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Real-time PCR methodology can be applied to rapidly and accurately detect influenza viruses. During times of surge testing or
enhanced pandemic surveillance, public health laboratories (PHLs) may experience overwhelming demand for testing, even
while the prevalence of positive specimens remains low. To improve laboratory capacity and testing efficiency during surges, we
evaluated whether nasopharyngeal (NP)/throat swab specimens can be pooled and tested for the presence of the 2009 H1N1 in-
fluenza virus without a reduction in sensitivity. Pools of 10 specimens were extracted and concentrated upon elution on the
MagNA Pure LC instrument, and real-time PCR was performed on the Applied Biosystems 7500 Fast platform, using the CDC
swine influenza virus real-time RT-PCR detection panel (rRT-PCR swine flu panel). Specimens in positive pools were singly re-
extracted and retested by PCR to identify individual positive samples. Initial studies showed that spiking a pool of nine negative
specimens (100 �l each) or 900 �l of virus transport medium with 100 �l of a positive clinical specimen caused no loss of sensi-
tivity by rRT-PCR testing. Pools containing either multiple positive specimens or specimens positive for other respiratory vi-
ruses also showed no negative effect on crossing threshold (CT) values. To test the robustness of the pooling protocol, a panel of
50 blinded samples was sent to three PHLs and tested in five pools of 10. All PHLs correctly identified the positive specimens.
This study demonstrates the feasibility of using a pooling strategy to increase capacity and conserve resources during surge test-
ing and periods of enhanced influenza surveillance when the prevalence is low.

Reverse transcription–real-time PCR (rRT-PCR) is an impor-
tant diagnostic tool for detection of influenza virus in public

health laboratories. The Centers for Disease Control and Preven-
tion (CDC) human influenza virus rRT-PCR detection and char-
acterization panel (rRT-PCR flu panel) was cleared by the U.S.
Food and Drug Administration (FDA) for diagnosing human in-
fluenza virus infections and H5N1 viruses (6) in September 2008.
Likewise, the CDC real-time RT-PCR protocol for detection and
characterization of swine influenza virus (rRT-PCR swine flu
panel) (24) was authorized by the FDA under an emergency use
authorization (EUA) to diagnose 2009 H1N1 influenza virus in-
fections (7) in April 2009 and subsequently cleared by the FDA in
June 2010. A combination of the seasonal flu panel with the swine
flu panel was cleared by the FDA in September 2011 (8). The use of
either protocol allows for rapid detection of influenza viruses
from clinical specimens. However, during an influenza outbreak
or pandemic, test workloads in public health laboratories may
rapidly outstrip testing capacity, and reagent shortages may occur.
The recent outbreak of a novel influenza A/H1N1 virus (2009
H1N1) (1, 2) is a clear example. At the start of the pandemic, there
was a high volume of specimens that required testing but a low
prevalence of the 2009 H1N1 strain. One possible way to increase
testing capacity and conserve reagents is to pool specimens prior
to RNA extraction, concentrate the RNA, test the pools, and sub-
sequently retest single specimens from positive pools to identify
the positive specimens.

Pooling specimens to increase efficiency of testing and cost
effectiveness is not unprecedented. Testing specimens in pools has
been used to detect infections such as human immunodeficiency
virus (HIV) and the hepatitis B and C viruses (5, 18). Blood banks
worldwide are able to screen millions of blood donations by im-
plementing the minipool nucleic acid amplification technology
(NAT) testing method to detect transfusion-transmissible viruses

(9, 14, 18, 20, 21, 23). The size of the minipools differs from coun-
try to country, but each sample in a positive pool is retested indi-
vidually. Pooling of specimens has also been evaluated for the
detection of Chlamydia trachomatis and Neisseria gonorrhoeae as a
measure to reduce cost and labor while maintaining accuracy (4,
15, 16, 19, 22).

