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Accuracy of Rapid Influenza Diagnostic Tests
A Meta-analysis
Caroline Chartrand, MD, MSc; Mariska M.G. Leeflang, DVM, PhD; Jessica Minion, MD, MSc; Timothy Brewer, MD, MPH; and
Madhukar Pai, MD, PhD


Background: Timely diagnosis of influenza can help clinical
management.


Purpose: To examine the accuracy of rapid influenza diagnostic
tests (RIDTs) in adults and children with influenza-like illness and
evaluate factors associated with higher accuracy.


Data Sources: PubMed and EMBASE through December 2011;
BIOSIS and Web of Science through March 2010; and citations of
articles, guidelines, reviews, and manufacturers.


Study Selection: Studies that compared RIDTs with a reference
standard of either reverse transcriptase polymerase chain reaction
(first choice) or viral culture.


Data Extraction: Reviewers abstracted study data by using a stan-
dardized form and assessed quality by using Quality Assessment of
Diagnostic Accuracy Studies criteria.


Data Synthesis: 159 studies evaluated 26 RIDTs, and 35% were
conducted during the H1N1 pandemic. Failure to report whether
results were assessed in a blinded manner and the basis for patient
recruitment were important quality concerns. The pooled sensitivity


and specificity were 62.3% (95% CI, 57.9% to 66.6%) and 98.2%
(CI, 97.5% to 98.7%), respectively. The positive and negative
likelihood ratios were 34.5 (CI, 23.8 to 45.2) and 0.38 (CI, 0.34 to
0.43), respectively. Sensitivity estimates were highly heterogeneous,
which was partially explained by lower sensitivity in adults (53.9%
[CI, 47.9% to 59.8%]) than in children (66.6% [CI, 61.6% to
71.7%]) and a higher sensitivity for influenza A (64.6% [CI, 59.0%
to 70.1%) than for influenza B (52.2% [CI, 45.0% to 59.3%).


Limitation: Incomplete reporting limited the ability to assess the
effect of important factors, such as specimen type and duration of
influenza symptoms, on diagnostic accuracy.


Conclusion: Influenza can be ruled in but not ruled out through
the use of RIDTs. Sensitivity varies across populations, but it is
higher in children than in adults and for influenza A than for
influenza B.


Primary Funding Source: Canadian Institutes of Health Research.


Ann Intern Med. 2012;156:500–511. www.annals.org
For author affiliations, see end of text.
This article was published at www.annals.org on 28 February 2012.


Worldwide, 3 to 5 million individuals develop severe
influenza each year and 250 000 to 500 000 die of


influenza-related causes (1). Even in developed countries,
such as the United States, influenza is responsible for more
than 200 000 hospitalizations annually and 3000 to 49 000
deaths (2, 3). Moreover, as illustrated by the 2009 H1N1
pandemic that affected 214 countries (4), influenza has the
potential to rapidly spread globally.


Early identification of influenza is important for opti-
mal patient management and infection control. However,
the case definition of influenza-like illness, defined by the
Centers for Disease Control and Prevention and the World
Health Organization as fever (temperature �37.8 °C) and
cough or sore throat (5, 6), has modest sensitivity (64% to


65%) and specificity (67%) (7, 8). For this reason, physi-
cians sometimes use tests to diagnose influenza.


Viral culture was the time-honored gold standard for
influenza diagnosis. However, 3- to 10-day turnaround
times for results reduce its utility for patient management,
although shell vial culture can produce results in 48 hours
with similar accuracy (9, 10). More recently, reverse tran-
scriptase polymerase chain reaction (RT-PCR) has replaced
viral culture as the gold standard. It is considered the most
sensitive and specific test for influenza, with a 2% to 13%
higher detection rate than culture and results that can be
obtained within hours (11). It is also the most expensive
and least widely available test because of the specialized
equipment and expertise required, and results may be de-
layed because samples are usually run in batches (9, 10,
12).


Rapid influenza diagnostic tests (RIDTs) attempt to
overcome some of these problems. They are simple to use;
give results in 15 to 30 minutes; and, in some cases, can be
used at the point of care in a routine clinical setting, such
as a physician’s office or an emergency department. These
tests are usually immunochromatographic assays that de-
tect specific influenza viral antigens in respiratory speci-
mens (11). Their costs (approximately $15 to $20 per test
for kit and reagents [13]) are similar to those of laboratory-
based influenza tests, such as RT-PCR.


Unfortunately, RIDTs may have inconsistent accu-
racy, with reported sensitivity ranging from 10% to 80%
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(10–12, 14), whereas specificity usually exceeds 90%. Even
so, the Infectious Diseases Society of America, the Centers
for Disease Control and Prevention, and the World Health
Organization still consider them part of their guidelines,
recognizing their usefulness in patient and outbreak
management—especially when other tests, such as RT-
PCR or immunofluorescence, are not readily available—
while cautioning against potential misdiagnosis associated
with their use (10, 11, 14). In light of these recommenda-
tions and the availability of many RIDTs approved for
point-of-care use, it is important for health care providers
to better understand the accuracy of these tests. Previous
systematic reviews have been limited to pediatric studies
(15) or have addressed only 1 commercial RIDT (8) and
were conducted before the emergence of the influenza
A(H1N1) 2009 strain (8, 15).


METHODS


We developed and followed a protocol based on stan-
dard guidelines for the systematic review of diagnostic
studies (16, 17) and used the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses statement (18) as
the template for reporting the review.


Data Sources and Searches
We searched 4 electronic databases: PubMed (January


1950 to December 2011), EMBASE (January 1980 to De-
cember 2011), BIOSIS (January 1969 to March 2010),
and Web of Science (January 1980 to March 2010). The
databases were searched in March 2010, and an updated
search of PubMed and EMBASE was conducted in De-
cember 2011. Bibliographies of included studies, recent
narrative reviews on RIDTs, and guidelines on influenza
were hand-searched for additional relevant studies. Diag-
nostic manufacturers were also contacted to get additional
or unpublished studies.


The search strategy was designed with the help of a
medical librarian and contained search terms for the influ-
enza disease or virus combined with search terms for rapid
diagnostic immunoassays, including brand names for the
most common commercial RIDTs. Search terms for influ-
enza included: “Influenza, Human” [MeSh] OR “Influenza
A virus” [MeSh] OR “Influenza B virus” [MeSh] OR “in-
fluenza” OR “flu” OR “grippe.” Search terms for the tests
included: “rapid test*” OR “rapid diagnos*” OR “rapid
diagnostic test*” OR “point-of-care test*” OR “antigen de-
tection test*” OR “antigen detection” OR “rapid antigen
test*” OR “immunoassay*” OR “immunochromatographic
test*” OR “Binax NOW” OR “Directigen Flu” OR “Flu
OIA” OR “QuickVue Influenza” OR “Rapid Detection
Flu” OR “SAS Influenza” OR “ TRU FLU” OR “ XPECT
flu” OR “Zstat flu.” Studies published in either English or
French were considered.


Study Selection
Studies were included if they assessed the accuracy of


an RIDT against 1 of the 2 accepted reference standards.
For this review, RIDTs were defined as any commercially
available assay that identified influenza viral antigens or
neuraminidase activity in respiratory specimens through
simple immunochromatographic formats. In-house tests
and precommercial versions were excluded. Acceptable ref-
erence standards included viral culture or RT-PCR. If both
were available, data on RT-PCR were chosen because of
the test’s superior sensitivity and specificity.


Studies were excluded if they compared RIDTs with
immunofluorescence or enzyme-linked immunosorbent as-
say (because those are not widely acknowledged reference
standards for influenza diagnosis), if they used the result of
the RIDTs as part of a composite reference standard (in-
corporation bias), or if they performed the reference stan-
dard only on samples with negative RIDT results (partial
verification bias). We also excluded conference abstracts
and case–control studies (testing with the RIDT of known
positive or negative samples), which, by creating spectrum
bias, can overestimate the accuracy of a test (19). If a se-
lected publication included more than 1 RIDT, each test
comparison was included as a separate “study.”


One reviewer screened titles and abstracts for relevance
and examined full-text articles of those judged to be poten-
tially eligible. When there was uncertainty about eligibility,
a second reviewer was involved and consensus was reached.


Data Extraction and Quality Assessment
A data extraction form was piloted on a subset of in-


cluded articles by 2 reviewers before being finalized. One
reviewer extracted data from all of the articles. A second
reviewer extracted data from a randomly chosen sample of
22 articles (approximately 20% of all included articles).
The numbers in the extracted 2 � 2 tables matched exactly


Context


Rapid influenza diagnostic tests (RIDTs) are immunochro-
matographic assays that detect influenza viral antigens.


Contribution


This systematic review of 159 studies involving 26 RIDTs
found that RIDTs have a high specificity and positive likeli-
hood ratio and modest and highly variable sensitivity for
detecting influenza.


Caution


Studies that assessed the effect of ordering RIDTs on
clinical outcomes were not reviewed.


Implication


Positive RIDT results rule in but negative results do not
rule out influenza. Whether routine use of these tests is
warranted is unclear.


—The Editors


ReviewAccuracy of Rapid Influenza Diagnostic Tests


www.annals.org 3 April 2012 Annals of Internal Medicine Volume 156 • Number 7 501


Downloaded From: http://annals.org/ by a FDA Biosciences Library User  on 04/08/2013







in 20 of the 22 articles, with minor differences for the
other 2 articles.


Attempts were made to contact the authors if informa-
tion was lacking to construct the main 2 � 2 table or for 1
of the prespecified subgroups (see Data Synthesis and Anal-
ysis section). Of the 25 authors contacted by e-mail, 13
provided new data or information.


For the reference standards, both traditional viral cul-
ture and shell vial culture were considered together, regard-
less of the cell line used or variation in techniques. Simi-
larly, RT-PCR was considered as a whole, independent of
the specific assay protocol used.


Children were defined as individuals younger than 18
years. The study population was considered to be mostly
pediatric or mostly adults if 85% of individuals were below
or above that cutoff, respectively. In mixed-study popula-
tions with separate results for children and adults, we used
the cutoff used by the authors.


Point-of-care testing was defined as a test conducted at
the patient’s bedside (or in a clinic or office setting), im-
mediately after specimen acquisition. When studies failed
to mention when and where the RIDT was done, it was
presumed not to have been done at the point of care.
Methodological quality of the included studies was assessed
by using Quality Assessment of Diagnostic Accuracy Stud-
ies criteria (20).


Data Synthesis and Analysis
Data were extracted to construct 2 � 2 tables, which


were used to calculate sensitivity and specificity. Some ar-
ticles (26 of 119) tested samples from the same patient
with different commercial RIDTs. To avoid double count-
ing of results from the same patient, we included only one
2 � 2 table from each article, unless results clearly came
from different patients (for example, adults and children or
persons infected with influenza A or B). The sensitivity and
specificity estimates were pooled by using bivariate
random-effects regression models, as recommended by the
Cochrane Diagnostic Test Accuracy Working Group (16).
The bivariate model takes into consideration the potential
tradeoff between sensitivity and specificity by explicitly in-
corporating this negative correlation in the analysis (21,
22). The model was also used to draw hierarchical sum-
mary receiver-operating characteristic (HSROC) curves
(23). The closer the curve is to the upper left-hand corner
of the HSROC curve plot, the better the overall accuracy
of the test. Positive and negative likelihood ratios were
directly computed from pooled sensitivity and specificity
estimates.


We expected substantial heterogeneity in test accuracy
and used random-effects models that also allow for the
addition of covariates to account for that heterogeneity.
The following variables were selected a priori as potential
sources of heterogeneity: population age (children vs.
adults), virus type (influenza A vs. influenza B and sub-
types of influenza A), reference standard used (viral culture


Table 1. Characteristics of the 159 Included Studies


Characteristic Studies, n (%)


Population
Children 54 (34)
Adults 22 (14)
Mixed/not reported 83 (52)


Clear definition of ILI*
Yes 53 (33)


Study conducted during the H1N1 pandemic
Yes 56 (35)


Commercial RIDTs†
BinaxNOW Flu A and Flu B 6 (4)
BinaxNOW Influenza A & B 22 (14)
Directigen Flu A 11 (7)
Directigen Flu A�B 30 (19)
FLU OIA 7 (4)
QuickVue Influenza 18 (11)
QuickVue Influenza A�B 23 (14)
SD Bioline Influenza 6 (4)
ZstatFlu 6 (4)
Mixed tests‡ 3 (2)
Others§ 27 (17)


Reference standard
RT-PCR 86 (54)
Culture 69 (43)
Culture and RT-PCR inseparable 4 (3)


Type of specimen
Throat swab 4 (3)
Nasal swab 10 (6)
Nasal aspirate 3 (2)
Nasal wash 4 (3)
Nasopharyngeal swab 26 (16)
Nasopharyngeal aspirate 21 (13)
Nasopharyngeal wash 3 (2)
Mixed/not reported 88 (55)


Duration of symptoms before testing
Any information 21 (13)


Point-of-care testing
Yes 31 (20)


ILI � influenza-like illness; RIDT � rapid influenza diagnostic test; RT-PCR �
reverse transcriptase polymerase chain reaction.
* Article provided a clear definition of the clinical symptoms on the basis of which
patients were recruited for the study.
† Manufacturers for each RIDT are as follows: 3M Rapid Detection Flu A�B, 3M,
St. Paul, Minnesota; Actim Influenza A&B, Medix Biochemica, Kauniainen, Finland;
BinaxNOW Flu A and Flu B and BinaxNOW Influenza A&B, Inverness Medical
Innovations, Portland, Maine; BioTracer Influenza A&B, Bio Focus, Gunpo-si, Korea;
Capilia Flu A � B, Alfresa Pharma, Osaka, Japan; Clearview Exact Influenza A&B,
Inverness Medical Innovations, Portland, Maine; Directigen Flu A and Directigen Flu
A�B, Becton, Dickinson and Company, Franklin Lakes, New Jersey; ESPLINE In-
fluenza A&B-N, Fujirebio, Tokyo, Japan; FLU-A Dot-ELISA, Wantai Biological
Pharmacy Enterprise Company, Beijing, China; FLU OIA, BioStar, Boulder, Colo-
rado; ImmunoCard STAT! Flu A and B, Meridian Bioscience, Cincinnati, Ohio;
INFLU A.B-Quick, Denka Seiken, Tokyo, Japan; Influenzatop, ALL.DIAG, Stras-
bourg, France; NanoSign Influenza A/B, SICL CO LTD, Seoul, South Korea; Quick-
Vue Influenza and QuickVue Influenza A�B, Quidel Corporation, San Diego, Cali-
fornia; Rockeby Influenza A Antigen, Rockeby Biomed, Singapore; SD Bioline
Influenza and SD Bioline Influenza Ag A/B/A(H1N1)Pandemic, Standard Diagnos-
tics, Yongin, Korea; OSOM Influenza A&B, Sekisui Medical, Tokyo, Japan; TRU
FLU, Meridian Bioscience, Cincinnati, Ohio; Xpect Flu A&B, Remel, Lenexa, Kansas;
ZstatFlu, ZymeTx, Oklahoma City, Oklahoma.
‡ More than 1 RIDT was used concomitantly without separate data on the results of
each test.
§ Other tests: ESPLINE Influenza A&B-N (4 studies), Xpect Flu A&B (3 studies),
ImmunoCard STAT! Flu A and B (2 studies), 3M Rapid Detection Flu A�B (1
study), INFLU A.B-Quick (2 studies), Actim Influenza A&B (2 studies), Rockeby
Influenza A Antigen (2 studies), FLU-A Dot-ELISA (2 studies), SD Bioline Influenza
Ag A/B/A(H1N1)Pandemic (2 studies), Clearview Exact Influenza A&B (1 study),
TRU FLU (1 study), Capilia Flu A � B (1 study), Influenzatop (1 study), NanoSign
Influenza A/B (1 study), BioTracer Influenza A&B (1 study), OSOM Influenza A&B
(1 study).
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or RT-PCR), commercial brand of RIDT, type of speci-
men, duration of symptoms before testing, point-of-care
versus laboratory testing, and methodological quality (such
as lack of blinding and clear definition of influenza-like
illness). These variables were added to the bivariate model,
provided that at least 5 studies were identified for each
subgroup.


Summary sensitivity and specificity estimates for each
covariate were generated, along with their 95% CIs. A P
value below 0.050 for sensitivity or specificity was used to
determine whether there was a statistically significant dif-
ference in sensitivity, specificity, or both among the levels
of a particular covariate. Because the effects of some of
these prespecified covariates may influence each other,
multivarite meta-regression was also done to take into ac-
count the possible interrelations among the variables. All
analyses were conducted by using PROC NLMIXED in
SAS, version 9.2 (SAS Institute, Cary, North Carolina)
(22).


Role of the Funding Source
This study was supported in part by the Canadian


Institutes of Health Research. The funding source had no
involvement in study design, conduct, analysis, or publica-
tion.


RESULTS


Study Selection
After the titles and abstracts were screened, 286 articles


were eligible for full-text review. Of these, 119 were in-
cluded (Appendix Figure, available at www.annals.org)
(24–142). Because some articles evaluated more than 1
RIDT, the final analysis included 159 studies. A list of
excluded studies with reasons for exclusions is available
from the authors on request.


Characteristics of Included Studies
The Appendix Table (available at www.annals.org)


describes the key characteristics and results of all 159 in-


Figure 1. Quality Assessment of Diagnostic Accuracy Studies assessments of the quality of included studies.
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cluded studies, and Table 1 summarizes their main study-
level characteristics. Most studies (52%) included both
adults and children, although 34% and 14% included only
children and adults, respectively. Only 33% of the studies
defined the basis on which patients or specimens were re-
cruited, and even fewer (13%) gave any information on
duration of patients’ clinical symptoms before testing. Ap-
proximately 35% of the included studies were conducted
during the H1N1 2009 pandemic.


The included studies evaluated 26 commercial RIDTs.
Of these, the most frequently studied tests were the Binax
tests (BinaxNOW Flu A and Flu B [6 studies] and Binax-
NOW Influenza A & B [22 studies]; Inverness Medical
Innovations, Portland, Maine), the Directigen tests (Direc-
tigen Flu A [11 studies] and Directigen Flu A�B [30 stud-
ies]; Becton, Dickinson and Company, Franklin Lakes,
New Jersey), and the QuickVue tests (QuickVue Influenza
[18 studies] and QuickVue Influenza A�B [23 studies];
Quidel Corporation, San Diego, California). Both refer-
ence standards were used with almost equal frequency.


Quality of Included Studies
Figure 1 presents an overview of the quality of in-


cluded studies. Because of our inclusion criteria, most stud-
ies were free of partial verification, differential verification,
and incorporation bias and used an appropriate reference


standard. However, only 33% of the included studies gave
a clear rationale for patient or specimen inclusion (selec-
tion criteria), and only 41% reported blinding of the eval-
uation of the result of the RIDTs (mostly because they
were evaluated at the point of care).


Overall Accuracy of RIDTs
As shown in Figure 2, specificity seemed to be more


consistent across studies than sensitivity, with sensitivity
estimates ranging from 4.4% to 100% and specificity esti-
mates ranging from 50.5% to 100%. Overall, for all
RIDTs (119 studies) compared with 1 of the 2 acceptable
reference standards, the pooled sensitivity from bivariate
random-effects regression was 62.3% (95% CI, 57.9% to
66.6%) and the pooled specificity was 98.2% (CI, 97.5%
to 98.7%). This corresponds to a positive likelihood ratio
of 34.5 (CI, 23.8 to 45.2) and a negative likelihood ratio of
0.38 (CI, 0.34 to 0.43). Figure 2 shows the HSROC,
which shows greater variation in sensitivity than in speci-
ficity, with only 17 studies (10.7%) reporting specificity
estimates below 85%.


Investigation of Heterogeneity
Subgroup analyses were conducted to investigate het-


erogeneity in sensitivity, and to a lesser degree, in specific-
ity (Table 2). Rapid influenza diagnostic tests showed a
higher pooled sensitivity in children (66.6% [CI, 61.6% to
71.7%]) than in adults (53.9% [CI, 47.9% to 59.8%])
that was statistically significant (P � 0.001), whereas spec-
ificities in the 2 groups were similar. The difference in
pooled sensitivity between children and adults remained
statistically significant when adjusted for brand of RIDT,
specimen type, or reference standard (results not shown).


