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a b s t r a c t

Background: The clinical significance of viral load and co-infections in children with respiratory infections
is not clear.
Objective: To evaluate the correlation of viral load as well as viral and bacterial co-infections with disease
severity in hospitalized children with lower respiratory tract infections (LRTIs).
Study design: This is a prospective study conducted in children admitted for LRTIs for two seasons. To
determine viral and bacterial load of respiratory pathogens we performed multiplex real-time polymerase
chain reaction and semiquantitative bacterial cultures on nasopharyngeal aspirates (NPA).
Results: During the study period 244 (60%) children were hospitalized for LRTI with acute virus-induced
wheezing and 160 (40%) for radiologic confirmed pneumonia. In the first NPA, viruses were identified
in 315 (78%) of the 404 samples and bacteria in 198 (63.3%) of 311 samples. The viral load significantly
decreased between the first and second NPA sample in most single and viral co-infections, except rhi-
novirus and human bocavirus infections. Viral load was inversely related to CRP in RSV infections, whereas
a positive correlation was observed in adenovirus infections. Duration of hospitalization was significantly

longer in RSV single infections compared to rhinovirus single infections whereas in the latter, leucocytosis
and use of systemic steroids was more common. In RSV viral co-infections the presence of fever, leucocyto-
sis, and the use of antibiotics was significantly more frequent. Positive cultures of Haemophilus influenzae
dominated in RSV and rhinovirus single infections and Moraxella catarrhalis in RSV viral co-infections.

l sing
Conclusions: Specific vira
children with LRTIs.

. Background

The majority of infections of the lower respiratory tract (LRTI)
n children are caused by viruses.1 A great variety of respiratory
iruses have repeatedly been detected in acute LRTI including
nfluenza virus types A and B, parainfluenza virus type 1, 2 and

, respiratory syncytial virus (RSV), rhinovirus, enterovirus and
denovirus.2,3 This panel of viruses has recently been expanded by
ewly discovered viruses like human metapneumovirus (HMPV),4

oronavirus,5 and human bocavirus (hBoV). 6
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le and co-infections as well as viral load contribute to disease severity in

© 2010 Elsevier B.V. All rights reserved.

Several previous studies have shown that the virus type and viral
load may influence the clinical characteristics of infection.7,8 The
presence of more than one type of virus in the respiratory specimen
may also affect the clinical presentation of LRTI.7,9 However, many
aspects of the relationship between the type of virus, the number
of viruses detected, their quantity in respiratory secretions and the
severity of illness in children remain unclear.

Many of the bacteria detected during a respiratory infection in
cultures from respiratory secretions are commensals of the upper
respiratory tract. They often contaminate respiratory samples mak-

ing the assessment of their causal role for lower respiratory tract
infection difficult.10 Interactions between viruses and bacteria have
been described.1,3 Pneumococcal conjugate vaccination has been
found to reduce the risk of virus-associated pneumonia, pointing
to clinically relevant interactions between bacterial pathogens and
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http://www.sciencedirect.com/science/journal/13866532
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iral pneumonia.11 A correlation between bacterial colonization
nd viral infection in LRTI merits further investigation.

. Objective

To perform a prospective clinical study to investigate the corre-
ation between the type, number and quantity of respiratory viruses
nd bacteria in the nasopharyngeal aspirate by multiplex real-time
RT)-PCR and semiquantitative bacterial culture and the clinical
haracteristics of the infection in pediatric patients hospitalized for
cute virus-induced wheezing or pneumonia.

. Study design

The prospective clinical study was conduced at the University
hildren’s Hospital Düsseldorf and at the Children’s Hospital of
vangelisches Krankenhaus Düsseldorf during a 2-year period from
ovember 2006 until October 2008. Children aged 0–16 years were

ecruited who were consecutively admitted to the two hospitals for
RTI. Patients with primary or secondary immunosuppression were
xcluded. The clinical respiratory diagnosis acute virus-induced
heezing or pneumonia was based on the diagnosis given by physi-

ians in charge, attributed to a combination of clinical, laboratory
nd radiological findings. Initiation of an antibiotic therapy was
lso based on these parameters. A chest radiogram was not a
tudy requirement. Sample collection and routine diagnostic pro-
edures were conducted in adherence to the guidelines of good
linical practice under approval of the Institutional Review Board
f the University Hospital Düsseldorf. Written informed consent
as obtained from all parents prior to any study procedures being
erformed.

