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Abstract

The increase in adamantine resistance in influenza A (H3N2) and the emergence of oseltamivir
resistance in influenza A (HINI) has necessitated the use of rapid methodologies to detect
influenza subtype. The purpose of this study was to evaluate the CombiMatrix influenza detection
system compared to the FDA approved Luminex Respiratory virus panel (RVP) assay for influenza
A subtyping. Verification of the CombiMatrix influenza detection system was carried out using the
Luminex RVP assay as a reference method. A limit of detection (LOD) series was performed using
the Luminex and CombiMatrix systems with both influenza A H3N2 and HIN| viruses. Seventy-
five clinical specimens were used in the study. Of these, 16 were influenza A (H3N2) positive and
five were influenza A (HINI) positive. Fifty-four specimens were influenza A negative or "no call"
(inconclusive) or could not be subtyped. The LOD of the Luminex RVP assay was found to be 0.3
TCIDgos/mL for influenza A (H3N2) and 16 TCIDgys/mL for influenza A (HINI). The LOD of the
CombiMatrix influenza detection system was 200 TCIDsys/mL for influenza A (H3N2) and 16 000
TCIDgos/mL for influenza A (HINT1). The sensitivity of the CombiMatrix influenza detection system
was 95.2% and the specificity was 100%. The CombiMatrix influenza detection system is an effective
methodology for influenza A subtype analysis, specifically in laboratories with a constrained budget
or limited molecular capabilities.

Findings necessitated the use of methodologies that allow for rapid
Classification of seasonal influenza A into H3N2 or HIN1  influenza sub-type analysis. A variety of both "home-
subtypes is an important step in the characterization of  brew" and commercial molecular assays that allow for
circulating influenza A strains. The recent emergence of  sub-type analysis of influenza A subtypes are now availa-
adamantine resistance in influenza A (H3N2) [1] and  ble. Although many laboratories utilize "home-brew"
oseltamivir resistance in influenza A (HIN1) [2] has  subtyping methodologies [3,4], these are controversial
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due to multiple regulatory issues with the use of these
assays leading to a growing movement for the use of com-
mercial molecular diagnostics [5,6].

The purpose of this study was to evaluate the sensitivity
and specificity of the CombiMatrix influenza A detection
system for influenza A subtype analysis compared to the
Luminex RVP assay, an FDA approved Respiratory Virus
Panel (RVP) assay |[7,8]. The CombiMatrix influenza A
detection system is a commercial multiplex reverse tran-
scriptase PCR (RT-PCR) assay and microarray detection
system that can be used to identify hemagglutinin (HA)
subtypes 1-16 and neuraminidase (NA) subtypes 1-9 [9].
Unlike conventional fluorescence-based microarrays, the
CombiMatrix is an electrochemical system that detects
current generated from redox enzymatic reactions (biotin-
streptavidin) when DNA-probe hybridization occurs [10].
Verification of this technology was performed using spec-
imens from Toronto, Canada collected during the 2007-
2008 influenza season.

Nasopharyngeal specimens from patients from Toronto,
Canada with influenza-like illness were sent to the Central
Branch of the Ontario Public Health Laboratories (CPHL)
during the 2007-2008 influenza season. Specimens were
collected using the flocculated Starswab® Multitrans Col-
lection and Transport system (Starplex, Bolton, Canada).

Total nucleic acid was extracted from each specimen using
the easyMag automated extraction system (bioMérieux,
Montreal, Canada) as per the manufacturer's protocols.
To control for extraction all specimens were tested for
human target gapdh by using the gapdh RT-PCR kit (ABI,
Foster City, CA) as per the manufacturer's instructions and
as previously described [11].

Seventy-five specimens submitted to CPHL were included
in this study (Table 1). Specimens were first screened by
the Luminex RVP assay (Luminex Molecular Diagnostics,
Toronto, Canada), a commercial FDA cleared assay that
detects multiple respiratory pathogens including influ-
enza A H3N2 and H1N1, influenza B, respiratory syncy-
tial virus A (RSV A), respiratory syncytial virus B (RSV B),
parainfluenza (PIV) 1, PIV2, PIV3, human rhinovirus A,
human metapneumovirus (HMPV) and adenovirus.
Nucleic acid from these specimens was then tested by the
CombiMatrix influenza A detection system (CombiMa-
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trix, Mukilteo, WA) as per the manufacturers instructions
and as previously described [9]. RT-PCR reactions were
carried out using the iCycler PCR thermocycler (Bio-Rad,
Milpitas, CA). Influenza A subtyping steps were carried
out using CombiMatrix influenza A detection arrays in
conjunction with an Electrasense array reader as per the
manufacturer's instructions and as previously described
[9,10].

