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Abstract

A novel human Coronavirus (HCoV) was this year recognized as the etiological agent of the Severe Acute Respiratory Syndrome. Two

other HCoV (HCoV-229E and HCoV-OC43) have been known for 30 years. HCoV-229E has been recently involved in nosocomial

respiratory viral infections in high-risk children. However, their diagnosis is not routinely performed. Currently, reliable

immunofluorescence and cell culture methodologies are not available.

As part of a four-year epidemiological study in a Pediatric and Neonatal Intensive care unit, we have performed and demonstrated the

reliability of a reverse transcription-PCR-hybridization assay to detect HCoV of the 229E antigenic group in 2028 clinical respiratory

specimens.

In hospitalized children (children and newborns) and staff members we found a high incidence of HcoV-229E infection.

This reverse transcription-PCR-hybridization assay gave a high specificity and a sensitivity of 0.5 50% Tissue Culture Infective Dose per

ml. This technique is reliable and its application for screening large number of clinical samples would improve the diagnosis of HCoVs

respiratory infection and our knowledge of these viruses epidemiology.

q 2003 Elsevier Ltd. All rights reserved.
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1. Introduction

Nosocomial Respiratory Viral Infections (NRVI) are

increasingly documented in pediatric units. Respiratory

Syncytial Virus (RSV), Influenza viruses and Rhinoviruses

are the most common etiological viral agents. A novel

human Coronavirus (HCoV) was this year identified as

causative agent of the Severe Acute Respiratory Syndrome

(SARS CoV) [1]. Two others HCoV have been known for

30 years (HCoV-229E and HCoV-OC43) [2] and only

recently has HCoV-229E been recognized as an important

cause of NRVI in high-risk infants [3,4]. We reported

previously a high incidence of HCoV among NRVI in

hospitalized preterm neonates concomitant with HCoV

isolation from staff members of a Pediatric and Neonatal

Intensive Care Unit [5].

HCoV are enveloped viruses with a long (more than

30 kb) single-stranded infectious RNA [6]. Since mono-

clonal antibodies are not available for routine immuno-

fluorescence (IF) detection, and clinical strains of both

antigenic groups of HCoV are not well adapted to

conventional cell culture systems, their diagnosis is not

routinely performed. A reliable diagnostic tool is needed to

study their epidemiology in hospital care units. An

appropriate tool for HCoV diagnosis has to be sensitive

and suitable for large scale testing in respiratory specimens.

The feasibility of reverse transcription-PCR (RT-PCR) and

its higher sensitivity compared to IF for detection of HCoV

were previously demonstrated [7]. Several other amplifica-

tion strategies have already been reported [8,9]. In this

study, we used a previously described HCoV-229E RT-PCR
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methodology [7] followed by hybridization detection to

screen directly near 2000 nasal samples from hospitalized

children and staff members, without previous cell passage.

We evaluated the reliability of this technique in a large

prospective study.

2. Materials and methods

2.1. Viruses and cell lines

HCoV-229E was propagated by inoculation of suscep-

tible L132 cell lines. L132 (from human embryonic lung)

and the 229E strain of human Coronavirus were obtained

from Professor Talbot (Quebec, Canada). They originally

came from the American Type Culture Collection (ATCC,

Rockville, MD, USA). Cells were grown at 37 8C in a

humidified atmosphere containing 5% (v/v) CO2 in

Earle’s minimal essential medium: Hank’s M199 (1/1,

v/v) (Eurobio, Les Ulis, France), supplemented with

0.13% (w/v) sodium bicarbonate, 20 mg/ml gentamicin

(Panpharma, Fougères, France), 100,000 U/l penicillin

(Eurobio), 0.1 g/l streptomycin (Eurobio) and fetal bovine

serum (5% (v/v)) (Gibco, Cergy Pontoise, France). The

fourth passage of HCoV-229E in the susceptible L132 cell

line, yielded a viral suspension with a titer of 3.16 £ 105

50% Tissue Culture Infective Dose per ml (TCID50/ml). It

was kept at 280 8C and used for RT-PCR experiments.