Nasopharyngeal aspirates (NPA) were collected on the day of
dmission (1. NPA) and on the 3rd or 4th day of hospitalization
2. NPA). The NPAs were submitted to the Institute of Virology
f the University Hospital Düsseldorf and evaluated for RSV, rhi-
ovirus, influenza types A and B, parainfluenza types 1, 2 and 3,
nterovirus, adenovirus, human metapneumovirus, coronaviruses
29E, OC43 and NL63 and human bocavirus using quantitative
eal-time RT-PCR.12 Briefly, a combination of duplex- and triplex
ne-step-RNA- and DNA-PCRs was used. All positive results were
onfirmed in a monoplex-assay and quantified using plasmid stan-
ards. The sensitivity and specificity was as demonstrated as
escribed elsewhere.12

The specimens were simultaneously submitted to the Institute
f Medical Microbiology and Hospital Hygiene of the Univer-
ity Hospital Düsseldorf where standard bacterial cultures were
erformed. For standard bacterial cultures NPAs were plated on
olumbia agar for aerobic and anaerobic cultures, chocolate agar
nd MacKonkey agar (bioMerieux, Nürtingen, Germany) and incu-
ated at 36 ◦C for 48 h. Aerobic Columbia and chocolate agars were

ncubated in a humidified atmosphere of 5% CO2. Cultures were
xamined after 24 and 48 h. The results of the bacterial cultures
ere expressed in semiquantitative steps: “no bacterial growth”,

occasional pathogenic bacteria”, “moderate amount of pathogenic
acteria” and “abundant pathogenic bacteria”.

The clinical data was prospectively collected during the hos-
ital stay using a standard data collection form. Upon admission,
he demographic characteristics and medical history of the chil-
ren were systematically recorded, using standardized written
uestionnaires and, after a complete physical examination, chil-

ren with a LRTI with the diagnosis of acute infectious wheezing,
ased on well-established criteria, or pneumonia were enrolled.13

hildren known to have had previous similar episodes of wheez-
ng related respiratory infections were diagnoses with recurrent

heezing. The diagnosis and classification of asthma was based on
irology 48 (2010) 239–245

the criteria of the new 2002 Global Initiative for Asthma (GINA)
guidelines.14 In patients who underwent chest radiography pneu-
monia was defined on WHO criteria.15

Beside age, gender, presence of chronic underlying conditions,
clinical disease correlates were collected continuously during hos-
pitalization and included supplemental oxygen requirement, use
of bronchodilators, systemic corticosteroids, antibiotics, and per-
formance of a chest radiography examination and the presence of
fever. Infectious parameters were obtained as clinically indicated.
Leucocytosis was defined as values above 15,000/�l and a signifi-
cantly raised C-reactive protein (CRP) when raised above 5 mg/dl.

Values are expressed as percentages for discrete variables, or
as mean and standard deviation for continuous variables, except
age and days of hospitalization, which are described by their
median. Clinical characteristics and laboratory variables are com-
pared using the Pearson �2 test, Fisher’s exact test, Kruskal–Wallis
test, Wilcoxon signed rank test and Mann Whitney U-test as appro-
priate. A two sided p-value <0.05 was considered statistically
significant.

4. Results

4.1. Patient characteristics

A total of 404 pediatric patients aged 0–16 years were recruited
during the study period. Two hundred and fourty-four (60%) chil-
dren had a discharge diagnosis of LRTI with acute virus-induced
wheezing, 160 (40%) with radiologic confirmed pneumonia. The
mean duration of clinical symptoms before admission was 3 days.
Seventy-two percent of the study population were below the age of
2 (0–3 months 24%, 4–11 months 31%, 12–23 months 17%, 24–59
months 21%, 5–16 years 7%). The median age was 0.8 years. 60%
were male. In the age group below 1 year, acute virus-induced
wheezing was the predominant diagnosis whereas pneumonia was
increasingly found in older children (Supplemental Fig. 1). In 196
(48%) cases an underlying condition was identified, most com-
monly prematurity (17%) followed by cardiac (7%), and pulmonary
conditions (18%). Recurrent wheezing and asthma was identified
in 14% and 1% cases, respectively.