In this study, we investigated the potential of pooling nasopha-
ryngeal (NP)/throat swab specimens for testing using the CDC
rRT-PCR swine flu panel on the Applied Biosystems (ABI) 7500
Fast platform and the MagNA Pure LC instrument as the extrac-
tion method. The investigation consisted of two major parts, a
proof-of-concept component and a small multisite trial study.
This is the first publication describing a pooling method for de-
tection of a respiratory virus. Public health laboratories currently
using the CDC rRT-PCR flu panel or rRT-PCR swine flu panel
could easily implement a pooling protocol to increase testing ca-
pacity and conserve resources during low influenza prevalence
without additional purchase of costly equipment or reagents or
dramatic modification of their workflow.

MATERIALS AND METHODS
Specimen type and processing. The human seasonal influenza virus
A/H1N1 strain A/South Dakota/06/2007 was provided by the CDC as a
representative influenza virus A strain. Clinical NP/throat swab speci-
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mens used in this investigation were submitted to the Wisconsin State
Laboratory of Hygiene (WSLH) by Wisconsin hospitals and clinics. The
clinical NP/throat swab specimens were transported in various virus
transport media (VTM), refrigerated, and processed within 72 h of col-
lection. Volumes of specimen samples in excess of that required for initial
testing were frozen and stored at �80°C. Aliquots of these frozen speci-
mens were used in this study.

Clinical NP/throat swab specimens used in this study were previously
tested by PCR for the presence of the 2009 H1N1 influenza virus. “Nega-
tive” specimens in this study were negative for seasonal influenza viruses
(A/H1, A/H3, and B) and 15 additional respiratory viruses (respiratory
syncytial virus types A and B; parainfluenza virus types 1, 2, 3, 4a, and 4b;
human metapneumovirus; adenovirus subgroups B, C, and E; coronavi-
ruses OC43, NL63, and 229E; and human rhinovirus). Detection of these
15 respiratory viruses was performed using a real-time PCR protocol de-
signed to detect multiple targets in a single assay (17).

Nucleic acid extraction. Extraction of nucleic acid from samples was
performed using either the MagNA Pure LC total nucleic acid isolation kit
(TNA kit) or the MagNA Pure LC total nucleic acid isolation kit—large
volume (large-volume TNA kit) on the MagNA Pure LC instrument
(Roche Diagnostics, Indianapolis, IN). Extractions using both kits were
performed according to the manufacturer’s instructions. For use with the
large-volume TNA kit, 1-ml volumes were extracted and eluted into 100
�l of elution buffer, and for the TNA kit, 100-�l volumes were extracted
and eluted into 100 �l of elution buffer.

Reverse transcription and DNA amplification. Detection of the 2009
H1N1 virus and seasonal influenza viruses A and B was performed using
the CDC rRT-PCR swine flu panel (24) and the CDC rRT-PCR flu panel,
respectively. The CDC rRT-PCR swine flu panel included primers and
TaqMan probes for seasonal influenza viruses (InfA), universal swine in-
fluenza virus A (swInfA), the swine influenza virus H1N1 (swH1) subtype,
and RNase P (RP). The InfA primer and probe set was designed to detect
all influenza A viruses, that for swInfA to detect all swine influenza A
viruses, and that for swH1 to specifically detect the 2009 H1N1 virus. The
RP primer and probe are designed to detect the human RNase P gene, and
they serve as an internal positive control for human nucleic acid. PCR was
performed according to the CDC protocol (24) using the SuperScript III
platinum one-step quantitative RT-PCR kit (Invitrogen Corporation,
Carlsbad, CA) on the Applied Biosystems (ABI) 7500 Fast real-time PCR
system (Applied Biosystems, Inc., Foster City, CA).

Comparison of large-volume TNA kit to TNA kit. For the experiment
comparing the large-volume TNA kit to the TNA kit, 15 clinical speci-
mens that previously tested positive for the 2009 H1N1 influenza virus by
PCR were selected. Five demonstrated crossing threshold (CT) values in
the range of 30 to 35, five had CT values of 24 to 29, and five had CT values
of 15 to 20. One hundred microliters of clinical specimen was mixed with
900 �l VTM, and nucleic acid was extracted using the large-volume TNA
kit. Another 100 �l of the same clinical specimen was also extracted for
nucleic acid using the TNA kit. Extracts from both kits were eluted in 100
�l of elution buffer; thus the 1 ml of input material for the large-volume
TNA kit was concentrated to the same final volume of 100 �l as the input
material for the TNA kit. PCR was performed in triplicate for each ex-
tracted specimen.

