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ABSTRACT

At the time of influenza A (H1N1) emergency, the WHO responded with remarkable speed by releasing guidelines
and a protocol for a real-time RT-PCR assay (rRT-PCR). The aim of the present study was to evaluate the performance
of the “Real Time Ready Influenza A/H1N1 Detection Set” (June 2009)-Roche kit in comparison to the CDC
reference rRT-PCR protocol. The overall sensitivity of the Roche assay for detection of the Inf A gene in the presence
or absence of the H1 gene was 74.5 %. The sensitivity for detecting samples that were only positive for the Inf A
gene (absence of the H1 gene) was 53.3 % whereas the sensitivity for H1N1-positive samples (presence of the
Inf A gene and any other swine gene) was 76.4 %. The specificity of the assay was 97.1 %. A new version of the
kit (November 2009) is now available, and a recent evaluation of its performance showed good sensitivity to detect
pandemic H1N1 compared to other molecular assays.
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RESUMEN

Evaluacion del desempefio de un equipo comercial parael diagnéstico de influenza A (H1IN1) en comparacion
con el protocolo de RT-PCR en tiempo real disefiado por los Centros de Control y Prevencién de Enfer-
medades (CDC). Durante la pandemia de influenza A (H1N1), la OMS recomendé algoritmos y protocolos de
deteccion del virus mediante RT-PCR en tiempo real. El objetivo del presente estudio fue evaluar el desempefio del
equipo que comercializa la empresa Roche, Real Time Ready Influenza A/HIN1 Detection Set (junio de 2009), en
comparacion con el protocolo de RT-PCR en tiempo real de los CDC. La sensibilidad global del ensayo de Roche
para la deteccién del gen Inf A en presencia o ausencia del gen H1 fue 74,5 %. La sensibilidad para la deteccién
de muestras positivas solo para el gen Inf A (ausencia del gen H1) fue 53,3 % y la sensibilidad para la deteccién
de muestras positivas para HIN1 (presencia del gen Inf A'y cualquier otro gen porcino) fue 76,4 %. La especificidad
fue 97,1 %. Existe una nueva version del equipo (noviembre 2009) que, segun se ha descrito, presenta buena

sensibilidad en comparacién con otros ensayos moleculares para detectar HIN1 pandémica.
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The World Health Organization (WHO) Collaborating
Centre for Reference and Research on Influenza at
the Centers for Disease Control and Prevention (CDC),
U.S,, reported the first two cases of human infection
by swine-origin influenza A virus in April 2009 (1). This
strain was further characterized by a unique combi-
nation of gene segments from swine influenza A and
human influenza A (H1N1) viruses that had not been
previously identified. Thereafter, in May 2009, new
cases of human infection caused by the same novel
virus were also identified in Mexico, Canada, and
elsewhere around the world. Human infection by Swine
influenza virus had been previously reported (9, 10,
12); however, no evidence of efficient transmission

of these strains between humans had been
demonstrated before 2009 (3, 10). In contrast,
pandemic H1N1 virus emerged in 2009 as a novel
virus subtype easily transmitted among humans.
Within a month of the initial identification of the virus,
a considerable number of cases were reported
throughout 21 countries worldwide (4, 14).
Molecular diagnoses are currently the method of
choice for influenza A (H1N1) swine lineage viruses
(A/California/4/2009-like viruses). The use of different
target gene assays is the most appropriate for the
correct identification of this virus subtype. Therefore,
soon after the identification of the swine-origin influenza
virus, WHO released guidelines and a protocol for a
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real-time RT-PCR (rRT-PCR) assay (2). Such guidelines
recommended the use of a combination of three primer
and probe sets: Inf A, designed to amplify a conserved
region of the matrix gene from all influenza A viruses;
swH1, to specifically detect the hemagglutinin gene
segment (subtype H1) from Influenza A (H1N1) virus;
and swinf A, targeted to the nucleoprotein (NP) gene
segment from all swine influenza viruses. The availa-
bility of this rapid and sensitive assay for the detection
of Influenza A (H1N1) virus was critical for restraining
the spread and extension of the pandemia. In Argentina,
the National Reference Laboratory (ANRL) confirmed
the first case of H1N1 virus infection on May 16th 2009,
in a person who had travelled to the USA. The ANRL
was initially designated as the unique officially autho-
rized laboratory for diagnosing the pandemic H1N1
2009 virus infections. By the end of June 2009, after a
rapid increase in the number of cases (8) and the raise
of the pandemic alert level by WHO, the ANRL called
for a National Meeting with representatives of some
provinces, including Cérdoba, in order to implement
the diagnosis of H1N1 in the national laboratory net-
work. Technical training on rRT-PCR to detect the novel
Influenza A (H1N1) virus, following the CDC Protocol,
was performed. Moreover, the methodology was trans-
ferred to the corresponding public health laboratories
all over the country. In Cérdoba, the main Mediterranean
province of Argentina, the Central Laboratory was the
only one officially authorized by Ministerio de Salud de
la Provincia de Cérdoba to immediately carry out the
diagnosis of HIN1 in response to the sanitary emergency.

