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A reverse transcriptase PCR was developed to detect 50 or 5,000 RNA copies of influenza A virus per ml in
throat swab specimens. The assay was more sensitive than the Directigen Flu A test. The technique was also
used to detect amantadine-resistant isolates.

Influenza A virus causes annual epidemic disease resulting
in approximately 20,000 to 36,000 deaths per year in the
United States (10, 12). Patients at increased risk include the
elderly and those with cardiovascular, pulmonary, or renal
disease, diabetes, and immunosuppression, as well as residents
of nursing homes (1, 5, 6). In these cases, rapid tests, such as
Directigen Flu A (8), have greatly improved the timely detec-
tion and management of influenza virus, although such tests
lack adequate sensitivity. We studied the use of a reverse
transcriptase PCR (RT-PCR) assay as a rapid, sensitive, and
inexpensive technique to diagnose influenza and detect aman-
tadine or rimantadine resistance (9, 13).

Throat swab and nasal swab specimens were collected for
influenza diagnosis during the course of routine patient care at
the Edward Hines Jr. Veterans Administration Hospital in the
winter of 1999 to 2000. Specimens were processed and tested
with a Directigen Flu A kit (Becton Dickinson, Cockeysville,
Md.) with subsequent viral isolation performed with specimens
with a negative result. Specimens were subjected to RT-PCR
using RNA isolated (with a QIAamp kit) from 100 �l of each
specimen and of positive and negative controls. Eukaryotic
RNA (300 ng) was spiked into each sample as an internal
control for RNA degradation by the coamplification of �2-
microglobulin. cDNA was synthesized (at 42°C for 60 min) in
a standard 20-�l reaction mixture containing 11 �l of each
RNA preparation, 20 U of RT (Seikagaku America, East Fal-
mouth, Mass.), and 1 �g of random primers (Pharmacia, Pis-
cataway, N.J.). Mock reaction mixtures were run without RT
(contamination control). PCR was performed with 50-�l reac-
tion mixtures coamplifying the 212-bp segment of the influenza
virus matrix gene (forward primer, 5�-CAGAGACTTGAAG
ATGTCTTTGCTG; reverse primer, 5�-GCTCTGTCCATGT
TATTTGGATC) (3) and a 300-bp segment of the control

�2-microglobulin gene (forward primer, 5�-GCCTGCCGTGT
GAACCACGTGAC; reverse primer, 5�-TACCTGTGGAGC
AACCTGCTCAGA) (11). Each reaction mixture contained
10 �l of either the cDNA or mock cDNA reaction mixture for
each specimen and 40 �l of a master mix containing 0.5 U of
Taq polymerase (Applied Biosystems, Foster City, Calif.), 2.5
mM (each) dATP, dCTP, and dGTP, 5.0 mM dUTP (Pharma-
cia), 4 mM MgCl2, a 1.5 �M concentration of each PCR
primer, and 0.5 U of Amperase (Applied Biosystems). A pos-
itive and negative control for the master mix was included with
each assay. The cycling parameters were 50°C for 5 min; 94°C
for 10 min; and 36 cycles of 94°C for 10 s, 54°C for 30 s, and
72°C for 30 s. To detect PCR products, 20 �l of each RT-PCR
product was incubated at 37°C for 15 min with 20 �l of an
internal matrix gene probe (5�-TCCTGTCACCTCTGACTA
AGGGGATTTTG) end labeled with [�-32P]ATP (Amersham)
(3). PCR products and size markers (Promega, Madison, Wis.)
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FIG. 1. RT-PCR detection of influenza A virus by direct observa-
tion of ethidium-stained PCR products (top) and by autoradiography
(bottom). Results are shown for influenza virus-negative (N) and -pos-
itive (P) controls and for patient samples 1 to 4. �, mock RT reaction
mixtures; �, reaction mixtures containing RT. Molecular weight mark-
ers are shown for the top panel. The upper band is the 300-bp �2-
microglobulin PCR product, and the lower band is the 212-bp influ-
enza A virus PCR product.
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were separated on 0.8% agarose gels, which were subsequently
stained with ethidium bromide for the direct detection of PCR
products on a transilluminator. The gels were then exposed to
X-ray film for 24 to 48 h, and influenza virus PCR products
were detected by autoradiography. Results were deemed valid
only if they met the following control conditions: detection of
the �2-microglobulin PCR product in the specimen cDNA
reaction mixtures (for the RNA extraction control), no detec-
tion of PCR products in the mock cDNA or negative control
reaction mixture (for the DNA contamination controls), and
detection of PCR products in the low- and high-positive influ-
enza virus control mixtures (for the sensitivity controls).

To detect amantadine- and rimantadine-resistant influenza
A virus, the RT-PCR was performed as described above using
specific cycling conditions (50°C for 5 min; 94°C for 10 min; and
42 cycles of 45°C for 1 min, 72°C for 1 min, and 94°C for 30 s) and
primers (forward primer, 5�-GGGACTCATCCTAGCTCCAGT
GCTGGTCTAAA; reverse primer, 5�-CGATCAAGAATCCAC

AATATCAAGTGCAAGATCCCAATAATA) (4, 9). A 164-
bp segment that contained nucleotide changes resulting in
amino acid substitutions at positions 26, 27, 30, and 31 of the
M2 protein (2, 7) was amplified. Restriction fragment length
polymorphism analysis of the amplified products was used to
detect mutations at the four different positions as follows: AciI
for position 26 (where wild-type DNA is digested), BspWI for
position 27 (where mutant DNA is digested), ItaI for position
30 (where wild-type DNA is digested), and SspI for position 31
(where mutant DNA is digested). Digested products were an-
alyzed by agarose gel electrophoresis as described above.

The assay was specific for influenza A virus (H1N1 and
H3N2 subtypes) with a sensitivity of 5,000 copies/ml by gel
staining or 50 copies/ml by autoradiography (data not shown).
Of the 119 specimens collected, 29 (24%) were positive by
Directigen Flu A, 0 were positive by shell vial assay, 6 were
positive by tissue culture, and 56 (47%) were positive by RT-
PCR. All specimens that were positive by RT-PCR were also
positive by Directigen Flu A and/or viral isolation. A typical
RT-PCR assay is shown in Fig. 1.

Specimens taken from patients who developed influenza vi-
rus infection while receiving rimantadine prophylaxis were
tested for the presence of resistance mutations (at amino acid
positions 26, 27, 30, and 31) in the transmembrane domain of
the M2 protein of influenza A virus (Fig. 2) (4, 9). PCR prod-
ucts were left undigested or were digested with ItaI at position
30 (Fig. 2, top) or SspI at position 31 (Fig. 2, bottom). For
position 30, the wild-type DNA was cut by the enzyme and
shows a reduction in size, while the mutant DNA was resistant
to digestion. At position 31, the reverse was found; only the
mutant DNA was digested with the enzyme. For position 30,
the specimens from patients 2 to 4 failed to show any mutation,
while the PCR product for the patient 1 sample was resistant
to digestion, indicating the presence of the amantadine resis-
tance mutation. For position 31, mutations were found for the
specimens from patients 2 to 4 but not for the patient 1 spec-
imen. No mutations were found for amino acid positions 26
and 27 (data not shown).

RT-PCR can provide increased sensitivity in the detection of
influenza virus, which can be used to enhance community and
hospital surveillance programs and hasten the specific diagno-
sis of influenza among ill patients. The use of this technology
may also provide help in identifying antiviral resistance.
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