
J

A

B
O
n
r
A
t
R
t
v
C
i
p
©

K

1

n
t
t
S
b
(
c
a

1
d

ARTICLE IN PRESSCV-1396; No. of Pages 5

Journal of Clinical Virology xxx (2008) xxx–xxx

Comparison of nasopharyngeal flocked swabs and aspirates for rapid
diagnosis of respiratory viruses in children

K.H. Chan a, J.S.M. Peiris a,e, W. Lim d, J.M. Nicholls b, S.S. Chiu c,∗
a Department of Microbiology, The University of Hong Kong and Queen Mary Hospital, Hong Kong SAR, China

b Department of Pathology, The University of Hong Kong and Queen Mary Hospital, Hong Kong SAR, China
c Department of Paediatrics and Adolescent Medicine, The University of Hong Kong and Queen Mary Hospital,

Pokfulam, Hong Kong SAR, China
d Government Virus Unit, Department of Health, Hong Kong SAR, China

e HKU-Pasteur Research Centre, Hong Kong SAR, China

Received 24 November 2007; accepted 5 December 2007

bstract

ackground: The quality of clinical specimens is a crucial determinant for virological diagnosis.
bjectives: We compared the viral diagnostic yield for influenza A and respiratory syncytial virus (RSV) from the recently developed
asopharyngeal flocked swabs (NPFS) with nasopharyngeal aspirates (NPA) collected in parallel from 196 hospitalized children with acute
espiratory infection during the peak period of influenza A and RSV activity in Hong Kong. Specimens were tested by RT-PCR for influenza

and RSV and viral load determined. They were also tested by direct immunofluorescence (DIF) for influenza A and B, RSV, parainfluenza
ypes 1–3 and adenovirus.
esults: Both NPA and NPFS had excellent sensitivity (100%) for detecting influenza A by RT-PCR but NPA was slightly more sensitive

han NPFS for detecting RSV by both RT-PCR (100% vs. 92.3%) and DIF (87.2% vs. 84.6%) and for detecting influenza A by DIF (90.2%
s. 82.9%). Viral load for influenza A in NPA and NPFS was not significantly different but that for RSV was higher in NPA.
onclusion: NPA remains the optimal specimen for diagnosis of respiratory infections by RT-PCR and DIF. However, collection of NPFS
s easier to perform in an out-patient setting, was more acceptable to parents and less likely to generate aerosols than NPA engendering
otentially less infection control hazard.

2008 Elsevier B.V. All rights reserved.
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. Introduction

Acute respiratory infections are the most common ill-
esses of otherwise healthy adults and children and most of
hese infections are caused by viruses (Treanor, 2002). Fur-
hermore, novel emerging viral respiratory infections (e.g.
ARS) have the potential to cause explosive disease out-
reaks with huge impact on economies and society in general
Please cite this article in press as: Chan KH, et al., Comparison of nas
respiratory viruses in children, J Clin Virol (2008), doi:10.1016/j.jcv.200

Peiris et al., 2004). Rapid viral diagnosis leads to optimized
linical care, reduced antibiotic use, helps infection control
nd is cost effective (Woo et al., 1997). Antigen detection
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ethods have been commonly used for rapid respiratory viral
iagnosis but PCR-based methods are now becoming more
idely used. In all these methods the type and quality of the

linical specimen is of utmost importance. Nasopharyngeal
spirates (NPA) are generally considered the best specimens
or rapid detection of respiratory viruses (Ahluwalia et al.,
987; Zambon, 1998; Macfarlane et al., 2005). However,
btaining a NPA is unpleasant to the patient, requires special-
zed equipment and a skilled operator for specimen collection
nd therefore difficult to obtain in an out-patient or field
opharyngeal flocked swabs and aspirates for rapid diagnosis of
7.12.003

etting. Nasal swab specimens have been found to be less pro-
uctive than NPA in some studies (Macfarlane et al., 2005)
ut not in others (Heikkinen et al., 2002). Nasopharyngeal
wabs (NPS) have been reported by some to have compara-

dx.doi.org/10.1016/j.jcv.2007.12.003
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MDCK, LLC-MK2, HEp-2C and RD cell monolayers in
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le positivity rates to NPA (Frayha et al., 1989) although this
s still controversial (Ahluwalia et al., 1987). Compared to
PA, conventional NPS swabs usually yield fewer epithelial

ells for direct antigen detection by IF assay (Ahluwalia et
l., 1987).