4.2. Single and co-infections with respiratory viruses among
children with LRTI

Respiratory viruses were detected in 315 (78%) of the collected
specimen. The first NPA was collected in 100% of the cases, the sec-
ond in 71% of the cases. The drop outs were due to earlier discharge
or withdrawal of the approval by the parents. RSV type A and B
were detected in 160 (51%) specimen followed by 87 detections
of rhinovirus (28%) and 28 detections (9%) each of adenovirus and
human bocavirus (Fig. 1A and B). An equal number of 80 RSV A
and 80 RSV B infections were found. With all further analyses of
clinical characteristics, viral load and co-infections there were no
significant statistical difference between RSV A and RSV B infec-
tions (data not shown), therefore the results for the two RSV types
were summarized.

Viral single infections were detected in 66% and co-infections
in 34% of all viral infections (Table 1). Two or more viruses were
found in 67 cases (17%). A RSV viral co-infection with human
bocavirus was the single most common observation (n = 14) (48%).
The majority of the rhinovirus co-infections were in combina-

tion with enterovirus (n = 14) (47%). Overall, 30 viral co-infections
were in combination with rhinovirus, 22 (73%) of these were
dual infections, and 8 (27%) were infections with more than two
viruses. Nineteen (68%) of the 28 detected infections with human
bocavirus and adenovirus were viral co-infections. No viral co-
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4.5. Association between positive bacterial culture and type or
number of viruses

Bacterial cultures analyses for bacterial respiratory pathogens
were performed in 311 samples from the 1. NPA. The missing
Fig. 1. Virus distribution in the nasopharyngeal aspirates. Virus distribu

nfection between influenza A, influenza B, parainfluenza, RSV, and
MPV occurred.

.3. Clinical characteristics of viral single- and co-infections

The group of patients with RSV single infection (n = 131) was
ignificantly younger than that with rhinovirus single infection
n = 57) (median age 0.5 vs. 1.4, p < 0.001) (Table 2). 68% of
atients with rhinovirus single infection were male vs. 52% in
SV (p = 0.054). Underlying pulmonary diseases dominated in rhi-
ovirus infections (12% vs. 4%, p = 0.04). The mean duration of
ospitalization, was 1 day longer in RSV infection (p < 0.001). Use of
ystemic steroids (p = 0.02) and leucocytosis (p < 0.001) were more
requent in subjects with rhinovirus.

Thirty-eight patients (29%) with a RSV single infection had pneu-
onia vs. 15 (52%) with a RSV viral co-infection (p = 0.05). The

atients with viral co-infection were somewhat older (median age
.8 vs. 0.5, p = 0.02). In RSV viral co-infections the use of antibiotics
p = 0.007) presence of fever (p = 0.003) and leucocytosis (p = 0.004)
ere significantly more frequent than in RSV single infections.

.4. Relationship of viral load with correlates of disease severity

The viral load significantly decreased between the first and
econd NPA sample in single infections with RSV (p < 0.001), parain-
uenza virus (p = 0.004), HMPV (p = 0.002) and viral co-infections
ith RSV (0 < 0.009), and adenovirus (p = 0.03) (Fig. 2). In RSV,

ocavirus and adenovirus viral co-infections the viral load of these
iruses was significantly lower than in single infections (respec-
ively, p = 0.04, p = 0.048 and p = 0.006) (Fig. 3). In 24 of the 34 (70%)
iral co-infections involving RSV, its viral load was higher than that
f the concomitantly detected viruses (p = 0.03).

No statistically significant impact of the viral load in the NPA
n the correlates of disease severity including duration of hospi-
al stay, supplemental oxygen requirement, use of bronchodilators,
se of systemic corticosteroids, use of antibiotics, use of chest
adiography examination and presence of fever was found in RSV,
hinovirus, adenovirus or human bocavirus infections (data not
hown). However, a significant negative correlation between the

bsolute viral load in RSV infections and infectious parameters
n blood was detected for CRP (p = 0.005) and leucocyte count
p = 0.001) (Supplemental Fig. 2). In adenovirus single infections
n = 9) the presence of an elevated CRP above 5 mg/dl in serum
orrelated positively with viral load (p = 0.01) (data not shown).
the first nasopharyngeal aspirate (NPA) (A) and in the second NPA (B).
Fig. 2. Viral load of respiratory viruses drops in the course of viral single- and co-
infections. The figure shows the differences of viral load of paired 1 and 2. NPAs in
viral single (A) and co-infections (B).
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Table 1
Single and co-infections with respiratory viruses.