Real time RT-PCR based on the CDC protocol was
implemented in this laboratory. At the time of the emer-
gency, the “Real Time ready Influenza A/H1N1 De-
tection Set”-Roche (June 2009 version) (5) was
commercially available for H1N1 virus detection in
Argentina. Afterwards, a new FDA approved version
of the Roche assay became available in November,
2009 (6). The present study evaluated the perfor-
mance of the Roche marketed kit (June version) in
comparison to the CDC assay for the diagnosis of
Influenza A (HIN1) virus.

This study was carried out in respiratory samples
received at the Central Laboratory between July 6th
and November 11th, 2009. All specimens were
collected from patients with influenza-like illness who
were suspected cases of influenza A (H1N1). A total of
1,341 combined nasal and/or pharyngeal swabs or
other nasopharyngeal specimens were studied for
Influenza A (H1N1) virus by rRT-PCR, using the CDC
protocol (2) on a BioRad Chromo 4 Thermal-Cycler.
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The QlAamp Viral RNA Mini Kit (Qiagen, Valencia,
CA, USA) was used to obtain the viral RNA. Criteria
to define positive or negative samples were adopted
from CDC guide-lines (2) and subsequently, from the
modifications introduced by the ANRL in July 2009.
Accordingly, a sample was defined as positive for
Influenza A (H1N1) virus if both, the Inf A and the
respective growth curves of sub-type swinf A reaction
crossed the threshold line within 40 cycles, regardless
of the reactivity for swH1. Due to the high prevalence
of the virus during the epidemic, it was assumed that
the only viral strain of swine origin circulating at that
time corresponded to the new pandemic virus. Besides,
any specimen positive for Inf A and swH1 subtype
was considered presumptively positive for Influenza
A (H1N1) virus.

The clinical performance characteristics of the Real
Time Ready Influenza A/H1N1 Detection Set on the
LightCycler 2.0 (Version 4.1 Software) instrument were
established by comparing the respective test results
with those obtained with the rRTPCR based on the
CDC protocol. In this study, 136 samples (10 %) selected
from the 1,341 total samples studied by the CDC protocol
during the epidemic (July - November 2009) were tested
by the Roche assay, strictly under the manufacturer’s
instructions. The RNA from these samples was purified
and conserved at -70 °C until used.

Of the 136 samples studied, 34 negative and 30
positive samples for influenza A gene alone were
randomly selected. On the other hand, the 72 positive
samples for Influenza A (H1N1) virus studied were
selected according to their reactivity (Ct value). Thus,
they were classified as high-positive (32/72) if they
resulted positive for three viral genes and as low-
positive (40/72) when they resulted positive for two viral
genes and crossing the threshold line after cycle 34.
The 30 positive samples for influenza A gene alone
were typified as non-H3N2 seasonal influenza A using
an rRT-PCR protocol (7).

Roche’s assay is based on the detection of the
conserved matrix protein 2 gene (M2) while the res-
pective subtype identification is based on the detection
of hemagglutinin H1 gene (5). Total nucleic acids from
clinical samples were isolated by using the High Pure
Viral Nucleic Acid Kit (Roche), according to the manu-
facturer’s instructions. The results obtained for these
samples when tested by the rRT-PCR - Roche assay
are shown in Table 1.

Performance parameters were calculated and
analysed by means of EPIDAT 3.1 software. The
commercial assay showed global sensitivity for Inf
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Table 1. Comparison of Real time ready Influenza A/H1N1 Detection Set (Roche) gene detection vs.

rRT-PCR based on CDC protocol results

Roche assay gene
detection

CDC protocol results

Influenza A (H1N1) Influen.z.a A Negative
positive positive
A*/H1* 52 6 0
A*/H1- 8 10 1
A/H1 9 14 32
A/H1+ 3 0 1
Total 72 30 34

(1) Samples were typified as non-H3N2 seasonal Influenza A using rRT-PCR

A gene detection, regardless of the presence of the
H1 gene, of 74.5 % (95 % CI: 65.6 % to 83.5 %) and
specificity of 97.1 % (95 % CI: 89.9 % to 100.0 %)
considering that one out of 34 samples that resulted
negative for Influenza A (H1N1) virus by CDC protocol
resulted positive for the influenza A gene alone (A*/
H1-) when evaluated by Roche’s commercial Kkit.
Regarding the concordance of the methods compared,
the kappa index was 57.5 % (95 % CI: 44.3 % to 70.7
%; p < 0.0000001) and the overall value of the test
was 80.1 % (95 % Cl: 72.3 % to 86.3 %).