Pools with CDC reference strain. For pooling of the CDC influenza
virus reference strain with negative clinical specimens, two dilutions of the
reference strain, 50% egg infectious doses (EID50) 4.2 and 2.2, were each
spiked into six pools of unique negative clinical specimens. The reference
strain was also spiked into VTM, as a control in the experiment. Each pool
was extracted once, and PCR was performed using the CDC rRT-PCR flu
panel protocol on each extract in triplicate.

Specimen pools. Ten 100-�l aliquots of various combinations of the
influenza A virus reference strain, influenza A virus-positive clinical spec-
imens, negative clinical specimens, and clinical specimens positive for a
variety of respiratory viruses were used to create 1-ml pools. Each pool was
extracted once using the large-volume TNA kit, and PCR was performed.

Multisite study. Three state public health laboratories participated in
this study. Each site was sent three sets of 50 blinded specimens. They were
instructed to create five pools of 10 specified clinical specimens from each
set of 50 specimens. Each pool was extracted using the large-volume TNA
kit, and PCR was performed with the required controls according to the
CDC rRT-PCR swine flu panel (24). Specimens from pools positive for
the swInfA and swH1 markers were individually re-extracted and retested
by PCR. Extraction of the individual specimens was performed using the
large-volume TNA kit. One hundred microliters of the specimen was
diluted in 900 �l of VTM and eluted in 100 �l of elution buffer. The
laboratories were asked to test 50 specimens in pools of 10 on different
days by different technologists if possible. All results were reported on a
standardized worksheet provided for the study, and data were sent to the
WSLH for analysis.

Data analysis. PCR results were interpreted as recommended in the
CDC rRT-PCR swine flu panel protocol (24). A pool, dilution, or sample
was considered positive if the CT values of two out of the three replicates
were less than 37.

RESULTS
Proof-of-concept study. The extraction performance of the
MagNA Pure large-volume TNA kit was compared to that of the
MagNA Pure TNA kit (Roche Diagnostics, Indianapolis, IN) to
ensure that the extraction efficiency was not sacrificed with a
higher input volume (Materials and Methods). The average CT

values obtained with testing specimens extracted with the MagNA
Pure TNA kit and the large-volume TNA kit for each set of extracts
were within one or two CT values (Table 1). This result suggested
that the pooled specimens did not exceed the capacity of the ex-
traction method.

The CDC seasonal A/H1N1 reference strain was also used to
test for potential inhibitory effects of cellular material from pool-
ing multiple clinical specimens. Instead of VTM, the influenza
virus reference strain was mixed with negative clinical specimens
(see Materials and Methods). The PCR results showed that sam-
ples of the 104.2 EID50 reference strain in VTM spiked into pools of
negative clinical specimens were within one CT value of each other
(data not shown). The reference strain with 102.2 EID50 showed a
slightly wider difference, within 2 to 3 CT values, but the discrep-
ancy was inside the standard deviation of the replicates (data not
shown). These results demonstrated that concentration of speci-
men materials via pooling did not lead to inhibition of PCR.