Virus Infections
total

Single
infections
(number)

Co-infections
(number)

Co-infections
(%)

Influenza
A

Influenza
B

Parainfluenza RSV HMPV Corona
229 E

Corona OC43 Corona NL63 Rhinovirus Enterovirus Adenovirus HBoV

RSV 160 131 29 18,1 1 1 1 8 2 8 14
HMPV 16 14 2 12,5 1 1
Influenza A 9 8 1 11,1 1
Influenza B 2 2 0 0,0
Parainfluenza 20 15 5 25,0 2 3
Corona 229E 1 0 1 100,0 1
Corona OC43 4 0 4 100,0 1 1 1 1
Corona NL63 2 1 1 50,0 1
Rhinovirus 87 57 30 34,5 2 8 1 1 14 7 5
Adenovirus 28 9 19 67,9 3 8 7 2 4
HBoV 28 9 19 67,9 14 5 3 4
Enterovirus 18 2 16 88,9 2 14 2 3

No viral co-infections between Influenza A, Influenza B, Parainfluenza, RSV, and HMPV occurred.

Table 2
Comparisons of clinical characteristics among patients with RSV, rhinovirus, human bocavirus (HBoV) and adenovirus single infections, and RSV, rhinovirus, HBoV and adenovirus co-infections with other respiratory viruses.

RSV single Rhino single HBoV single Adenovirus single RSV co-infection Rhinovirus co-infection HBoV co-infection Adenovirus co-infection

N 131 57 9 9 29 30 19 19
Age (years, median) 0.5a,b 1.4a 1.2 1.1 0.8b 1.0 1.1 1.0
Male (%) 68 (52)a 39 (68)a 5 (55) 8 (89) 19 (66) 16 (53) 12 (63) 13 (68)
Pneumonia (%) 38 (29)b 18 (32) 7 (78) 7 (78) 15 (52)b 10 (33) 10 (53) 10 (53)
Supplemental O2 (%) 56 (43) 18 (32) 2 (22) 2 (22) 12 (41) 15 (50) 7 (37) 5 (26)
Antibiotics (%) 53 (40)b 21 (37) 7 (78) 8 (89) 20 (69)b 12 (40) 6 (32) 9 (47)
Bronchodilators (%) 112 (85) 52 (91) 8 (89) 3 (33) 26 (90) 27 (90) 18 (95) 16 (84)
Systemic corticosteroids (%) 25 (19)a 21 (37)a 1 (11) 2 (22) 6 (21) 11 (37) 12 (63) 9 (47)
Chest radiography (%) 53 (40) 28 (49) 7 (78) 8 (89) 16 (55) 15 (50) 12 (63) 13 (68)
Fever (≥38.5◦C) (%) 50 (38)b 21 (37) 6 (67) 7 (78) 20 (69)b 11 (37) 12 (63) 10 (53)
CRP ≥5 mg/dl 12 (9) 9 (16) 4 (44) 4 (44) 4 (14) 1 (3) 2 (1) 2 (1)
Leucocytosis (%) 28 (21)a,b 26 (46)a 5 (55) 4 (44) 14 (48)b 20 (67) 8 (42) 10 (53)
DOH (days, median) 5a 4a 5 5 5 4 5 5

Other respiratory viruses were:
ap < .05, Rhino single vs. RSV single infections.
bp < .05, RSV-co-infection vs. RSV single infections.
Clinical characteristics did not differ significantly in HBoV and adenovirus single and co-infections.
Abbreviations: DOH: days of hospitalization and N: number.
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66–89% of respiratory samples of patients with acute LRTI. The
detection rate of 78% in our samples is comparable with these. In
ig. 3. Viral load of respiratory viruses is lower in viral co-infections compared to
ingle infections.

3 samples are mainly due to delayed start of bacterial culture
ampling by approximately 6 weeks from the study beginning. A
ositive bacterial culture was detected in 198 (63.3%) NPAs and

n 97 (31.1%) samples with the semiquantitative result “abun-
ant pathogenic bacteria”. The samples with the result “abundant
athogenic bacteria” were considered for the viral co-infection
nalyses.

