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a  b  s  t  r  a  c  t

Surveillance  of healthy  individuals  at high  risk  for zoonotic  influenza  A transmission  is  important  for
tracking  trends  in  influenza  A epidemiology.  Practical  measurement  methods  that  maximize  viral  recov-
ery  and  produce  low  variability  are  essential  when  low  viral  loads  are  expected.  For  this  study,  lysing  both
a nasal  swab  and  its storage  medium  was compared  to lysing  the storage  medium  alone  to  determine
eywords:
nfluenza A virus
asal swabs
iral RNA extraction
urveillance

which  method  results  in  greater  influenza  A  virus  recovery.  Independent  results  from  two  laboratories
suggest  that  including  the  swab  in the  lysis  step  does  not  lead  to  higher  influenza  A  virus  recovery,  and
that recovery  is less  variable  when  only  the swab  storage  medium  is  extracted.  These  results  indicate
that  simply  lysing  the  swab  storage  medium  is  an effective  extraction  method  for nasal  swabs  collected
during  studies  of  influenza  A virus  exposure  among  healthy  populations.

©  2015  Elsevier  B.V.  All  rights  reserved.
Influenza A virus can infect humans, avian species, swine, and
ther mammals. Seasonal influenza epidemics are estimated to
ause between 250,000 and 500,000 fatalities world-wide each
ear (World Health Organization, 2003). Influenza epidemics and
andemics tend to be caused by strains that originate in animals
ut adapt to human-to-human transmission (Reperant et al., 2012).
ealthy individuals who have frequent contact with swine and
oultry, such as livestock workers, may  be at increased risk of expo-
ure to influenza A virus and may  serve as a bridging population
or cross-species exposure, adaptation, and transmission of novel
eassortant subtypes. As a result, increased surveillance of healthy
wine and poultry production workers has been recommended for
andemic influenza surveillance (Gray et al., 2007).

Maximum recovery of influenza A virus from human speci-
ens is essential in surveillance studies of healthy individuals, as

iral loads may  be lower than among symptomatic individuals.
or surveillance among populations with high exposure potential
Nichol and Hauge, 1997), nasal swabs are a more practical sam-
ling method than nasopharyngeal swabs as they require little

pecialized training, are more readily accepted, and can be obtained
uickly with minimum discomfort. Using nasal swabs can therefore
acilitate increased participation in active surveillance studies to

∗ Corresponding author. Tel.: +1 978 407 6756; fax: +1 919 966 7911.
E-mail address: mnadim@live.unc.edu (M.  Nadimpalli).
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detect novel influenza viruses. When PCR is used for viral detection,
nasal swabs are comparable in sensitivity to nasopharyngeal swabs
(Irving et al., 2012; Sung et al., 2008). Previous work has examined
the impact of storage temperature and time on viral recovery from
nasal swabs (Fereidouni et al., 2012). However, the effect of extrac-
tion method on recovery of influenza A virus from nasal swabs has
not been examined.

The goal of this study was to compare two extraction meth-
ods – lysis of both the storage media and the nasal swab versus
lysis of only the media in which nasal swabs are stored (as is rou-
tine in clinical settings) – to determine which method maximizes
recovery of influenza A virus RNA from nasal specimens along with
lowest variability (measurement error). It was hypothesized that
lysis including the swab could result in higher recovery, since virus
particles present on a nasal swab may  not completely elute into
storage media prior to extraction.

A methods comparison study was conducted at the Johns Hop-
kins University (Laboratory A) and at the University of North
Carolina at Chapel Hill (Laboratory B) following the same study
design.

In each laboratory, a frozen stock of deactivated influenza A
H1N1 (A/WSN/1933) virus containing 6.8 × 108 infectious units/mL

(provided courtesy of Dr. Andrew Pekosz, Johns Hopkins Bloomberg
School of Public Health) was  thawed and four ten-fold dilu-
tions (labeled dilutions 1–4) were prepared in sterile phosphate
buffered saline. These dilutions were selected to reflect the range
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Table  1
Influenza A virus dilutions examined in this study.