Virus type also had an effect on the accuracy of
RIDTs. Rapid influenza diagnostic tests had increased sen-
sitivity for detecting influenza A (64.6% [CI, 59.0% to
70.1%]) compared with influenza B (52.2% [CI, 45.0% to
59.3%]; P � 0.050). They did not perform markedly
worse in studies during the recent outbreak of pandemic
influenza A(H1N1) 2009: There was no statistically signif-
icant difference in sensitivity estimates from studies con-
ducted during the pandemic and those conducted before it
(P � 0.065). The difference, which was not statistically
significant, disappeared when adjusted for the reference
standard used (P � 0.54 and 0.46 for sensitivity and spec-
ificity, respectively; results not shown).


There was considerable overlap among the accuracy
estimates for the RIDTs (Table 2). Directigen Flu A had
the highest pooled sensitivity (76.7% [CI, 63.8% to
86.0%]), followed by QuickVue Influenza test, although
the difference from the overall estimate was not statistically
significant. However, BinaxNOW, Directigen Flu A�B,
and QuickVue Influenza A�B had a lower sensitivity com-
pared with the overall estimate (57.0%, 57.2%, and
48.8%, respectively). Specificity was consistent among
most RIDTs.


Figure 2. Hierarchical summary receiver-operating
characteristic curve plot of rapid influenza diagnostic
test studies.
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Rapid influenza diagnostic tests performed better
when assessed against viral culture rather than RT-PCR
(pooled sensitivity, 72.3% [CI, 66.8% to 77.9%] for cul-
ture. 53.9% [CI, 48.2% to 59.6%] for RT-PCR;
P � 0.001), because of the increased accuracy of the latter.


Neither the type of specimen collected from patients
nor whether the RIDT was performed at the point of care


had a noticeable effect on their accuracy. Also, the quality
criteria investigated (patient selection, blinding, and han-
dling of uninterpretable results) did not have a statistically
significant effect on pooled accuracy estimates, with the
exception of a higher sensitivity for the few studies for
which the timing (during or outside the influenza season)
was unclear. Industry-sponsored studies showed a higher


Table 2. Accuracy Estimates From Subgroup Analyses


Characteristic Pooled Sensitivity
(95% CI), %


P Value Pooled Specificity
(95% CI), %


P Value


Population
Children (60 studies) 66.6 (61.6–71.7) �0.001 98.2 (97.5–99.0) 0.135
Adults (33 studies) 53.9 (47.9–59.8) Reference 98.6 (98.0–98.9) Reference


Virus type
Influenza A (72 studies) 64.6 (59.0–70.1) 0.62 99.1 (98.7–99.4) �0.001
Influenza B (27 studies) 52.2 (45.0–59.3) 0.050 99.8 (99.7–99.9) �0.001
Influenza A and B (47 studies) 62.3 (55.2–69.4) Reference 96.1 (94.4–97.8) Reference


Study conducted during the H1N1 pandemic
Yes (41 studies) 56.3 (48.7–63.9) 0.065 98.9 (98.3–99.5) 0.022
No (74 studies) 65.0 (59.7–70.4) Reference 97.5 (96.6–98.5) Reference


Index test*
BinaxNOW (17 studies)† 57.0 (45.9–67.5) 0.028‡ 98.6 (96.9–99.3) 0.057‡
Directigen Flu A (10 studies) 76.7 (63.8–86.0) 0.49‡ 97.2 (92.6–99.0) 0.62‡
Directigen Flu A�B (30 studies) 57.2 (48.8–65.2) 0.011‡ 99.3 (98.8–99.6) �0.001‡
QuickVue Influenza (16 studies) 69.0 (58.1–78.2) 0.66‡ 95.8 (91.3–98.0) 0.82‡
QuickVue Influenza A�B (21 studies) 48.8 (39.0–58.8) �0.001‡ 98.4 (96.8–99.2) 0.064‡


Reference standard
RT-PCR (67 studies) 53.9 (48.2–59.6) �0.001 98.8 (98.3–99.3) 0.002
Culture (48 studies) 72.3 (66.8–77.9) Reference 96.7 (95.2–98.3) Reference


Type of specimen
Nasopharyngeal aspirate (15 studies) 66.6 (56.2–77.0) 0.42§ 97.8 (95.6–100) 0.34§
Nasopharyngeal swab (19 studies) 61.6 (52.0–71.3) 0.75§ 99.1 (98.4–99.9) 0.133§
Nasopharyngeal wash (3 studies) 50.7 (25.1–76.3) 0.32§ 98.1 (94.0–100) 0.82§
Nasal swab (10 studies) 65.9 (53.3–78.5) 0.61§ 99.2 (98.2–100) 0.28§
Throat swab (4 studies) 54.9 (32.7–77.1) 0.45§ 90.0 (74.7–100) 0.018§


Testing at the point of care
Yes (28 studies) 58.0 (48.8–67.2) 0.28 97.6 (96.1–99.1) 0.30
No (91 studies) 63.6 (58.8–68.5) Reference 98.4 (97.7–99.0) Reference


Study quality
Spectrum of disease


During influenza season (105 studies) 60.6 (56.0–65.2) 0.032 98.2 (97.6–98.9) 0.62
Outside influenza season (14 studies) 74.2 (63.9–84.4) Reference 97.8 (95.8–99.8) Reference


Patient selection
ILI defined (45 studies)� 59.4 (52.2–66.6) 0.30 97.9 (96.9–99.0) 0.50
ILI not defined (74 studies) 64.1 (58.7–69.5) Reference 98.3 (97.7–99.0) Reference


Blinding
Any blinding reported (54 studies) 61.7 (55.2–68.2) 0.78 97.8 (96.7–98.8) 0.20
No blinding reported (65 studies) 62.9 (57.0–68.7) Reference 98.5 (97.8–99.2) Reference


Handling of indeterminate results
Reported (19 studies) 66.9 (56.5–77.3) 0.37 98.0 (96.5–99.6) 0.82
Not reported (100 studies) 61.5 (56.7–66.2) Reference 98.2 (97.6–98.9) Reference


Industry sponsoring
Sponsored (23 studies) 73.3 (65.3–81.3) 0.007 97.4 (95.5–99.2) 0.24
Not sponsored (96 studies) 59.4 (54.6–64.2) Reference 98.4 (97.8–99.0) Reference


ILI � influenza-like illness; RT-PCR � reverse transcriptase, polymerase chain reaction.
* See footnote in Table 1 for names of manufacturers of rapid influenza diagnostic tests.
† BinaxNOW Flu A and B and BinaxNOW Influenza A&B were pooled together because statistical tests showed that they performed similarly (data not shown).
‡ Reference category is the combination of the other tests.
§ Reference category is the combination of the other specimens.
� Article provided a clear definition of the clinical symptoms on the basis of which patients were recruited for the study.
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sensitivity (73.3% [CI, 65.3% to 81.3%]) than studies not
sponsored by industry (59.4% [CI, 54.6% to 64.2%]).
Although this difference was statistically significant, sensi-
tivity analysis revealed that the overall estimates did not
change when sponsored studies were removed from the
analyses, which was probably due to the small number of
sponsored studies (n � 23). Only 7 studies gave compar-
ative information on duration of symptoms before testing.
As shown in Table 3, there was a tendency toward lower
accuracy on the first day of symptoms, with highest sensi-
tivity on days 2 and 3 and a rapid decline thereafter.


DISCUSSION


Overall, RIDTs have high specificity, with modest and
highly variable sensitivity. For the clinician, this means that
a positive test result is unlikely to be false positive. In the
presence of a positive RIDT result in a patient with
influenza-like illness, a clinician can confidently diagnose
influenza and begin appropriate infection-control measures
and antiviral therapy, if indicated, while forgoing unneces-
sary additional diagnostic testing and antibiotic prescrip-
tion. However, a negative RIDT result has a reasonable
likelihood of being false negative and should be confirmed
by other laboratory diagnostic tests if the result is likely to
affect patient management.


An important finding is that RIDTs perform better in
children than in adults, with approximately 13% higher
sensitivity in children. This is plausible because young chil-
dren have higher viral loads and longer viral shedding than
adults (12). After adjustment for other factors, such as ref-
erence standard used, brand of RIDT, and type of speci-
men, RIDTs still show increased accuracy in children com-
pared with adults.


Rapid influenza diagnostic tests have a higher sensitiv-
ity for detecting influenza A than influenza B. Studies have
shown that infection with influenza A(H3N2) (the most
common circulating subtype of influenza A in North
America in past decades) leads to more severe disease and
higher annual rates of influenza-associated hospitalization
and death than infection with influenza B. Conversely, in-
fluenza A(H1N1) has been shown to have the lowest se-
verity index and the lowest morbidity and mortality (2,
143, 144). More severe disease usually means higher viral
load and, thus, better sensitivity. During the H1N1 2009
pandemic, there were reports of even lower sensitivity of
RIDTs for this new strain, compared with published accu-
racy estimates (145). However, we found no important
difference in the accuracy of the RIDTs between studies
conducted during the influenza A(H1N1) 2009 pan-
demic and those conducted before, with any small dif-
ference disappearing after adjustment for the reference
standard used.


Overall, no single commercial brand of RIDT
seemed to perform markedly better or worse than oth-
ers, but this finding should be interpreted cautiously
because head-to-head comparisons were not done in
most studies. No difference in accuracy was found
among the respiratory specimens, although these analy-
ses were limited by the absence of stratification by spec-
imen type in most studies and the inconsistent reporting
of many other factors known to affect specimen quality,
such as the type of swab and the operator. Although
common practice guidelines have held nasopharyngeal
specimens as the best specimen type (10, 12), followed
by nasal specimens and throat swabs, other studies have
not shown a difference among them (146 –148).


Table 3. Studies That Provided Data on Effect of Duration of Symptoms on Test Accuracy


Study, Year (Reference) Duration* Sensitivity (95% CI), % Specificity (95% CI), %


Gordon et al, 2009 (69) Day 1 51.9 (40.3–63.3) 98.4 (95.3–99.7)
Day 2 75.1 (68.3–81.1) 97.9 (96.0–99.1)
Day 3 74.2 (62.0–84.2) 97.9 (94.1–99.6)
Day 4 57.9 (33.5–79.7) 98.6 (94.2–100)


Gordon et al, 2010 (68) �24 h 41.7 (22.1–63.4) 97.9 (88.9–99.9)
�24 h 72.1 (59.9–82.3) 98.4 (94.3–99.8)


Keitel et al, 2011 (83)† �12 h 35.0 (19.0–55.0) 100 (88.0–100)
12–24 h 66.0 (54.0–76.0) 97.0 (86.0–100)
24–48 h 92.0 (80.0–97.0) 96.0 (82.0–99.0)
�48 h 59.0 (36.0–78.0) 100 (90.0–100)


Nilsson et al, 2008 (100) 1–3 d 71.4 (58.7–82.1) 100 (95.1–100)
1–5 d 62.8 (51.7–73.0) 100 (96.7–100)
�5 d 13.8 (3.9–31.7) 100 (90.0–100)


Poehling et al, 2002 (108) �4 d 100 (63.1–100) 96.6 (90.4–99.3)
�4 d 54.5 (23.4–83.3) 98.4 (94.4–99.8)


Stein et al, 2005 (131) �48 h 58.3 (27.7–84.8) 96.2 (80.4–99.9)
�48 h 25.0 (12.1–42.2) 98.6 (95.0–99.8)


Stripeli et al, 2010 (132) �48 h 75.0 (42.8–94.5) 100 (92.1–100)
�48 h 65.4 (44.3–84.8) 94.2 (88.4–97.6)


* Duration of clinical symptoms at the time of testing by the rapid influenza diagnostic test.
† Numbers taken directly from the study because there was not enough information to reconstruct the 2 � 2 table.
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Point-of-care testing also showed no effect on the ac-
curacy of RIDTs. Thus, in this analysis, administration of
the RIDTs by personnel other than a trained laboratory
technician does not seem to adversely influence the perfor-
mance of these tests. This could be good news, because it is
likely that they find their most useful application and have
the most effect in the diagnostic work-up for influenza
when they are used as first-line tests, outside of the labora-
tory setting. However, no study directly compared accu-
racy between RIDTs performed at the point of care versus
in a laboratory setting or made a distinction between who
collected and who processed the specimen.


The strengths of our systematic review are that we
followed a standard protocol and used a comprehensive
search strategy. By contacting several authors, we were able
to gather information that was missing from the original
publications. We used rigorous methods of data analysis,
including bivariate random-effects regression models and
HSROC curve analyses. We also added predefined covari-
ates to the bivariate model to explain heterogeneity in ac-
curacy estimates.


The evidence base for the review had several limita-
tions. Over the years, RT-PCR has gradually replaced viral
culture as the preferred reference standard for influenza
diagnosis. Although we preferentially included results from
RT-PCR when available, both are currently accepted ref-
erence standards, and choosing only RT-PCR would have
biased our review to include only recent studies. Consider-
able heterogeneity was found in the pooled estimates, as
expected. Despite our attempts to explain it through the
regression model, substantial heterogeneity remained unex-
plained. Many factors, possibly contributing to this resid-
ual heterogeneity, could not be assessed because they were
not reported in most studies. For example, duration of
clinical symptoms before testing is likely to have an impor-
tant effect on test performance (12). This information was
mentioned in only 13% of the included studies. Many
studies failed to stratify by specimen type. Also, some sub-
groups, such as children and adults, were by necessity
broad and could encompass different age ranges. Finally,
other variables, such as flu vaccination coverage of the pop-
ulation under study, inclusion or exclusion of persons with
comorbid conditions, type of swab used, who collected the
specimen, transport medium used, and time elapsed before
specimen processing, were reported so infrequently that
their effect was difficult to assess.


Studies also had methodological limitations. In partic-
ular, less than one half of the studies reported blinded
assessment of the RIDTs. Although RIDTs give a dichot-
omous yes/no answer, faint lines seen during reading may
be an important source of false-positive results (113). Un-
blinded assessment could lead to an overoptimistic esti-
mate of the test performance, even though we did not find
any difference in reported accuracy between studies that
reported blinding versus no blinding.


Although we searched several sources and updated our
searches, we may have missed some eligible studies. Fur-
ther, we extracted data on studies only in English and
French. We could not formally assess publication bias be-
cause there is no valid method to do so when dealing with
diagnostic studies.


The most important advantage of RIDTs is their rapid
turnaround time, providing clinicians with an answer
within minutes. Although they undoubtedly have higher
accuracy, RT-PCR and viral culture take hours or even
days to give results, even discounting transportation time
to the nearest laboratory. Thus, RIDTs fill a void at the
point of care that no other test is likely to fill in the near
future: as a first-line test to be confirmed (especially if
negative) by more time-consuming, definitive testing. As
long as clinicians understand the limitations of RIDTs,
namely that a negative result is unreliable and should be
confirmed by using culture or RT-PCR, RIDTs could en-
able clinicians to institute prompt infection-control mea-
sures, begin antiviral treatment in high-risk populations,
and make informed decisions about further diagnostic in-
vestigations. Although additional studies that evaluate test
accuracy of RIDTs are not likely to add new knowledge,
studies that evaluate clinical effect of RIDTs on patient
management are needed to confirm whether and when
RIDTs may decrease use of ancillary tests and empirical
antibiotic treatment and increase appropriate use of antivi-
ral treatment (88, 109, 149–154). Finally, cost-effect-
iveness studies are essential to see whether potential bene-
fits offset the added costs of routine use of RIDTs.
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Appendix Figure. Summary of evidence search and selection.
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a b s t r a c t


Background: The rapid diagnosis of influenza allows for prompt patient management and the initiation
of appropriate infection control measures to reduce spread in healthcare settings.
Objective: To evaluate the clinical performance of the 3M Rapid Detection Flu A+B Test (3MA+B) as com-
pared to R-Mix cell culture, direct immunofluorescence assay (DFA) and the BinaxNOW A&B Influenza
Test (BinaxNOW).
Study design: Five hundred fresh respiratory samples, collected from patients aged 5 days to 99 years with
respiratory symptoms, were tested by R-Mix culture, DFA, 3MA+B and BinaxNOW. Analytical sensitivity
of 3MA+B was compared to BinaxNOW using replicates of serially diluted clinical samples positive for
influenza A or B.
Results: Sensitivity, specificity, PPV and NPV for the detection of influenza A and B, respectively, were
for R-Mix (96.9%, 100%, 100%, 99.3%; 98.1%, 100%, 100%, 99.8%), DFA (80.4%, 99.2%, 96.1%, 95.3%; 74%,
100%, 100%, 97%), 3MA+B (70.1%, 99.8%, 98.6%, 93%; 86.5%, 98.7%, 88.2%, 98.4%) and BinaxNOW (46.4%,
100%, 100%, 88.6%; 34.6%, 100%, 100%, 93%). R-Mix, DFA and 3MA+B were significantly (P ≤ 0.0001) more


sensitive than BinaxNOW for the detection of both influenza A and B. The analytical sensitivity of 3MA+B
was greater than BinaxNOW. Excessive blood in samples may cause 3MA+B false positive influenza B
results.
Conclusions: The 3MA+B provided superior results compared to BinaxNOW. The 3MA+B Reader eliminated
user misinterpretation and provided quality control and result documentation. The improved sensitivity
and easy of use makes 3MA+B an effective first line triage test for emergency departments, clinics and


es.

rapid response laboratori


. Introduction


Influenza is a significant cause of morbidity and mortality,
articularly in the young and elderly.1 The rapid diagnosis of


nfluenza permits the initiation of antiviral therapy within a ben-
ficial time frame,2 can result in discontinuation of inappropriate
ntibiotics3–5 and prompts infection control measures to reduce
pread in healthcare settings.3,4,6,7 Since the diagnosis of influenza


an be difficult when based solely on clinical symptoms,3,8,9 rapid
15 min) immunochromatic tests for influenza A/B are commonly
sed as first line diagnostic tests.3,4,6,7,10 Although direct fluorescent
ntibody (DFA) tests, viral culture and molecular methods are gen-
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erally more sensitive and identify a wider range of viruses, these
tests are not offered by many laboratories, require more exper-
tise and results can take from 2 h (DFA) to 14 days for traditional
culture.11


During the 2006–2007 influenza season our laboratory received
complaints of poor performance of the BinaxNOW A+B Test
(BinaxNOW) (Inverness, Waltham, MA) since a significant number
of samples BinaxNOW negative were positive by DFA, R-Mix culture
(Diagnostic Hybrids [DHI], Athens, OH) and/or Luminex Respira-
tory Virus Panel (RVP) (Luminex Molecular Diagnostics, Toronto,
CA). Therefore, we evaluated the 3M Rapid Detection Flu A+B Test
(3MA+B) (3M Medical Diagnostics, St. Paul, MN) for use in our rapid
response laboratories. 3MA+B is a United States Food and Drug


Administration (US FDA) cleared qualitative immunochromato-
graphic cartridge test, with automated reading, for the differential
determination of influenza A and B in nasal wash/aspirate and
nasopharyngeal (NP) aspirate/swab specimens (Fig. 1). The reader
printout lists the target specific result, kit lot number, expiration
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Fig. 1. Test procedure for the 3M Rapid Detection Flu A+B Test. (1) Touch screen Rapid Detection Reader. Sample (2) is added to buffer (3) and mixed with an assay tip (4)
that contains fluorescent-dyed particles, coated with anti-influenza A and anti-influenza B antibodies directed against nucleoprotein antigens. Sample is transferred into the
well of the Test Cartridge (5), which is inserted into the 3M Rapid Detection Reader (6). Sample migrates along the strip and anti-influenza A and anti-influenza B antibodies
bind to any influenza A or B antigens, respectively, if present. Influenza-bound particles are captured at either the influenza A or B detection zone, and excess particles are
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aptured at the internal standard (IS) zone. The reader measures the fluorescence
atio between the influenza A, B and the IS zone readings. The instrument will flag
ow.


ate, test date and time, sample and user ID, test port serial num-
er. Kit positive and negative controls, patient results and internal


nstrument function checks are stored in the reader for easy refer-
nce.