The pathogen distribution from the first NPA with a positive
acterial culture is shown in Fig. 4Aand those 1. NPAs with the

esult “abundant of pathogenic bacteria” in virus positive sample
n Fig. 4B. Haemophilus influenzae, Moraxella catarrhalis, Streptococ-
us pneumoniae and S. aureus were the most frequently detected
athogens. Positive bacterial cultures were also found in 28 of 63

ig. 4. Pathogen distribution in bacterial cultures from nasopharyngeal aspirates. Pathog
f positive bacterial cultures with the result “abundant pathogenic bacteria” in virus posi
irology 48 (2010) 239–245 243

virus negative samples (44.4%), in which 15 (23.8%) samples had
“abundant pathogenic bacteria” (Fig. 4C).

In RSV and rhinovirus single infections H. influenzae (39% and
27%, respectively) detections dominated while in viral co-infections
the rate of M. catarrhalis positive cultures (56% in RSV and 50%
in rhinovirus infections, respectively) were the most frequently
detected bacterial pathogens (Fig. 5). S. pneumoniae was less fre-
quently detected in RSV infections than in rhinovirus infections
(28% vs. 10% of all infections). There was no significant difference
in the rate of positive bacterial cultures between the two diagno-
sis groups acute virus-induced wheezing and pneumonia (32% vs.
26%, p = 0.32). Antibiotic treatment was initiated in 161 cases (40%).
There was no positive correlation between a positive bacterial cul-
ture and initiation of an antibiotic treatment: 45 patients (46%) vs.
116 patients (50%) with and without a positive bacterial culture
respectively received antibiotics during the hospital stay.

5. Discussion

The major strengths of this pediatric clinical study were beside
the prospective study design over 2 complete seasons, the use of
a highly sensitive quantitative multiplex RT-PCR for a wide range
of respiratory viruses, the simultaneous detection of bacteria, the
evaluation of important clinical characteristics, the high number of
patients included in the study.

The availability of multiplex PCR means a major breakthrough
for the diagnosis of respiratory pathogens and makes the detection
of co-infections easier or even possible. By means of modern mul-
tiplex PCR techniques at least one respiratory virus is detected in

7,19
en distribution in all bacterial cultures from all 1. NPAs (A), pathogen distribution
tive samples of the 1. NPAs (n = 97) (B) and from virus negative 1. NPAs (C) (n = 15).

this study viral co-infections were detected in 34% of the cases. This
rate is high, but also in accordance with the previously published
data implicating the rate of dual and multiple infections to vary
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ig. 5. Predominance of Haemophilus influenzae in RSV and rhinovirus single infectio
requently detected bacteria in bacterial cultures from the 1. NPA with the semiqua
ingle infections and co-infections.

etween 5% and 20% of all viral LRTIs.2,7,9 Human bocavirus, rhino-
nd enteroviruses and adenoviruses were the four pathogens most
requently involved in dual infections. Due to the close relationship
f rhinoviruses and enteroviruses we cannot completely exclude
hat in some cases a crossreactivity in PCR testing mimics a co-
nfection between these two groups of viruses. Interestingly no
iral co-infections between members of the orthomyxoviruses
influenza) and the paramyxoviruses (parainfluenza, RSV, HMPV)
ere seen.

In this study population RSV (51%) was the main reason for
ospitalization for LRTI followed by rhinovirus (28%). Previously
ublished findings have repeatedly confirmed RSV to be the main
iral pathogen causing LRTI in children.1,3,16 Interestingly, twenty-
wo percent of our hospitalized children with LRTI had a single
nfection with rhinovirus, 32% of the rhinovirus single infections
ad pneumonia. Calvo et al. found only 3.5% of Spanish chil-
ren infected with rhinovirus to be hospitalized for pneumonia,
hereas others reported rates ranging between 16% and 24%.1,17,18

owever, a relatively high rhinovirus prevalence of 12–20% in
symptomatic children has been reported.20,21 According to our
ata rhinovirus is an important causative agent of lower respiratory
ract infections in young children, second to RSV.