Recently a flocked-nasopharyngeal swab was designed
ith the aim of improving the yield of nasopharyngeal epithe-

ial cells and enhancing diagnostic yield (Copan Diagnostics,
orona, CA). A study showed that flocked swabs yielded
ore cells and provided better clinical specimen when com-

ared with nasal swab (Daley et al., 2006; Chernesky et al.,
006). However, there are still no direct comparisons between
asopharyngeal flocked swabs (NPFS) and NPA for the rapid
iagnosis of respiratory viruses by direct immunofluores-
ence assay and PCR. We conducted a prospective study in
hildren with acute respiratory disease comparing NPFS with
PA for the detection of influenza A and respiratory syncytial
irus (RSV) by PCR and direct immunofluorescence (DIF)
ssays. We also compared the viral nucleic acid load in par-
llel NPA and NPFS specimens using quantitative real time
CR.

. Materials and methods

.1. Patients and specimens

One hundred ninety-six hospitalized children under 18
ears of age with acute respiratory tract infections at Queen
ary hospital from February to May 2007 were recruited.

he study protocol was approved by the ethics commit-
ee of Queen Mary Hospital and written informed consent
as obtained prior to recruitment. NPA and NPFS were

ollected in parallel from each patient. The NPA specimen
as collected from one nostril and the NPS specimen from

he other. Initially, children were randomized to have either
PA or NPS performed first. However, early interim analy-

is revealed that there was little difference in epithelial cell
ield in relation to the collection order. Thus subsequently, the
rder of sampling was left to the preference of the individual
urse.

The NPFS was collected as follows. The distance between
he patient’s nares and earlobe was measured to estimate the
ength of insertion. The swab was gently inserted up the nos-
ril towards the pharynx for that distance until resistance was
elt and was then rotated 3 times to obtain epithelial cells.
he swab was then withdrawn and put in 2.5 ml viral trans-
ort medium. NPA was collected using a vacuum suction trap
it into another 2.5 ml viral transport medium. The specimens
ere kept cool and delivered to the laboratory within 3 h of

ollection
In the laboratory, both NPA and NPFS were divided into
Please cite this article in press as: Chan KH, et al., Comparison of nas
respiratory viruses in children, J Clin Virol (2008), doi:10.1016/j.jcv.200

wo aliquots and processed in an identical fashion. One
liquot was used for the DIF test and the other was used
or PCR assays and in the case of NPA, also for culture. The
riginal volume of NPA was recorded and this was used for
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alculation of absolute amount of virus present in the sample
hen quantitative real time PCR was done.

.2. Direct antigen detection by immunofluorescence

Immunofluoresence on the clinical specimens was done
s previously described using IMAGENTM respiratory screen
nd typing reagents (Oxoid Ely Ltd., UK) (Chan et al., 2002).
ll specimens positive by DIF were scored according to flu-
rescent intensity and numbers of positive cells per 40 high
ower fields. All the specimens found positive in the respira-
ory screen with a pooled IF reagent were further identified
sing antibody reagents to the individual virus (influenza A
r B, RSV, parainfluenza type 1, 2, 3 and Adenovirus) using
he IMAGENTM typing kit.

.3. PCR

Total nucleic acid was extracted by using NucliSens easy-
AG instrument (bioMerieux, Netherlands) according to the
anufacturer’s instruction. Nucleic acid was recovered in