A study by Dale et al. reported that 3MA+B was superior to
inaxNOW and Directigen EZ (Becton Dickinson, Sparks, MD) and
quivalent to QuickVue Flu (Quidel, San Diego, CA).12 Sensitivity,
pecificity, positive predictive value (PPV) and negative predictive
alue (NPV) of 3MA+B for influenza A detection were 75%, 98%,
8% and 95%, respectively. Due to a limited number of influenza
(+) samples, similar analysis was not performed. We further stud-


ed the performance of 3MA+B in comparison to BinaxNOW, DFA
nd R-Mix culture. Differences in our study from the Dale study
ncluded a larger data set of specimens (500 vs. 249), more pedi-


tric specimens (41% vs. 15%); inclusion of different specimen types
nasopharyngeal [NP] aspirates and washes); comparison to R-


ix culture; and a sufficient number of influenza B(+) specimens,
hat permitted the determination of sensitivity, specificity, PPV and
PV.


able 1
ensitivities, specificities, positive predictive values and negative predictive values for the


%Sensitivity (95% CI)a %Specificity (95% C


nfluenza A
DFA 80.4 (71.2–87.3) 99.2 (97.7–99.7)
R-Mix 96.9 (91.3–98.9) 100 (99.1–100)
Binax 46.4* (36.8–56.3) 100 (99.1–100)
3MA+B 70.1 (60.4–78.3) 99.8 (98.6–99.96


nfluenza B
DFA 74.0 (60.4–84.1) 100 (99.1–100)
R-Mix 98.1 (89.9–99.7) 100 (99.2–100)
Binax 34.6* (23.2–48.2) 100 (99.2–100)
3MA+B 86.5 (74.7–93.3) 98.7 (97.1–99.4)


a 95% CI, 95% confidence interval.
b PPV, positive predictive value.
c NPV, negative predictive value.
* Significant difference between BinaxNOW and 3MA+B (P ≤ 0.0001).

ed by the complexes at the influenza A, B and IS detection zones and calculates a
st as invalid if the sample fails to migrate through the cartridge or the IS signal is


2. Materials and methods


2.1. Sample collection


Five hundred fresh (<24 h) respiratory specimens (nasal washes
[n = 45], NP aspirates [n = 55], NP flocked swabs [Copan, Murrieta,
CA] in Universal Transport Media [UTM, DHI] [n = 369], nasal swabs
[n = 27] and tracheal aspirates [n = 4]) were randomly selected.
Specimens were from symptomatic patients who ranged in age
from 5 days to 99 years (≤2 years, n = 105; 3–5 years, n = 35; 6–10
years, n = 30; 11–17 years, n = 33; 18–59 years, n = 161, >60 years,
n = 136).


2.2. Detection of influenza A and influenza B

3MA+B and BinaxNOW were performed according to manu-
facturers’ instructions. Specimens were tested by DFA (D3 Ultra
Respiratory Virus Panel, hMPV immunofluorescence reagents
[DHI]) and R-Mix culture according to laboratory procedures.


detection of influenza A and influenza B by method.


I) %PPVb (95% CI) %NPVc (95% CI)


96.1 (89.2–98.7) 95.3 (92.8–97.0)
100 (96.1–100) 99.3 (97.9–99.7)
100 (92.1–100) 88.6 (85.3–91.2)


) 98.6 (92.2–99.7) 93.0 (90.5–95.3)


100 (90.6–100) 97.0 (94.8–98.2)
100 (93.0–100) 99.8 (98.7–99.96)
100 (82.4–100) 93.0 (90.3–94.9)


88.2 (76.6–94.5) 98.4 (96.8–99.2)
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tudies were performed with Institutional Review Board approval.
sample was considered influenza A and/or influenza B positive(+)


f R-Mix culture(+) and/or a minimum of 2 rapid tests(+) (DFA,
inaxNOW and/or 3MA+B). Discordant(+) results were arbitrated
y testing an aliquot with the ProFlu-1 Assay (Prodesse, Wauke-
ha, WI) after nucleic extraction using the NucliSENS easyMAG
bioMérieux, Durham, NC). Results were considered true(+) if the
arget was detected by ProFlu-1.


.3. Comparison of analytical sensitivity of 3MA+B and BinaxNow


Comparison of the analytical sensitivity of 3MA+B and
inaxNOW was done by serially diluting (range 1:10–1:400) in
TM a patient sample influenza A(+) and a sample influenza B(+).
ive replicates of each dilution were tested with both 3MA+B and
inaxNOW, when indicated. BinaxNOW uses 100 �l of neat sample.
he 3MA+B uses 150 �l of neat sample added to 150 �l of buffer,
rom which 75 �l is tested in the cartridge.


.4. Statistical analysis


Sensitivity, specificity, PPV and NPV were calculated using stan-
ard formulas and the significance between the values determined
sing the McNemar’s test. A P value of <0.05 was considered statis-
ically significant.


. Results


.1. Clinical comparison of 3MA+B, BinaxNOW, DFA and R-Mix
ulture


Results were available for all 4 methods for 463/500 specimens.
he remaining 37 specimens did not contain a sufficient quantity
QNS) of cells for DFA. Of the 37 QNS samples, 3 were influenza
(+) and 1 influenza B(+) with 3MA+B. Influenza A was detected


n 19.4% of the specimens (43.3%: <18 years; 56.7%: ≥18 years) and
nfluenza B in 10.4% of the specimens (26.9%: <18 years; 73.1%: ≥18
ears). For influenza A, R-Mix and DFA were more sensitive (96.9%,
0.4%, respectively) than 3MA+B (70.1%) and the differences were
ignificant (P < 0.0001 and P = 0.03, respectively) (Table 1). R-Mix,
FA and 3MA+B were all significantly (P < 0.0001) more sensitive


han BinaxNOW (46.4%). There were no significant differences in
ssay specificities.

For influenza B, the difference in the sensitivity of R-
ix (98.1%) and 3MA+B (86.5%) approached significance


P = 0.07) as did the difference between 3MA+B and DFA
74%, P = 0.065). R-Mix, DFA and 3MA+B were all significantly
P < 0.0001) more sensitive than BinaxNOW (34.6%). Specificity


able 2
omparison of the analytical sensitivity of 3MA+B and BinaxNOW for the detection of infl


Dilutions of samples positive for influenza A and influenza B


1:10 1:20 1:50


est No pos/testeda No pos/tested No pos/tested
nfluenza A


3MA+B 5/5 5/5 5/5
Binax NOW 5/5 wb 5/5 vwc 0/5


nfluenza B
3MA+B 5/5 5/5 5/5
Binax NOW 5/5 w 0/5 0/5


a No pos/tested, number of samples with a positive result/number of replicates tested.
b w, weak reaction lines.
c vw, very weak reaction lines.
d ND, not done.

al Virology 45 (2009) 146–149


of 3MA+B for influenza B was less (P = 0.03) than all three other
assays.


3MA+B performed slightly better with pediatric than adult sam-
ples for detecting influenza A (72.1% vs. 66.7%) and influenza B
(93.3% vs. 85%). Influenza A and B were detected in all specimen
types with the exception of the 4 tracheal specimens. There were
no significant differences in the detection of influenza A or B by
BinaxNOW and 3MA+B when testing nasal washes and NP aspirates.
However, when testing NP swabs there were significant differences
(P ≤ 0.05) in the detection of influenza A and B for both pedi-
atric and adults samples, with BinaxNOW less sensitive (A = 37.9%,
47.2%; B = 16.7%, 39.5%, respectively) than 3MA+B (A = 72.4%, 66.0%;
B = 91.7%, 84.2%, respectively).


Discordant 3MA+B(+) results included 3 B(+) and 1A(+)B(+) by
3MA+B only, and 2 A(+)B(+) that were A(+)B(−) by culture and DFA.
Discordant DFA(+) results included 5 A(+) by DFA only. There were
no discordant(+) results for BinaxNOW. Of the 6 discordant 3MA+B,
1 B(+) was confirmed by ProFlu-1. Three of five 3MA+B influenza B
false(+) samples contained excessive blood which may have caused
a high fluorescent background signal. Of the 5 discordant DFA(+)
results, 2 A(+) were confirmed by ProFlu-1.


3.2. Comparison of the analytical sensitivity of 3MA+B and
BinaxNow


Since the clinical sensitivity of 3MA+B was greater than
BinaxNOW, a comparison of the analytical sensitivity of each assay
was performed. Despite the fact that the final specimen test vol-
ume for the 3MA+B (after buffer dilution) was 75% less than that
of BinaxNOW (neat sample), 3MA+B demonstrated an approximate
15-fold and 20-fold increase in sensitivity for detecting influenza A
and B, respectively, over BinaxNOW (Table 2).


4. Discussion


The 3MA+B demonstrated significantly better sensitivity for
detecting influenza A and B as compared to BinaxNOW and as
reported by Dale et al.12 BinaxNOW sensitivity was remarkably
decreased from when the laboratory first evaluated the assay in
2005 and may relate to differences in circulating influenza strains.13


All specimen types performed well in this study, but caution should
be used with bloody samples as false influenza B(+) might occur.
Although rapid antigen tests generally require little technical exper-


tise, they do require subjective user interpretation. The 3MA+B
Reader determined the result, reducing the chance of user misinter-
pretation leading to inaccurate reporting. In addition, the laboratory
has permanent documentation of instrument and kit QC and patient
results.


uenza A and influenza B.


1:100 1:200 1:300 1:400


No pos/tested No pos/tested No pos/tested No pos/tested


5/5 5/5 3/5 0/0
0/5 NDd ND ND


5/5 4/5 0/5 0/5
ND ND ND ND
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Detecting 2009 Pandemic Influenza A (H1N1)
Virus Infection: Availability of Diagnostic Testing
Led to Rapid Pandemic Response
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Diagnostic tests for detecting emerging influenza virus strains with pandemic potential are critical for


directing global influenza prevention and control activities. In 2008, the Centers for Disease Control and


Prevention received US Food and Drug Administration approval for a highly sensitive influenza polymerase


chain reaction (PCR) assay. Devices were deployed to public health laboratories in the United States and


globally. Within 2 weeks of the first recognition of 2009 pandemic influenza H1N1, the Centers for Disease


Control and Prevention developed and began distributing a new approved pandemic influenza H1N1 PCR


assay, which used the previously deployed device platform to meet a .8-fold increase in specimen


submissions. Rapid antigen tests were widely used by clinicians at the point of care; however, test sensitivity


was low (40%–69%). Many clinical laboratories developed their own pandemic influenza H1N1 PCR assays to


meet clinician demand. Future planning efforts should identify ways to improve availability of reliable testing


to manage patient care and approaches for optimal use of molecular testing for detecting and controlling


emerging influenza virus strains.


Accurate diagnosis is critical for pandemic influenza


recognition, surveillance, and public health inter-


ventions. Without available and reliable laboratory test-


ing, early response efforts are fraught with uncertainty


and delays. In 2007, the Centers for Disease Control and


Prevention (CDC), along with other federal agencies and


laboratory partners, began implementing a strategy for


improving global diagnostic preparedness for pandemic


influenza. This plan included development of new


diagnostic tests, guidance to clinicians, increased ca-


pacity for critical diagnostic reagents, and enhancement


of surveillance for novel influenza virus strains.


In April 2009, the emergence of a transmissible, novel,


swine-origin influenza virus among humans prompted


public health and clinical laboratories to quickly identify


means for diagnosing suspected cases and monitoring


the spread of influenza illness. Over the months after the


recognition of the 2009 pandemic influenza A H1N1


(pH1N1) virus, testing was performed at various points


across the spectrum of clinical laboratories, ranging


from high-complexity reference laboratories to point-


of-care testing in clinicians’ offices. The availability,


speed, and accuracy of testing varied considerably and


revealed a number of challenges for clinicians and public


health officials in providing medical care and respond-


ing to the pandemic. In this article, we describe the


important role of molecular diagnostic testing, the
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benefit of predeployed testing capacity in public health labora-


tories, and the challenges of patient treatment decisions when


accurate clinical diagnostic tests are not available.


METHODS


Influenza test results were obtained from�150US public health,


academic, and hospital laboratories participating in the CDC’s


virus surveillance activities [1]. These laboratories documented


the total number of specimens tested for influenza and the


number of specimens positive for influenza by various methods,


including rapid influenza diagnostic tests (RIDTs), fluorescent


antibody tests, reverse-transcription polymerase chain reaction


(RT-PCR) tests, and antigenic characterization of cultured virus


strains.


A subset of participating laboratories performed influenza


typing and/or subtyping with use of 2 RT-PCR assays on ABI


7500 Fast Dx instruments. The first was the Human Influenza


Virus Real-Time RT-PCR Detection and Characterization Panel


(CDC 5-Target PCR) [2]. This assay was developed at the CDC,


was clinically evaluated in collaboration with the Association of


Public Health Laboratories, and was cleared by the US Food and


Drug Administration (FDA) on 30 September 2008 for in vitro


diagnostic detection of influenza types A and B and 3 subtypes:


seasonal A/H1, seasonal A/H3, and A/H5 (ie, H5 Eurasian highly


pathogenic avian influenza). If a test identified RNA from an


influenza A virus but did not give a positive test result for cir-


culating seasonal A/H1 or A/H3 subtypes (defined as un-


subtypable), a sample was required to be forwarded to the CDC


for additional testing [3]. Before the recognition of pH1N1 in


March 2009, �45 state public health laboratories and 2 De-


partment of Defense laboratories were qualified to run the CDC


5-Target PCR assay. The second PCR assay used by the sur-


veillance network after the emergence of the pandemic was the


Swine Influenza Virus Real-Time RT-PCR Detection Panel


(CDC pH1N1 PCR) [4]. The FDA granted an Emergency Use


Authorization (EUA) for this test on 27 April 2009. Both assays


are cleared for use only in prequalified laboratories in which


personnel have received training from the CDC and that possess


appropriate equipment. As of 1 March 2010, 146 US public


health and Department of Defense laboratories were qualified to


perform these tests for virus surveillance purposes.


The distribution of the CDC-manufactured 5-Target PCR kits


was initiated at CDC laboratories during September 2008, and


during April 2009, FDA authorized transfer of distribution re-


sponsibility to the CDC Influenza Reagent Resource, as part of


a contract with ATCC, to provide routine and surge quantities


of reagents to public health laboratories and test devleopers [5].


Each PCR test kit can provide �1000 test reactions. In 2008, the


CDC collaborated with the Association of Public Health Labo-


ratories to estimate the expected surge quantities of test reagents


needed for production during a pandemic by modeling all steps


in the testing process at public health laboratories [6]. These


estimates were used to determine the amount of reagents


stockpiled at the Influenza Reagent Resource for pandemic


preparedness.


Nasal swab specimens were also tested as part of a CDC-


sponsored clinical trial at the Naval Health Research Center


(NHRC, San Diego, CA) with use of an investigational point-of-


care in vitro diagnostic device developed by Meso Scale Diag-


nostics (CDC contract 200-2007-19346) [7]. This device uses


electrochemiluminescence to detect antigens for influenza types


A and B and subtypes A/H5 and seasonal A/H1 and A/H3 in


nasal swab specimens directly in ,20 minutes.


Requests from providers to Centers for Medicare and Med-


icaid Services for reimbursement of influenza diagnostic testing


were analyzed to approximate changes in test use during


2004-2009 with use of American Medical Association Current


Procedural Terminology codes for virus isolation, fluorescent


antibody testing, and antigen detection (86710, 87252, 87253,


87254, 87275, 87276, 87400, 87449, and 87804) [8].


RESULTS


Diagnostic Testing Before pH1N1
From December 2005 until the recognition of pH1N1, 12 spo-


radic infections with swine influenza A/H1 virus strains had


been diagnosed in the United States in persons with recent ex-


posure to pigs [9]. This represented a significant increase from


the number of cases diagnosed in previous years and was


thought to be attributable primarily to improved virologic


surveillance, enhanced testing capacity in state public health


laboratories, and use of PCR testing for more specific virus


characterization. PCR assays for detecting the hemagglutinin


gene from these swine-origin influenza H1N1 virus strains and


from other rarely occurring animal-origin influenza A virus


strains with pandemic potential had been validated at the CDC


and were available for in-house screening of unsubtypable


specimens.


Diagnostic Testing for Detection of the First 2 Recognized Cases
On 30 March 2009, a 10-year-old boy with uncomplicated


influenza-like illness (ILI) was enrolled in a CDC-sponsored


investigation using the Meso Scale Diagnostics investigational


point-of-care testing device in San Diego, California in collab-


oration with NHRC [10, 11]. Two upper respiratory tract


specimens were collected by a site clinician. The first nasal swab


specimen was tested with the investigational device, which


identified an influenza A virus, with the subtype not determined.


Because the clinical trial protocol required prompt additional


testing of specimens with suspect unsubtypable influenza A test


results from the investigational device, the second swab
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specimen was transferred to the designated reference laboratory


(Marshfield Clinic, Marshfield, WI), where results confirmed an


unsubtypable influenza A virus. The remaining sample was


forwarded to the Wisconsin State Laboratory of Hygiene


(Madison, WI), in accordance with national guidelines, for


evaluation of influenza virus strains with pandemic potential


[12]. Testing was performed using equipment and procedures


established as part of a CDC pandemic preparedness laboratory


surveillance initiative, and strains were confirmed as an un-


subtypable influenza A virus strain with use of the CDC 5-Target


PCR. The CDC received a sample on 15 April, �2 weeks after


initial specimen collection, and characterized the novel influenza


A virus with an in-house CDC PCR assay for swine origin in-


fluenza gene signatures. Genetic sequencing, completed on 16


April 2009, revealed a novel influenza A H1N1 virus with


a combination of gene segments that previously had not been


reported in swine or human influenza virus strains in the United


States or elsewhere [13].


A second case of uncomplicated ILI in a child from southern


California who had illness onset in late March 2009 was also


identified as unsubtypable with PCR of a swab specimen col-


lected as part of a CDC partnership surveillance activity for


monitoring influenza along the US–Mexico border (Border


Infectious Disease Surveillance Project in collaboration with


NHRC) [14, 15]. A sample was received at the CDC on 17 April


2009, and testing confirmed presence of a novel influenza A


virus similar to the virus from the first case. The CDC reported


these and subsequent early cases [10, 16] and recommended


increased monitoring to identify additional cases; however,


specific testing for pH1N1 was available only at public health


laboratories, limiting clinicians’ ability to discriminate pH1N1


infections.


Ramping-up Testing
At the onset of the pandemic, 45 public health laboratories were


already performing surveillance using the FDA-cleared CDC 5-


Target PCR assay and, thus, were able to identify probable cases


of pH1N1 with no change in testing practices. A probable case of


swine-origin influenza A (H1N1) virus infection was defined as


acute febrile respiratory illness in a person positive for influenza


A but negative for H1 and H3 by influenza real-time RT-PCR


[16]. A review of data from these public health laboratories that


were collected over the preceding months had not revealed an


increase in the number of unsubtypable influenza A–positive


specimens, indicating that the emergence of pH1N1 was likely to


be a new phenomenon. The CDC and Association of Public


Health Laboratories collaborated to rapidly qualify additional


state and local public health laboratories to help meet testing


demand.


After completing partial genome sequencing of the pH1N1


virus strain, the CDC posted results on publicly available Web


sites beginning on 20 April 2009; 40 sequences comprising the


full pH1N1 virus genome were posted by 27 April 2009 [17, 18].


Availability of the sequences enabled diagnostic test developers


to begin evaluating whether their current influenza A assays


were able to detect the new virus or whether modification might


be needed. On the following day, 28 April 2009, the CDC posted


the complete CDC pH1N1 PCR assay protocol on the World


Health Organization Web site [19]. Early posting of both the


sequences and the protocol allowed research and hospital lab-


oratories to produce their own laboratory-developed pH1N1


PCR assays (ie, home brews). As of 29 March 2010, the CDC


had posted 4030 pH1N1 gene sequences from .1060 influenza


virus isolates.


On 27 April 2009, a day after the US Secretary of Health and


Human Services declared a public health emergency, the FDA


granted an EUA to allow the CDC tomanufacture and distribute


the CDC pH1N1 PCR assay for use by public health laboratories


[20]. Within 2 weeks after the first recognition of pH1N1, the


CDC developed and validated the new PCR assay, began


manufacturing the reagents, obtained FDA authorization for


distribution and use, and distributed PCR kits domestically and


internationally. As represented in Figure 1, distribution of test


kits started during the first week of increased specimen collec-


tion during late April 2009, in time to meet the increased testing


demands in May at public health laboratories. As of 20 February


2010, a total of 2710 PCR kits had been shipped to 459 clinical


and public health laboratories in all US states and in 153


countries.