Clinical specimens previously established as positive for the

TABLE 1 Comparison of influenza A virus M gene target crossing
threshold values resulting after extraction with the MagNA Pure TNA
kit and large-volume TNA kit using influenza A virus-positive
specimens representing various CT values

Sample ID

Mean InfAa CT value with:

TNA kit Large-volume TNA kit

F 28 28
G 27 25
H 27 28
I 28 28
J 25 25
K 30 29
L 33 33
M 32 32
N 30 33
O 30 31
a InfA, influenza A virus matrix (M) gene target for detecting any influenza A virus.
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2009 H1N1 influenza virus were chosen to determine whether
they were detectable when mixed with negative specimens. Pools
of 10 clinical specimens were examined, each pool containing one
positive and nine negative specimens. Positive specimens with a
different range of CT values were chosen, and PCR was performed
in triplicate for determination of reproducibility. The mean CT

value of the pooled specimen was compared to the mean CT value
of the positive specimen diluted in VTM. The results showed dif-
ferences of one to two CT values for the InfA, swInfA, and swH1
markers, demonstrating the effectiveness of pooling 10 or fewer
specimens (Table 2).

To test the possibility that higher concentrations of viral nu-
cleic acid in a pool have an inhibitory effect on PCR, pools con-
taining multiple positive specimens were tested and were shown
to have no effect on the detection of a positive pool. Nine pools of
10 specimens each containing two, five, seven, and eight positive
specimens were tested. The required number of negative speci-
mens was mixed with positive specimens to create the pools of 10.
Using the InfA, swInfA, and swH1 primer and probe sets, these
pools generated CT values similar to those of the specimen in the
pool with the lowest CT value (Table 3). Higher concentrations of
viral nucleic acid from the presence of seasonal influenza viruses
and other respiratory viruses in a pool also did not inhibit detec-
tion of the 2009 H1N1 influenza virus strain by PCR. The results
for a representative pool are shown in Table 4. As expected, a pool
containing seasonal influenza A/H1 and A/H3 viruses and the
2009 H1N1 virus generated a lower CT value for the InfA target
(Table 4). The results with the swInfA and swH1 targets for these
pools were within one or two CT values of those of the individual
positive specimens. Additionally, for pools that contained sea-
sonal influenza B virus, the CT values for the influenza B virus
target were unaffected (data not shown). In a pool lacking the
2009 H1N1 virus but containing a seasonal influenza A virus,

the InfA target was positive and the 2009 H1N1 subtype-
specific targets (swInfA and swH1) were negative, as expected
(data not shown). Pools comprised of other respiratory viruses
but lacking any influenza viruses yielded negative PCR results
for all influenza virus targets (data not shown), indicating no
effect of the presence of specimens containing other viruses on
the specificity of the PCR.

Multisite study. To test the feasibility of use and reproducibil-
ity of the pooling influenza virus protocol, a panel containing 50
blinded specimens with instructions for creating five pools of 10
samples each was sent to three state public health laboratories for
testing. All three sites correctly identified the negative and positive
pools from the testing panel. Pools A and E were positive for the
2009 H1N1 (swine) influenza virus markers, and pool D was pos-

TABLE 2 Comparison of individual influenza A virus-positive results to
results when influenza A virus-positive specimens were pooled with
negative specimensa

Specimen

CT value forb:

InfA swInfA swH1 RP

CS1 20 � 1 21 � 2 25 � 1 25 � 1
Spiked pools 20 � 1 21 � 2 24 � 1 22 � 1
CS2 20 � 1 20 � 3 24 � 1 24 � 1
Spiked pools 20 � 1 21 � 2 24 � 1 22 � 2
CS3 26 � 1 26 � 1 29 � 0 26 � 1
Spiked pools 26 � 1 26 � 2 28 � 1 24 � 2
a Nine negative clinical specimens and one specimen positive for the 2009 H1N1 virus
were combined to create pools of 10 clinical specimens. Three unique clinical
specimens (CS1, CS2, and CS3) positive for the 2009 H1N1 virus were each spiked into
five pools of negative specimens. The positive specimens were diluted in VTM for use as
controls. The crossing threshold values of CS1, CS2, and CS3 diluted in VTM were
compared to the PCR results of pools containing the corresponding positive specimens
(spiked pools). Each pool and specimen in VTM was extracted once, and PCR was
performed in triplicates. The values are the means � standard deviations of the
triplicates.
b InfA, influenza A virus matrix (M) gene target for detecting any influenza A virus;
swInfA, influenza A virus nucleoprotein (NP) gene from swine for detecting swine
influenza virus in the genetic lineage of 2009 pandemic influenza A (H1N1); swH1,
highly conserved region of hemagglutinin (HA) gene for detecting the 2009 pandemic
influenza A virus (H1N1), subtype H1; RP, human ribonucleoprotein (RP) for
detecting human RNase P RNA, used with human clinical specimens to indicate that
adequate isolation of nucleic acid resulted from extraction of the clinical specimen.