Dilution Infectious unitsa Infectious units per qPCR reaction No. of replicates seededb

Laboratory A Laboratory B UTM vials Nasal Swabs

1 1,400,000 1600 2000 3 6
2  140,000 160 200 3 6
3  14,000 16 20 3 6
4  1400 1.6 2.0 3 6
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a Determined using the 50% tissue culture infectious dose (TCID50) assay by the p
b Refers to the number of replicates seeded in each laboratory. Seeded swabs we

f influenza A virus concentrations that may  be detected during epi-
emiologic studies of healthy populations; swabs seeded with the

owest dilution (dilution 4) were projected to absorb approximately
400 infectious units per swab and result in only 1.8 infectious
nits/qPCR reaction (on average, between Laboratories A and B). A
ummary of the dilutions used in these experiments is provided in
able 1.

Twenty �L of each dilution were seeded onto six regular flocked
asal swabs (Diagnostic Hybrids, Athens, OH), allowed to absorb,

nserted into 1 mL  of Universal Transport Medium (UTM, Copan
iagnostics, Murietta, CA), and stored at 4 ◦C until analysis. To
etermine the concentration of virus in each of the dilutions, 20 �L
f each dilution were spiked into three 1 mL  vials of UTM (with-
ut nasal swabs), which were also stored at 4 ◦C until analysis. In
otal, 24 nasal swabs and 12 vials of UTM were seeded for these
xperiments in each laboratory.

All extractions were performed using the QIAamp Viral RNA
ini Kit (Qiagen, Valencia, CA) following the spin column proto-

ol within 5–6 h of viral seeding. One hundred and forty �L of
ach sample were extracted. Spiked UTM solutions were vortexed
or 30–60 s before extraction following manufacturer protocols.
eeded swabs were vortexed for 60 s and then “expressed” prior
o RNA extraction, i.e. swabs were removed from the medium by
heir handle, and pressed on the side of the sample collection tube
hile rolling back and forth to expunge any virus-containing liq-
id that may  have been absorbed. For three of the six the nasal
wabs of each dilution, only the UTM containing the expressed virus
as used for RNA extraction. To determine whether extracting only

he UTM and not the nasal swab influenced influenza A virus RNA
ecovery, the (clipped off) nasal swab was included in the viral lysis
tep for the remaining three seeded nasal swabs of each dilution.
fter the lysis step was compete and as much lysis solution as pos-
ible was transferred to the spin column, the remaining sample
nd swab were briefly centrifuged. The swab was  expressed using
terile forceps and discarded. The remaining sample was  then also

ransferred to the spin column. All other steps of the extraction
rocedure followed manufacturer protocols.

Quantitative PCR was used to selectively target a conserved
egion of the influenza A virus matrix protein gene using primer

able 2
ifferences between extraction methods in recovery of influenza A virus RNA from seede

Dilution Laboratory A 

Lysis with swab Lysis without swab p-Value
Avg. difference score Avg. difference score 

1 −2353.6 −7171.1 0.6303 

2  2024.41 865.66 0.0038 

3  205.7 95.02 0.0164 

4  9.72 1.74 0.4226 

Overall −28.44 −1552.16 0.2261 

a Average difference scores were calculated by subtracting the average number of copi
re  presented as copies/qPCR reaction.
b p-Value comparing difference scores between methods.
er of the influenza A stock used in these experiments.
nly divided between the two extraction methods compared in this study.

and probe sequences developed by the U.S. Centers for Disease Con-
trol and Prevention (World Health Organization, 2009). This target
was quantified in each laboratory using five-point, plasmid-derived
standard curves. Plasmid inserts were derived from deactivated
influenza A H1N1 (A/WSN/1933) virus.