The infectious virus titer of the HCoV-229E reference

strain used for evaluation of RT-PCR methods was

measured by an indirect IF test with a monoclonal

antibody (mouse IgG1 mAb, 5-11H.6, obtained from

Professor Talbot, Quebec, Canada), as described pre-

viously [7].

To check for the specificity of the RT-PCR-Enzyme

Immunoassay (EIA), we used clinical strains of RSV,

Influenza types A and B, Parainfluenza and Adenovirus.

2.2. Clinical specimens

The nasal specimens used in this study were clinical

specimens from a prospective survey of NRVI in a Pediatric

and Neonatal Intensive Care Unit from November 1997 to

October 1999 and March 2001 to December 2001. Nasal

specimens were collected on admission and thereafter on a

weekly basis from all hospitalized children, using a

cytological brush [10]. The entire experimental protocol

of collecting samples was previously described [5]. Briefly,

nasal specimens were collected once a month from all staff

members (nurses and physicians involved in direct patient

care). A total of 1981 nasal specimens were analyzed by the

RT-PCR hybridization method. Community-acquired infec-

tion was defined as a positive viral detection on admission

and nosocomial infection as a negative specimen on

admission, with a positive viral detection more than 48 h

later.

One aliquot of each suspension of nasal cells collected

was stored at 270 8C before RNA extraction. The other

part was washed in Phosphate Buffered Saline (PBS pH

7.2) and centrifuged at 430 £ g for 10 min. Cells were

resuspended in PBS and then distributed on a 10-well

slide, dried and fixed for 10 min in cold acetone. Slides

were frozen at 220 8C before IF analysis for Adenovirus,

RSV, Influenza A and B and Parainfluenza 1, 2 and 3, as

described below.

Positive and negative controls were included and treated

in the same way as patients’ samples.

2.3. Molecular detection of HCoV-229E

2.3.1. RNA extraction

Total RNA was extracted from 140 ml of frozen nasal

cells diluted in PBS with the QIAamp viral RNA kit

(Qiagen, Courtaboeuf, France), according to the manufac-

turer’s protocol. RNA was eluted in 40 ml of the kit’s elution

buffer. To preserve the quality of RNA extracts and to limit

the loss of viral titer, they were stored at 270 8C until RT-

PCR was performed.

2.3.2. One step RT-PCR

RT-PCR was carried out in 96-well microplates (Perkin

Elmer Applied Biosystem, Courtaboeuf, France) in a final

volume of 30 ml. Primer pair E7(þ ) 50-TCTGCCAA-

GAGTCTTGCTCG-30, E9(2) 50-AGCATAGCAGCTGTT-

GACGG-30 were used, they target the nucleocapsid gene,

respectively, in position 819–838 and 1035–1054 and 969–

988 [11]. Reverse transcription and amplification of cDNA

were performed in the same tube, as recommended by

manufacturers (Access RT-PCR System, Promega, Charbon-

nières, France). Briefly, 30 ml of reaction mix contained 1X

AMV/Tfl reaction buffer, 0.250 mM dNTP mix, 0.6 mM each

of E7 and E9 primers, 0.2 mM of MgSO4, 3 U of Avian

Myeloblastosis Virus reverse transcriptase and 3 U of Tfl

DNA polymerase and 15 ml of RNA extract RT-PCR was

performed as follow in a 9600 Perkin Elmer thermocycler (PE

Applied Biosystem, Courtaboeuf, France): 45 min at 48 8C

and 2 min at 94 8C, 40 three-step cycles with 30 s denaturation

at 94 8C, 1 min annealing at 55 8C, and 2 min extension at

68 8C and a final 7 min extension step at 68 8C. Products were

stored at 220 8C.

Each RT-PCR carried out included as many as 85 patient

RNA extracts, 1 negative and 1 positive control (RNA

extract from 1024 dilution of HCoV-229E with a known

titer of 3.16 £ 105TCID50/ml).