TABLE 3 Representative PCR results of a pool containing eight
specimens positive for the 2009 H1N1 influenza virus and two
negative specimens

Specimen

CT value fora:

InfA swInfA swH1

1 21 25 28
2 21 25 27
3 21 24 27
4 17 19 22
5 22 25 28
6 20 23 26
7 23 25 28
8 26 31 32
9 Neg Neg Neg
10 Neg Neg Neg

Poolb 16 � 0.6 18 � 0 21 � 0.6
a InfA, influenza A virus matrix (M) gene target for detecting any influenza A virus;
swInfA, influenza A virus nucleoprotein (NP) gene from swine for detecting swine
influenza virus in the genetic lineage of 2009 pandemic influenza A (H1N1); swH1,
highly conserved region of hemagglutinin (HA) gene for detecting the 2009 pandemic
influenza A virus (H1N1), subtype H1; Neg, negative.
b Mean CT values of pool with standard deviations of the triplicate PCR results.

TABLE 4 Results for pooling specimens positive for influenza with
specimens positive for other respiratory viruses

PCR markera

CT value for:

2009 A/H1N1 specimen Poolb

InfA 25 18 � 0
swInfA 26 26 � 0
swH1 28 29 � 1
InfB NA 22 � 0
a InfA, influenza A virus matrix (M) gene target for detecting any influenza A virus;
swInfA, influenza A virus nucleoprotein (NP) gene from swine for detecting swine
influenza virus in the genetic lineage of 2009 pandemic influenza A (H1N1); swH1,
highly conserved region of hemagglutinin (HA) gene for detecting the 2009 pandemic
influenza A virus (H1N1), subtype H1; InfB, influenza B virus nonstructural protein
(NS) for detecting any influenza B virus.
b Representative PCR results (crossing threshold, CT) for pool of 10 specimens
containing one that is positive for the 2009 A/H1N1 virus and others positive for other
respiratory viruses. The pool contains one specimen positive for 2009 A/H1N1, one for
human coronavirus OC43, one for human metapneumovirus, one for rhinovirus, one
for seasonal influenza B virus, one for seasonal influenza A/H3 virus, three for seasonal
influenza A/H1 viruses, and one negative specimen. PCR was performed in triplicate for
the pool sample. Data are the mean CT values of the pool with the standard deviations
of the triplicate PCR results. NA, not applicable.
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itive for just the influenza A virus marker as it contained seasonal
influenza viruses A/H1 and A/H3 (Fig. 1). Pools B and C con-
tained specimens negative for influenza viruses. The average CT

values of the pools were similar among the three sites for the three
2009 H1N1 influenza virus markers (InfA, swInfA, and swH1)
(Fig. 1).

Specimens from pools positive for the 2009 H1N1 influenza
virus were individually extracted, and PCR was performed using
the InfA, swInfA, swH1, and RP markers. All three sites correctly
identified the negative specimens from positive pools (data not
shown). Among the 50 specimens from the test panel, three were
positive for the 2009 H1N1 influenza virus. All three sites success-
fully identified the three positive specimens. The CT values of the
individual specimens with the InfA, swInfA, swH1, and RP mark-
ers were similar among the sites (Table 5 and data not shown).
Pool E contained seasonal influenza viruses A/H1 and A/H3 and
the 2009 H1N1. The three sites were also able to distinguish be-
tween specimens positive for seasonal influenza viruses and the
2009 H1N1 virus (data not shown).