Diagnostic Testing for Influenza Surveillance
From 4 October 2008 until the first report of pH1N1 infections


during the week ending on 25 April 2009, the number of


specimens from patients with ILI that were submitted to labo-


ratories participating in the CDC influenza surveillance network


was 201,121; �14% of these were positive for influenza A or B


virus [21]. During the subsequent single week, from 25 April


through 2 May 2009, the total number of specimens submitted


per week increased by 8.4-fold, from 4197 to 35,381; seasonal


influenza H1N1 detection was 16-fold greater, seasonal in-


fluenza H3N2 detection was 26-fold greater, and unsubtypable


influenza (later confirmed as pH1N1) detection was 93-fold


greater [Figure 1]. The total number of specimens tested was


increased by .4000, compared with the fall peak that would


occur 6 months later. The number of submitted specimens ex-


ceeded all prior weeks on record. The percentage of submitted


specimens that tested positive for influenza during the week


from 25 April through 2 May 2009 increased from 6.7% to


12.1% [Figure 1]. This finding suggests that the dramatic in-


crease was attributable to collection of specimens from patients


with ILI and not otherwise healthy or mildly symptomatic


patients.
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During the summer, the numbers of submitted samples de-


creased, but the percentage of results positive for pH1N1 re-


mained 20%–30%. More specimens were submitted during the


summer of 2009 than during the entire preceding 2008–2009


season as a consequence of an unprecedented persistence of


influenza activity during a period when only rare sporadic sea-


sonal influenza cases had been reported in the past. During this


period of record testing, most public health laboratories began


accepting only specimens for PCR testing that were from pa-


tients who had severe illness, were hospitalized, died of sus-


pected influenza, or were seen at sentinel outpatient ILI


surveillance sites as recommended by the CDC. For this reason,


the cases reported in the summer and fall represent a fraction of


the cases that might have been reported with a more liberal


testing policy [22].


As schools started in August 2009, the number of specimens


submitted and the number of pH1N1-positive cases increased


considerably [Figure 1]. The appearance of an influenza season


this early in the year had not occurred since the influenza H2N2


pandemic of 1957 [23]. At the peak of specimen submissions in


the fall pH1N1 wave, the number did not surpass the dramatic


increase in the spring but was 2.4-fold greater than the peak


during the preceding 2008-2009 influenza season. Overall,


607,344 specimens were submitted for testing to participating


laboratories from 2 May 2009 through 6 February 2010; this


number was �3 times the number submitted during the pre-


vious season.


Rapid Influenza Diagnostic Tests
Although theCDCpH1N1PCRassaywas quickly made available


at 146 public health laboratories in the United States, clinician


access to these tests was limited. Many hospital laboratories


could provide or obtain other influenza diagnostic alternatives,


including immunofluorescent antibody testing, virus culture, or


Figure 1. Test kits shipped to laboratories and the respiratory specimen testing from�150 laboratories participating in the Centers for Diease Control
and Prevention (CDC) virus surveillance system (US World Health Organization Collaborating Laboratories and National Enteric and Respiratory Virus
Surveillance System), 2008–2010. * Bars representing total influenza-like illness (ILI) specimens tested are not stacked. The remaining bars for subtypes
A(H1), A(H3), and A(2009 H1N1) are stacked. ** Kits were shipped as supplies were available. The large number of kits in early January 2010 represents
a shipment of updated reagents sent to laboratories to replace older reagents. � Percentage positive was calculated using the total number of tests
positive for influenza A and B as the numerator and total specimens submitted to the US virus surveillance system as the denominator. Influenza tests
include polymerase chain reaction (PCR), rapid influenza diagnostic tests, fluorescent antibody tests, and virus culture. The percentage positive includes
results for all influenza tests; however, only PCR subtype results are shown as bars. The remainder of positive test results (rapid influenza diagnostic
tests, fluorescent antibody tests, and virus culture) are presented elsewhere [21]. � Each diamond represents the date that that US Food and Drug
Administration issued an Emergency Use Authorization for a new influenza diagnostic device. The first authorization on 27 April 2010 was for the CDC
pH1N1 PCR assay; all other devices were sponsored by other entities. An additional 3 approvals occurred in February and March 2010 and do not appear
on the graph, nor do authorizations modifying previously authorized devices (eg, modified indications).
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PCR assays for influenza A and B (both FDA-approved or home


brew). The most widely available tests were the RIDTs, at hos-


pital laboratories, physician offices, and noncentralized labora-


tory settings, such as emergency departments.


When the pandemic virus emerged, 8 FDA-approved rapid


tests were available in the United States for rapid influenza


testing [24]. In general, these tests are simple to use and detect


influenza virus antigens in respiratory specimens within 15 min.


Two of these tests are waived under the Clinical Laboratory


Improvement Amendments of 1988, allowing their use in many


settings that provide point-of-care results, including physician


office settings. According to information in the manufacturers’


package insert documents, sensitivities for detecting seasonal


influenza A virus in clinical specimens ranged from 70% to 90%


(generally compared with virus culture results).


Before the emergence of pH1N1, published reports showed


lowered performance of RIDTs; sensitivities ranged from 27% to


61%, when compared with PCR testing on the same specimen


[25, 26]. In August 2009, the CDC reported results of an eval-


uation with 3 widely available RIDTs with sensitivities for de-


tection of pH1N1 virus ranging from 40% to 69%, compared


with the CDC pH1N1 PCR assay [27]. Similar findings were


reported by other investigators [15, 28, 29]. Of note, sensitivity


varied among the different RIDTs and was directly proportional


to the relative pH1N1 RNA concentration in the original re-


spiratory specimen; essentially, higher virus loads led to a greater


likelihood of a positive result. [Figure 2] These findings


prompted guidance that a negative RIDT result does not rule


out infection with pH1N1 virus and that patients with in-


dications for influenza antiviral treatment should be treated


empirically for influenza regardless of a negative RIDT result


[22]. In addition, guidance also focused on specimen collection,


because performance of RIDTs and other influenza tests is im-


proved when swab samples are collected appropriately to ach-


ieve sufficient respiratory secretions within the first 48 h after


illness onset, when viral loads are highest.


Early after recognition of the pandemic strain, the CDC rec-


ommended isolation of patients with confirmed pH1N1 in-


fection as an infection control measure; however, clinicians


using RIDTs were not able to differentiate pH1N1 from other


influenza A subtypes that continued to circulate from April


through June 2009 [Figure 1]. As the pandemic progressed, the


positive predictive value of an influenza A RIDT–positive result


indicating pH1N1 became higher and remained high through


the fall, because pH1N1 was the predominate circulating strain


of influenza. Among all influenza A subtyped specimens, the


percentage of pH1N1 increased from 16% on 25 April 2009 to


89% on 23 May 2009 and remained above that level through the


most recent report on 10 April 2010 [30].


Although the benefit of a positive RIDT result was evident,


continued clinical decision-making based on false-negative re-


sults confounded infection control and medical management.


For example, additional transmission of illness among campers


and at schools may have occurred as the result of persons re-


suming activities after receiving negative RIDT results [31, 32]. In


addition, implementation of infection control precautions were


delayed, contact investigations for health care–associated cases of


influenza were complicated, and delay in antiviral treatment or


respiratory support measures occurred [33, 34]. In a report of


obstetric and gynecologic patients with pH1N1 infection in


California, RIDT results were falsely negative for 58 (38%) of 153


persons tested [35]. Of 8 persons who died, none received antiviral


treatment and 6 had rapid test results that were falsely negative.


Despite issues with negative test results, RIDTs were available


at the point of care to provide quick information in the absence


of more sensitive and virus-specific pH1N1 PCR assays. Man-


ufacturers of RIDTs increased production to meet demand, and


revenues reportedly increased by 70% [36]. Centers for Medi-


care and Medicaid Services database records from 2004 through


2009 depicted relatively unchanged use of virus culture and


immunofluorescence, whereas antigen detection use, notably


RIDTs, doubled during 2008–2009 and increased in use 16-fold


since 2004 [8] [Figure 3].


Filling the Gap?
To increase the number of testing options for detecting pH1N1


infection, the FDA approved a total of 16 devices under the EUA


[37]. [Figure 1] The first EUA was issued for the CDC pH1N1


PCR test on 27 April 2009. No other EUA was granted until 24


July 2009. Fifteen of these were PCR assays, and 1 was a direct


fluorescent antibody assay specific for pH1N1. All but one were


Figure 2. Comparison of the performance of 3 rapid influenza
diagnostic tests (RIDTs) with the Centers for Disease Control and
Prevention 5-Target real-time reverse-transcription polymerase chain
reaction (RT-PCR) assay. Data are from MMWR Morb Mortal Wkly Rep
2009;58(30):826–9 [27]. Three tests were evaluated: (1) Inverness
Medical BinaxNOW Influenza A&B (Binax), (2) Becton Dickinson
Directigen EZ Flu A1B (Becton Dickinson), and (3) Quidel QuickVue
Influenza A1B (Quidel). Cycling time (CT), or threshold cycle, required to
detect the virus with use of real-time RT-PCR is shown. Lower CT values
indicate higher virus RNA concentrations in the specimens tested.
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limited for use in Clinical Laboratory Improvement Amend-


ments high-complexity laboratories (ie, specialized equipment


and processes were needed to perform the test by trained lab-


oratory staff) [38]. None were available for Clinical Laboratory


Improvement Amendments–waived testing in outpatient set-


tings or yielded timely results for clinicians. Few of the autho-


rized devices were widely distributed or readily available for use


in clinical laboratories.


The majority of additional testing may have been provided


through laboratory-developed tests (eg, home brews) generated


and validated at clinical laboratories in various settings or using


already-existing PCR-based assays for influenza A and B virus


strains. Because the CDC rapidly posted the CDC pH1N1 PCR


test protocol and pH1N1 gene sequences on public Web sites,


molecular diagnostic laboratories in academic medical centers


and some community hospitals were able to quickly set up and


validate pH1N1-specific PCR assays at their own institutions. In


a survey, 62% of �8000 patients tested in Chicago during the


first 4 weeks after recognition of the pandemic virus were first


screened for pH1N1 by community molecular diagnostics lab-


oratories; more than half of all cases diagnosed in Illinois were


first detected at these laboratories [39].


CONCLUSION


Within 2 weeks after the first recognition of a pandemic in-


fluenza virus, a new, FDA-authorized, accurate, sensitive, and


virus-specific diagnostic test was manufactured and distributed


to laboratories in the United States and abroad. The rapid


availability of virus sequence information and the quick trans-


lation of these data into diagnostic tools allowed clinicians and


public health officials in the United States and worldwide to


determine the magnitude of the emerging pandemic, to identify


groups at highest risk of infection, and to tailor vaccine and


treatment recommendations to have the greatest impact.


The use of PCR molecular tests was central to this rapid re-


sponse and demonstrated the transforming capability that


technology can have for infectious diseases–related emergencies.


From the onset of the pH1N1 response, the public health


community elected to provide publically available information


and tools for response as quickly as they were available. By


posting both the genetic sequences and the instructions for


performing the CDC pH1N1 PCR assay, the CDC provided the


knowledge base for others to quickly develop tests. This open-


source approach for rapid sharing of virus sequence and testing


information has been recognized as a successful component of


the 2009 emergency response efforts and greatly improved cli-


nician access to pH1N1 confirmatory testing [40].


Manufacturers of new tests specific for pH1N1 were able to


receive EUA in the United States, enabling manufacture and


distribution of the assays during the public health emergency.


Although admirable in its offering, the EUA approach may have


been able to fill only a small portion of the pH1N1 testing gap


during the pandemic. In fact, the majority of molecular testing


probably occurred at community and academic hospitals that


prepared their own laboratory-developed tests using publicly


available sequences and protocols. Although the performance


characteristics of these various PCR assays are not known, they


represent a large potential resource for rapidly increasing testing


for detecting emerging pathogens when no FDA-approved test


exists. Incorporation of this potential diagnostic capacity in


pandemic planning; improving regulatory approaches, such as


EUAs; and better engagement between these institutions and


public health laboratories may improve overall laboratory di-


agnostic response capability in the future.


Perhaps the greatest diagnostic challenge remains at the point


of clinical care. In the absence of readily available, rapid, and


highly sensitive diagnostic tests, clinicians’ decisions regarding


infection control and clinical management were difficult. RIDTs


provided quick results to clinicians, but the tests were demon-


strated to have lower sensitivity and were not able to differen-


tiate pH1N1 from other influenza A subtypes. Greater clinician


recognition for appropriate interpretation of negative RIDT


results and earlier evaluation of the performance of RIDTs for


detecting newly emerging and seasonal influenza strains in the


future are needed.


The diagnostic response to pH1N1 benefitted greatly from


investments in multiple-use platforms. Beginning in 2008, de-


ployment of PCR devices to public health laboratories through


Figure 3. Medicare reimbursement claims during 2004–2009 for virus
culture, fluorescent antibody assay, and antigen detection assays. Data
compiled according to the Centers for Medicare and Medicaid Service
(CMS) Current Procedural Terminology (CPT) codes using the following
categories: virus culture (87252, 87253, and 87254), fluorescent antibody
(87275 and 87276), and antigen detection (87400, 87449, and 87804). The
following codes are specific to influenza testing: 87275, 87276, 87400,
and 87804.
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emergency preparedness and pandemic planning not only pro-


vided a testing platform for seasonal influenza, but also served as


a ready warm base on which pH1N1 surge testing could be


rapidly implemented. Early in the pandemic, the ability to detect


an unsubtypable strain with use of the available CDC 5-Target


PCR assay, combined with coordinated surveillance efforts and


strengthened laboratory capability, facilitated the finding of the


pH1N1 needle in a haystack of seasonal influenza, emphasizing


the essential role of laboratory-based surveillance. As the pan-


demic progressed and pH1N1 became the predominant subtype,


the same platform, using the added pH1N1-specific PCR com-


ponent, was able to switch gears to find the seasonal influenza


hay in a needlestack of pH1N1.


The increase in demand for testing, along with a concomitant


increase in supply of molecular testing reagents, revealed 2 in-


triguing findings during the early weeks after recognition of


pH1N1. The first finding is the impact of the "worried ill." The


record increase in specimens submitted for the week ending on 2


May 2009 represented a combination of contributing factors


including, (1) strong recommendations from the CDC to collect


and refer specimens for testing to identify the geographical


spread and clinical spectrum and severity of disease, (2) avail-


ability of virus-specific testing only through public health lab-


oratories, and (3) considerable media coverage of pH1N1


activity in Mexico and the United States. On the surface, the


increase might be expected to represent the "worried well" (ie,


submissions from patients and contacts who did not have ill-


ness). Despite the 8-fold increase in testing, the percentage of all


tests that were performed for influenza actually doubled, in-


dicating that most patients seen in the clinic were probably the


worried ill who do not normally visit the doctor. The second


finding is the surprising presence of unrecognized influenza. As


the total number of tests increased from 25 April through 2 May


2009, detection of both seasonal and pandemic influenza virus


strains also increased [Figure 1]. This does not represent an


increase in seasonal influenza circulation but rather demon-


strates the effect of increased testing of patients with ILIs, in-


dicating that influenza virus strains may be circulating among


persons in a community even at times during the year when


influenza is thought to be very uncommon or nonexistent and


most influenza testing has stopped. These findings suggest that


even during periods when influenza is presumed to have waned


significantly, a notable amount of influenza virus strains are


circulating and causing disease. The findings also suggest that


pH1N1 may have been present at very low levels during the


weeks before detection but was unrecognized, because much of


the illness was not severe and most persons with influenza are


not tested.


Early detection and characterization of the pH1N1 virus and


the subsequent prevention and control of infections was made


possible because of deliberate and coordinated planning among


partners in the public health laboratory community. Broad-


ening and sustaining this laboratory base will support routine


influenza surveillance and will serve as a rapid response ca-


pacity for increased testing. Future planning efforts should


focus on ways to improve availability of reliable testing for


clinicians at the point of care and approaches for optimum


use of molecular testing for detecting both circulating and


emerging influenza virus strains at hospital and commercial


laboratories.
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a b s t r a c t


Background: In response to the novel influenza A H1N1 outbreak in the NY City area, 6090 patient samples
were submitted over a 5-week period for a total of 14,114 viral diagnostic tests, including rapid antigen,
direct immunofluorescence (DFA), viral culture and PCR. Little was known about the performance of the
assays for the detection of novel H1N1 in the background of seasonal H1N1, H3N2 and other circulating
respiratory viruses. In addition, subtyping influenza A became critical for the identification of high risk
and/or hospitalized patients with novel H1N1 infection and for monitoring the spread of the outbreak.
Study design: This study analyzed the performances of the BinaxNOW Influenza A&B test (BinaxNOW), the
3M Rapid Detection Flu A + B test (3MA + B), direct immunofluorescence, R-Mix culture and the Luminex
xTAG Respiratory Virus Panel (RVP) for the detection of seasonal influenza, novel H1N1 and other respira-
tory viruses. RVP was also evaluated for its ability to differentiate seasonal H1N1, H3N2 and novel H1N1.
Results: The sensitivities, specificities, PPVs and NPVs for the detection of novel H1N1, determined by
comparing all four-test methods, were: rapid antigen: 17.8%, 93.6%, 77.4%, 47.9%; DFA: 46.7%, 94.5%, 91.3%,
58.9%; R-Mix culture: 88.9%, 100%, 100%, 87.9%; RVP: 97.8%, 100%, 100%, 97.3%. The individual sensitivities


of BinaxNOW and 3MA + B as compared to R-Mix culture for the detection of novel H1N1 were 9.6% and
40%, respectively. All unsubtypeable influenza A specimens identified by RVP and tested with the CDC
novel H1N1 specific RT-PCR assay were confirmed to be novel H1N1.
Conclusions: Rapid antigen tests, DFA, R-Mix culture and the xTAG RVP test all detected the novel H1N1
strain, but with highly varied sensitivity. The RVP test provided the best diagnostic option as RVP demon-
strated superior sensitivity for the detection of all influenza strains, including the novel H1N1, provided


yping

accurate influenza A subt


. Background


Over the weekend of April 24–26, 2009, high school students
rom a preparatory school in Queens, NY were evaluated at the
mergency Rooms at Long Island Jewish Medical Center, New Hyde
ark, NY and North Shore University Hospital, Manhasset, NY for
omplaints of flu-like symptoms.3 Due to recent travel by sev-


ral students to Cancun, Mexico 1 week previous, there was a
igh concern for infection with the novel 2009 influenza A (H1N1)
train.2 Nasopharyngeal swabs were obtained and sent to the hos-
ital laboratories for rapid antigen screening tests for influenza A


∗ Corresponding author at: North Shore-LIJ Health System Laboratories, 10 Nevada
rive, Lake Success, NY 11042, United States. Tel.: +1 516 719 1079;


ax: +1 516 719 1254.
E-mail address: cginocch@nshs.edu (C.C. Ginocchio).


386-6532/$ – see front matter © 2009 Elsevier B.V. All rights reserved.
oi:10.1016/j.jcv.2009.06.005

and identified a significant number of additional respiratory pathogens.
© 2009 Elsevier B.V. All rights reserved.


and influenza B viruses. Initially, 35 specimens that tested rapid
antigen positive for influenza A were sent via the New York City
Department of Health to the Centers for Disease Control and Pre-
vention (CDC), Atlanta, GA. Testing at CDC confirmed that 28 of
the 35 rapid influenza A test samples contained the novel 2009
influenza A (H1N1).


During the first 5 weeks of the novel H1N1 outbreak, from April
24, 2009 to May 27, 2009, a combination of 14,114 viral diagnostic
tests were performed on a total of 6090 patients suspected of hav-
ing influenza. Tests included rapid antigen assays (n = 4369) using
either the BinaxNOW Influenza A&B test (BinaxNOW) (Inverness,
Waltham, MA) or the 3M Rapid Detection Flu A + B test (3MA + B)


(3M Medical Diagnostics, St. Paul, MN); direct immunofluorescence
(DFA) (n = 3557) using D3 Respiratory Virus Reagents (Diagnostic
Hybrids [DHI], Athens, OH); R-Mix viral culture (DHI) (n = 3473)
and the Luminex xTAG Respiratory Virus Panel (RVP) (n = 2715)
assay (Luminex Molecular Diagnostics, Toronto, Canada). During
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he height of a normal respiratory virus season the laboratories gen-
rally perform approximately 400 tests a day. The day prior to the
utbreak the number of viral tests performed was 214 as the regular
nfluenza season was ending. The weekend of the initial influenza
esting surge a high of 895 viral tests were performed on a single
ay and during the second surge of the influenza outbreak 3 weeks


ater, the day high was 970 viral tests performed.
In accordance with hospital testing policies, nasopharyngeal


NP) samples were initially screened with rapid antigen tests at
he local hospitals. Due to the suboptimal performance of the rapid
ntigen tests,7 samples negative for influenza A or B were referred
o the North Shore-LIJ Health System Clinical Virology Laboratory
or DFA and R-Mix viral culture. However, after the first several
ays of the outbreak it was apparent that the laboratory needed
o provide influenza A subtyping information and thus be able to
uickly identify potential cases of novel H1N1. Therefore, initially
ll samples from patients at a high risk for exposure to the novel
1N1 (preparatory school students, their siblings, teachers and per-


ons with recent travel to Mexico), patients admitted to the hospital
ith flu-like illness, or any out-reach patient with an Influenza A-
ositive rapid antigen test, DFA and/or R-Mix culture were tested
ith the RVP assay.