The limit of detection (LOD) for both the Luminex RVP
assay and the CombiMatrix influenza A detection system
was determined using serial ten-fold dilutions of nucleic
acid from influenza A/Brisbane/10/2007 (H3N2) virus
from a clinical specimen and influenza A/PR/8/34
(H1NT1) virus (Advanced Biotechnologies Inc., Columbia,
MD) in PCR-grade water. The starting concentration of
H3N2 virus was 10°8 TCID;,s/mL and the starting con-
centration of HIN1 virus was 109-5TCID;,s/mL. The LOD
was calculated using probit regression with a 95% confi-
dence interval (95% CI) using SPSS 15 (SPSS Inc., Chi-
cago, IL).

Of the 75 specimens characterized using the Luminex RVP
assay (Table 1), 21 were influenza A positive and were
subtyped by the Luminex RVP assay as either H3 (n = 16)
or H1 (n = 5). Fifty-four specimens were defined by the
Luminex RVP assay as both H3 and H1 "undetected". Of
these, one specimen was detected by the Luminex RVP
assay as influenza A but could not be typed and three
specimens were detected as influenza A "No-call". The
remaining 50 were identified as not influenza A by the
Luminex RVP assay with the following distribution: no
virus detected (17/50), influenza B (1/50), enterovirus/
rhinovirus (7/50), HMPV (6/50), PIV1 (4/50), PIV2 (2/
50), PIV3 (5/50), adenovirus (3/50), RSV A (2/50), mixed
adenovirus and enterovirus/rthinovirus (1/50), mixed ade-
novirus and RSV A (1/50), mixed PIV2 and enterovirus/
rhinovirus (1/50).

Compared to the Luminex RVP assay, the sensitivity of the
CombiMatrix influenza detection system for the detection
of an influenza A subtype (either H1 or H3) was 95.2%
(Table 1). All 16 specimens characterized as H3 by the
Luminex RVP assay were identified by the CombiMatrix
influenza detection system. Four of five specimens charac-
terized as H1 by the Luminex RVP assay were identified by
the CombiMatrix influenza detection system. The specifi-

Table I: Sensitivity and specificity of the CombiMatrix influenza detection system

Luminex positive

Luminex negative

CombiMatrix positive
CombiMatrix negative

Sensitivity = 95.2%

20 0
| 54
Specificity = 100%
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city of the CombiMatrix influenza detection system for
the detection of an influenza A subtype (either H1 or H3)
was 100%.

The LOD of the Luminex RVP assay was found to be 0.3
TCIDs,s/mL for influenza A (H3N2) and 16 TCIDg,s/mL
for influenza A (HIN1). The LOD of the CombiMatrix
influenza detection system was 200 TCIDs,s/mL for influ-
enza A (H3N2) and 16 000 TCID;ys/mL for influenza A
(HINTI).

Subtype analysis of influenza A is becoming increasingly
prevalent in clinical microbiology laboratories, and is
essential for public health surveillance of circulating
strains, determination of annual vaccine mismatch and
therapeutic decision making with regards to antiviral
resistance.

Until recently, subtyping of influenza A was performed
using antigenic determination of culture-grown virus.
This method requires cell culture facilities and has a turn-
around-time (TAT) of up to 10 days. The development of
molecular methods for subtype determination has facili-
tated shorter TATs however the use of molecular technol-
ogy is still hampered by the expertise required to perform
the tests. This study evaluated the CombiMatrix influenza
detection system for subtype analysis, a molecular detec-
tion system that is easier to operate than conventional
real-time PCR instruments. This system was compared to
the FDA-approved Luminex RVP assay.

While the CombiMatrix influenza detection system
required less expertise to operate, its LOD was three logs
lower than the Luminex RVP assay. The LOD for HIN1
subtypes was particularly low (16 000 TCIDg,s/mL)
resulting in a negative result for one H1N1 isolate that was
successfully subtyped using the Luminex RVP assay. This
decreased sensitivity could be due to the inherent differ-
ences between the electrochemical CombiMatrix technol-
ogy compared to the bead-based fluorescence technology
of the Luminex platform, or as a result of differences in
PCR efficiencies between the two systems. Despite the dif-
ference in LOD, the sensitivity of the CombiMatrix system
was still high at 95.2%, making this instrument quite suit-
able as a secondary testing method.

In conclusion the CombiMatrix influenza detection sys-
tem is an effective method for influenza A subtype analy-
sis. Its ease of operation makes it suitable for laboratories
with a limited budget or limited molecular knowledge.