2.3.3. Hybridization

PCR amplification products were detected by a DNA

Enzyme Immunoassay (GEN-ETI-K, DEIA, DiaSorin,

Antony, France). First, RT-PCR products were denatured

at 94 8C for 2 min and immediately placed on ice. HCoV

single-stranded DNA hybridized with the 50 biotinylated E8

probe GGAAGTGCAGGTGTTGTGGC which targets
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the nucleocapsid gene in 969–988 [11]. E8 was previously

coated on streptavidin-coated wells of a microtiter plate.

Then, an anti-double stranded DNA mouse monoclonal

antibody was used to detect the hybrid, if present. This

specific hybridization was revealed with an enzyme tracer

(protein A conjugated to horseradish peroxidase). We

determined the optimal probe concentration for coating:

0.5 ng/ml. The test was carried out according to the

manufacturer’s recommendations. Briefly, 20 ml of the

RT-PCR product was added to the streptavidin-coated

microplate wells in 100 ml of binding buffer. After one hour

at 50 8C followed by three washing steps with the kit’s

washing buffer, 100 ml of anti-double stranded DNA diluted

1/50 was added to each well. The samples were incubated at

room temperature for 30 min and washed, then 100 ml of 1/

50 diluted enzyme tracer was added and the microplate

incubated for a further 30 min at room temperature, then

washed. The reaction was developed by addition of 100 ml

of substrate. Absorbance was read at 450/630 nm in a

photometer. A cut-off value of positivity, expressed in

optical density (OD), was defined as the mean of the OD for

negative controls plus the constant value of 0.150

absorbance units, as given in the kit recommendations (a

positive sample showed an OD value more than 0.150 above

the mean of the negative controls).

False-positive results linked to contamination were

prevented by performing each step (extraction, amplifica-

tion, hybridization) in different areas of the laboratory, and

by including negative controls at each step of the RT-PCR-

EIA protocol.

2.4. Detection of other human respiratory

pathogenic viruses

Each clinical sample was tested by indirect IF to detect

RSV, Influenza types A and B, Parainfluenza types 1, 2 and

3, and Adenovirus. First, 25 ml of a monoclonal antibody

specific for each virus (Argene, Varhiles, France) was added

to the wells, left for 30 min at 37 8C, washed in PBS and air-

dried. This was followed by addition of fluorescein-labeled

anti-mouse immunoglobulin and incubation for 30 min at

37 8C, PBS washes, rinsing in water and mounting with

glycerol. Slides were observed immediately with a fluor-

escence microscope, and stored at 220 8C.

3. Results

3.1. RT-PCR hybridization assay

To determine its sensitivity, the RT-PCR-EIA was

performed on 100 ml of successive logarithmic dilutions

(1021–1028) of HCoV-229E reference strain (titer of

3.16 £ 105TCID50/ml). The highest dilution yielding a

positive signal was considered as the detection limit of the

assay.

Dilutions of up to 1025 were scored as positives after the

RT-PCR hybridization assay. This dose was equivalent to

approximately 0.5TCID50/ml, as determined by titration of

the virus stock in microwell L132 cell cultures.

To evaluate the specificities of the HCoV primers and

probe, clinical strains from other human respiratory viruses

were tested by RT-PCR hybridization assay (RSV, Influ-

enza types A and B, Parainfluenza and Adenovirus). No

amplification occurred with any of these virus strains (data

not shown).

3.2. Detection of HCoV-229E in human nasal secretions

A cohort of a total of 639 children was eligible in the two

time periods (respectively, n ¼ 460 for 1997–1999 and n ¼

179 for 2001). A total of 1598 and 383 specimens were

analyzed from children and staff, respectively. Viral

infection was diagnosed for 181 children (incidence

28.3%) with 256 positive samples. HCoV-229E was the

main pathogen observed, with 166 infected children. Eighty

community-acquired infections were detected in 71 children

(incidence 11.1%). Sixty HCoV, nine RSV, seven Influenza

A, three Adenovirus and one Parainfluenza type 2 were

involved (Table 1). Nine samples were positive for two

viruses (four HCoV–RSV, three HCoV–Influenza A, two

Influenza A–Adenovirus,). General incidence of NRVI was

17.2% (110 infants) with 106 HCoV and five parainfluenza

type 3 (one neonate presented two nosocomial infections

Table 1

Community-acquired, nosocomial infections in infants and staff infections during each period of the study