DISCUSSION

In this study, we presented data demonstrating that a strategy of
pooling specimens can be used to test for the presence of influenza
virus using the CDC rRT-PCR swine flu panel (24). Our data
showed that the increase in cellular material, including nucleic
acid, due to pooling of multiple specimens did not affect detection
of the 2009 H1N1 influenza virus by rRT-PCR (Table 1). Addi-
tionally, there was no loss of sensitivity or dilution of a positive
specimen in a pool since the extraction of each pool was concen-
trated at the elution step. As expected, the pooling of multiple
specimens positive for the 2009 A/H1N1 virus with higher con-
centrations of viral nucleic acid did not have an inhibitory effect
on PCR, as demonstrated by the CT values of pools being similar to
those of the specimen with the lowest CT value (Table 3). Further-
more, the presence of other respiratory viruses, such as adenovirus
and parainfluenza virus, or multiple positive influenza virus spec-
imens did not impede PCR amplification of the 2009 H1N1 influ-

TABLE 5 Results for positive specimens from multisite studya

Sample Site

CT value for:

InfA swInfA swH1 RP

9 A 24 � 1 25 � 1 28 � 0 26 � 1
B 27 � 2 27 � 4 28 � 0 27 � 1
C 24 � 0 24 � 0 28 � 0 25 � 0

10 A 24 � 2 26 � 2 28 � 0 25 � 1
B 25 � 2 27 � 3 29 � 1 27 � 1
C 24 � 0 25 � 0 32 � 0 24 � 0

44 A 24 � 1 25 � 1 28 � 1 25 � 1
B 26 � 2 25 � 2 28 � 0 25 � 1
C 23 � 0 24 � 0 28 � 0 23 � 1

a Specimens from pools that tested positive for the 2009 H1N1 influenza virus were
re-extracted and retested by PCR individually. The average PCR results of samples 9,
10, and 44 reported by sites A, B, and C are represented above. Samples 9 and 10 are
from pool A, and sample 44 is from pool E. Samples 1 to 8 from pool A were negative
for influenza A virus (InfA), swine influenza A virus (swInfA), and swine influenza
virus H1 (swH1) and were positive for RNase P (RP). Samples 41 and 45 from pool E
were positive for influenza A, but negative for the swInfA and swH1 markers. InfA,
influenza A virus matrix (M) gene target for detecting any influenza A virus; swInfA,
influenza A virus nucleoprotein (NP) gene from swine for detecting swine influenza
virus in the genetic lineage of 2009 pandemic influenza A virus (H1N1); swH1, highly
conserved region of hemagglutinin (HA) gene for detecting the 2009 pandemic
influenza A virus (H1N1), subtype H1; RP, human ribonucleoprotein (RP) for
detecting human RNase P RNA, used with human clinical specimens to indicate that
adequate isolation of nucleic acid resulted from extraction of the clinical specimen.
The values are the means and standard deviations of the PCR results from three
separate days.

FIG 1 PCR results of pools from multisite study. Three state public health
laboratories tested five blinded pools of 10 specimens for the 2009 H1N1
influenza virus by PCR using markers for influenza A virus (InfA) (A), swine
influenza A virus (swInfA) (B), and swine influenza virus H1 subtype (swH1)
(C) from the CDC rRT-PCR protocol for detection and characterization of
swine influenza virus. (A) Pools B and C were negative for influenza A virus. (B
and C) Pools B, C, and D were negative for the swine influenza A virus and
swine influenza virus H1 markers. All five pools were positive for RP. Each site
tested the five pools three times on three different days. The error bars denote
standard deviations of PCR results performed on three separate days.
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enza virus (Table 4). Finally, the results reported by three state
public health laboratories testing a blinded pooling panel showed
both inter- and intralaboratory reproducibility (Fig. 1 and Table
5). These results suggest that NP/throat swab specimens could be
pooled, extracted, and tested for influenza virus by PCR with lev-
els of detection and reproducibility similar to those obtained by
processing each specimen individually.