Prior to the onset of the influenza epidemic, the RVP assay was
eing used for selected cases and for virus surveillance research
tudies, with the intention to fully convert all respiratory virus test-
ng to the RVP assay during the summer months. The Food and Drug
dministration (FDA)-cleared version of the RVP assay detects 10
iruses, including adenovirus, human metapneumovirus (hMPV),
arainfluenza viruses 1–3, rhinovirus, respiratory syncytial viruses
RSV) A and B, influenza A and influenza B.6,8,9 In addition to the
etection of the influenza A matrix gene, the RVP assay also has the
bility to subtype the influenza A hemagglutinin gene as seasonal
1 or H3. Samples positive for the matrix gene but negative for sea-


onal H1 and H3 are considered influenza A unsubtypeable and are
otentially a novel strain of influenza A. The research use-only ver-
ion of the assay also includes the detection of parainfluenza type 4
nd the coronaviruses OC43, NL64, 229E and HKU-1.6,8,9 Since the
VP assay was able to subtype the influenza A seasonal viruses and
etected a broad range of respiratory viruses other than influenza,
e made RVP testing broadly available on an immediate basis.


In the 5 weeks following the start of the outbreak the
verwhelming number of test requests required continued mod-
fications to the laboratory testing protocols. Testing algorithms
hat included various combinations of rapid antigen testing, DFA,
iral culture and RVP changed frequently to deal with the surge in
atient testing, to prioritize testing for admitted patients and to
rovide the most clinically relevant information for public health
fficials. Due to the uniqueness of the novel H1N1 strain, the rela-
ive performance of the various diagnostic tests for the detection of
ovel H1N1 was not known during the beginning of the influenza
utbreak.


. Objective


The purpose of this study was to evaluate the performance of
apid antigen testing, DFA, R-Mix culture and the RVP assay for the
etection of the novel H1N1 in the background of seasonal H1N1
nd H3N2 and other common circulating respiratory viruses.


. Study design

.1. Patient population and sample types


Samples from 6090 patients, evaluated for influenza like ill-
ess in the hospital setting (emergency department or in-patient)
n = 2888) or as an out-patient (n = 3202) were included in this

al Virology 45 (2009) 191–195


study. Patients ranged in age from 4 days to 98 years. Sample
types tested included flocked nasopharyngeal (NP) swabs (Copan,
Murrieta, CA) submitted in universal transport media (UTM, DHI),
NP aspirates and NP washes. Samples were stored refrigerated or
frozen at −70 ◦C until tested. All samples were collected as per stan-
dard of care for routine diagnostic testing and informed consent was
therefore not required.


3.2. Sample processing


All rapid antigen tests were performed on neat samples. Samples
for DFA and R-Mix culture were processed according to standard
laboratory procedures. Nucleic acids for testing with the RVP assay
and for influenza A subtype confirmation were extracted from a
200 �l aliquot of the respiratory sample using the NucliSENS easy-
MAG extraction platform (bioMerieux, Durham, NC) according to
the manufacturer’s instructions. Nucleic acids were stored at −70 ◦C
until tested.


3.3. Diagnostic tests


All tests were performed according to the manufacturer’s
instructions and laboratory validated protocols. From the total
number of samples tested, the following number of results were
available for determining the performance of the diagnostic tests
for the detection of both seasonal and novel H1N1 influenza A
viruses: rapid antigen tests (n = 3789) using BinaxNOW (n = 2870)
and 3MA + B (n = 919); DFA using D3 Respiratory Virus Reagents
(n = 2861); R-Mix viral culture (n = 2726); and RVP assay (n = 2715).


3.4. Confirmation of novel influenza A H1N1


Although an initial set of 35 samples had been sent to the Cen-
ters for Disease Control from the very first patients evaluated for
novel H1N1 in our system emergency rooms, these samples had
not been previously subtyped with the RVP assay in our laboratory.
There was a compelling need to evaluate our own RVP subtyp-
ing on a subsequent set of samples, early on in our deployment
of this assay. Accordingly, a subset of samples identified by RVP as
unsubtypeable influenza A (n = 99) that contained sufficient viral
titer, were confirmed as novel H1N1 by the New York State Labora-
tory of Viral Diseases, Wadsworth Center, Albany, NY, as previously
described.5 Additional RVP samples (n = 60) classified a seasonal
H1, H3 or unsubtypeable influenza A were tested either at the State
Department of Health or in-house with a laboratory validated assay
that uses the method developed by the CDC for the confirmation of
the novel H1N1 strain.1


3.5. Comparative analysis of test methods


Due to the massive influx of test samples and the changing test
algorithms during the outbreak, all samples were not tested by all
methods. Comparisons were therefore made based upon those test
methods used for the evaluation of each specimen. For example, to
compare the performance of traditional test methods only, results
were available from rapid antigen testing, DFA and R-Mix culture for
a set of 1831 samples. Specifically, separate sample sets were used
to compare BinaxNOW results with the results of DFA (n = 1860) and
R-Mix culture (n = 1352); and to compare 3MA + B test results with
those of DFA (n = 448) and R-Mix culture (n = 356).


Analysis of the RVP data is presented separately since original


samples tested with RVP were specifically selected based upon a
positive rapid antigen, DFA or culture result. Therefore a direct com-
parison including all samples would be biased in increasing the
detection rates of the other assays. Data from an unbiased subset
of 288 samples tested by rapid antigen, DFA, R-Mix culture and
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VP was compared and more accurately reflects the comparison
etween the four test methods.


.6. Statistical analysis


Sensitivity, specificity, positive predictive value (PPV) and
egative predictive value (NPV) were calculated using standard for-
ulas. Differences in the performance of the various assays were


alculated using the McNemer’s test. A p-value of <0.05 was con-
idered statistically significant.


. Results


.1. Confirmation of novel influenza A H1N1


The seasonal H1 and H3 subtyping accuracy of the RVP assay
as previously confirmed by the laboratory using conventional
T-PCR and the CDC designed H1 and H3 specific primers, fol-


owed by sequence analysis.5 In total, 86 seasonal H3N2 and 16
easonal H1N1 strains identified by RVP were confirmed as the
ppropriate seasonal subtype.5 In addition to the set of 99 RVP
nsubtypeable influenza A samples confirmed as novel H1N1, test-


ng at the NY State Department of Health and in-house determined
hat an additional 45 unsubtypeable influenza A strains were the
ovel influenza A H1N1. Five seasonal H1 and 12 seasonal H3 strains


dentified by RVP tested negative for novel H1N1. Therefore, based
pon our previous published study and the additional in-house
ata, it was determined that the classification of an influenza A
train by RVP as unsubtypeable was, during the current outbreak,
ighly predictive for the novel H1N1. Therefore, all unsubtypeable


nfluenza A strains identified in this study will be classified as novel
1N1.


.2. Detection of seasonal influenza H1N1, H3N2, novel H1N1 and
ther seasonal respiratory viruses


Overall, influenza A was identified in 1598/6090 (26.2%) of all
atients tested. The number of positive results/per total tested by
ethod for the detection of all influenza A strains (seasonal H1N1,
3N2, and novel H1N1) were as follows: 518/3789 (13.7%) for rapid
ntigen tests; 397/3271 (12.1%) for DFA; 482/2726 (17.7%) for R-Mix


ulture and 1265/2715 (46.6%) for RVP. Of the 1265 RVP influenza


samples, 1108 (87.6%) were novel H1N1, 151 (11.9%) seasonal
3N2, and 6 (0.5%) seasonal H1N1. The overall prevalence of novel
1N1, seasonal H3N2 and seasonal H1N1 were 40.8%, 5.6%, and
.2%, respectively. The average age of patients with seasonal H1N1


Table 1
Prevalence of respiratory viruses identified by the xTAG RVP assay during t


Virus Number (%) Mixed i


Flu A (UST) novel H1N1 1108 (40.8%) E/R(57)
Flu A H1N1 6 (0.2%) Adeno(1
Flu A H3N2 151 (5.6%) E/R(6),
Flu B 5 (0.2%) P3(2)
Entero/Rhino (E/V) 451 (16.6%) Flu A(57
hMPV 58 (2.1%) E/R(3),
Parainfluenza 3 77 (2.8%) E/R(12)
Parainfluenza 1 34 (1.3%) E/R(5)
Parainfluenza 4 18 (0.7%) E/R(2)
Parainfluenza 2 3 (0.1%) E/R(3)
Adenovirus 24 (0.9%) E/R(4),
Coronaviruses 16 (0.6%) Types: N
RSV 16 (0.6%) P3(2), h
Negative 870 (32%)


UST, unsubtypeable and presumed novel H1N1; Adeno, adenovirus; coron
hMPV, human metapneumovirus; P1, parainfluenza virus 1; P2, parainfluen
A total of 2715 samples were tested by xTAG RVP assay. Number (%): num
Mixed infections: virus (number detected).

al Virology 45 (2009) 191–195 193


was 11.6 years (range 8 months to 31 years), seasonal H3N2 was
39.1 years (range 10 months to 97 years) and for novel H1N1 was
13.7 years (range 2 weeks to 97 years).


The prevalence of other respiratory viruses detected in spec-
imens by DFA and/or culture was 9.2% (302/3289) and included
adenovirus (n = 38), hMPV (n = 32), influenza B (n = 15), parain-
fluenza 1 (n = 40), parainfluenza 2 (n = 1), parainfluenza 3 (n = 160)
and RSV (n = 16). RVP detected one or multiple respiratory viruses
in 580 (21.4%) of the influenza A negative specimens, and as a co-
infection with influenza A in 86 specimens (Table 1). Other viruses
detected included adenovirus (n = 24), coronaviruses (NL63: n = 2,
HKU-1: n = 6, 229E: n = 8), hMPV (n = 58), enterovirus/rhinovirus
(E/R) group (n = 451), influenza B (n = 5), parainfluenza 1 (n = 34),
parainfluenza 2 (n = 3), parainfluenza 3 (n = 77), parainfluenza 4
(n = 18), and RSV (n = 16). E/R group was the most common dual
infection seen with influenza A and with the other respiratory
viruses. Overall, RVP detected a respiratory virus in 68% of the sam-
ples tested.


4.3. Comparison of rapid antigen testing, DFA and R-Mix culture
for the detection of all influenza A and novel H1N1


Table 2 presents the sensitivity, specificity, PPV and NPV for
data derived from 1831 specimens tested with rapid antigen tests
(BinaxNOW and 3MA + B combined), DFA and R-Mix culture. Results
are provided for the overall detection of all influenza A subtypes
combined and then specifically for novel H1N1. There were 164
samples positive for influenza A (novel H1N1, n = 123; seasonal
H1N1, n = 1; seasonal H3N2, n = 40). Overall the sensitivity of the
rapid tests was significantly lower (p ≤ 0.0001) for both the detec-
tion of all influenza subtypes (23.8%) and for the novel H1N1 (21.2%)
as compared to DFA (50% and 47.2%, respectively) and for R-Mix
culture (98.2% and 98.4%, respectively). DFA was significantly less
sensitive (p ≤ 0.0001) than R-Mix culture for the detection of all
influenza A subtypes and novel H1N1.


4.4. Comparison of the BinaxNOW Influenza A&B and 3M Rapid
Detection Flu A + B tests to DFA and R-Mix culture for the detection
of all influenza A and novel H1N1


Table 3 presents the sensitivity, specificity, PPV and NPV for the


results of one data set for the BinaxNOW test (top panel) and a sec-
ond data set with the results obtained with the 3MA + B test (lower
panel) as compared to DFA and R-Mix culture. Results are provided
for the overall detection of all influenza A subtypes combined and
then specifically for novel H1N1. The BinaxNOW test was signifi-


he novel H1N1 outbreak.


nfections


, 229E(3), HKU-1(2), hMPV(2), P1(4), P3(4), P4(3), RSV(1)
), E/R(1)


hMPV(1)


), H1N1(6), H3N2(6), P1(5), P2(1) P3(12), P4(5), hMPV(6), Adeno(4)
RSV(1), H3N2(1)
, Flu B(2), RSV(2)


H1N1(1)
L63(2), 229E(8), HKU-1(6)


MPV(1)


aviruses 229E, NL63 and HKU-1; E/R, enterovirus/rhinovirus group;
za virus 2; P3, parainfluenza virus 2; RSV, respiratory syncytial virus.
ber identified as positive for virus (percentage of total specimens).
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Table 2
Comparison of rapid antigen testing, DFA and R-Mix viral culture for the detection of all influenza A subtypes combined and for novel H1N1.


Sensitivity Specificity PPV NPV


Flu Aa (%) H1N1b (%) Flu A (%) H1N1 (%) Flu A (%) H1N1 (%) Flu A (%) H1N1 (%)


Rapid Agc 23.8 21.2 99.5 99.5 83.0 76.5 93.0 94.5
DFA 50.0 47.2 99.6 99.6 93.2 90.6 95.3 96.2
R-Mix 98.2 98.4 100 100 100 100 99.8 99.9


PPV, positive predictive value; NPV, negative predictive value; DFA, direct fluorescent antibody test. In total, 1831 respiratory samples were tested by all three methods. There
were 164 samples positive for influenza A (novel H1N1, n = 123; seasonal H1N1, n = 1; seasonal H3N2, n = 40).


a Comparison for all influenza A positive samples, including seasonal H1, H3 and novel H1N1.
b Comparison for only novel H1N1 positive samples.
c Rapid antigen testing was performed using either BinaxNOW A&B test or the 3M Rapid Detection Flu A + B test.


Table 3
Comparison of BinaxNOW A + B assay and the 3M Rapid Detection Influenza A + B assay to DFA and R-Mix culture for the detection of all influenza A subtypes combined and
novel H1N1.


Test Sensitivity Specificity PPV NPV


Flu Aa (%) H1N1b (%) Flu A (%) H1N1 (%) Flu A (%) H1N1 (%) Flu A (%) H1N1 (%)


Binax versus DFAc 29.8 30.6 98.9 98.9 94.9 93.8 95.2 94.1
98.4 97.1 99.7 99.7 96.1 93.0 99.9 99.9


Binax versus R-Mixd 10.4 9.6 100 100 100 100 86.3 88.9
99.6 99.0 100 100 100 100 99.9 99.9


Test Flu A (%) H1N1 (%) Flu A (%) H1N1 (%) Flu A (%) H1N1 (%) Flu A (%) H1N1 (%)


3MA + B versus DFAe 72.2 71.4 98.1 98.1 76.7 72.7 97.6 98.1
88.9 85.7 99.8 99.8 97.0 97.0 99.0 99.0


3MA + B versus R-Mixf 41.2 40.0 97.8 97.8 74.2 73.9 94.0 96.3
97.1 95.0 100 100 100 100 99.7 99.7


PPV, positive predictive value; NPV, negative predictive value; DFA, direct fluorescent antibody test.
a Comparison for all influenza A positive samples, including seasonal H1, H3 and novel H1N1.
b Comparison for only novel H1N1 positive samples.
c
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BinaxNOW compared to DFA.
d BinaxNOW compared to R-Mix culture.
e 3MA + B compared to DFA.
f 3MA + B compared to R-Mix culture.


antly (p ≤ 0.0001) less sensitive for the detection of all influenza A
ubtypes combined and for novel H1N1 when compared directly to
FA (29.8% versus 98.4%, 30.6% versus 97.1%, respectively) and when
ompared directly to R-Mix culture (10.4% versus 99.6%, 9.6% versus
9.0%, respectively). The sensitivity of the 3MA + B test for the detec-
ion of all influenza A subtypes combined and for novel H1N1 was
ot statistically different (p = 0.18 and p = 0.37, respectively) when
ompared directly to DFA (72.2% versus 88.9%, 71.4% versus 85.7%,
espectively). The sensitivities of 3MA + B for the detection of all
nfluenza A combined (41.2%) and novel H1N1 (40.0%) were signifi-
antly less (p ≤ 0.0001 and p = 0.006, respectively) when compared


irectly to R-Mix culture (97.1% and 95.0%, respectively). Although
he two rapid tests were performed on different patient samples
nd there is not a direct comparison among the two test meth-
ds, 3MA + B appears to be the more sensitive test for the detection
f seasonal and novel H1N1 influenza A. False positive influenza


able 4
omparison of rapid antigen testing, DFA, R-Mix culture and RVP for the detection of all in


Sensitivity Specificity


Flu Aa (%) H1N1b (%) Flu A (%) H1N1 (


apid Ag 20.7 17.8 93.6 93.6
FA 48.6 46.7 94.5 94.5
-Mix 82.7 88.9 100 100
VP 97.8 97.8 100 100


PV, positive predictive value; NPV, negative predictive value; DFA, direct fluorescent an
amples with no influenza A subtyping (positive by R-Mix only) and175 samples positive


a Comparison of all influenza A positive samples, including seasonal H1N1, H3N2 and n
b Comparison of only novel H1N1 positive samples.

A results were identified with both rapid assays, but the speci-
ficity and PPV of the 3M test appeared to be less than that of the
BinaxNOW assay.


4.5. Comparison of rapid antigen tests, DFA, R-Mix culture and
RVP


A subset of 288 samples were tested by rapid antigen, DFA, R-Mix
culture and RVP and the results of the four methods were com-
pared. There were 179 samples positive for influenza A (novel H1N1,
n = 132; seasonal H1N1, n = 1; seasonal H3N2, n = 42; 4 samples pos-


itive by R-Mix only with no subtyping). As shown in Table 4, the
sensitivities of rapid antigen tests and DFA were significantly lower
(p ≤ 0.0001) for the detection of all influenza subtypes (20.7% and
48.6%, respectively) and for novel H1N1 (17.8% and 46.7%, respec-
tively) as compared to both R-Mix culture and RVP for the detection


fluenza A subtypes combined and for novel H1N1.


PPV NPV


%) Flu A (%) H1N1 (%) Flu A (%) H1N1 (%)


84.1 77.4 41.8 47.9
93.5 91.3 52.8 58.9


100 100 77.9 87.9
100 100 99.1 97.3


tibody test. A total of 288 samples were tested by all four methods. There were 4
for influenza A (seasonal H1N1, n = 1; seasonal H3N2, n = 42; novel H1N1, n = 132).
ovel H1N1.







Clinic


o
d


5


A
o
n
H
t


r
t
B
t
w
T
s
t
t
w
t
B
o
t
b
a
3
i
h
9
T
k
e
o
t
e
t


i
p
o
w
o
e
a
c
fl
t


d
p
i
r
d
p
s
a
i


C.C. Ginocchio et al. / Journal of


f all influenza subtypes (82.7% and 97.8%, respectively) and for the
etection of novel H1N1 (88.9% and 97.8%, respectively).


. Conclusions


This study evaluated the performance of multiple influenza
detection methods used during the course of the novel H1N1


utbreak in the New York City area, over a 5-week period. The mag-
itude of the samples tested and the significant number of novel
1N1 samples included in this study provided a sound basis for


his performance evaluation.
Although antigen based tests require little technical skill, are


apid and can be performed in an emergency department setting,
he sensitivity and specificity of the assays are questionable. The
inaxNOW assay demonstrated very poor sensitivity for the detec-
ion of both seasonal influenza A (10.4%) and novel H1N1 (9.6%)
hen compared to R-Mix culture (99.6% and 99.0%, respectively).


he 3MA + B test demonstrated better sensitivity for the detection of
easonal influenza A (41.2%) and novel H1N1 (40%) when compared
o R-Mix culture (97.1% and 95%, respectively). The increased sensi-
ivity of the 3MA + B assay over the BinaxNOW assay was consistent
ith a previous study from our laboratory that directly compared


he two tests for the detection of seasonal influenza A and influenza
.4 In that study the sensitivity of 3MA + B (70.1%) for the detection
f influenza A was significantly greater (p ≤ 0.0001) than the sensi-
ivity of BinaxNOW (46.4%). In this study, BinaxNOW demonstrated
etter PPVs for the detection of all influenza A subtypes combined
nd for novel H1N1 than did the 3MA + B test due more false positive
MA + B results (n = 8) when testing pediatric NP washes from early


n the outbreak. In our previous study the 3MA + B demonstrated a
igh specificity of 99.8% for the detection of influenza A and a PPV of
3%. There was only one false positive influenza A sample detected.
he cause of the false positive results in this study is currently not
nown, but may be related to the type of sample tested, presence of
xcessive mucous or blood in the samples. Additional studies from
ur laboratory and by the manufacturer are underway to determine
he root cause of the false positive influenza A results. In addition, an
xtensive head to head comparison of the BinaxNOW and 3MA + B
est is being conducted.


