariate analysis was performed using the variables of underlying disease, presence of coinfection, age, presence of RSV infection, cocolonization status of each bacteria.

Table 4

Risk factors for progression to LRTIs.

Predictors Non-LRTI (n=29) LRTI (n=73) OR (95% CI) Adjusted OR
∗
(95% CI)

Median age, yrs (interquartile range) 0.91 (0.33–1.75) 0.83 (0.21–2.00) 0.96 (0.68–1.35) NA
Presence of underlying diseases 8 (27.6%) 35 (47.9%) 2.42 (0.95–6.16) 2.82 (1.02–7.75)
Viral pathogen
Adenovirus (n=13) 9 (69.2%) 4 (30.8%) 0.13 (0.04–0.46) NA
Influenza viruses (n=10) 4 (40.0%) 6 (60.0%) 0.56 (0.15–2.15) NA
RSV (n=79) 16 (20.3%) 63 (79.7%) 5.12 (1.90–13.8) 5.71 (2.02–16.1)

Presence of bacterial coexistence 20 (69.0%) 41 (56.2%) 0.58 (0.23–1.44) NA
Pairs of viral and bacterial coinfection
Adenovirus and H influenza 4 (13.8%) 2 (2.7%) 0.18 (0.03–1.02) NA
Influenza viruses and S pneumonia 2 (6.9%) 3 (4.1%) 0.58 (0.09–3.66) NA
RSV and M catarrhalis 6 (20.7%) 21 (28.8%) 1.55 (0.55–4.34) NA

CI= confidence interval, LRTI= lower respiratory tract infection, NA=not applicable, OR= odds ratio, RSV= respiratory syncytial virus.
∗
Multivariate analysis was performed using the variables of age, presence of underlying disease, presence of bacterial coinfection, infected primary virus, pairs of viral and bacterial coinfection (adenovirus and H

influenzae, Influenza viruses and S pneumoniae, RSV and M catarrhalis).

Table 5

Factors associated with presentation of wheezing.

Wheezing (n=42) No wheezing (n=60) OR (95% CI) Adjusted OR
∗
(95% CI)

Median age, years (interquartile range) 0.33 (0.17–1.58) 1.17 (0.31–2.33) 0.62 (0.42–0.91) 0.54 (0.33–0.78)
Presence of underlying diseases 24 (57.1%) 19 (31.7%) 3.16 (1.39–7.19) 5.05 (1.85–13.82)
Bacterial coexistence 23 (54.7%) 38 (63.3%) 0.70 (0.31–1.57) NA
Bacterial species in upper airway
M catarrhalis 11 (26.2%) 23 (38.3%) 0.57 (0.24–1.35) NA
H influenza 8 (19.0%) 24 (40.0%) 0.35 (0.14–0.89) 0.36 (0.13–0.98)
S pneumonia 6 (11.9%) 16 (26.7%) 0.44 (0.16–1.23) NA
S aureus 5 (11.9%) 2 (3.3%) 3.75 (0.69–20.33) NA

RSV infection compared with non-RSV infections 38 (90.5%) 41 (68.3%) 3.34 (1.13–9.87) 2.20 (0.66–7.33)
Adenovirus infection compared with non-adenovirus infections 1 (2.4%) 12 (20.0%) 0.21 (0.05–1.02) NA

CI= confidence interval, NA=not applicable, OR=odds ratio, RSV= respiratory syncytial virus.
∗
Multivariate analysis was performed using the variables of age, presence of underlying disease, RSV infections, H influenzae codetection.
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95% CI, 0.30–1.93). However, pneumococcal codetection
itself was associated with reduced severity (aOR, 0.24; 95%
CI, 0.07–0.89).
4. Discussion

This study over 2 consecutive influenza seasons showed that 60%
of single respiratory viral infections including adenovirus,
influenza viruses, and RSV occurred in the setting of coexistence
of potentially pathogenic respiratory bacteria in the upper
respiratory tract of young children. Frequently detected bacteria
in the nasopharyngeal aspirates were different according to each
viral infection regardless of upper or lower respiratory tract
involvement. Although clinical severity of lower respiratory tract
involvement from a single respiratory viral infection in young
children was not affected by the presence of bacterial coinfection
in the upper respiratory tract, codetection of any specific bacteria
including H influenzae and S pneumoniae might affect the
presence of wheezing and the clinical severity, respectively.
In this study, codetection of bacteria in the nasopharyngeal

