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ABSTRACT 

Background: Acute lower respiratory tract illness is a 
major cause of hospitalization, respiratory failure, 
and death in children worldwide. However, infectious 
agents are not identified in >50% of these clinical 
illnesses using traditional methods such as rapid an- 
tigen detection assays or viral culture. Objective: To 
conduct a pilot study using RT-PCR to determine the 
frequency of respiratory viruses in critically ill chil- 
dren with respiratory compromise. Methods: Criti- 
cally ill children admitted to the Pediatric Critical 
Care Unit during 2 winter seasons with respiratory 
compromise or failure were prospectively enrolled. 
Respiratory tract specimens (tracheal lavage or nasal 
wash) were tested for 11 different viruses using real- 
time RT-PCR, including respiratory syncytial virus 
(RSV), human metapneumovirus (HMPV), influenza 
A (IAV) and B (IBV), parainfluenza viruses (PIV) 1-3, 
coronaviruses OC43, 229E, and Netherlands, and 
human rhinovirus (HRV). Results: Thirty-two chil- 
dren were enrolled, 28 (88%) of which required me- 
chanical ventilation. Clinical diagnoses included 
bronchiolitis, croup, asthma, apnea, and pneumonia. 
Of these patients, 28/32 (88%) tested positive for one 
of eleven viruses by RT-PCR. Compared to antigen 
testing for RSV, IAV, and IBV, RT-PCR detected an 
additional nine infections for an increased yield of 
53%. RT-PCR also detected coronavirus infections in 
five patients, including three patients with Netherlands 
coronavirus. Co-infection with more than one virus 
was detected in 8/32 (25%). None of the 32 patients 
tested positive for HMPV, PIV 1, or PIV 3. Conclu- 
sions: We detected a respiratory virus in 88% of 
children with respiratory failure. RT-PCR signifi- 
cantly increased the identification of viruses com- 
pared to antigen testing. RSV, influenza A, and coro- 
naviruses were the most common viruses detected.  

Our data suggest that a viral etiology can be identi- 
fied in the majority of childhood episodes of severe 
respiratory disease and that RT-PCR is a useful ad- 
dition to the diagnostic approach. 
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1. INTRODUCTION 

Lower respiratory illness (LRI) is a leading cause of 
morbidity and mortality in children worldwide [1]. Acute 
LRI including bronchiolitis and pneumonia are the most 
common reasons for hospitalization of infants in the US 
[2]. Previously identified major pathogens include res- 
piratory syncytial virus (RSV), human metapneumovirus 
(HMPV), parainfluenza viruses (PIV) types 1 - 3, and in- 
fluenza A (IAV) and B (IBV) viruses, all of which are 
associated with clinical syndromes of severe lower res- 
piratory tract disease, such as bronchiolitis, pneumonia 
and laryngotracheobronchitis [3,4]. However, infectious 
agents are not identified in up to 50% of these clinical 
illnesses using traditional methods such as viral culture 
[5]. While rapid antigen assays for RSV and influenza 
and PCR-based methods increase detection, a number of 
LRI episodes in children have no virus identified [5,6]. It 
is unknown if these illnesses are due to identified patho- 
gens that are simply not detected secondary to low virus 
titers in samples or if there are novel agents, which have 
yet to be identified. 

Recent studies have identified previously known 
coronaviruses (HCoV) OC43 and 229E and the novel 
HCoV-NL63 as important causes of LRI [7,8]. Both 
classic and novel human rhinoviruses (HRV) have been 
associated with LRI in children and adults [9]. We hy-
pothesized that a viral pathogen would be present in most 
children with respiratory failure and LRI. We conducted 
a prospective pilot study using highly sensitive real-time 
RT-PCR to test for respiratory viruses in critically ill *Supported by a MedImmune Fellowship Grant 2004-2006 to MVJ. 
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children with respiratory compromise. 

2. MATERIALS AND METHODS 

2.1. Patients 

Patients were eligible for enrollment if they were ad- 
mitted to the Pediatric Intensive Care Unit (PICU) at 
Monroe Carell Jr. Children’s Hospital at Vanderbilt be- 
tween September 1, 2004 and March 30, 2006 with a 
primary or secondary respiratory diagnosis. Specific di- 
agnoses included respiratory distress, respiratory failure, 
pneumonia, bronchiolitis, reactive airway disease, asthma, 
status asthmaticus, and apnea. Patients were enrolled 
after parent/guardian informed consent. The Vanderbilt 
Institutional Review Board approved the study. 

2.2. Clinical Characteristics 

Clinical characteristics recorded included patient demo- 
graphics, diagnosis, requirement for mechanical ventila- 
tion, and antigen testing results from the hospital clinical 
laboratory. 