The WHO/CDC protocol for influenza A detection (World Health
Organization, 2009) was  modified for use in a planned multi-lab
surveillance study of livestock workers in the United States. First,
the protocol was modified for two-step rather than one-step ampli-
fication of the target. Livestock workers in the United States are
difficult to access for surveillance studies (Villarejo, 2003). Since
samples collected from livestock workers are precious, multiple
downstream analyses may  be run on the same sample; each analy-
sis may  require the sample to be thawed, then re-frozen. Converting
virus RNA to cDNA prior to beginning analysis ensures the sam-
ple will have sufficient long-term stability once archived to allow
multiple downstream analyses to be performed. Previous work sug-
gests that any increase in variability among sample replicates as
a result of using two-step versus one-step amplification may  be
negligible (Wacker and Godard, 2005). Second, the protocol was
modified by using different reverse transcription kits, PCR kits,
and real-time PCR instrumentation between labs. These changes
were reflective of potential real-life conditions during a multi-lab
surveillance study.

At Laboratory A, 5 �L of each 60 �L RNA extract were reverse
transcribed into first-strand cDNA (20 �L) using the High Capacity
cDNA Reverse Transcription Kit (Invitrogen, Carlsbad, CA). Two �L
of cDNA were then added to a 20 �L qPCR reaction containing 1×
TaqMan® Fast Universal PCR Master Mix  (Applied Biosystems, Fos-
ter City, CA), 250 nM probe, and 500 nM each of forward and reverse
primers. All samples were analyzed on a StepOnePlusTM Real-Time
PCR System (Applied Biosystems, Foster City, CA) using 40 cycles
of amplification. At Laboratory B, 5 �L of each 60 �L RNA extract
were reverse transcribed into cDNA (20 �L) using the SuperScript®
VILOTM cDNA synthesis kit (Invitrogen, Carlsbad, CA). 2.5 �L of

cDNA were then added to a 25 �L qPCR reaction containing: 1×
Platinum qPCR SuperMix (Invitrogen, Carlsbad, CA), 4 mM MgCl,
200 nM probe and 300 nM each of forward and reverse primers.
All samples were run on a SmartCycler II (Cepheid, Sunnyvale, CA)

d nasal swabs by laboratory.a

Laboratory B

b Lysis with swab Lysis without swab p-Valueb

Avg. difference Score Avg. difference Score

−308812.49 −31900.56 0.0143
−30804.80 −10342.74 0.1138
−4535.75 −2719.54 0.2425

−58.37 −20.83 0.7918

−86052.85 −11245.92 0.3249

es recovered from the average number of copies seeded. Average difference scores
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Fig. 1. Recovery of influenza A virus RNA from nasal swabs using two extraction
methods.a,b aHeight of box plots indicates range of observed values; horizontal line

T
I

a
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sing 40 cycles of amplification. Negative template controls were
ncluded with every run in both laboratories.

Difference scores were calculated for all extracted nasal swabs
y subtracting the concentration of virus RNA (copies/reaction)
ecovered from each nasal swab from the average concentration
f virus RNA seeded onto each nasal swab. A generalized lin-
ar model with a generalized estimating equation (GEE) (Rogers,
993) (to account for the non-independence of observations at
ach dilution) was used to determine whether there was  an overall
ifference in recovery of virus RNA between extraction methods.
wo-sided student t-tests were used to examine (a) differences
etween extraction methods by dilution and (b) interlaboratory
ariation, by examining whether the overall, average difference
core calculated for each method was equivalent between laborato-
ies. Analyses were conducted using SAS version 9.3 (SAS Institute,
ary, NC).