5 �l elution buffer and was kept at −80 ◦C until use.
The influenza A and B and RSV reverse transcriptase

uantitative PCR (RT-qPCR) test was carried out as previ-
usly described (Peiris et al., 2003). In brief, 12 �l of the
luted RNA was used for generation of cDNA using the
nvitrogen Superscript II Kit with random primer. 2 �l of
DNA was amplified in LightCycler with a total volume
f 20 �l reaction containing FastStart DNA Master SYBR
reen I Mix reagent kit (Roche Diagnostics GmbH, Ger-
any), 0.5 �M of each primer and MgCl2 (for influenza A:
mM; influenza B: 4 mM and RSV: 5 mM). The primers and
CR conditions are summarized in Table 1. Fluorescence was
onitored once each cycle at the end of the annealing phase.
For adenovirus amplification, 5 �l of nucleic acid tem-

late was used to amplify a PCR product corresponding to
exon gene using primers and PCR conditions in Table 1. The
eagents used were 1× FastStart DNA Master SYBR Green I

ix (Roche Diagnostics GmbH, Germany), 3.0 mM MgCl2
nd 0.5 �M of each primer.

PCR products were subjected to melting curve analysis at
he end of the assay (65–95 ◦C; 0.1 ◦C per s) to confirm speci-
city. For each quantitative assay, a reference standard was
repared using pCRII-TOPO vector (Invitrogen, San Diego)
ontaining the corresponding target viral sequences. A series
f 5 log10 dilution equivalent to 1 × 101–1 × 106 copies per
eaction were prepared to generate calibration curves and run
n parallel with the test samples.

.4. Viral culture for respiratory viruses
opharyngeal flocked swabs and aspirates for rapid diagnosis of
7.12.003

ulture tubes were inoculated with 200 �l of the nasopharyn-
eal aspirate-virus transport medium suspension and virus
solation was carried out as previously described (Lo et al.,
005).

dx.doi.org/10.1016/j.jcv.2007.12.003
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Table 1
Primer sequences and cycling condition

q-PCR Target Primers Cycling condition (ramp rates of
20 ◦C/s)

Reference

Influenza A M gene F-
CTTCTAACCGAGGTCGAAACG
R-
GGCATTTTGGACAAAKCGTCTA

Denaturation at 95 ◦C for 10 min,
followed by 40 cycles of 95 ◦C for
10 s, 60 ◦C for 3 s, 72 ◦C for 12 s

Influenza B Nonstructure protein
gene 8

F-GGGATATACGTAATGTGTTGT
R-GCACTGCCTGCTGTACACTT

Denaturation at 95 ◦C for 10 min,
followed by 45 cycles of 95 ◦C for
10 s, 55 ◦C for 5 s, 72 ◦C for 20 s

Gruteke et al. (2004)

RSV L gene F-
TTTCCACAATATYTAAGTGTCAA
R-
TCATCWCCATACTTTTCTGTCAA

Denaturation at 95 ◦C for 10 min,
followed by 50 cycles of 95 ◦C for
10 s, 45 ◦C for 5 s, 72 ◦C for 7 s

Templeton et al. (2004)

Adenovirus Hexon gene F-
GCCGCAGTGGTCTTACATGCACATC
R-
CAGCACGCCGCGGATGTCAAAGT

Denaturation at 95 ◦C for 10 min,
followed by 40 cycles of 95 ◦C for
10 s, 58 ◦C for 3 s, 72 ◦C for 12 s

Mitchell et al. (2003)

Table 2
Profiles of test results for influenza A and respiratory syncytial virus by RT-PCR, direct immunofluorescence (DIF) and culture from nasopharyngeal aspirates
(NPA) and nasopharyngeal flocked swabs (NPFS)

Virus Culture NPA PCR NPFS PCR NPA DIF NPFS DIF Number positive

Influenza A

+ + + + + 34
+ + + + − 3
+ + + − − 3
− + + − − 1

RSV

+ + + + + 28
+ + − + + 2
+ + + − − 3
− + + + + 2
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. Results

.1. Diagnostic yield by NPA and NPFS specimens
Please cite this article in press as: Chan KH, et al., Comparison of nas
respiratory viruses in children, J Clin Virol (2008), doi:10.1016/j.jcv.200