The comparison of clinical characteristics of RSV and rhinovirus
nfections revealed a shorter duration of hospitalization in rhi-
ovirus infections, but a more frequent use of systemic steroids

n rhinovirus infections. Physicians may tend to treat LRTI caused
y rhinovirus with corticosteroids due to initial severity of pre-
enting symptoms. A recently published controlled clinical trial
emonstrated a benefit of systemic prednisolone in children with
icornavirus (i.e. rhinovirus or enterovirus) LRTI.22 The high inci-
ence of fever and leucocytosis might explain the higher rate of
ntibiotic use in RSV viral co-infections compared to RSV single
nfections in our study. However, viral factors may be responsi-
le for RSV subgroup-related disease severity differences, including
ifferences in the ability of certain viruses to promote a pathogenic

nflammatory host response.23

Previous studies have investigated the relationship of viral load
nd viral dynamics to etiological role and disease severity in respi-
atory tract infections.24,25 Gerna et al. found a significant drop in
SV viral load between admission and discharge in children hospi-
alized for RSV LRTI.8 In contrast, Bosis et al. did not find a significant

mpact of the RSV viral load on the disease severity in children
dmitted to hospital for the first episode of acute wheezing.16 There
ere also no significant correlation of viral load and disease severity

n human bocavirus infections.26
d Moraxella catharralis in RSV and rhinovirus co-infections. Distribution of the most
ive result “abundant pathogenic bacteria” in all RSV (A) respectively rhinovirus (B)

This study is the first to investigate the influence of the viral
load and viral dynamics of a broad range of respiratory viruses and
different clinical correlates of disease severity and inflammatory
parameters in blood in a multiplex PCR assay. We found a con-
sistent fall of the viral load between admission and discharge in
single infections with most of the viral pathogens (significant for
RSV, parainfluenza virus and hMPV single and additionally aden-
ovirus co-infections). Since patients were discharged from hospital
when they were clinically improved, a relationship between viral
load and disease severity can be assumed. Our findings are in agree-
ment with a very recently published study in children with acute
respiratory tract infections that has shown a correlation between
clinical improvement and a reduction of viral quantity after 3 days
of hospitalization.27 A high initial viral load at presentation may
represent a recent infection, a low viral load a past infection, but
an additional study powered to confirm this aspect has to be per-
formed.

However, we hardly found a strong correlation of viral load with
clinical characteristics. A significant negative correlation between
the absolute viral load in RSV infections and an elevated C-reactive
protein in serum and presence of a leucocytosis was detected.
Accordingly leucocytosis occurred in RSV infections significantly
less frequently than in rhinovirus infections. It is possible that RSV
could depress the signs of infection in blood. Suppression of the
induction of interferons by the NS1 and NS2 proteins of RSV has also
been demonstrated in human epithelial cells and macrophages.28

Purcell et al. recently proposed that an abnormal white blood count
is of limited use for the detection of concurrent bacterial infection
in RSV infections.29 In contrast, adenovirus infections have been
demonstrated to promote acute-phase response with elevated CRP
in children.30

Respiratory infections with certain bacteria may be associated
with predisposition for certain types of viral infection or vice
versa. The colonization rates for M. catarrhalis, H. influenzae and
S. pneumoniae in healthy children are high and depend on various
factors.31,32 A few population based studies suggest a relation-
ship between RSV infections and invasive bacteria.33,34 Increased
numbers of non-typeable H. influenzae (NTHi) and Streptococcus
pneumoniae adhering to human respiratory epithelial cells have
been detected in RSV infections in vitro.35

In this study M. catarrhalis and H. influenzae were the most

commonly detected bacterial agents. In RSV and rhinovirus sin-
gle infections H. influenzae detections dominated while in RSV
and rhinovirus co-infections M. catarrhalis was more frequently
found. Therefore, a positive link between infection or colo-
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ization with certain bacteria and viral co-infections may be
ssumed.

According to our results the clinical course of viral LRTI in chil-
ren may be affected by virus type, viral load and viral and bacterial
o-infections. Clinical improvement was associated for most respi-
atory viruses with a reduction of viral quantity. The viral load had
significant impact on the infectious parameters in blood in case
f RSV and adenovirus, but no effect on clinical correlates of dis-
ase severity. The multiplex PCR is an excellent diagnostic tool that
elps both to improve the clinical management and expand the
nderstanding of the pathogenesis of viral LRTI.
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