The MagNA Pure TNA kit is one of the extraction methods
validated for the CDC rRT-PCR swine flu panel (24). To optimize
pooling of up to 10 specimens requires a larger input volume than
that recommended for the MagNA Pure TNA kit (Roche Diagnos-
tics, Indianapolis, IN). The large-volume TNA kit (Roche Diag-
nostics, Indianapolis, IN) allowed for processing of sample vol-
umes up to 1 ml on the MagNA Pure LC instrument. Ten
specimens were pooled, extracted, and concentrated upon elution
using this kit. The sensitivity of the large-volume TNA kit was
similar to that of the small-volume MagNA Pure TNA kit (Table
1). Detection of a specimen with a CT value in the high 20s was not
compromised when mixed with four or nine negative specimens
(Table 1 and data not shown). This demonstrated that viral nu-
cleic acid is not diluted in pools of negative specimens, since the
final elution volume of the large-volume TNA kit is 100 �l, the
same as the elution volume of the small-volume MagNA Pure
TNA kit recommended by the CDC rRT-PCR flu panel proto-
col. Hence, essentially all nucleic acid from the large-volume
TNA kit is captured and not diluted. Others have also evaluated
the MagNA Pure LC large-volume TNA kit and shown accept-
able sensitivity when used in conjunction with real-time PCR
for detection of other viruses, such as hepatitis B and C viruses
(3, 11, 12, 13).

The pooling strategy proposed by this study does not necessi-
tate large structural or workflow changes for laboratories cur-
rently performing the CDC rRT-PCR flu panel or the rRT-PCR
swine flu panel using the MagNA Pure LC or other instruments
recommended for these two protocols. Three state public health
laboratories successfully tested a blinded influenza virus pooling
panel without extensive supplementary training or the purchase
of additional equipment. Laboratories, however, are required to
develop and validate an algorithm and workflow scheme for track-
ing specimens in pools.

For laboratories lacking automated extraction instrumenta-
tion, manual extraction methods, such as the QIAamp viral RNA
minikit (Qiagen, Valencia, CA), one of the manual extraction
methods validated for the CDC rRT-PCR flu panel, can be used to
extract and concentrate pools of specimens. However, laborato-
ries should take into consideration that manual extraction meth-
ods can be more labor intensive than automated systems. Addi-
tional studies need to be performed in order to determine whether
manual extraction methods will provide similar results using a
pooling protocol and be useful in surge situations.

The decision to implement a pooling protocol should take into
consideration the current positivity rate. The benefit of pooling is
nullified if every pool yields a positive result, which may occur
during periods of high positivity rate, and thus demands subse-
quent testing to reassess every specimen in the pool individually.
One strategy to circumvent this is to alter the size of the pool to
account for the prevalence of the situation. For instance, if the
positivity rate is near 10%, pools of five specimens may prove
more practical than 10 specimens. Pools of one positive and four
negative specimens showed similar results in terms of CT values to

pooling one positive and nine negative specimens (data not
shown).

This investigation did not address the potential cost effective-
ness of pooling influenza virus specimens. However, pooling
schemes have been shown to increase testing capacity and lower
the cost per test for detection of viral infections such as Chlamydia
trachomatis, HIV, and hepatitis C (4, 10, 19, 22, 23). These studies
also optimized the pooling strategy such that sensitivity was not
diminished due to dilution of positive specimens in pools of in-
creasing size. Laboratories should be aware, however, that a neg-
ative pool result would not distinguish between a true negative
and an indeterminate/inconclusive result due to poor specimen
collection or handling. Theoretically, our pooling design, if ap-
plied properly, can increase testing capacity and conserve reagents
during times of pandemic surveillance, surge testing, clearing of
backlogs, and in limited-resource settings. In addition, this study
may serve as a model for pooling specimens for diagnosis of other
infectious diseases.

In summary, we have demonstrated that NP/throat swab spec-
imens can be pooled and tested for the presence of influenza virus
without sacrificing sensitivity. The pooling scheme can increase
testing capacity if used in combination with an automated extrac-
tion method, such as the MagNA Pure LC instrument, and the
CDC real-time PCR assay for influenza virus.
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