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ABSTRACT 

Background: Lower respiratory tract infection (LRTI) 
is a main cause of hospitalization in infants and chil- 
dren. These patients’ nasopharyngeal swabs more 
frequently contain respiratory syncytial virus (RSV) 
than human adenovirus (HAdV) in cold seasons; re- 
cent data suggest that oropharyngeal swabs more 
frequently contain HAdV than RSV. Knowing more 
about virus detection with oropharyngeal swabs, sea- 
sonal fluctuations and age-related distribution of 
RSV and HAdV would help treat children hospital- 
ized for LRTI more effectively. We investigated the 
seasonal virus-related frequency (as assessed by oro- 
pharyngeal swabs) and environmental and clinical 
features in infants and children hospitalized for LRTI 
from autumn to spring. Methods: We studied 98 sub- 
jects hospitalized for LRTI in our Pediatric Unit, 
from November 2006 to May 2007. RSV and HAdV 
in oropharyngeal swabs were assessed by real-time 
polymerase chain reaction (PCR) assay. Results: PCR 
assays more frequently detected HAdV (29.6% of 
patients) than RSV (25.5%). The seasonal incidence 
also differed (RSV, narrow peak in December and 
HAdV, wide peak from April to May). Most patients 
infected with RSV were aged 2 yrs or younger (23/25: 
88%); no difference was found in age between sub- 
jects who tested HAdV-positive (13/29: 45%) or un- 
detectable-virus (23/44: 52%). Bronchiolitis was more 
frequently associated with RSV than HAdV or unde- 
tectable-virus oropharyngeal swabs. No difference 
was found in risk factors (school attendance, atopic 
parents, exposure to cigarette smoking, home damp- 
ness or exposure to animals) or clinical features (vital 
parameters or duration of hospital stay) among the 
three viral groups. Conclusions: Our findings show a 
high frequency of HAdV-positive oropharyngeal swabs 
during acute LRTIs in infants and children and dif-

ferences in the seasonal distribution of RSV and HAdV 
in Rome. 
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1. INTRODUCTION 

Respiratory syncytial virus (RSV) is a major cause of 
lower respiratory tract infection (LRTI) and hospitaliza- 
tion especially in infants but also in children [1,2]. The 
most common clinical presentation of RSV infection in 
infants is bronchiolitis [3-5]. 

Several studies on clinical symptoms, incidence and 
seasonal variations in RSV infections show yearly epi- 
demics, whose onset varies with latitude, altitude and 
climate. In Mediterranean areas RSV outbreaks happen 
mainly in winter whereas in tropical countries they hap- 
pen in the rainy months [6-9]. RSV epidemics typically 
alternate between small, late-season outbreaks and large, 
early-season outbreaks [9-18]. 

LRTIs in infants and children also arise from human 
adenovirus (HAdV) [19]. There are at least 51 immu- 
nologically distinct human HAdV serotypes (6 species: 
HAdV A through F) associated with infections ranging 
from respiratory disease (HAdV-B1, C, E), urinary tract 
disease (HAdV-B2), and keratoconjunctivitis (HAdV- D), 
to gastroenteritis (HAdV-F serotypes 40 and 41) [20]. 
The few available data on HAdV epidemics suggest a 
non-seasonal (perennial) distribution [21,22]. More in- 
formation on infants and children hospitalized for HAdV- 
related LRTI would help improve therapy and might also 
reduce health resources in a pediatric ward. 

Sampling could influence the frequency of detection 
of RSV and HAdV [23]. Recently it has been reported 
that oropharyngeal swabs were more sensitive than na- 
sopharyngeal swabs for detecting HAdV whereas com- 
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parable for detecting RSV [23]. 
Our primary aim in this prospective single-center 

study conducted in an Italian academic children’s hospi- 
tal was to investigate the seasonal virus-related frequ- 
ency (as assessed by oropharyngeal swabs) and envi- 
ronmental and clinical features in infants and children 
hospitalized for LRTI from autumn to spring in the Rome 
area. We hypothesized a similar seasonal distribution of 
RSV and HAdV-related LRTIs with a higher frequency 
of RSV-related LRTI. Because bronchiolitis is an age- 
related LRTI, we analyzed data separately for patients 2 
yr old or younger and patients older than 2 yr. Clinical 
findings included wheezing, subcostal recession, respi- 
ratory rate, and pulse-oximetry values on admission; treat- 
ment included oxygen therapy, oral corticosteroid ther- 
apy during hospitalization. 