aspirates by PCR was referred to as coinfection or colonization
implying no difference in the meaning. The detection rate of any
single viral pathogen of interest with any bacterial pathogen was
60%, in line with the previous studies of children with acute viral
respiratory infections showing 23% to 83% of bacterial
codetection.[19–21] Colonization might directly influence trans-
mission rate by the evolution of virulence factors, facilitated host
adherence, and evasion from host immunity.[12,13,22] Coinfec-
tions with viral pathogens enhance bacterial colonization of the
airway, due to increased bacterial adherence facilitated by
denuded airway epithelium during acute respiratory tract
infections,[12,23,24] and a small percentage of children colonized
with bacteria will develop invasive disease immediately or later
following colonization, especially on an inflamed nasophar-
ynx.[25,26] Although it is well known that the secondary bacterial
infection serves as an aggravating factor of disease severity as
formerly shown during the influenza pandemics,[9,10,27] pneu-
mococcal coinfection in the upper respiratory tract was
associated with reduced severity of viral LRTIs in this study,
which might conflict with the known synergism between viral–
bacterial coinfection. It can be partly explained by the small
number of influenza cases; influenza cases diagnosed only by
rapid influenza antigen test were not included in this study
because no remnant frozen specimens were available for bacterial
PCR assays. In addition, only seasonal influenza epidemics were
observed during this study period, and none of the patients
infected with influenza ended up with a severe clinical outcome.
Dynamics of the polymicrobial carriage were previously

reported, showing increased polymicrobial colonization espe-
cially during acute respiratory infection, and cooperative
relationship of S pneumoniae and H influenzae.[28,29] Our study
also showed corresponding data supporting the patterns of
polymicrobial dynamics, implying the complex competitive
interactions during an acute respiratory infection might shift
the association between bacteria from negative to positive.
Except for 1 patient infected with RSV who showed cocoloniza-
tion of both S pneumoniae and S aureus at the same time, those 2
bacteria were not detected together elsewhere. These findings
were also concordant with the previous knowledge of negative
associations between carriage of S pneumoniae and S aureus,
which may be associated with immune-mediated interspecies
inferences.[29–32]
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Emerging evidence reveals that the airwaymicrobiome changes
were associated with postviral wheeze; especially, higher risk of
developing persistent wheezing and asthma in the presence of M
catarrhalis in viral infection.[33,34] In this study, however, there
was no increased risk of wheeze in young children experiencing
viral infections, irrespective of coexistence of M catarrhalis. Our
study suggested that codetection ofH influenzaewas significantly
associated with lower odds of presentation with wheezing.
Although this association does not necessarily mean causation,
and the effect of previous or concomitant use of antibiotics
cannot be excluded, the airway microbiome during viral
infections is a relevant determinant of wheeze in young children.
Our study has some limitations. First, the sample size was

relatively small and had low power to evaluate the significance of
viral–bacterial coinfection. Even though the study period
included 2 consecutive influenza seasons in Korea, the number
of influenza cases was too small to analyze the synergism of
influenza virus and pneumococci or S aureus. Secondly,
respiratory specimens obtained from children without viral
infections such as influenza, adenovirus, or RSV were not
included as negative controls. So, it is uncertain whether the
codetection of certain bacteria in the upper respiratory tract is
under the influence of each virus. And third, from the study
design, we only included patients with solo—infections of
adenovirus, influenza, and RSV which are known to be
associated with severe LRTIs. Rhinovirus, for example, is
another frequently detected respiratory virus associated with
both upper and lower respiratory tract infections. It can possibly
cause synergistic bacterial coinfection as shown from previous
studies revealing rhinovirus with S pneumoniae as the most
common combination.[35–37] By restricting the viruses of interest,
the overall comprehension of distribution and dynamics of the
pathogens of respiratory tract might have been precluded. In
addition, the presence of bacteria in the nasopharyngeal aspirates
was determined not by semiquantitative real-time PCR but
conventional PCR, which leaves some uncertainty of significant
bacterial abundance on viral–bacterial interaction. Furthermore,
the presence of bacteria in the upper respiratory tract might not
reflect the viral–bacterial interaction in lower respiratory tract
infections. Finally, we did not review the individual histories of
immunization including pneumococcal and H influenza type b
(Hib) vaccines. However, in Korea, Hib and pneumococcal
protein-conjugate vaccine had been included in the national
immunization programs since 2013 and May 2014, respectively,
and as of 2017, the coverage rate for both vaccines is estimated to
have risen up to 97% to 98%.[38] So, the incidence of viral–
bacterial codetection might not reflect the differences between
vaccinated or nonvaccinated patients.
5. Conclusions

Although coexistence of bacteria does not have an apparent
impact on progression to viral LRTI, the codetection of H
influenzae was the protective factor for wheezing, and pneumo-
coccal codetection was associated with reduced severity of viral
LRTIs. Despite the small study population, influenza virus most
frequently detected with S pneumoniae, RSV with M catarrhalis,
and adenovirus with H influenzae. Dual or triple bacterial
coinfection rate was 28%, which was not statistically different
according to each virus or progression to LRTIs. A future study
with a larger study population and perhaps including lower
respiratory tract aspirates might help to elucidate the active
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interaction mechanism between viral–bacterial interactions and
provide insight to the risk-stratified management of respiratory
infections among young children.
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