Paired NPA and NPFS were collected from one hundred
inety-six pediatric patients recruited during February to May
007 which is the peak influenza A and RSV season in Hong
ong. There were 113 males and 83 females with the mean

s
o

m

able 3
iagnostic yield from NPA and NPFS specimens for the diagnosis of influenza A a

rue positivea Specimen/method Sensitivity (%) Specificity

nfluenza A = 41

Culture 97.6 100
NPA/RT-PCR 100 100
NPFS/RT-PCR 100 100
NPA/DIF 90.2 100
NPFS/DIF 82.9 100

SV = 39

Culture 84.6 100
NPA/RT-PCR 100 100
NPFS/RT-PCR 92.3 100
NPA/DIF 87.2 100
NPFS/DIF 84.6 100

a A true positive result is defined as a patient with two independent tests (different t
ere positive for the same virus.
+ − 1
+ + 1
− − 2

ge 6.3 months, range 1–89 months. RT-PCR was done on
ll specimens for influenza A and RSV. DIF was done on all
pecimens for influenza A and B, RSV, parainfluenza type
, 2, 3 and adenovirus. Virus culture was done for all NPA
opharyngeal flocked swabs and aspirates for rapid diagnosis of
7.12.003

pecimens. RT-PCR or PCR was done for other viruses to
nly to resolve discrepant results.

The profile of test results from the NPA and NPFS speci-
ens by RT-PCR and DIF for influenza A and RSV is shown

nd RSV by RT-PCR and direct immunofluoresence (DIF)

(%) Positive predictive value (%) Negative predictive value (%)

100 99.4
100 100
100 100
100 97.5
100 95.7

100 96.3
100 100
100 98.1
100 96.9
100 96.3

ests on same or different specimens or same test on two different specimens)

dx.doi.org/10.1016/j.jcv.2007.12.003


 IN PRESSJCV-1396; No. of Pages 5

4 linical Virology xxx (2008) xxx–xxx

(
a
s
s
h
b
N
D
(

3

c
4
t
6
i
i
s
a
b
c

3

s
c
a
o
m
p
w
A
R
p
p
b
p
o
p
p
t

F

N
i

(
l
1
n
p
2
l
p
n
r

T
C

P

R

I
A

ARTICLE
K.H. Chan et al. / Journal of C

Table 2). A true positive for influenza A or RSV was defined
s a patient with two independent tests (different tests on
ame or different specimens or same test on two different
pecimens) positive for the same virus. Both NPA and NPFS
ad excellent sensitivity (100%) for detecting influenza A
y RT-PCR. However, NPA was slightly more sensitive than
PFS for detecting RSV by RT-PCR (100% vs. 92.3%) and
IF (87.2% vs. 84.6%) and for detecting influenza A by DIF

90.2% vs. 82.9%) (Tables 2 and 3).

.2. Viral load

The mean of viral load of RSV RNA was signifi-
antly higher in NPA compared to NPFS specimens (mean
.2 × 109 and 4.52 × 108; p = 0.002). For influenza A virus,
he mean viral loads for NPA and NPFS was 2.25 × 1011 and
.82 × 109 but these differences were not statistically signif-
cant (p = 0.31) (Table 4). The scatter-plots of the viral load
n NPA and NPFS for influenza A and RSV specimens are
hown in Fig. 1. Viral load was also done for influenza B and
denovirus in specimens positive by DIF for these viruses
ut there were too few positive specimen to make meaningful
omparisons.

.3. Direct immunofluoresence tests

The morphology of DIF staining of paired NPA and DIF
pecimens that were positive for influenza and RSV were
omparable (data not shown). Similarly Giemsa stained NPA
nd NPFS stained specimens showed similar morphology
f cells collected by these two methods. Of the 80 speci-
ens found to be IF positive for a respiratory virus, 74 were

ositive in both NPA and NPFS specimens. Six specimens
ere positive only in the NPA; three of these had influenza
, and one each had adenovirus, parainfluenza type 3 and
SV, respectively. These were confirmed by Q-PCR as true
ositives. The mean number of positive cells per 40 high
ower fields of the NPA in these 6 specimens was low,
eing a mean of 5.5 positive cells for the three influenza
ositive specimens and one positive cell for each of the
Please cite this article in press as: Chan KH, et al., Comparison of nas
respiratory viruses in children, J Clin Virol (2008), doi:10.1016/j.jcv.200

ther viruses. In contrast, the overall mean number of cells
ositive with the IMAGENTM respiratory screen reagent in
ositive NPA and NPFS specimens was 18 and 23, respec-
ively indicating that the specimens found false negative by