2. MATERIALS AND METHODS 

2.1. Subjects 

Infants and children hospitalized in the Pediatric Unit of 
S. Andrea Hospital, Rome, from November 2006 to May 
2007 for LRTI (bronchiolitis, pneumonia or bronchitis) 
were consecutively and prospectively recruited for the 
study. Bronchiolitis was defined in the presence of 
tachypnea, wheezing, cough and crackles preceeded by 
rhinitis and absence of documented alveolar consolida- 
tion by both chest radiographs and clinical examination; 
pneumonia was defined as alveolar consolidation (chest 
radiographs, auscultation of rales and/or bronchial breath- 
ing); bronchitis was defined in a child with cough and at 
least one of the following symptoms: fever, wheezing, or 
dyspnea without radiological and clinical suspicion of 
bronchiolitis or pneumonia [24-26]. Exclusion criteria 
were congenital cardiac disease and severe airway ano- 
maly. Parents gave signed consent for their children to 
participate and the institutional review board approved 
the procedures. 

2.2. Questionnaires and Clinical Records 

At study entry, parents were asked to complete a ques- 
tionnaire on patient history (gestational age and weight, 
Apgar index, breast feeding, previous respiratory and 
gastrointestinal diseases, age, weight and height at ad- 
mission to hospital); family history (atopy, respiratory 
and gastrointestinal diseases, number of children in the 
family, preschool age siblings); and environmental pat- 
tern (cigarette smoke, dampness, and domestic animals). 
Two physicians, unaware of viral (oropharyngeal swab) 
results completed clinical records and physical examina- 
tions in the pediatric ward. Clinical findings were col- 
lected at admission on wheezing, subcostal recession, 
respiratory rate, and pulse-oximetry values (SaO2). Treat- 

ment during hospitalization was assessed from data on 
oxygen therapy, oral corticosteroid therapy and duration 
of hospitalization. 

2.3. Laboratory Tests 

Oropharyngeal swabs were obtained from all participants 
on entry to the study for RSV and HAdV nucleic acid 
assay. Samples from oropharyngeal swabs were diluted 
in 200 μL of phosphate buffered saline (PBS) 1X and 
nucleic acids were extracted with the High Pure Viral 
Nucleic Acid Kit (Roche) according to the manufac-
turer’s instructions. This method extracts DNA and RNA 
simultaneously. All samples were assayed with real-time 
polymerase-chain reaction (PCR). 

RSV was quantified with the SuperScriptTM III Plati- 
num® One-Step Quantitative real-time-PCR System (In- 
vitrogen) and an oligo-mix (Arrow Diagnostics) con- 
taining two specific probes, one for RSV-A and the other 
for RSV-B [1-7,14], both labeled with fluorescent (FAM) 
and quencher dyes. Thermal cycling comprised an initial 
15 minute incubation at 50˚C (to synthesize cDNA from 
viral RNA) followed by denaturation at 95˚C for 2 min- 
utes and 35 cycles at 95˚C for 15 seconds and at 58˚C for 
30 seconds. During this last step fluorescence was de- 
tected in the FAM channel. 

For HAdV we used Premix Ex TaqTM [(Perfect Real 
Time) (Taqara Bio Inc.)] and an oligo-mix (Arrow Di- 
agnostics) containing specific probes for the main ade- 
novirus serotypes [27,28] labeled with fluorescent (FAM) 
and quencher dyes. The PCR cycling program consisted 
of an initial denaturation step at 95˚C for 30 seconds and 
35 cycles at 95˚C for 15 seconds, at 58˚C (FAM-channel 
data acquistion) for 30 seconds and 72˚C for 10 seconds. 

DNA fragments were amplified, RNA and DNA de- 
tected and data analyzed with the Rotor-Gene 3000TM 
Real Time PCR System (Corbett Research) at the Diag- 
nostic Molecular Unit of S. Andrea Hospital. 

2.4. Statistical Analysis 

Data were analyzed overall and separately for patients 2 
yr old or younger and patients older than 2 yr. Normally- 
distributed variables were described as means and stan- 
dard deviations; skewed variables were expressed as me- 
dians and interquartile ranges (IQR). Student T test or the 
Mann-Whitney U test were used to compare two groups 
of data and an analysis of variance (ANOVA) with post 
hoc Scheffè or the Kruskal-Wallis test was used to com- 
pare more than two groups, when appropriate. Chi square 
test and Fischer’s corrections were used to compare 2 × 2 
and Bonferroni test to evaluate 2 × n contingency tables. 
P values less than 0.05 were considered statistically sig- 
nificant. Data were analyzed with the “Statistica release 
6” package (StatSoft Corp., Tulsa, OK, USA). 
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3. RESULTS 

A total of 98 consecutive children (girls/boys: 41/57) 
hospitalized in the Pediatric Unit of S. Andrea Hospital, 
Rome, from November 2006 to May 2007 were prospec- 
tively enrolled in the study. Mean age at study entry was 
33.8 months (median 17 months, IQR 39.0). None of the 
patients were excluded. 