The concentration of RNA in dilutions 1–4 and the concentration
ecovered using each extraction method is depicted in Fig. 1. Over-
ll, there was no statistical difference (p > 0.05) between extraction
ethods in recovery of influenza A virus RNA from seeded nasal

wabs (Table 2). This finding was independently observed in both
aboratories. Average difference scores were significantly different
etween extraction methods (p < 0.05) for two of four dilutions in
aboratory A and one dilution in Laboratory B; however, average
ifference scores were equivalent in both laboratories for dilution 4,
he lowest concentration for which influenza A RNA was quantified.
wabs seeded with dilution 4 corresponded to approximately 1.8
nfectious units/reaction and produced cycle threshold (Ct) values
ear 38 in each laboratory, close to the limit of detection for a 40-
ycle PCR amplification protocol. The virus RNA concentrations on
wabs seeded with dilution 4 were at least three times lower than
bserved among clinical samples from individuals with influenza-
ike illness (Ward et al., 2004). The range of dilutions examined
n these experiments is informative for epidemiologic studies of
ealthy populations where influenza A virus concentrations may
e close to the limit of detection.

Overall, the average difference scores for each extrac-
ion method were statistically equivalent between laboratories
Table 3), indicating that minimal interlaboratory variation in virus
NA recovery was observed for either extraction method. Since
he modifications made to the WHO/CDC protocol for influenza

 detection (World Health Organization, 2009) were different in
ach laboratory, it would not have been possible to pinpoint the
xact source of interlaboratory variation, if such variation had
ccurred. However, no such variation was observed for either
xtraction method. Previous work has found that the differences
n methodology between laboratories in this study (different PCR

its and real-time PCR instrumentation) are not major contrib-
tors of interlaboratory variation in quantitative results; rather,
he most significant contributor is differences in reference mate-
ial (Cao et al., 2013). This finding has not been examined in the

able 3
nterlaboratory variation for each influenza A virus RNA extraction method.a

Dilution Lysis with Swab 

Laboratory A Laboratory B p-Value
Avg. difference score Avg. difference score 

1 −2353.59 −308812.49 0.0134 

2  2024.41 −30804.80 0.0766 

3  205.70 −4535.75 0.0190 

4  9.72 −58.37 0.6257 

Overall −28.44 −86052.85 0.0542 

a Average difference scores were calculated by subtracting the average number of copi
re  presented as copies/qPCR reaction.
b p-Value comparing difference scores between labs.
indicates median. bqPCR reaction volume is 20 �L (Laboratory A) or 25 �L (Labora-
tory  B). The amount of cDNA in each qPCR reaction corresponds to less than 1.5 �L
of  the original sample.

context of influenza A virus RNA or the qPCR platforms used here.
However, both laboratories that participated in this study used the
same influenza A reference material and followed the same study
design.

Average difference scores were significantly different between
laboratories (p < 0.05) for two of four dilutions when the swab was
included during lysis (Table 3). Additionally, when examining aver-

age difference scores by dilution within each laboratory, it was
observed that scores were largest in magnitude when including
the swab during lysis, suggesting that recovery of influenza A virus
RNA from nasal swabs is more variable using this method. Greater

Lysis Without Swab

b Laboratory A Laboratory B p-Valueb

Avg. difference score Avg. difference score

−7171.06 −31900.56 0.6907
865.66 −10342.74 0.0684

95.02 −2719.54 0.1335
1.74 −20.83 0.7399

−1552.16 −11245.92 0.4413

es recovered from the average number of copies seeded. Average difference scores
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ariability may  be due to the additional sample handling steps
equired when including the swab during lysis, which could intro-
uce a greater opportunity for error during sample processing.

Recovery of influenza A virus RNA was equivalent when the
wab was included in the viral lysis step versus when it was  not
medium only). However, larger difference scores were observed
or lysis with the swab than for lysis without the swab (Table 2),
ndicating there was greater overall variability in recovery when
wabs were included in the lysis step. Overall, lysis of only the stor-
ge media into which swabs are expressed results in high recovery
f influenza A virus RNA and low variability. Thus this method is
referable for surveillance studies of individuals who  may  be at
igh risk for influenza exposure, but have low viral loads.
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