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Influenza A virus was detected at higher rates and for more extended time periods with real-time PCR than
with cell cultures. We show here that, using the theranostic approach, rapid viral detection and reporting can
provide for early implementation and assessment of available antiviral therapy.

Influenza virus infects 5 to 20% of the population and results
in 30,000 to 50,000 deaths each year in the United States. The
control of influenza relies on rapid, sensitive diagnostic assays
necessary for targeted treatment with Tamiflu and infection
control.

We compared real-time PCR with shell vial and conven-
tional tube cell cultures for the laboratory diagnosis of influ-
enza virus infections. The goals of the present study were (i) to
determine the diagnostic laboratory assay (real-time PCR ver-
sus shell vial and conventional cell culture) that provided the
shortest turn-around time for processing, testing, and report-
ing and (ii) to determine which assay was most sensitive for
detecting the persistence of influenza in hospitalized pa-
tients. These results would provide data-based information
correlating laboratory testing with rapid result reporting
that could be used for antiviral intervention for patients with
influenza virus infections. In addition, an understanding of
how long influenza virus can persist in infected hospitalized
patients may enable hospital infection control teams to limit
nosocomial transmission.

Respiratory specimens (throat swabs) from patients �18
years of age hospitalized with clinical symptoms of influenza at
our institute from December 2004 through February 2005 were
collected and tested by PCR for influenza A virus. If the initial
PCR assay was positive, subsequent throat swabs were ob-
tained after the original laboratory diagnosis at four time pe-
riods (dependent on the length of hospital stay)—48 h, 72 h, 5
days, and 7 days—and tested by PCR, shell vial, and tube cell
culture.

Respiratory specimens from patients were added to 3 ml of
M5 medium (MicroTest, Inc., Lilburn, GA). A total of 200 �l
of patient specimen was extracted by using a MagNA Pure
automated instrument (Roche Applied Sciences, Indianapolis,
IN) and eluted in a final volume of 100 �l. Then, 5 �l of
specimen extract was reverse transcribed and amplified by one-
step real-time reverse transcription-PCR (RT-PCR) using the
RNA Master HybProbe kit (catalog no. 03018954001; Roche).
The transcribed product was amplified by asymmetric PCR

using primers and probes specific for the matrix gene of influ-
enza A virus and monitored for the development of target
nucleic acid sequences after the annealing step during real-
time RT-PCR (LightCycler; Roche) cycling using fluorescence
resonance energy transfer technology. Analysis of the real-time
RT-PCR amplification and probe melting curves was done by
using LightCycler software.

Primer and probe sets. The primer and probe sets were as
follows: primer 1, 5�-TAA CCG AGG TCG AAA CGT ATG
TTC T-3�; primer 2, 5�-GGC ATT TTG GAC AAA GCG TCT
A-3�; Probe-FL, 5�-CGA AAT CGC GCA GAG ACT TGA
AGA TGT-3�; and Probe-Red, 5�-TTG CTG GGA AAA ACA
CAG ATC TTG AGG C-3�.

Aliquots of respiratory specimens added to 3 ml of M5
medium (0.2 ml) were inoculated into each of two shell vial cell
cultures containing a cell monolayer of R-Mix (mixed mono-
layer of human adenocarcinoma cells [A549] and mink lung
cells [Mv1Lu]) on a 12-mm circular coverslip (Diagnostic Hy-
brids, Athens, OH) (7).

Each specimen in M5 medium from study patients also was
inoculated in a 0.2-ml volume into a primary rhesus monkey
kidney tube cell culture and incubated at 35 to 37°C for up to
14 days (Diagnostic Hybrids, Athens, OH; Viromed Labora-
tories, Minneapolis, MN).

Turnaround times were calculated from the time the initial
specimens were received into the laboratory to the time the
result was reported for real-time RT-PCR and shell vial assays
or completed for tube cell cultures. The average day zero
turnaround times for real-time RT-PCR assay were signifi-
cantly shorter (14.8 h) than the average day zero times for shell
vial (49.3 h; P � 0.0001) and tube cell culture (199.2 h; P �
0.0001).

Of the 50 patients initially positive by PCR, 43 of 50 (86%)
were determined to be positive by both shell vial and cell
culture (Table 1). Influenza virus type A nucleic acid was
detected by PCR in 34 of 50 (68%) patients at 48 h and in 13
of 41 (31.7%) patients at 72 h after the original positive test.
Shell vial and tube cell culture detection were significantly
lower at the 48-h (22 of 50 [44%] and 18 of 50 [36%], respec-
tively; P � 0.001) and 72-h (6 of 41 [14.6%] and 4 of 41 [9.8%],
respectively; P � 0.05) time points. Detection of influenza A
virus at day 5 was limited to PCR; there were no culture-
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positive patients detected at this time period. By day 7, 2 of 10
(20%) patients tested were positive by PCR; 1 of 10 (10%) of
these patients were also found to be positive by shell vial assay.
No samples were determined to be positive by tube cell culture
after day 5.

During the 2005-2006 influenza season, we implemented the
scheduling of PCR assay runs for influenza viruses A and B
(four times daily); this reduced turnaround times to an average
of 5.5 h after the specimen was received in the laboratory.
Ambulatory patients selected a pharmacy to which their pre-
scription could be faxed (by the lab) in the event of a positive
PCR. Patients could then access their test results and prescrip-
tion information via an automated telephone system. This lab-
oratory service allowed the clinician to target therapy and the
patient to easily access their results and rapidly start treatment.