2.3. Specimen Collection and Processing 

For mechanically ventilated patients, tracheal lavage 
specimens were collected during routine suctioning by 
the clinical staff using 3 ml of sterile saline collected in a 
suction trap connected to the suction catheter. If not me- 
chanically ventilated, nasal wash specimens were ob- 
tained by instilling 3 ml of sterile saline into the patient’s 
nostril and collecting the nasal wash with a bulb syringe. 
All samples were immediately placed on ice and trans- 
ported to the laboratory. Samples were aliquoted into 
lysis buffer (RLT, Qiagen). Original specimen and lysis 
buffer aliquots were stored at –70˚C for batch process- 
ing. 

2.4. Nucleic Acid Extraction and Virus Genome 
Testing 

Total RNA was extracted from 250 µl of nasal wash or 
tracheal lavage fluid using a commercial RNA extraction 
kit (RNeasy, Qiagen). Specimens were tested by 
real-time RT-PCR for 11 viruses: PIV1, PIV2, PIV3, 
HCoV OC43, HCoV 229E, HCoV NL63, IAV, IBV, RSV, 
HRV, and HMPV. Primers and dual-labeled probes were 
based on published assays for OC43 [10], 229E [10], 
NL63 [11], RSV [12], rhinovirus [13], and HMPV [14]. 
We developed primers and probes specific for PIV1, 2 and  
3 (all targeting the N gene) using Primer Express 2.0 
(ABI, Foster City, CA). PIV assays were tested in silico 
and against multiple other viruses to ensure specificity 
(not shown). GenBank reference sequences were M62850, 

D01070, and S38060 (PIV1); M55320.1, AF533010, 
AF533011, and AF533012 (PIV2); NC_001796, Z11575, 
X04612, and M14552 (PIV3). Influenza primer and 
probe sequences were provided by Steven Lindstrom of 
the Centers for Disease Control and Prevention [15]. All 
probes were labeled at the 5’ end with 6-carboxyfluo- 
rescein (FAM) and at the 3’ end with the non-fluorescent 
quencher Blackhole Quencher 1 (BHQ1) (Operon Bio- 
technologies). Real-time RT-PCR was performed with 
the Smart Cycler II (Cepheid). Reactions were performed 
as single assays using QuantiTect Probe RT-PCR kit 
(Qiagen) according to the manufacturer’s instructions. 
Extensive optimization was carried out to determine the 
optimal annealing temperatures, cycle times, and primer/ 
probe concentrations for each assay (data not shown). 
Cycling conditions were: reverse transcription for 30’ at 
50˚C, HotStarTaq polymerase activation for 15’ at 95˚C, 
and 45 cycles of denaturation for 8 s at 94˚C and an- 
nealing/extension for 60 s at 60˚C. Fluorescent data was 
collected during the annealing/extension step. The sensi- 
tivity and specificity of each assay performed in our 
laboratory was determined using a panel of clinical iso- 
lates (data not shown). Samples were assayed in batches 
of 32. Each run included “no template” controls and 
positive viral RNA controls. The cycle threshold (Ct) 
was defined as the cycle at which the fluorescent signal 
crossed 10 times the background fluorescence. Speci- 
mens were considered positive if the Ct value was less 
than 40 cycles and all positive samples were confirmed 
by repeat assay. 

3. RESULTS 

We enrolled 32 patients in this pilot study. Of these 32 
patients, 28 (88%) were intubated and mechanically ven-
tilated for respiratory failure or apnea. The patient ages 
ranged from 12 days to 19 years old with a median age 
of 9 months. Over 50% (17/32) of the patients were less 
than 2 months of age and 78% (25/32) were less than 2 
years of age. Male to female ratios were 19:13, (60% 
male). Patient diagnosis consisted of bronchiolitis (62.5%), 
pneumonia (21.9%), croup (6.3%), status asthmaticus 
(6.3%), and apnea (3.1%). 

Of these patients, 27/32 (84.4%) tested positive for at 
least one of 11 viruses by RT-PCR testing (Table 1). Of 
the 11 viruses tested for in this cohort of critically ill 
children, eight viruses were identified. RSV was the most 
common virus identified at 21/32 (65.6%). IAV (4/32, 
12.5%), IBV (1/32), PIV2 (1/32) and HRV (2/32) were 
identified in a small number of patients. Several HCoV 
strains were identified, including three patients infected 
with the recently discovered HCoV NL63. None of the 
patients tested positive for HMPV, PIV1, or PIV3. 