Of the 98 oropharyngeal swabs examined 25 (25.5%) 
were RSV positive and 29 (29.6%) HAdV positive by 
real-time PCR; the remaining 44 swabs (44.9%) were 
undetectable for viruses. RSV infections peaked in De- 
cember (14/19: 74% of total monthly swabs), decreased 
in January (11/25: 44.0%) and ended by February. HAdV 
positive findings in oropharyngeal swabs increased from 
December (1/19: 5.3%) to January (2/25: 8.0%), rose 

sharply until it peaked in April (6/9: 66.7% of total 
monthly swabs) and remained high in May (7/11: 63.6%) 
(Figure 1). 

Hospitalized patients with RSV positive swabs were 
younger than those in the other two viral groups: median 
age (IQR) 5.0 months (13.0) vs 25.0 (30.0) for HAdV 
and 21.0 (73.8) for undetectable-viruses. The age-related 
distribution of respiratory diseases therefore differed 
among the three viral groups (Table 1). In patients with a 
diagnosis of bronchiolitis, RSV positive swabs were 
more frequent than HAdV positive or undetectable-virus 
oropharyngeal swabs (p = 0.00011 by Bonferroni Test). 
Conversely, in patients with pneumonia or bronchitis, no 
significant percentage differences were found between 
the three viral-related groups (Table 1). 
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Figure 1. Monthly distribution of virus-positive oropharyngeal swabs (out of total oropharyngeal swabs) in the 
98 infants and children prospectively enrolled in the study.  

 
Table 1. Percentage distribution of positive oropharyngeal swabs in the 98 patients by age range and diagnosis. 

LRTI AGE 
RSV  

2 yr: n = 22 
>2 yr: n = 3 

HadV  
2 yr: n = 13 
>2 yr: n = 16 

UNDETECTABLE 
2 yr: n = 23 
>2 yr: n = 21 

≤2 yr 14 (63.6%)* 3 (23.1%) 7 (30.4%) 

>2 yr 0 (0.0%) 0 (0.0%) 0 (0.0%) Bronchiolitis 

total 14 (56.0%) 3 (10.3%) 7 (15.9%) 

≤2 yr 5 (22.7%) 2 (15.4%) 5 (63.6%) 

>2 yr 3 (100.0%) 5 (31.2%) 10 (47.6%) Pneumonia 

total 8 (32.0%) 7 (24.1%) 15 (34.1%) 

≤2 yr 3 (13.6%) 8 (61.5%) 11 (63.6%) 

>2 yr 0 (0.0%) 11 (68.7%) 11 (52.4%) 
Bronchitis 

 
total 3 (12.0%) 19 (65.5%) 22 (50.0%) 

LRTI: lower respiratory tract infection; RSV: respiratory syncytial virus; HAdV: adenovirus; UNDETECTABLE: negative swabs for 
RSV or HadV. *p < 0.002 vs HAdV and UNDETECTABLE groups by Bonferroni test. 
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Risk factors for LRTIs including parental atopy and 

environmental characteristics (exposure to cigarette smok- 
ing, home dampness, pet ownership, and nursery or 
school attendance) were similar in the RSV, HAdV and 
undetectable-virus groups, as were patient characteristics 
(data not shown). No between-group differences were 
found for respiratory rate at hospital admission and dura- 
tion of hospitalization in infants (2 yr old or younger) or 
children (older than 2 yr). Nor were between group dif- 
ferences found for pulse-oximetry values (SaO2) in in- 
fants although in children, SaO2 values were lower in 
subjects who had RSV infection than in those who had 
HAdV infection or undetectable-virus infection (92.7 ± 
3.8% vs 96.9 ± 1.0% vs 96.4 ± 1.6%) (p = 0.002). 

Also in children, oxygen therapy and corticosteroid 
therapy was needed less often for children with HAdV 
infections than those with RSV infections or undetect- 
able-virus infections (Figures 2(a)-(b)). 

4. DISCUSSION 

In this prospective single-center study the seasonal vi- 
rus-related frequency differed markedly in infants and 
children hospitalized for LRTI (bronchiolitis, pneumonia 
and bronchitis) during the winter-spring season 2006 to 
2007. Whereas RSV-related LRTIs peaked sharply in 
winter (December) HAdV-related infections had a wider 
peak in spring (April and May). The frequency of HAdV- 
positive oropharyngeal swabs was high in our study 
sample, about 30%. To our knowledge this is the highest 
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Figure 2. Clinical findings and therapy by viral oropharyn- 
geal swabs. A: subjects aged 2 yr or less; B: subjects older than 
2 yr. Unfilled columns represent asymptomatic subjects. *p < 
0.05 adenovirus positive vs undetected-virus swabs. **p < 0.01 
respiratory syncytial virus-positive vs adenovirus-positive swabs. 
Contingency tables were used with post hoc Bonferroni’s cor-
rection. 

reported prevalence of HAdV-related LRTI in a similar 
hospitalized population. RSV accounted for bronchiolitis 
in about two-thirds of patients aged two years or younger 
and for pneumonia in about one-third of those older that 
2 years. Environmental characteristics were evenly dis- 
tributed in our patients whereas clinical features de- 
pended mainly on age. 