DFA identified more seasonal and novel H1N1 influenza A pos-
tive samples than the rapid tests. Additional studies are being
erformed to determine the performance of DFA reagents from
ther manufacturers for the detection of novel H1N1. R-Mix cells
ere shown to be an acceptable culture system for the detection


f novel H1N1 and, as expected, R-Mix culture provided the high-
st degree of sensitivity among the traditional test methods. DFA
nd R-Mix culture had the added benefit of also identifying other
ommon respiratory viruses, including adenovirus, hMPV, parain-
uenza viruses 1, 2, 3 and RSV, which were also circulating during
he influenza outbreak.


Overall, the RVP assay provided the highest quality of results
ue to the sensitivity of the assay and the broad scope of viral
athogens detected by the assay. Influenza A viruses were detected


n 46.6% of all samples tested by RVP as compared to 13.7% for
apid antigen tests, 12.1% for DFA and 17.7% for R-Mix culture. As


5

emonstrated in our previous study and with the additional sam-
les tested for this study, the RVP assay accurately distinguished the
easonal H1N1, H3N2 and the novel H1N1 influenza A subtypes. The
bility to subtype the influenza A virus in the same step as the initial
dentification proved to be exceptionally useful and saved valuable
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laboratory resources and time by not having to reflex to a second
assay or refer to the Department of Health for the identification of
patients infected with novel H1N1. In fact, during the height of the
outbreak, our laboratory provided RVP testing to other hospitals
outside of our health system and also acted as a first line triage for
the local, city and state Departments of Health. In addition, due to
the comprehensive nature of the RVP test, the laboratory was also
able to identify the virus(es) responsible for numerous other respi-
ratory infections not due to influenza A. Finally, the comprehensive
nature of the assay will help us to better understand the epidemi-
ology of novel H1N1 infections and the significance of mixed viral
infections.


Moving forward, as the epidemic continues in the NY City area
and around the world, it is extremely important to keep our health
care providers appraised of the performance characteristics of the
diagnostic tests so that appropriate laboratory testing is performed
and appropriate clinical decisions can be made based upon accurate
and reliable diagnostic tests.
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Abstract


Rapid diagnosis of influenza can facilitate timely clinical management. We evaluated the performance of the QuickVue Influenza A + B
test (Quidel, San Diego, CA) in a community setting and investigated the factors affecting test sensitivity. We recruited 1008 subjects from
30 outpatient clinics in Hong Kong between February and September 2007. Each subject provided 2 pooled pairs of nose and throat swabs;
1 pair was tested by the QuickVue rapid test on site, and the other pair was sent to a laboratory for reference tests. Among 998 enrolled
subjects with valid results, the rapid test had overall sensitivity of 0.68 and specificity of 0.96 compared with viral culture. Sensitivity for
both influenza A and B was significantly higher for specimens with viral loads greater than 5 log10 copies/mL. The QuickVue Influenza A +
B test has similar sensitivity in point-of-care community settings to more controlled conditions.
© 2009 Elsevier Inc. All rights reserved.

Keywords: Human influenza; Immunoassay; Diagnostic tests; Sensitivity; Specificity; Viral load

1. Introduction


Rapid diagnosis of human influenza virus infection can
facilitate better treatment and patient care, reduce use of
antibiotics and duration of hospital stay, and also interrupt
the spread of virus in the community or in hospitals by
allowing timely infection control measures (Bhavnani et al.,
2007; Esposito et al., 2003; Uyeki, 2003; Woo et al., 1997).
Because clinical symptoms of influenza and other respiratory
viral infections can be very similar, arriving at a definitive
diagnosis is virtually impossible without confirmatory
testing. Viral culture is currently the diagnostic “gold

⁎ Corresponding author. Dr. Benjamin J Cowling, Department of
Community Medicine, The University of Hong Kong, 21 Sassoon Road,
Pokfulam, Hong Kong. Tel.: +852-3906-2011; fax: +852-3520-1945.
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standard” for confirming influenza, but the improved
sensitivity and specificity of molecular techniques may
mean that these methods could replace culture as the new
gold standard in the future (van Elden et al., 2002). However,
neither viral culture nor molecular methods produce timely
results for clinical management. Immunoassay kits based on
antigen detection can provide rapid influenza diagnosis
within 30 min, and some are approved for point-of-care use.
In general, previous studies have reported that these tests
have high specificity but moderate sensitivity, typically in
hospital laboratory settings (Agoritsas et al., 2006; Bellei
et al., 2003; Cazacu et al., 2003; Grijalva et al., 2007; Hurt
et al., 2007; Poehling et al., 2002, 2006; Pregliasco et al.,
2004; Quach et al., 2002; Rodriguez et al., 2002; Ruest et al.,
2003; Simmerman et al., 2007; Uyeki, 2003). In this study,
we compared the diagnostic accuracy of the QuickVue
Influenza A + B rapid test (Quidel, San Diego, CA) with
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viral culture in a community setting and examined the
relation between influenza viral load and test performance.
We followed the STAndards for the Reporting of Diagnostic
accuracy studies (the STARD statement) in describing our
findings (Bossuyt et al., 2003).

2. Materials and methods


2.1. Study population


As part of a large community study, subjects older than 2
years reporting at least 2 symptoms of influenza-like illness
were recruited from 30 outpatient clinics in Hong Kong
prospectively from February to September 2007 (Cowling et
al., 2008). Other inclusion criteria were that the subject must
have had onset of symptoms within 48 h of enrollment and
must live with at least 2 other people none of whom had
influenza-like illnesses within the past 2 weeks. Written
informed consent was obtained from each adult subject or the
parent or legal guardian of subjects below 18 years old;
verbal assent was also sought from children aged at least 7
years. The study protocol was approved by the Institutional
Review Board of the University of Hong Kong/Hospital
Authority Hong Kong West Cluster.


2.2. Rapid antigen detection kit for influenza


To enhance sensitivity for influenza virus detection, we
used pooled nose and throat swab specimens throughout our
study. At recruitment, a nose swab and a throat swab were
collected from each subject, combined, and tested by the
QuickVue Influenza A + B test according to the manufac-
turer's instruction. The rapid test results were read and
recorded at the point of care.


2.3. Reference specimen collection


A separate nose swab and throat swab (collection swab;
EUROTUBO, Madrid, Spain) were collected and combined
in a vial containing 3 mL of viral transport medium (5%
bovine serum albumin in Earle's balanced salt solution with
antibiotic). Reference specimens were maintained at 2 to 8 °C
and transferred to the laboratory within 24 h where they were
tested by viral culture and/or molecular methods immediately
or were cryopreserved at −70 °C until later testing. The
laboratory staff were blinded to the rapid test result.


2.4. Viral culture


All reference specimens were tested by viral culture,
which was used as the gold standard in this study. Madin–
Darby canine kidney cell monolayers in culture tubes were
inoculated with 200 μL of the combined swabs–viral
transport medium suspension, and the cells were maintained
in serum-free minimum essential medium (Gibco, Grand
Island, NY) containing tosylsulfonyl phenylalanyl chloro-
methyl ketone-treated trypsin (2 μg/mL) (Sigma, St. Louis,
MO) and incubated at 33 °C for 7 days. They were examined

daily for cytopathic effect, and immunofluorescence was
done on fixed cell smears when cytopathic effect appeared or
at the end of the incubation period (Chan et al., 2008).


2.5. Quantitative reverse transcriptase polymerase
chain reaction


We selected a subset of specimens for testing by
quantitative reverse transcriptase polymerase chain reaction
(RT-qPCR) to investigate discrepant results and to investi-
gate the correlation between influenza viral load and rapid
test performance. Total nucleic acid was extracted from
specimens using NucliSens easyMAG extraction system
(bioMerieux, the Netherlands) according to the manufac-
turer's instructions. Twelve microliters of extracted nucleic
acid was used to prepare cDNA by Invitrogen Superscript
III kit with random primer as described previously (Peiris
et al., 2003).


For detection of influenza A virus, 2 μL of cDNA was
amplified in a LightCycler 2.0 (Roche Molecular Biochem-
icals, Indianapolis, IN) with a total reaction mix volume of
20-μL reaction containing FastStart DNA Master SYBR
Green I Mix reagent kit (Roche Diagnostics, Germany), 4.0
mmol/L MgCl2, and 0.5 mmol/L of each primer. The forward
primer (5′-CTTCTAACCGAGGTCGAAACG-3′) and the
reverse primer (5′-GGCATTTTGGACAAAKCGTCTA-3′)
were used for amplification of the matrix gene of influenza A
virus (Chan et al., 2008). Cycling conditions were as follows:
an initial denaturation at 95 °C for 10 min, followed by 40
cycles of 95 °C for 10 s, 60 °C for 3 s, and 72 °C for 12 s with
ramp rates of 20 °C/s. At the end of the assay, polymerase
chain reaction (PCR) products were subjected to a melting
curve analysis to determine the specificity of the assay.


For detection of influenza B virus, forward (5′-GCATCT-
TTTGTTTTTTATCCATTCC) and reverse (5′-CACAATT-
GCCTACCTGCTTTCA) primers and 5′ nuclease probe
(Fam-TGCTAGTTCTGCTTTGCCTTCTCCATCTTCT-
TAMRA) were used for amplification of the matrix gene
(Lambert et al., 2008). Testing was performed using TagMan
EZ RT-PCR Core reagent kit (Applied Biosystems, Branch-
burg, NJ) comprising 0.8 μmol/L of forward and reverse
primers and 0.2 μmol/L of probe in a total reaction volume of
25 μL, comprising 4 μL of nucleic acid extract. Amplifica-
tion and detection were performed on an ABI StepOneTM
Real-Time PCR System (Applied Biosystems) with the
following conditions: initial hold at 50 °C for 20 min and
95 °C for 15 min followed by 45 cycles at 95 °C for 15 s and
60 °C for 1 min.


For the quantitative assay, a reference standard was
prepared using the PCRII-TOPO vector (Invitroen, San
Diego, CA) containing the corresponding target viral
sequences. A series of 5 log10 dilutions equivalent to 1 ×
101 to 1 × 106 copies per reaction were prepared to generate
calibration curves and run in parallel with the test samples.
The lowest limit of detection for RT-qPCR for both influenza
A and B was approximately 900 copies/mL.
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2.6. Statistical analysis


Viral culture was used as the gold standard in calculating
the performance characteristics of the QuickVue test. We
calculated the sensitivity, specificity, positive predictive
value (PPV), and negative predictive value (NPV) of the
rapid diagnostic test compared with viral culture. We derived
95% confidence intervals using the exact binominal method
or the Wald (normal) approximation where appropriate and
used Fisher exact tests to test associations in contingency
tables. In the subset of specimens tested by RT-qPCR, log
viral loads were compared between groups by 2-sample t
tests, and a P value of b0.05 was considered statistically
significant. All analyses were conducted in R version 2.8.1
(R Development Core Team, Vienna, Austria). Further
information about the study design, raw data from the
study, and R syntax to permit reproducible statistical
analyses are available on the authors' Web site at http://
www.hku.hk/bcowling/influenza/HK_NPI_study.htm.

3. Results


Of 1717 eligible subjects screened, a total of 1008 agreed
to enroll. In a protocol deviation, we recruited a small

Table 1
QuickVue Influenza A + B test performance versus the gold standard of viral cult


Characteristic n Sensitivity


Estimate


Age, 0–5 years 65 0.83
Age, 6–10 years 90 0.71
Age, 11–15 years 75 0.74
Age, 16–30 years 257 0.60
Age, 31–50 years 334 0.70
Age, N50 years 162 0.66


Male 457 0.65
Female 540 0.70


≤12 h delay between symptom onset and rapid test 219 0.74
13–24 h delay 395 0.69
25–36 h delay 121 0.52
37–48 h delay 186 0.69
N48 h delay 48 1.00


≤30 QuickVue tests carried out at the recruiting site 114 0.61
31–60 tests done 230 0.65
61–90 tests done 213 0.73
N90 tests done 441 0.69


Runny nose 719 0.69
Cough 686 0.68
Sore throat 654 0.66
Headache 610 0.71
Muscles or joints pains 519 0.66
Fever ≥37.8 °C 373 0.74
Fever ≥37.8 °C plus cough or sore throat 316 0.75


⁎ P values for univariable association were calculated using Fisher exact tests

number of subjects who were younger than 2 years (n = 8,
0.8%) or who had experienced symptoms for more than 48 h
or could not recall the time of first symptom onset (n = 48,
4.8%). We retained these 56 subjects in our analyses. Three
(0.3%) QuickVue results reported as “equivocal” were
included as negative results. Ten subjects who refused to
provide nose and throat swabs were excluded from analyses.
The characteristics of the remaining 998 enrolled subjects are
summarized in Table 1. In total, 320 (32%) subjects met the
Centers for Disease Control and Prevention definition of
clinical influenza, that is, fever ≥37.8 °C plus cough or sore
throat (Babcock et al., 2006).


The rapid test and viral culture results are summarized in
Fig. 1. The performance of the QuickVue test compared with
the gold standard of viral culture is shown in Table 1. The
QuickVue test had overall sensitivity of 0.68 (95%
confidence interval [CI], 0.61–0.74) and specificity of 0.96
(95% CI, 0.94–0.97), with PPV of 0.79 and NPV of 0.93
given a prevalence of influenza of 19% among our subjects.
Stratifying the performance by virus types showed the
QuickVue test had sensitivity of 0.68 versus 0.67 and
specificity of 0.97 versus 0.99 for influenza A and B,
respectively. The QuickVue test sensitivity tended to be
higher in the pediatric age groups, those tested sooner after
symptom onset, at clinics with staff that had more experience

ure


Specificity


95% CI P⁎ Estimate 95% CI P⁎


0.52–0.98 0.98 0.90–1.00
0.49–0.87 0.91 0.81–0.97
0.49–0.91 0.93 0.83–0.98
0.44–0.75 0.96 0.93–0.98
0.56–0.82 0.98 0.96–0.99
0.47–0.81 0.74 0.92 0.86–0.96 0.01


0.54–0.75 0.95 0.92–0.97
0.60–0.79 0.44 0.97 0.95–0.98 0.12


0.57–0.88 0.95 0.91–0.98
0.58–0.79 0.97 0.95–0.99
0.31–0.72 0.97 0.91–0.99
0.52–0.84 0.95 0.91–0.98
0.40–1.00 0.28 0.89 0.75–0.96 0.09


0.41–0.78 0.92 0.84–0.97
0.49–0.79 0.96 0.92–0.98
0.58–0.85 0.96 0.92–0.98
0.56–0.79 0.69 0.97 0.94–0.98 0.25


0.61–0.76 0.52 0.95 0.93–0.97 0.04
0.60–0.75 1 0.96 0.94–0.97 0.85
0.57–0.75 0.75 0.96 0.94–0.97 1
0.62–0.79 0.20 0.95 0.93–0.97 0.28
0.56–0.76 0.75 0.96 0.93–0.97 0.73
0.65–0.81 0.07 0.93 0.89–0.96 0.02
0.66–0.82 0.04 0.94 0.89–0.97 0.10


.



http://www.hku.hk/bcowling/influenza/HK_NPI_study.htm

http://www.hku.hk/bcowling/influenza/HK_NPI_study.htm





Fig. 1. Flow of subjects through the study.
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using the test and for the subjects who had fever, although
differences were not statistically significant, whereas the
specificity was high and generally similar within these
subgroups (Table 1). Trends were similar when considering
the test sensitivity versus viral culture for influenza A and B
virus separately (Appendix A). Local routine laboratory
surveillance indicated that 98% (4232/4325) of local

Fig. 2. Viral loads of 117 specimens tested by RT-qPCR, categorized by QuickV
immediately above the x axis. The medians and interquartile ranges (IQR) are ind

influenza type A virus isolates were H3N2 subtype during
our study period (Centre for Health Protection, 2008).


To investigate the correlation between influenza viral load
and rapid test sensitivity, we tested a subset of specimens by
RT-qPCR. Among specimens positive by viral culture, we
randomly selected 28 (47%) of 60 reference specimens from
subjects with negative QuickVue results and 69 (55%) of 126

ue and culture result. Specimens with undetectable viral load are plotted
icated by vertical bars.







Table 2
Association between viral load and the sensitivity of the QuickVue Influenza
A + B test versus the gold standard of viral culture


Viral load by
RT-qPCR


Sensitivity (influenza A) Sensitivity (influenza B)


n Estimate 95% CI n Estimate 95% CI


Overall 54 0.74 0.60–0.85 43 0.67 0.51–0.81


Undetectablea 2 0.00 0.00–0.84 2 0.00 0.00–0.84
≤104 copies/mL 2 0.50 0.01–0.99 6 0.33 0.04–0.78
104 to 105 copies/mL 7 0.29 0.04–0.71 8 0.38 0.09–0.76
105 to 106 copies/mL 18 0.72 0.47–0.90 13 0.85 0.55–0.98
N106 copies/mL 25 0.96 0.80–1.00 14 0.93 0.66–1.00


a The lowest limit of detection was approximately 9 × 102 copies/mL.
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reference specimens from subjects with positive QuickVue
results. Fig. 2 summarizes the viral load by RT-qPCR on
these specimens. Among 54 specimens positive for influenza
Avirus by viral culture and further tested by RT-qPCR, mean
viral loads for specimens from subjects negative by
QuickVue were significantly lower than for those testing
positive (P = 0.002, t test). Among 43 specimens positive for
influenza B virus by viral culture and further tested by RT-
qPCR, there was a statistically significant association
between mean viral load and QuickVue result (P = 0.003, t
test). Rapid test sensitivity for both influenza A and B virus
was much higher for specimens with viral loads greater than
5 log10 copies/mL (Table 2). The viral loads were on average
higher for children and for those tested sooner after symptom

Fig. 3. Viral loads of (A) 54 specimens positive for influenza A by viral culture and
and the delay between symptom onset and application of the rapid test. Open circles
with undetectable viral load are plotted immediately above the x axis. The median

onset for both influenza A and B virus, although the sample
size was too small to compare for statistical significance
(Fig. 3). As a control, we additionally tested a random
sample of 20 specimens that were negative by viral culture,
and viral RNA was undetectable in 19 (95%) of 20 of
these specimens.


There were 34 subjects with QuickVue positive results
but whose reference specimens were negative by viral
culture including 24 influenza A virus and 10 influenza B
virus. These discrepant results were further investigated. We
randomly selected 15 specimens for testing by RT-PCR, and
we found evidence of influenza A virus infection in 5
subjects and influenza B virus infection in 7 subjects. After
using RT-PCR to resolve results that were discrepant
between culture and the rapid test and using all available
viral culture and RT-PCR data with a positive result by either
method as an alternative gold standard, we found that the
QuickVue test had sensitivity of 69% and specificity of 97%
to detect influenza virus infection.

4. Discussion


Our findings confirm the use of the QuickVue rapid test at
the point of care in community settings. The overall
sensitivity of the QuickVue test in this study was similar or
slightly lower than most previous reports (67–91%),
whereas the specificity was similar (Agoritsas et al., 2006;

(B) 43 specimens positive for influenza B by viral culture, categorized by age
indicate children (aged b16 years); closed circles indicate adults. Specimens
s and IQRs are indicated by dotted (solid) vertical bars for children (adults).
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Bellei et al., 2003; Cazacu et al., 2003; Grijalva et al., 2007;
Hurt et al., 2007; Poehling et al., 2002, 2006; Pregliasco
et al., 2004; Quach et al., 2002; Rodriguez et al., 2002; Ruest
et al., 2003; Simmerman et al., 2007; Uyeki, 2003). We had
selected the QuickVue test for use at recruitment centers in
our study (Cowling et al., 2008) partly because of its ease of
use in outpatient settings and partly because of its moderate
sensitivity and very high specificity, which is thought to be
comparable with other influenza commercial rapid tests such
as Binax Now Influenza A and B and Directigen EZ Flu A +
B (Chan et al., 2007). Reviews of the performance of these
and other rapid tests found that their sensitivities ranged from
39% to 100% and the overall specificities ranged from 76%
to 100%, depending on the study populations, specimen
types, and the reference standards (Hurt et al., 2007; Ruest et
al., 2003; Uyeki, 2003; Weinberg and Walker, 2005).