Competing interests

Funds for this project were provided by the Public Health
Agency of Canada. The authors declare that they have no
competing interests.

http://www.virologyj.com/content/6/1/37

Authors' contributions

EL carried out the Combimatrix and Luminex testing, RY
and AE carried out the Combimatrix testing, JB assessed
assay design, SB analyzed the data and wrote the manu-
script, SJD conceived the idea for the study.

References

. Bright RA, Shay DK, Shu B, Cox NJ, Klimov Al: Adamantane resist-
ance among influenza A viruses isolated early during the
2005-2006 influenza season in the United States. JAMA 2006,
295:891-894.

2. Sheu TG, Deyde VM, Okomo-Adhiambo M, Garten R, Xu X, Bright
R, Butler E, Wallis TR, Klimov Al, Gubareva LV: Surveillance for
neuraminidase inhibitor resistance among human influenza
A and B viruses circulating worldwide from 2004-2008. Anti-
microb Agents Chemother 2008, 52(9):3284-3292.

3. Schweiger B, Zadow |, Heckler R, Timm H, Pauli G: Application of
a fluorogenic PCR assay for typing and subtyping of influenza
viruses in respiratory samples. | Clin Microbiol 2000,
38:1552-1558.

4.  Poddar SK: Influenza virus types and subtypes detection by
single step single tube multiplex reverse transcription-
polymerase chain reaction (RT-PCR) and agarose gel elec-
trophoresis. | Virol Methods 2002, 99:63-70.

5.  Gammie AJ: For the proposition: for the diagnosis of viral
infections, commercial assays provide more reliable results
than do in-house assays. Rev Med Virol 2008, 18:73-76.

6. James V: Against the proposition: for the diagnosis of viral
infections, commercial assays provide more reliable results
than do in-house assays. Rev Med Virol 2008, 18:77-80.

7.  Pabbaraju K, Tokaryk KL, Wong S, Fox |JD: Comparison of the
Luminex xTAG respiratory viral panel with in-house nucleic
acid amplification tests for diagnosis of respiratory virus
infections. | Clin Microbiol 2008, 46:3056-3062.

8.  Mahony ), Chong S, Merante F, Yaghoubian S, Sinha T, Lisle C, Janec-
zko R: Development of a respiratory virus panel test for
detection of twenty human respiratory viruses by use of mul-
tiplex PCR and a fluid microbead-based assay. | Clin Microbiol
2007, 45:2965-2970.

9.  Lodes M, Suciu D, Elliott M, Stover AG, Ross M, Caraballo M, Dix K,
Crye ], Webby R}, Lyon W], et al.: Use of semiconductor-based
oligonucleotide microarrays for influenza a virus subtype
identification and sequencing. J Clin  Microbiol 2006,
44:1209-1218.

10.  Ghindilis AL, Smith MW, Schwarzkopf KR, Roth KM, Peyvan K,
Munro SB, Lodes M), Stover AG, Bernards K, Dill K, et al.: Combi-
Matrix oligonucleotide arrays: genotyping and gene expres-
sion assays employing electrochemical detection. Biosens
Bioelectron 2007, 22:1853-1860.

11. Bolotin S, De Lima C, Choi KM, Lombos E, Burton L, Mazzulli T,
Drews S): Validation of the TagMan Influenza A Detection Kit
and a rapid Automated Total Nucleic Acid Extraction
Method for the Detection of Influenza A Virus from
Nasopharyngeal Specimens. Ann Clin Lab Sci 2008 in press.

Publish with Bio Med Central and every
scientist can read your work free of charge

"BioMed Central will be the most significant development for
disseminating the results of biomedical research in our lifetime."
Sir Paul Nurse, Cancer Research UK
Your research papers will be:
« available free of charge to the entire biomedical community
« peer reviewed and published immediately upon acceptance
« cited in PubMed and archived on PubMed Central
« yours — you keep the copyright

Submit your manuscript here:

O BioMedcentral
http://www.biomedcentral.com/info/publishing_adv.asp

Page 3 of 3

(page number not for citation purposes)



http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16456087
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16456087
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16456087
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18625765
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18625765
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18625765
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10747142
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10747142
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10747142
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11684304
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11684304
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11684304
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18306442
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18306442
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18306442
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18306441
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18306441
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18306441
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18632902
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18632902
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18632902
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17596360
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17596360
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17596360
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16597840
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16597840
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16597840
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16891109
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16891109
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16891109
http://www.biomedcentral.com/
http://www.biomedcentral.com/info/publishing_adv.asp
http://www.biomedcentral.com/

	Abstract
	Findings
	Competing interests
	Authors' contributions
	References