Periods Community-acquired infections Nosocomial infections Staff infections

HCoV RSV ADV IA IB P1 P2 P3 HCoV RSV ADV IA IB P1 P2 P3 HCoV RSV ADV IA IB P1 P2 P3

1997–1998 29 7 3 6 – – – – 53 – – – – – – – 67 – – 1 – – – –

1999 15 1 – 1 – – 1 – 31 – – – – – – – – – – – – – – –

2001 16 1 – – – – – – 22 – – – – – – 5 2 – – – – – – –

Total 60 9 3 7 – – 1 – 106 – – – – – – 5 69 – – 1 – – – –

HCoV, Human Coronavirus; RSV, Respiratory Syncytial virus; ADV, Adenovirus; IA, Influenza A; P1, Parainfluenza type 1; P2, Parainfluenza type 2; P3,

Parainfluenza type 3. 460 investigated children and newborns in 1997–99 and 179 in 2001. 201 staff samples in 1997–99 and 182 in 2001.
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with HCoV and P3). Seventy samples were positive in staff

involving 69 HCoV and one Influenza A.

During the first period (from November 1997 to October

1999), there was a high incidence of HCoV positive samples

in children (128 of 1101 specimens) and in staff members

(67 of 201 specimens). Sixty-three community-acquired

infections were found of which 44 were HCoV and there

were 84 HCoV-related nosocomial infections (incidence

18.3%) mostly in 1998 (Table 1).

During the second epidemic period (March 2001 to

December 2001) there was a lower incidence of HCoV

positive samples than during the first period in both children

(52 of 497 specimens) and staff members (2 of 182).

Moreover, the incidence of HCoV-related nosocomial

infections was low with only 22 infected children (incidence

12.3%) (Table 1).

4. Discussion

Diagnostic laboratories do not routinely screen for

Coronavirus infections. Most epidemiological studies con-

ducted mainly in the 1970s used serological assays to detect

a Coronavirus infection [12]. However, these techniques are

not suitable for the diagnostic of respiratory infections

because of poor sensitivity and the requirement for two

successive blood samples. Cell cultures have proved to be

unreliable for the primary isolation of all human respiratory

Coronaviruses. Indeed, only some HCoV strains grow in

cell culture after adaptation [6]. Diagnosis of respiratory

viral infections is mainly based on IF. For diagnosis of

HCoV infection, one anti-229E specific monoclonal anti-

body (Argene, Varilhes, France) was available but is no

longer commercialized. One of us (P.J. Talbot, INRS-

Institut Armand-Frappier research center) developed two

other monoclonal antibodies (5-11H.6 for HCoV-229E and

1-10C.1 for HCoV-OC43) directed against the S protein [7].

For diagnosis procedure, the IF assay using these antibodies

appears to be less sensitive than the RT-PCR-DEIA we

describe in the current study [7].