Previous evaluations of the QuickVue test were con-
ducted primarily under more controlled conditions among
hospitalized patients or pediatric outpatients tested at
hospital laboratories (Cazacu et al., 2003; Grijalva et al.,
2007; Poehling et al., 2002, 2006; Quach et al., 2002), and
our results suggest that those evaluations can be extrapolated
to general community settings. Children have higher viral
load and shed virus for longer periods than adults (Frank et
al., 1981; Steininger et al., 2002). In our study, children with
influenza Avirus infection had higher median viral loads and
had a maximum viral load 10- to 100-fold higher than adults
(Fig. 3). Correspondingly, we found that the QuickVue test
tended to be more sensitive in young children (Table 1)
(Ruest et al., 2003). This may clarify why the overall
QuickVue sensitivity across all ages in our study was slightly
lower than in other studies conducted among pediatric
patients (Agoritsas et al., 2006; Cazacu et al., 2003; Grijalva
et al., 2007; Poehling et al., 2002, 2006; Pregliasco et al.,
2004; Quach et al., 2002; Rodriguez et al., 2002).


The high specificity of the QuickVue test, if true for
pandemic influenza virus strains, could make it very useful
for allocation of antivirals for treatment of a case with
confirmed influenza or for prophylaxis of their close
contacts. Furthermore, given the link between test sensi-
tivity and viral load (Table 2, Fig. 2) and the hypothesis
that individuals with higher viral load may be more
infectious, rapid influenza tests may become indispensable
to control measures in a pandemic (Wu et al., 2006).
However, the moderate sensitivity (and therefore moderate
NPV) requires that negative QuickVue test results should
be interpreted with caution (Uyeki, 2003). If confirmation
of status is important for patient care or infection control, a
confirmatory laboratory test should be conducted and
clinical parameters should also be taken into account. It
should be noted, however, that as one might expect higher
respiratory viral loads during a pandemic because of the
lack of prior immunity to the novel influenza virus subtype,
we may expect higher levels of sensitivity with such tests
in a pandemic setting. On the other hand, we note that our
evaluation was based on subjects ill enough to attend an

outpatient clinic; individuals with milder illness may also
have lower levels of viral shedding, and this has
implications for test performance in the home setting, for
example, if rapid tests were included in pandemic
preparedness kits.


A few limitations should be discussed. First, our results
apply to the use of the QuickVue test with nose and throat
swabs; it is likely that the test sensitivity would have been
higher if using other specimens such as nasopharyngeal
aspirates. However, nasopharyngeal aspirates cannot easily
be collected in an outpatient setting. It should be noted that
as an inevitable consequence of the recommended
procedure for the rapid test kit, we used different types
of swabs for the rapid test and the reference tests. It is
conceivable that these differences may have influenced the
results, but it should be noted that such differences
(including differences in specimen collection) are a valid
part of the overall comparison. Second, we may have
overestimated the sensitivity but underestimated the
specificity of the QuickVue test by comparing with viral
culture as the gold standard, given that viral culture
sensitivity could have been decreased by loss of virus
viability during transportation or freezing particularly for
specimens with lower viral titers. Preferably, however,
evaluation of the test should be based on a consistent gold
standard measure available for all subjects to avoid
verification bias. Third, although participants in our
study may not be representative of all subjects presenting
to outpatient settings with influenza-like illness because of
our additional inclusion criteria (Cowling et al., 2008),
there is little reason to suspect that these selection biases
affect our conclusions substantially. Finally, we chose to
focus our resources on recruiting a greater number of
subjects, bearing in mind the sample size requirements of
the umbrella randomized controlled trial (Cowling et al.,
2008), and we therefore combined nose and throat swabs
for testing by QuickVue and viral culture. Future studies
may look in more detail at separate testing of nose
swabs and throat swabs in the outpatient setting
(Agoritsas et al., 2006).
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Appendix A. Sensitivity of the QuickVue Influenza
A + B test versus the gold standard of viral culture
by influenza type

Sensitivity (influenza A)

 Sensitivity (influenza B)

n

 Estimate

 95% CI

 n

 Estimate

 95% CI

Age, 0–5 years

 9

 0.89

 0.52–1.00

 3

 0.67

 0.09–0.99


Age, 6–10 years

 11

 0.64

 0.31–0.89

 13

 0.77

 0.46–0.95


Age, 11–15 years

 15

 0.80

 0.52–0.96

 4

 0.50

 0.07–0.93


Age, 16–30 years

 35

 0.60

 0.42–0.76

 8

 0.62

 0.24–0.91


Age, 31–50 years

 43

 0.70

 0.54–0.83

 11

 0.73

 0.39–0.94


Age, N50 years

 25

 0.68

 0.46–0.85

 7

 0.57

 0.18–0.90

Male

 66

 0.65

 0.52–0.76

 22

 0.64

 0.41–0.83


Female

 74

 0.70

 0.59–0.80

 24

 0.71

 0.49–0.87

≤12 h between
symptom onset
and rapid test

29

 0.72

 0.53–0.87

 6

 0.83

 0.36–1.00

13–24 h delay

 61

 0.72

 0.59–0.83

 23

 0.61

 0.39–0.80


25–36 h delay

 20

 0.50

 0.27–0.73

 5

 0.60

 0.15–0.95


37–48 h delay

 25

 0.68

 0.46–0.85

 11

 0.73

 0.39–0.94


N48 h delay

 3

 1.00

 0.29–1.00

 1

 1.00

 0.03–1.00

≤30 QuickVue tests
carried out at the
recruiting clinic

23

 0.61

 0.39–0.80

 5

 0.60

 0.15–0.95

31–60 QuickVue tests

 30

 0.70

 0.51–0.85

 13

 0.54

 0.25–0.81


61–90 QuickVue tests

 35

 0.74

 0.57–0.88

 10

 0.70

 0.35–0.93


N90 QuickVue tests

 52

 0.65

 0.51–0.78

 18

 0.78

 0.52–0.94
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l e t t e r s t o t h e e d i t o r


H1N1 Influenza: Contact Investigation
Burden because of Failure to Institute
Influenza Precautions in Patients
with Negative Rapid Influenza
Diagnostic Test Results


Winthrop-University Hospital is a university-affiliated, 600-
bed tertiary care teaching hospital in the New York epicenter
of the H1N1 influenza pandemic. From April through June
2009, Winthrop-University Hospital and emergency depart-
ments (EDs) at other area hospitals were inundated with
patients with influenza-like illness who visited the hospital
for H1N1 influenza screening.1 The ED at Winthrop-Uni-
versity Hospital uses the rapid influenza A test (QuickVue A/
B) to screen ambulatory and admitted patients with influ-
enza-like illness. The vast numbers of patients presenting to
the ED for H1N1 influenza testing severely taxed the testing
capability. In patients admitted to the ED with probable H1N1
influenza, implementation of influenza precautions was based
on the rapid influenza A test results. Unfortunately, the rapid
influenza A test is associated with 30% false-negative results.
As predicted, many patients admitted to Winthrop-University
Hospital with presumptive H1N1 influenza were not placed
on appropriate precautions in the ED. Because of 30% false-
negative results with the rapid influenza A test, oropharyngeal
specimens were obtained for respiratory fluorescent antibody
viral testing. The respiratory fluorescent antibody viral panel
detects influenza A and B viruses, metapneumoviruses, re-
spiratory syncytial virus, parainfluenza viruses, and adeno-
viruses. Specimens were obtained from admitted patients with
presumed H1N1 influenza for rapid influenza A testing, re-
spiratory fluorescent antibody viral panel testing, and reverse-
transcription polymerase chain reaction (RT-PCR) for detec-
tion of H1N1 influenza; rapid influenza A and respiratory
fluorescent antibody viral test results were discordant.2,3 The
definitive laboratory diagnosis of H1N1 influenza was not
often possible, because the health department was inundated
with huge numbers of requests and refused most specimens
for RT-PCR testing; in addition, when the test was performed,
results were not reported until much later.


Winthrop-University Hospital and other hospitals had dif-
ficulties deciding which patients with influenza-like illness
had probable H1N1 influenza (ie, which patients should be
placed on influenza precautions and receive treatment with
oseltamivir). Patients admitted to the hospital who had pos-
itive rapid influenza A test results in the ED were immediately
placed on appropriate influenza precautions and given os-
eltamivir. Patients admitted to the hospital who had negative


rapid influenza A test results posed a major infection control
problem. Respiratory fluorescent antibody viral panel results
were not rapidly available, which limited the usefulness of
the test in determining which patients were unlikely to have
H1N1 influenza and could have influenza precautions discon-
tinued. Because specimens for RT-PCR for a definitive diag-
nosis of H1N1 influenza were refused or results were not rap-
idly reported, determination of which patients should be placed
on influenza precautions, as well as contact investigations, were
needlessly complicated. Definitive results of H1N1 influenza
RT-PCR were usually reported after the results were clinically
or epidemiologically relevant.


Because of the diagnostic dilemmas and discordant labo-
ratory results of influenza A tests (ie, rapid influenza A or
respiratory fluorescent antibody viral panel tests), we applied
clinical criteria to admitted adult patients with negative influ-
enza A test results.4,5 Unfortunately, patients admitted to the
hospital with probable H1N1 influenza were not often placed
on influenza precautions or treated with oseltamivir, because
results of their rapid tests for influenza A were negative.


The patients with negative results of the rapid influenza A
test who had probable H1N1 influenza placed an enormous
burden on the Infection Control Section and the Employee
Health Service. For patients admitted to the hospital with
presumed H1N1 influenza, infection control workers had to
perform contact investigations of exposed patients and the
Employee Health Service had to performed contact investi-
gations of healthcare workers.


Problems with initiation of influenza precautions on the
basis of negative rapid influenza A test results were over-
whelming from April through May. Starting in June 2009,
the Infectious Diseases Division used clinical and laboratory
criteria to presumptively diagnosis probable H1N1 influenza
and to place patients on appropriate influenza precautions.
The most useful clinical marker in patients with influenza-
like illness and presumed H1N1 influenza was otherwise un-
explained relative lymphopenia. Relative lymphopenia (ie, less
than 21% lymphocytes) was present in all adult patients with
a clinical presentation suggestive of H1N1 influenza (ie, my-
algias and/or shortness of breath). In patients who had relative
lymphopenia due to other causes, an elevated creatine phos-
phokinase level, thrombocytopenia, or mildly increased se-
rum transaminase levels were other markers of H1N1 in-
fluenza.2,3,6-8 The Infectious Diseases Division and Infec-
tion Control Section reviewed the records of every patient
admitted to the ED with presumed H1N1 influenza to de-
termine whether precautions and/or oseltamivir treatment
should be continued or discontinued.


Employee Health Service resources were taxed to the lim-
it because of extensive contact investigations of healthcare
workers in contact with patients with potential H1N1 influ-
enza to determine which healthcare workers should be fur-
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table Infection Control and Employee Health Service Contact Investigations for Patients Admitted to the
Emergency Department at Winthrop-University Hospital with Probable H1N1 Influenza Who Are Not Placed
on Influenza Precautions (April–May 2009)


Patient Sex
Age,
years


Rapid
influenza A


test result


Time from
admission to


implementation
of influenza


precautions, days


No. of
healthcare worker


contact investigations


No. of exposed
healthcare workers/no.


who received
oseltamivir
prophylaxis


1 F 4 � 3 67 50/50
2 M 42 �a 1 11 3/3
3 F 15 �a 2 29 14/6
4 F 70 �a 1 8 8/5
5 M 1 � 1 15 6/6
6 F 39 � 3 10 7/6
7 F 45 � 4 25 0/0
8 M 71 � 2 20 8/8
9 F 16 � NA 2 4/4
10 M 3 � NA 6 1/1
11b F 54 � NA 41 3/1
12b M 23 � NA 47 7/7
13b F 27 � NA 2 2/2
14b M 28 � NA 15 4/3


note. A total of 298 contact investigations were performed, 117 health care workers were exposed to H1N1 influenza
virus, and 102 health care workers received prophylaxis. NA, not applicable
a Positive rapid influenza A test result but not placed on influenza precautions.
b Health care workers who came to work sick with probable H1N1 influenza and exposed patients and/or staff in a clinic.


loughed and which should be allowed to work while receiving
oseltamivir prophylaxis. From April through June, 14 patients
and healthcare workers had presumed H1N1 influenza, re-
quiring 298 contact investigations. The Employee Health Ser-
vice determined that 117 potential exposures were related to
the index cases. The time from hospital admission to place-
ment of patients on precautions for presumed H1N1 influ-
enza who had negative rapid influenza A test results varied
from 1 to 4 days. Of the healthcare workers with potential
H1N1 influenza, 102 were considered to be close contacts
and 90 were offered oseltamivir prophylaxis and/or were fur-
loughed. (Table)


By June, the number of patients with presumed H1N1 in-
fluenza who had not been placed on appropriate precautions
after hospital admission decreased because of several factors.
One factor was the recognition that negative screening test
results (ie, rapid influenza A and/or respiratory fluorescent
antibody viral panel tests) did not rule out H1N1 influenza.
Second, clinical criteria of the Infection Diseases Division was
used for diagnosis of presumptive H1N1 influenza (ie, oth-
erwise unexplained relative lymphopenia, elevated creatine
phosphokinase level, thrombocytopenia, and elevated serum
transaminase levels, combined with a history of signs and
symptoms, including fever and/or chills, dry cough, shortness
of breath, and myalgias) and for identifying cases and placing
patients on influenza precautions. Third, the decision to in-
stitute influenza precautions and/or oseltamivir treatment
was determined by the Infection Control Section and Infec-
tious Diseases Department and was no longer based on neg-


ative rapid influenza A test results. Although this approach
was not perfect, it greatly decreased the burden of contact
investigations of exposed healthcare workers and patients.
Key clinical and laboratory tests that proved to be useful in
identifying patients with probable H1N1 influenza were also
useful in identifying patients with influenza-like illness who
had a low probability of having H1N1 influenza and did not
require influenza precautions.2,3
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table 1. Incidence, Incidence Rate Ratio, Mortality Rate, and Mortality Rate Ratio of Hospital-Acquired, Nursing Home–Acquired,
Travel-Associated, and Community-Acquired Cases of Legionnaires Disease in Germany, 2004–2006


Legionnaires disease exposure type
No. of


patients


No. of
days of


exposure,
thousands


Incidence
per 1 billion
person-days
of exposure


Incidence rate
ratioa


Case-fatality
ratio,


no. (%)


Mortality rate
per 1 billion
person-days


under exposure
Mortality rate


ratiob


Hospital acquired (nosocomially acquired) 102 432,241c 236.0 36.5 13/100 (13.0) 30.1 54.5
Nursing home acquired 23 829,119d 27.7 4.3 3/23 (13.0) 3.6 6.4


Total healthcare associated 125 1,261,360 99.1 15.3 16/123 (13.0) 12.7 22.9
Travel associated 270 4,460,527e 60.5 9.4 12/264 (4.6) 2.7 4.9
Community acquired 547 84,587,545f 6.5 1 47/540 (8.7) 0.6 1


a Calculated by using the incidence of community-acquired Legionnaires disease as the reference.
b Calculated by using the mortality rate of patients with community-acquired Legionnaires disease as the reference.
c No. of days hospitalized.
d No. of days spent in nursing homes, calculated as no. of nursing home beds, assuming 100% occupancy. The no. for 2005 was the only one available, so
it was multiplied by 3 to cover the period from 2004 through 2006.
e Travel days is the sum of days spent on occupational travel (296,000,000) and nights spent on private travel by the general population (4,164,527,000
[N0]). N0 was calculated from the no. of nights spent on private travel in the population 114 years old ( ) and the proportion ofN p 3,569,000,000114years


the population !15 years old (14.3%) by means of the formula .N p N /(1 � 0.143)10 14years
f To obtain the no. of days spent in the community, we subtracted the sum of the no. of travel days, the no. of days hospitalized, and the no. of days spent
in nursing homes from the total no. of days lived by the German population (mean of total German population during 2004–2006 # 3 years # 365.25
days per year).
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Legionnaires Disease—Reordered


To the Editor—Legionnaires disease can be classified into 3
exposure categories depending on the assumed environment
of the exposure that led to infection: community-acquired
Legionnaires disease, travel-associated Legionnaires disease,
and nosocomially acquired Legionnaires disease. The disease
frequency of Legionnaires disease by category is commonly
presented as a proportion of cases of Legionnaires disease
classified according to type of exposure among all cases for
which exposure category is reported. In European countries,
most cases of Legionnaires disease during the period from
2004 through 2006 were community acquired (66%); few-


er were travel associated (27%) or nosocomially acquired
(7%).1,2 However, this representation does not take into ac-
count the number of person-days at risk within the exposure
types. The number of cases divided by the number of person-
days at risk is the incidence and should give another per-
spective on the likelihood of individuals to acquire Legion-
naires disease when exposed within these categories.


We examined German data on cases of Legionnaires disease
that were reported to the Robert Koch–Institute during the
period from 2004 through 2006. These were classified in the
following 4 categories: community-acquired Legionnaires dis-
ease, travel-associated Legionnaires disease, nosocomially ac-
quired Legionnaires disease, and Legionnaires disease ac-
quired in a nursing home. We obtained data on person-days
at risk from the Federal Statistical Office, Wiesbaden, Ger-
many.3-5 To determine the number of days that the population
was hospitalized or spent in nursing homes, we used occu-
pancy data (Table 1). Travel data were received in the form
of number of nights that adults spent away from home for
private or occupational purposes.6 Private travel days were
extrapolated to the entire population according to the pro-
portion of adults in the total population (travel days among
adults divided by the proportion of adults among the total
population) (Table 1). To obtain the number of days spent
in the community, we subtracted the sum of the number of
travel days, the number of days hospitalized, and the number
of days spent in nursing homes from the total number of
days lived by the German population (calculated as the mean
of the total German population during 2004–2006 # 3 years
# 365.25 days per year).


During the period from 2004 through 2006, 942 cases of
Legionnaires disease with known exposure category were re-
ported in Germany: 102 (11%) cases of nosocomially ac-
quired Legionnaires disease, 23 (2%) cases of Legionnaires
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a b s t r a c t


Background: Rapid influenza diagnostic tests (RIDTs) are used in various settings as a first-line screen of
patient specimens. During the initial outbreak of the 2009 novel influenza A/H1N1 virus, the Nebraska
Public Health Laboratory (NPHL) adopted a testing algorithm, attempting to maximize the usefulness of
RIDTs. However, it became apparent that a high percentage of the positive specimens received from off-
site facilities were negative for influenza viruses by the confirmatory test, the Luminex xTAG Respiratory
Viral Panel (RVP) molecular assay.
Objectives: To explore the cause of discrepancies between RIDTs results obtained from on-site facility
testing versus confirmatory testing performed at NPHL.
Study design: Specimens (n = 336) tested with RIDTs at off-site facilities and screened for high-probability
of containing H1N1 were sent to the NPHL for confirmatory testing by RVP.
Results: Of 336 specimens analyzed, 104 were negative for influenza A or B by both RIDT and RVP; 127

pecificity
ensitivity


were positive by both tests; 102 were positive by RIDT only; and 3 were positive by RVP only. Using
the RVP assay as the gold standard, overall RIDT characteristics in this screened population were: sensi-
tivity = 97.7% (95%CI: 92.5, 99.3); specificity = 48.1% (95%CI: 40.4, 55.8); positive predictive value = 54.3%
(95%CI: 47.0, 61.4); and negative predicative value = 97.1% (95%CI: 90.6, 99.1).
Conclusions: The results show that the confirmation of RIDT-positive results varied widely by testing site.
Possible explanations for the discrepancies in performance characteristics include testing a narrowly


n, tes

defined sample populatio


. Background


The Nebraska Public Health Laboratory (NPHL), located in


maha, Nebraska performs influenza surveillance testing in sup-
ort of the Nebraska Department of Epidemiology, Department of
ealth and Human Services (NE-DHHS). Year-round surveillance
ctivity includes testing of specimens received from 17 sentinel


Abbreviations: RIDT, rapid influenza diagnostic test; NPHL, Nebraska Public
ealth Laboratory; RVP, Luminex xTAG Respiratory Viral Panel; NE-DHHS, Nebraska
epartment of Epidemiology, Department of Health and Human Services; UNMC,
niversity of Nebraska Medical Center; US FDA, United States Food and Drug Admin-


stration; RSV, respiratory syncytial virus, hMPVhuman metapneumovirus; CDC,
enters for Disease Control and Prevention; CLIA, Clinical Laboratory Improvement
mendment; PPV, positive predictive value; NPV, negative predictive value.
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physician clinics, 81 hospitals, and 11 reference laboratories. These
facilities utilize a variety of commercially available Clinical Lab-
oratory Improvement Amendment (CLIA)-waived rapid influenza
diagnostic tests (RIDTs). Included among the 81 hospitals is the Uni-
versity of Nebraska Medical Center (UNMC), an academic teaching
institute.