The peak RSV incidence we found in winter agrees 
with previous research showing that RSV incidence 
peaks are common in the cold months and vary with 
geographical position [29]. Peaks have been reported in 
December [30] January [31], February [8,30,32], and 
March [33]. Below the Ecuatorial line, RSV peaks have 
been described in May [34] and July [22]. A previous 
Italian study described an epidemic peak of RSV in Feb- 
ruary with a prevalence of 52% in hospitalized children 
with LRTI [32]. In another study conducted in Korea in 
hospitalized children 5 yr or younger, the number of RSV 
infections increased during late fall and peaked between 
November and January [35]. 

The 29.6% rate of HAdV in our children’s oropharyn- 
geal swabs is about twice the reported seasonal incidence 
for this virus using nasopharyngeal swabs, which varies 
from 2% to 17.9% [31,34-38]. Whether our high percent 
HAdV rate arises from methodological or geographical 
differences remains to be elucidated. Monthly peaks of 
HAdV incidence are reported in April [31], April and 
September [34] but at the end of winter and beginning of 
spring in the southern hemisphere [22]. In the study by 
Hong et al, HAdV serotype 7 (associated with the highest 
morbidity) peaked sharply in May 1996 [36]. Two stud-
ies in Seoul, Korea, from 1990 to 1998 [36] and from 
2000 to 2005 [35] reported that the monthly occurence 
of HAdV infections varied from one year to another [35, 
36]. Data from future assessments, possibly addressing 
HAdV serotypes, will enable us to estimate how the 
annual incidence of HAdV fluctuates in our geographi-
cal setting. 

When we investigated the various subject or environ- 
mental characteristics known to favor the onset of viral 
LRTIs (male sex, breast feeding, prematurity, atopy, ex- 
posure to tobacco smoke, crowding, dampness and pets 
at home) [29,39-41], we found that none of them dif- 
fered in patients infected with RSV, HAdV or any of 
these two infections. Further studies enrolling a larger 
study sample are needed to assess risk factors for specific 
viral LRTIs between age-matched patients. 

Our finding that most patients infected with RSV were 
infants (22/25: 88%) and most of them (19/22: 86%) had 
either bronchiolitis or pneumonia fits in well with current 
knowledge that RSV predominantly infects subjects aged 
2 yr or younger [8,31,33,34,37,38]. HAdV infections 
appear to be less age-dependent [35,36,38]. Accordingly, 
of the 29 HAdV-positive subjects, 13 (45%) were infants, 
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of whom 5 (38.5%) had either bronchiolitis or pneumo- 
nia. In children, HAdV was more frequently related to 
bronchitis. Unlike others [34,36], we did not find that 
subjects infected with HAdV were more prone to pneu- 
monia than those infected with RSV. The discordant re- 
sults probably depend on differences in environmental, 
host (e.g. genetic) and viral factors (e.g. serotypes). 

A finding of interest to clinical pediatric practice con- 
cerns our patients’ clinical conditions on admission to 
hospital. Our children (older than 2 yr) with HAdV needed 
oxygen therapy and oral corticosteroids less often than 
their RSV-positive and negative counterparts, whereas 
among our infants, assessment of clinical conditions 
yielded no significant between-group differences. Our 
findings agree with a similar study describing no differ- 
ences in clinical features among the same viral groups 
we report [22]. Conversely, some reports estimate that as 
many as 50% of patients infected with HAdV have to be 
admitted to pediatric intensive care units [42,43]. Whe- 
ther the severity of virus-related LTRIs we observed in a 
single observation period holds true in a longer observa- 
tion needs confirming in further assessments. 

Sensitivity for virus detection in our study could have 
been improved by including both oropharyngeal and na- 
sopharyngeal swabs. However, using both swabs adds 
costs and patient discomfort. Results from a recent study 
suggest that a single-swab, whether oropharyngeal or 
nasopharyngeal could be acceptable for respiratory dis- 
ease surveillance [23]. For the preceeding reasons and 
the relative scarcity of our population sample, our results 
should be interpreted with caution. 

In conclusion, we isolated an unexpectedly high pro- 
portion of HAdV in oropharyngeal swabs from infants 
and children hospitalized in our pediatric unit during 
spring 2007. RSV infections peaked in December 2006. 
Both HAdV and RSV infections accounted for a high 
morbidity, particularly bronchiolitis and pneumonia. If 
we are to manage LRTI in hospitalized children more 
efficiently, we need more information on the various 
types of viral infections responsible for hospital admis- 
sion and their severity. 
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