R-Mix shell vial cell cultures have been reported to reduce
the detection of influenza virus from several days to 1 or 2 days
after receipt of the specimen into the laboratory (2, 5, 9);
however, this assay was substantially less sensitive than PCR.
In a previous evaluation of 557 respiratory tract specimens in
our laboratory, we detected influenza A virus in 92 specimens
(16.5%) by PCR, 49 specimens (8.8%) by R-Mix, and 24 spec-
imens (4.3%) by the Binax NOW Flu A rapid enzyme immu-
noassay test (3). Thus, PCR yielded 88% and 283% increases
in sensitivity compared to R-Mix shell vial cell culture and
Binax NOW antigen detection, respectively, in agreement with
other publications (1, 4, 6, 8, 10, 11). The negative predictive
value (available within hours) of the influenza A PCR assay
(99.9%) also made this assay superior to culture techniques.

In our study, we detected influenza A virus infections by
sensitive real-time PCR technology in patients after 7 days of

hospitalization. It is important to mention that symptom onset
was at least 24 h prior to the laboratory diagnosis of influenza
in all of the patients included in the study. These data suggest
that patients can shed influenza A virus beyond the 5-day
droplet isolation period recommended by the Centers for Dis-
ease Control and Prevention. Importantly, PCR results may
not equate with active virus; however, a positive PCR result
may indicate infectious or active virus since cell culture tech-
niques have reduced sensitivity compared to PCR.

Using the theranostic approach, prompt reporting of influ-
enza A virus results to the clinician can provide the advantages
of early detection, documented laboratory diagnosis, and ac-
curate implementation and assessment of available antiviral
therapy.

REFERENCES

1. Boivin, G., S. Cote, P. Dery, G. De Serres, and M. G. Bergeron. 2004.
Multiplex real-time PCR assay for detection of influenza and human respi-
ratory syncytial viruses. J. Clin. Microbiol. 42:45–51.

2. Dunn, J. J., R. D. Woolstenhulme, J. Langer, and K. C. Carroll. 2004.
Sensitivity of respiratory virus culture when screening with R-mix fresh cells.
J. Clin. Microbiol. 42:79–82.

3. Espy, M. J., J. R. Uhl, L. M. Sloan, S. P. Buckwalter, M. F. Jones, E. A.
Vetter, J. D. Yao, N. L. Wengenack, J. E. Rosenblatt, F. R. Cockerill III, and
T. F. Smith. 2006. Real-time PCR in clinical microbiology: applications for
routine laboratory testing. Clin. Microbiol. Rev. 19:165–256.

4. Fader, R. C. 2005. Comparison of the Binax NOW Flu A enzyme immuno-
chromatographic assay and R-Mix shell vial culture for the 2003–2004 influ-
enza season. J. Clin. Microbiol. 43:6133–6135.

5. Fong, C. K., M. K. Lee, and B. P. Griffith. 2000. Evaluation of R-Mix
FreshCells in shell vials for detection of respiratory viruses. J. Clin. Micro-
biol. 38:4660–4662.

6. Frisbie, B., Y. W. Tang, M. Griffin, K. Poehling, P. F. Wright, K. Holland,
and K. M. Edwards. 2004. Surveillance of childhood influenza virus infec-
tion: what is the best diagnostic method to use for archival samples? J. Clin.
Microbiol. 42:1181–1184.

7. Gleaves, C. A., D. J. Wilson, A. D. Wold, and T. F. Smith. 1985. Detection
and serotyping of herpes simplex virus in MRC-5 cells by use of centrifuga-
tion and monoclonal antibodies 16 h postinoculation. J. Clin. Microbiol.
21:29–32.

8. Smith, A. B., V. Mock, R. Melear, P. Colarusso, and D. E. Willis. 2003. Rapid
detection of influenza A and B viruses in clinical specimens by Light Cycler
real time RT-PCR. J. Clin. Virol. 28:51–58.

9. St. George, K., N. M. Patel, R. A. Hartwig, D. R. Scholl, J. A. Jollick, Jr.,
L. M. Kauffmann, M. R. Evans, and C. R. Rinaldo, Jr. 2002. Rapid and
sensitive detection of respiratory virus infections for directed antiviral treat-
ment using R-Mix cultures. J. Clin. Virol. 24:107–115.

10. van Elden, L. J., M. Nijhuis, P. Schipper, R. Schuurman, and A. M. van
Loon. 2001. Simultaneous detection of influenza viruses A and B using
real-time quantitative PCR. J. Clin. Microbiol. 39:196–200.

11. Ward, C. L., M. H. Dempsey, C. J. Ring, R. E. Kempson, L. Zhang, D. Gor,
B. W. Snowden, and M. Tisdale. 2004. Design and performance testing of
quantitative real time PCR assays for influenza A and B viral load measure-
ment. J. Clin. Virol. 29:179–188.

TABLE 1. Comparison of real-time RT-PCR versus shell vial and
tube cell culture for detection of influenza virus infection over 7 daysa

Day
No. of positive specimens/total no. of specimens sampled (%)

Real-time RT-PCR Shell vial assay Tube cell culture

0 50/50 (100) 43/50 (86) 43/50 (86)
2 34/50 (68) 22/50 (44) 18/50 (36)
3 13/41 (32) 6/41 (14.6) 4/41 (9.8)
5 2/8 (25) 0/8 (0) 0/8 (0)
7 2/10 (20) 1/10 (10) 0/10 (0)

a P � 0.001.
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