Surveillance testing at the NPHL is performed using a Food
and Drug Administration (FDA)-cleared Luminex xTAG Respiratory
Viral Panel (RVP) assay (Luminex Molecular Diagnostics, Toronto,
Canada) which identifies and differentiates 11 upper respiratory
viruses. This panel includes adenovirus, respiratory syncytical
viruses (RSV) A and B, parainfluenza viruses 1–3, human metapneu-
movirus (hMPV), rhinovirus, influenza A, influenza A H1, influenza


A H3, and influenza B.


On April 22–24, 2009 the Centers for Disease Control and Pre-
vention (CDC) reported that a novel strain of influenza A/H1N1 was
identified in California and was traced to a point source in Mexico.1


In preparation for the anticipated increased testing demands, and



http://www.sciencedirect.com/science/journal/13866532
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ecause of the wide discrepancy in literature-reported sensitivities
10–76%) for RIDTs,2–5,7–10 the NE-DHHS decided to restrict sam-
les referred to the NPHL in order reduce the numbers of potentially
alse positive samples to be tested. The testing algorithm included
he evaluation of clinical specimens from patients meeting the fol-
owing conditions: (1) persons who were RIDT-positive with travel
istory to Mexico or having an exposure to someone that had trav-
led there, or (2) persons that had known travel history to Mexico,
r had an exposure to someone with travel history, and were symp-
omatic but RIDT-negative.


At the end of the week of April 26th, the first week of the initial
utbreak, the number of specimens received and tested at the NPHL
ncreased from 4 in the previous week to 145, a greater than 30-
old rise, and remained elevated throughout May. During the course
f testing in this initial outbreak period, it became apparent that
high percentage of the RIDT-positive specimens received at the
PHL were negative for influenza viruses by RVP.


. Objectives


The purpose of this study was to explore the level of agree-
ent between and the causes for any discrepancies between


IDTs results and the confirmatory test used for detection and
dentification of influenza viruses from patients screened for high-
robability exposure during the influenza A/H1N1 outbreak in
ebraska in the spring of 2009.


. Study design


.1. Sample processing


RIDTs were performed state-wide as per the manufacturer’s test
it instructions. Those specimens (n = 336) that met the NE-DHHS
creening criteria for confirmatory testing were sent to the NPHL
or testing by RVP molecular assay. The majority of the specimens
ere nasopharyngeal specimens (275; 81.8%) while the remainder
ere nasal washings (46; 13.7%) and nasal (15; 4.5%). At all testing


ites, when swabs were collected and used for the RIDT, a second
wab was collected for submission to the NPHL. Samples were kept
old, transported in virus transport media on a cold pack to the
PHL, tested within 3 days of collection, and were stored at −70 ◦C
fter testing by the RVP.

.2. Statistical analysis


Statistical analyses were performed using Statistical Analysis
ystem (SAS), Version 9.2 (SAS Institute; Cary, NC). Predicators


able 1
iruses identified by Luminex xTAG Respiratory Viral Panel in 336 rapid influenza diagno


Test result Number (%)


Among RIDT-positivea specimens


Luminex RVP Non-influenza (n = 102) Influenza (n = 127) Total


Negative 55 (53.9) na 55 (24
Parainfluenza 1 1 (1.0) na 1 (0.4
Parainfluenza 3 12 (11.8) na 12 (5.2
Rhinovirus 28 (27.5) na 28 (12
hMPV 0 (0.0) na 0 (0.0
Adenovirusb 5 (4.9) na 5 (2.2
RSV 1 (1.0) na 1 (0.4
Influenza A/H1+ na 50 (39.4) 50 (21
Influenza A/H3+ na 8 (6.3) 8 (3.5
Influenza A/H1−H3− na 56 (44.1) 56 (24
Influenza B na 13 (10.2) 13 (5.7


bbreviations: RVP = Luminex xTAG Respiratory Viral Panel; RIDT = rapid influenza diagn
etapneumovirus.
a All rapid influenza diagnostic test types combined.
b Dual infection detected by RVP: adenovirus and rhinovirus.

l Virology 47 (2010) 229–233


of discrepant results (e.g., RIDT type, facility type) were evalu-
ated using the Fisher’s Exact test. Bonferroni adjusted p-values
were shown for pair-wise comparisons when the overall compar-
ison was significant. A p-value <0.05 was considered statistically
significant.


3.3. Rapid influenza diagnostic tests and submitting facilities


During the initial 5-week period of the outbreak, local hospitals,
reference laboratories, and physician clinics throughout the state
reported that they performed 5730 RIDTs. Of these 5730 tests, 255
were positive for influenza A, 150 were positive for influenza B,
and 8 were reported as positive for influenza but were not differ-
entiated. This was indicative of an influenza A prevalence rate of
approximately 4.5%. Of the 357 screened specimens received at the
NPHL, 21 specimens were not included in this report as patient
demographics and testing information were not available, speci-
mens were the incorrect type, or were improperly transported to
the laboratory. The specimens had been tested using 4 FDA-cleared
CLIA-waived RIDTs that distinguished and differentiated between
influenza A and B. The specimens came from 39 hospitals (202
specimens, 60.1%), 36 physician clinics (78 specimens, 23.2%), and
11 private reference laboratories (56 specimens, 16.7%). They con-
sisted of 229 (68.2%) RIDT-positive and 107 (31.8%) RIDT-negative
specimens.


3.4. Patient population


Specimens were collected from 193 females (57.4%) and 143
males (42.6%). Average patient age was 30.8 years with 281 (83.6%)
of the patients being 5 years of age or older. Patient age ranged from
3 months to 88 years.


3.5. Diagnostic tests analyzed


Four RIDTs were used: Inverness Medical BinaxNOW Influenza
A&B (150 specimens; 44.6%), Meridian TruFlu (44 specimens;
13.1%), Quidel QuickVue Influenza A&B (92 specimens; 27.4%),
and Remel Xpect Flu A&B (50 specimens; 14.9%). Because the
NPHL received only three specimens initially tested with Becton-
Dickinson Directigen, they were not included in this analysis.

3.6. Confirmation of novel influenza A H1N1


Initially, specimens that were positive by RVP for influenza A but
negative for seasonal H1 or H3 were sent for confirmatory testing at


stic test positive and negative specimens.


Number (%)


Among RIDT-negativea specimens


(n = 229) Non-influenza (n = 104) Influenza (n = 3) Total (n = 107)


.0) 64 (61.5) na 64 (59.8)
) 1 (0.9) na 1 (0.9)
) 13 (12.5) na 13 (12.1)
.2) 21 (20.2) na 21 (19.6)
) 5 (4.8) na 5 (4.7)
) na na na
) na na na
.8) na 1 (33.3) 1 (0.9)
) na na na
.6) na na na
) na 2 (66.7) 2 (1.9)


ostic tests; na = not applicable; RSV = respiratory syncytical virus; hMPV = human
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Table 2
Diagnostic accuracy of rapid influenza diagnostic tests in comparison to the Luminex xTAG Respiratory Viral Panel when using restrictive criteria for specimen submission
and confirmatory testing.


RIDT used Diagnostic accuracy % (95% confidence interval)


Sensitivity Specificity PPV NPV


BinaxNOW
UNMC 83.3 (38.8; 97.5) 92.3 (79.8; 97.3) 55.6 (23.8; 83.4) 98.0 (87.3; 99.7)
Not UNMC 96.3 (78.6; 99.5) 43.1 (30.3; 56.9) 41.3 (28.5; 55.3) 96.6 (79.9; 99.5)
All sites 93.9 (77.7; 98.6) 65.0 (54.6; 74.0) 43.1 (30.9; 56.2) 97.4 (89.7; 99.4)


TruFlu 100 (79.9; 100) 37.5 (19.4; 59.9) 57.1 (38.7; 73.8) 100 (64.2; 100)
Xpect 92.3 (62.2; 98.9) 2.7 (0.4; 16.3) 25.0 (13.8; 40.9) 50.0 (7.7; 92.3)
QuickVue 100 (92.7; 100) 46.4 (27.5; 66.4) 81.0 (69.4; 88.9) 100 (72.1; 100)
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Overall combined 97.7 (92.5; 99.3) 48.1 (4


bbreviations: RIDT = rapid influenza diagnostic tests; PPV = positive predictive valu
&B; TruFlu = Meridian TruFlu; Xpect = Remel Xpect Flu A&B; QuickVue = Quidel Qu


he CDC. Later, these specimens were confirmed at the NPHL using
he CDC’s confirmatory assay.6


.7. Comparative analysis of discrepant specimens


In order to ascertain whether the discrepancies between RIDT-
ositive/RVP-negative specimens were due to the performance
f RIDTs or the RVP, virus culture and fluorescent staining
rocedures were used to confirm the presence or absence of


nfluenza A virus in discrepant specimens. Sufficient volumes
f original specimens remained to permit the inoculation of 96
IDT-positive/RVP-negative discrepant specimens. Cluster plates
f R-Mix Too tissue culture cells from Diagnostic Hybrids, Inc.
DHI; Athens, OH) were inoculated with 0.2 ml specimen per
ell and the spin-amplification protocol of DHI was followed.


he cells were incubated for 72 h at 37 ◦C in 5% CO2, fixed
ith 90% acetone in H20 and stained with influenza A direct
uorescent monoclonal antibody (DHI). Positive and negative
ontrol specimens were also inoculated onto each plate. These


ontrols were obtained from 15 known RIDT/RVP-negative spec-
mens, and 31 RIDT/RVP-positive specimens consisting of seasonal
nfluenza A/H1N1, influenza A/H3N2, and the 2009 novel influenza
/H1N1.


able 3
ssociation of possible predictor variables and test discrepancy.


Variable Discrepant results (number (%))


No Yes Total p-Value


Total specimens: 226 110 336
Mean age (SD) [years]: 32.5 (23.5) 27.2 (23.8) 0.0600


Age groups
≤5 years 30 (54.5) 25 (45.5) 55
>5 years 196 (69.8) 85 (30.2) 281 0.0402


Gender
Female 125 (64.8) 68 (35.2) 193
Male 101 (70.6) 42 (29.4) 143 0.2900


Facility type
Hospital 122 (60.4) 80 (39.6) 202
Doctor/Clinic 63 (80.8) 15 (19.2) 78
Referral Lab 41 (73.2) 15 (26.8) 56 0.0025


Facility type
UNMC 53 (91.4) 5 (8.6) 58
Other 173 (62.2) 105 (37.8) 278 <0.0001


Specimen source
Nasopharyngeal 175 (63.6) 100 (36.4) 275
Nasal Washings 37 (80.4) 9 (19.6) 46
Nasal 14 (93.3) 1 (6.7) 15 0.0062


bbreviations: SD = standard deviation; UNMC = University of Nebraska Medical
enter.

5.8) 54.3 (47.0; 61.4) 97.1 (90.6; 99.1)


V = negative predictive value; BinaxNOW = Inverness Medical Binax Now Influenza
e Influenza A&B.


4. Results


4.1. Distribution, detection, and confirmation of seasonal
influenza A H1N1, H3N2, novel H1N1, and other upper respiratory
viruses


The distribution of influenza viruses detected among the
127 RIDT-positive/RVP influenza-positive specimens was roughly
equivalent for seasonal influenzas A/H3 (6.3%) and influenza B
(10.2%), while seasonal influenza A/H1N1 was detected in 50 spec-
imens (39.4%). Fifty-six (44.1%) specimens positive for influenza A
and negative for seasonal H1 and H3 were subsequently sent for
confirmatory testing at the CDC or were confirmed at the NPHL
using the CDC’s confirmatory assay (Table 1). All 56 (100%) of these
non-subtypeable influenza A cases were confirmed as the 2009
novel influenza A/H1N1.


While the overall sensitivity of all RIDTs in this sample pop-
ulation was 97.7%, we found that the overall specificity of the
RIDTs for influenza viruses was 48.1% (Table 2). More specifically, of
the 102 RIDT-positive/RVP influenza-negative specimens, 55 were
negative for any virus and 47 specimens were positive for other
upper respiratory viruses by RVP: rhinovirus (28), adenovirus (5),
parainfluenza 1 and 3 (13), and RSV (1). One specimen counted as
adenovirus-positive was dually infected with rhinovirus and ade-
novirus (Table 1).


4.2. Resolution of discrepant specimens

Positive and negative controls produced the expected culture
results with the exception that three specimens that were RIDT-
positive/RVP-positive for influenza A/H1 or A/H3 did not grow. All
RIDT-positive/RVP-negative discrepant specimens were negative


Table 4
Rapid influenza diagnostic test discrepant results by test kit and facility type.


RIDT used Discrepant Results
Number (%)


No Yes Total p-Value


BinaxNOW 107 (71.3) 43 (28.7) 150
TruFlu 29 (65.9) 15 (34.1) 44
QuickVue 77 (83.7) 15 (16.3) 92
Xpect 13 (26.0) 37 (74.0) 50 <0.0001


Facility (BinaxNOW)
UNMC 53 (91.4) 5 (8.6) 58
Other hospitals 23 (45.1) 28 (54.9) 51
Non-hospital 31 (75.6) 10 (24.4) 41 <0.0001


RIDT = rapid influenza diagnostic tests; BinaxNOW = Inverness Medical BinaxNow
Influenza; A&B; TruFlu = Meridian TruFlu; Xpect = Remel Xpect Flu A&B; Quick-
Vue = Quidel QuickVue; Influenza A&B.
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Table 5
Number of facilities with agreement between various rapid influenza diagnostic tests and the Luminex xTag Respiratory Viral Panel.


Agreement with RVP Number of facilities


TruFlu (n = 5 sites)n (%) QuickVue (n = 38 sites)n (%) Xpect (n = 7 sites)n (%) BinaxNOW (n = 36 sites)n (%) Overall (n = 86 sites)n (%)


<25% 0 (0.0) 5 (13.2) 4 (57.1) 10 (27.8) 19 (22.1)
≥25% to < 50% 2 (40.0) 1 (2.6) 2 (28.6) 4 (11.0) 9 (10.5)
≥50% to < 75% 1 (20.0) 7 (18.4) 0 (0.0) 2 (5.6) 10 (11.6)
≥75% 2 (40.0) 25 (65.8) 1 (14.3) 20 (55.6) 48 (55.8)
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bbreviations: RVP = Luminex xTag Respiratory Viral Panel; TruFlu = Meridian
inaxNOW = Inverness Medical BinaxNOW Influenza A&B.


y culture and staining for influenza A viruses. Thus, the Luminex
TAG RVP gave a 100% correlation with tissue culture for RIDT-
ositive/RVP influenza-negative specimens.


For the RIDTs reported in this study, the sensitivities, speci-
cities, positive predictive values (PPVs), and negative predictive
alues (NPVs), as compared to the Luminex xTAG RVP are presented
n Table 2.


.3. Relationship between age group, gender, facility type,
pecimen source, test kit, and discrepant results


As shown in Table 3, no statistically significant difference
etween the rate of discrepancies and the gender of the patients
as observed. However, statistically significant differences in the


ate of discrepancies and facility type (p < 0.0025); age group
p < 0.04); and specimen source (p < 0.0062) were noted. The rates
f discrepancies were highest for RIDTs conducted for specimens
btained from younger patients (≤5 years, 45.5%; >5 years, 30.3%,
= 0.04). Furthermore, rates of discrepancies were unexpectedly
igh in hospital settings (39.6%); although this finding was not
onsistent with the low discrepant rate observed for the aca-
emic teaching hospital, UNMC (8.6%). Discrepancies were more
requent in nasopharyngeal specimens (36.4%) than in nasal wash-
ngs (19.6%) or nasal swab specimens, which were tested with the
inaxNOW assay (6.7%).


The Xpect Flu kit was associated with more discrepant results
74.0%) than other RIDTs (BinaxNOW 28.7%; TruFlu 34.1%; and
uickVue 16.3%). The BinaxNOW kit used at varying facility types
roduced different levels of discrepancies by facility type: UNMC
.6%; other hospitals 54.9%; and non-hospitals 24.4% (Table 4).
he percent agreement between RIDTs and RVP by site was also
xplored. Particularly poor agreement (<50%) was noted for 6 of 7
acilities (85.7%) for the Xpect Flu kit; 2 of 5 (40.0%) for the TruFlu
it; 14 of 36 sites (38.8%) for the BinaxNOW kit; and 6 of 38 facilities
15.0%) for the QuickVue kit (Table 5).


. Discussion


Overall, a marked difference was observed in performance
etween types of RIDTs. Specifically, the Remel Xpect kit had a
igher proportion of discrepant results compared to Inverness
edical BinaxNOW (p < 0.0001), Meridian TruFlu (p = 0.0004) and
uidel QuickVue (p < 0.0001). One limitation of this analysis is that
f the 86 submitting facilities, there were only 12 facilities using
he Meridian TruFlu (n = 7) and Remel Expect (n = 5) tests, which
ccounted for a total of 94 specimens sent to the NPHL.


A difference in the rates of discrepancies by type of test facility
as also observed. Specifically, hospitals (excluding UNMC) had a


igher proportion of discrepant results compared to doctor offices
39.6% vs. 19.2%, p = 0.0025). At sites performing BinaxNOW tests, a
ower discrepancy rate was observed for tests performed at UNMC
8.6%) as compared to the 54.9% rate observed at other hospitals or
he 24.4% discrepancy rate observed for BinaxNOW tests performed

; QuickVue = Quidel QuickVue Influenzaa A&B; Xpect = Remel Xpect Flu A&B;


at other facilities (p < 0.0001). Additionally, it was most striking that
some facilities using one type of RIDT had a greater than 75% agree-
ment with the Luminex xTAG RVP while other facilities had less
than 25% agreement using the same RIDT (Table 5).


Because we adhered to the NE-DHHS specimen testing accep-
tance algorithm, it was anticipated that the overall sensitivity and
specificity would be comparable to or better than values previously
reported in the literature. In this regard, the statistical findings for
this study were somewhat surprising. The overall sensitivity rate
of 97.7% was higher than reported in other studies when compara-
ble RIDTs were used (17.8–76%), while the 48.5% overall specificity
of the RIDTs fell well below the range of previous studies where
reported specificities ranged from 94 to 100%.7–10 We surmise that
the data in this study reflect skewed conditions in which an attempt
to put a testing algorithm in place to maximize the effectiveness
of RIDT screens in facilities across the state did not result in the
desired outcome. The unexpectedly high rate of sensitivity may
be explained by the bias for selection of high-probability and pre-
sumptively known-positive specimens for confirmation. Factors
that could account for the low levels of specificity include varia-
tions between sites include: (1) specimen collection and transport,
(2) specimen collection material used, (3) testing techniques, and
(4) subjective interpretation of the lateral-flow immunodiagnos-
tic solid-phase RIDTs results that require a decision as to whether
or not a “line” is visible, indicating a positive test. Most surpris-
ing was the fact that smaller hospitals across the state performed
poorly compared to physician clinics. One possible explanation for
this finding is the use of trained “generalists” for specimens being
tested on the second and third shifts. While we are not certain,
we can only presume that all RIDT testing at the off-site facilities
was performed following manufacturer’s instructions. Addition-
ally, it is possible that specificity would improve as test results
are averaged out over an entire season; however, during initial
periods of influenza activity in a community, when the preva-
lence is low and test experience is low, false positives will occur.
Under this scenario, it is essential that positive RIDT results be
confirmed.


As we face the continued presence of the 2009 Pandemic
A/H1N1 influenza virus, possibly coupled with the appearance of
seasonal influenza in the coming months, we suggest that public
health laboratories should offer a limited number of RIDT confirma-
tion assays on samples from various facilities to help laboratories
evaluate their performance. If possible, manufacturers of the RIDTs
should provide training and education for their clinical laboratory
partners in proper use, expected performance, and interpretation of
RIDT assays. By doing so, health care professions will understand
that the RIDTs do not serve as an effective screening tool under
all circumstances, and that confirmatory testing is necessary when


disease prevalence is low.
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