To test for HCoV-229E in the course of large scale

epidemiological studies, we used a RT-PCR hybridization

method for rapid, specific, and more sensitive detection of

HCoV-229E DNA products. Hybridization is more specific

and sensitive than agarose gel visualization [13]. The

microplate enzyme immunoassay format allows the hand-

ling of large number of samples needed for epidemiological

studies. Another advantage of RT-PCR methodology is that

it can detect the virus genome when it is present at a low

titer or when the virus is not replication competent. The

value of RT-PCR techniques for certain important respir-

atory viruses, namely Human Rhino-, and Coronaviruses, is

clear because no other practical and rapid techniques are

available [14,15]. Several recent studies have used molecu-

lar techniques such as RT-PCR followed by a hybridization

step for viral diagnosis [16,17]. Here, we have adapted

and validated such a methodology for a large scale

epidemiological study. This requires processing numerous

samples while minimizing the time and labor associated

with the original molecular HCoV-specific detection

protocols. The time needed for diagnosis of HCoV-229E

by the RT-PCR-DEIA methodology, which can be carried

out in microplates that enable rapid multichannel pipetting,

is shorter than that required for cell culture associated with

IF detection (4–5 days) but longer than for IF performed

directly on nasal aspirates. However, these techniques are

not as sensitive as RT-PCR [7]. Eighty-five clinical samples

can be tested in parallel within 10 h for the RT-PCR-DEIA

described in the current study, which makes it a reliable

screening technique suitable for epidemiological studies.

HCoV-229E was detected by this RT-PCR-DEIA with a

sensitivity of 0.5TCID50/ml. This limit of detection

compares well with the values previously obtained by

others [9,16,17] (20, 0.05 and 0.3TCID50/ml, respectively).

Moreover, such a threshold represents an acceptable titer for

the detection of viruses implicated in clinical events.

Vabret et al. [16] used a system targeting the gene for the

membrane protein M, the most abundant HCoV protein.

However, the RNA encoding N is more abundant than that

encoding the M protein in infected cells [18] and thus was

chosen as a reliable target for RT-PCR.

We performed a survey of NRVI during a 4-year period

to modulate interannual variation of the epidemiology of

viral infection. Coronavirus-related NRVI mirrors commu-

nity infections, of which there are epidemics every 3 or 4

years [12]. A study with a shorter time frame may

underestimate HCoV infections.

HCoV-229E and OC43 are widespread and responsible

for one-third of common colds in children and adults [6].

They have been detected in nasal swab samples from

patients with acute flu-like illness [19] and also in human

brain autopsy samples [18]. It has been suggested they may

also be involved in the etiology of more severe diseases in

all age groups (pneumonia, perimyocarditis, etc.) [20]. The

ability of Coronaviruses to cause severe disease in animals

raises the possibility that Coronavirus could also cause more

severe disease in humans. SARS-related Coronavirus

appears to be an example of a Coronavirus associated

with severe disease in humans.

In pediatric units, the pathogenic role of HCoV remains

undefined because there have been few techniques and

reagents available for diagnosis. Their role in lower

respiratory infection is unclear. However, they are

suspected to be involved in exacerbation of asthma in

children [21–23]. HCoV has also been isolated in the

digestive tract, but their role in gastrointestinal disease is

unproven [24].

A neonatal screening program for HCoV has been in

place in neonatal and pediatric units in Brest for 10 years.

The first study was a retrospective one, with 19 respiratory

specimens found HCoV-229E positive in newborns by IF

[25]. In 1995, these results were confirmed by a prospective
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study, which showed an HCoV incidence of 25% in

symptomatic neonates of gestational age under 32 weeks

[26]. A prospective observational study was carried out to

determine the role of HCoV in nosocomial infections in a

pediatric ICU from 1997 to 2001. Preliminary results

showed an 11% incidence during the first winter [3,5].

HCoV nosocomial transmission via medical staff is

suspected because transmission of these viruses is possible

via air or hand contamination [27–29]. Moreover, during

the year 1998, a HCoV-related outbreak was identified

correlated with a concomitant high prevalence of HCoV in

staff members’ [29]. During this 3-year prospective study,

HCoV was identified as the main pathogen causing NRVI in

infants and newborns.

In conclusion, little is known about HCoV epidemiology

because no appropriate diagnostic method has been

available. In this study, we demonstrate the reliability of

RT-PCR associated with detection by hybridization for

analysis of large number of clinical specimens.

This technique would facilitate cost-effective diagnosis

and improve clinical management of respiratory tract

symptoms in hospitalized infected children, thereby limiting

unnecessary antibiotic use. Such a technique will be

invaluable in epidemiological studies that are needed to

firmly establish the medical importance of human Corona-

viruses.
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