4

f

able 4
omparison of the numbers of DIF positive cells, DIF intensity and viral load in N

ositive specimensa Type of
specimens

Direct immunofluorescence (DIF)

Mean of total
respiratory epithelial
cells/40× hp

IMAGETM respirat
screen (mean of tot
positive cells/40×

SV = 39
NPA 264.8 25.1
NPFS 242.6 26.5

nfluenza
= 41

NPA 224.8 14.7
NPFS 268.9 26.7

a True positives influenza A or RSV patients are defined as those with two tests p
ig. 1. Influenza A and RSV viral load in parallel NPA and NPFS specimens.

PFS likely had lower numbers of positive cells in the spec-
men.

The overall mean (±S.D.) numbers of epithelial cells
log10) per 40 high-power fields (excluding squamous epithe-
ial cells) found in the NPA and NPFS specimens were
.94 ± 0.611 and 2.034 ± 0.52 (p = 0.12). The overall mean
umbers of respiratory epithelial cells (log10) per 40 high
ower fields for the DIF positive and negative specimens was
.10 ± 0.54 and 1.8 ± 0.61, respectively (p = 0.0002). Simi-
arly, mean numbers of respiratory epithelial cells (log10)
er 40 high powered fields in NPFS specimens positive and
egative for virus by DIF was 2.2 ± 0.43 and 1.90 ± 0.57,
espectively (p = 0.004).
opharyngeal flocked swabs and aspirates for rapid diagnosis of
7.12.003

. Discussion

We compared the NPFS and NPA collected in parallel
rom 196 hospitalized pediatric patients for diagnosis of res-

PA and NPFS specimens in patients with influenza A and RSV infections

RT-PCR

ory
al
hp)

Mean of DIF
intensity

Mean of viral load
(total genome copies
per specimen)

Ratio of viral load
in NPA/NPS

2.6 4.20 × 109

9.32.9 4.52 × 108

2.8 2.25 × 1011

32.92.7 6.82 × 109

ositive for the same virus (see Section 3).

dx.doi.org/10.1016/j.jcv.2007.12.003
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iratory infections by DFA tests and for diagnosis of influenza
and RSV by RT-PCR. The reason for focusing on influenza
and RSV for the RT-PCR study was that these viruses were

nown to be the predominant respiratory virus infections
ccurring during the period of the study.

Specimens from either method yielded epithelial cells of
ood morphology and in adequate numbers for immunofluo-
escent diagnosis of a panel of 7 respiratory infections. This
s difficult to achieve with other types of swabs including
onventional NP swabs. However, 6 of 80 specimens found
o be weakly positive by DFA from NPA specimens were
egative on NPFS. Nevertheless, NPFS specimens appear to
e a reasonable alternative to NPA in situations where NPA
pecimen collection is not feasible.

NPA and NPFS appear to be equivalent for the diagno-
is of influenza A by qualitative RT-PCR. Although the mean
iral load appears to be higher in NPA, these findings were not
tatistically significant. However, NPA specimens were supe-
ior to NPFS for the detection of RSV by RT-PCR and this
s reflected in a 9.3-fold higher viral load in these specimens
p = 0.002). The viral load data from specimens positive for
nfluenza B and adenovirus were too small to be meaningfully
nalyzed (data not shown).

The choice of specimen must be balanced with the avail-
bility of facilities, cost, expertise available and the potential
nfection control risk. The collection of NPFS was less inva-
ive for children compared with NPA and therefore more
cceptable to parents. Further, the collection of a NPFS which
s similar to NS is easy and convenient and it requires no
dditional devices. Therefore, although NPFS has a slightly
ower sensitivity compared to NPA, the NPFS is a suitable
lternative for NPA for rapid respiratory diagnosis by DIF
ntigen detection or RT-PCR in situations where equipment
or obtaining NPA is not available. In addition, when com-
ared to collection of NPA which requires the use of suction,
PFS collection may generate less aerosol associated cross-

nfection hazard.
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