RT-PCR increased the yield of viral detection signify- 
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cantly compared to viral antigen testing (Table 2). RSV 
viral antigen testing identified infection in 16 patients. 
RSV RT-PCR testing confirmed infection in these 16 
patients and identified another five patients with negative 
RSV antigen tests. IAV was found by antigen testing in 
only 1 patient but RT-PCR confirmed this patient and 
identified an additional 3 patients infected with IAV. IBV 
was not found in any patient by antigen testing but was 
identified by RT-PCR in one patient. 

Co-infection with more than one virus was found in 
8/32 patients (25%) (Table 3). Five patients with RSV 
had a second virus identified and two patients with IAV 
infection had viral confection. One patient had three vi- 
ruses identified: IAV, IBV and HCoV NL63. Of children 
with more than one virus detected, 8/8 (100%) were me- 
chanically ventilated and 4/8 (50%) were premature in- 
fants. 

4. DISCUSSION 

In this pilot study of critically ill infants and children  
 
Table 1. Viruses detected and co-infections. 

Virus PCR+ Viral Co-infection 

RSV 21 5 

IAV 4 3 

IBV 1 1 

HRV 2 0 

PIV2 1 1 

HCoV NL63 3 3 

HCoV 229E 1 1 

HCoV 0C43 1 1 

HMPV 0 0 

PIV1 0 0 

PIV3 0 0 

Total 34 15 

RSV, respiratory syncytial virus; IAV, influenza A virus; IBV, influenza B 
virus; HRV, human rhinovirus; PIV, parainfluenza virus; HCoV, human 
coronavirus; HMPV, human metapneumovirus. 
 
Table 2. Increase in viral detection by PCR testing compared to 
antigen testing. 

Virus Viral Antigen Test PCR Test % Yield Increase 

RSV 16 21 23.8% 

IAV 1 4 75.0% 

IBV 0 1 100.0% 

Total 17 26 34.6% 

RSV, respiratory syncytial virus; IAV, influenza A virus; IBV, influenza B 
virus. 

Table 3. Viruses detected by RT-PCR in co-infected patients. 

No. of Patients Virus 1 Virus 2 Virus 3 

2 RSV IAV  

2 RSV HCoV NL63  

1 RSV HCoV 229E  

1 IAV IBV  

1 IAV IBV HCoV NL63

1 HCoV 0043 PIV2  

RSV, respiratory syncytial virus; IAV, influenza A virus; IBV, influenza B 
virus; PIV, parainfluenza virus; HCoV, human coronavirus. 

 
with respiratory failure, we identified a viral respiratory 
pathogen by RT-PCR in almost all patients in this cohort. 
This finding supports our hypothesis that respiratory vi- 
ruses at least contribute to, if not cause, most episodes of 
LRI in children. Reliable identification of bacterial res- 
piratory pathogens is problematic and some of these 
children may have had complicating bacterial pneumo- 
nias. Nonetheless, large field studies of conjugated 
pneumococcal vaccine showed reduction in viral LRI as 
well as pneumococcal pneumonia [16]. Hence, the iden- 
tification of viruses in these patients likely indicates a 
role in pathogenesis. 

The use of RT-PCR significantly improved the detec- 
tion of respiratory viruses for which antigen tests are 
available including RSV and influenza viruses. Identifi- 
cation of these viruses is important because influenza is 
treatable with oseltamivir, and many high-risk infants 
receive immunoprophylaxis with palivizumab against 
RSV. Furthermore, both of these cause nosocomial out- 
breaks. While universal precautions should be used on 
every patient, especially during the winter season, 
knowledge of a patient’s virus-infected status could in- 
crease compliance and encourage placement of virus- 
infected patients in separate areas from critically ill car- 
diac or postsurgical patients.  

RT-PCR testing also allowed the detection of other vi- 
ral infections in critically ill children including HRV, 
HCoV, and PIV2. An unexpected finding in our popula- 
tion was that over 15% (5/32) of the critically ill children 
had a coronavirus detected by RT-PCR. In three of these 
five children, we identified HCoV NL63, a recently dis-
covered virus. All three HCoV NL63-infected patients 
were co-infected with either RSV or IAV, both well-es- 
tablished primary pathogens, thus raising questions about 
the contribution of HCoV NL63 to these illnesses. One 
of our patients infected with HCoV NL63 had underlying 
malignancy and treatment-induced immunosuppression 
and developed ARDS. The original reports of HCoV 
NL63 included patients with underlying medical condi- 
tions and severe LRI [8]. In those studies, no other res- 
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piratory pathogen was identified in the HCoV NL63- 
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This raises the question whether underlying disease in- 
creases the risk of severe disease with HCoV NL63. 
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assays would enhance detection of viral infections in the 
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viruses could be beneficial in the diagnosis and treatment 
of critically ill children with respiratory distress and res- 
piratory failure. 
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