The sensitivity and specificity for detecting samples
that were positive for the Inf A gene alone (absence
of the H1 gene) was 53.3 % (95 % CI : 33.8 % to 72.8
%) and 97.1 % (95 % CI: 89.9 % to 100 %) respective-
ly; whereas the sensitivity and specificity for H1N1
positive samples (presence of any swine gene) was
76.4 % (95 % Cl : 65.9 % to 86.9 %) and 89.1 % (95
% Cl : 80.6 % to 97.5 %), respectively.

Some discordant results were found: 8 samples
resulted positive for pandemic H1N1 by the CDC protocol
and positive only for the Inf A gene by Roche; whereas
6 samples that were positive for Inf A gene according to
CDC resulted positive for both genes, Inf A and H1, when
tested by the Roche assay. Moreover, of two samples
that were negative by the CDC protocol, one resulted po-
sitive for the influenza A gene alone and the other one
was positive for the H1 gene (A/H1*) by the Roche
assay. Of the 32 samples classified as high-positive, one
was negative by the Roche assay and of the 40 low-
positive ones, 8 were not detected by using the Roche
assay.

A sudden emergence and unpredictable progress

are common features of influenza pandemics. During
the recent outbreak of the Influenza A (H1N1) virus,
it was essential that public health laboratories all around
the world undertook detailed surveillance to monitor
the spread and impact of the pandemic (H1N1) 2009
virus, as well as to predict potential changes in its
virulence (11). Rapid availability of results has enabled
laboratories worldwide to better support clinicians in
decision making regarding whether to initiate or to
continue antiviral therapy for high-risk patients.

Real time RT-PCR has become the method of choice
for the laboratory diagnosis of influenza virus infections
due to its increased diagnostic sensitivity, specificity, time
to result, and sample throughput in comparison to
traditional methods like virus culture. Several rRT-PCR
protocols for the detection of the novel Influenza A
H1N1 virus have been reported. In this study, the per-
formance of the Real Time Ready Influenza A/H1N1
Detection Set-Roche was evaluated using samples
collected regionally during the 2009 H1N1 epidemic in
Argentina. The results showed that sensitivity and
specificity of the evaluated assay were 74.5 % and
97.1 %, respectively. Because both of the methods
(CDC and Roche) are based on gene amplification,
which is the most sensitive method to detect patho-
gens, it is surprising that the sen-sitivity of the Roche
assay yielded less than 80 %. This could be due to
different reasons: the fact that it is based on the
specific amplification of only two viral genes, whereas
the CDC protocol consists of the amplification of three
genes; the possibility that the specific primers of each
assay may have a different sequence and/or that the
criteria of interpretation inherent to each method are
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different. As a matter of fact, the low sensitivity of the
evaluated method to detect 17 samples from patients
infected with the novel pandemic strain and 14 samples
from individuals infected with influenza A, according
to the results yielded by the CDC protocol, could be
attributed to such reasons. However, in 8 of the 17
samples in which the H1 gene was not detected by
the Roche assay, the influenza A gene was correctly
detected.

Finally, the moderate concordance observed
among the two methods could be due to the lower
sensitivity of the commercial assay to detect H1N1
positive samples with low viral load (data not shown)
or specimens that were positive for the Inf A gene
alone (absence of the H1 gene). Since sensitivity
may vary due to different factors, further investigation
(e.g. viral culture) is needed to evaluate the possible
explanations for the discordant results obtained.

A new version of the kit (November 2009) (6) is now
available, and a recent evaluation of its performance
showed good sensitivity compared to other molecular
assays (13). Indeed, it would be interesting to further
evaluate the performance characteristics of this later
released version on locally obtained specimens.

This study allows to highlight the importance of
evaluating sensitivity and specificity of the new
commercial kits as soon as they become available.
During sanitary emergencies, the availability of
alternative diagnostic tests should be warranted.
Moreover, as seasonal and zoonotic influenza viruses
continue to drift and shift, their performance on
regionally obtained samples, must be continuously
assessed.

Acknowledgments: Maria G. Barbas, Sandra V. Gallego
and Gonzalo M. Castro contributed equally to this study.

REFERENCES

1. Centers for Disease Control and Prevention (CDC). Swine
influenza A (H1N1) infection in two children Southern
California. Morb Mortal Wkly Rep. 2009; 58: 400-2.

2. CDC protocol of real time RTPCR for swine influenza A
(H1N1) [Online] http://www.who.int/csr/resources/
publications/swineflu/realtimeptpcr/en/

3. Dawood FS, Jain S, Finelli L, Shaw MW, Lindstrom S, Garten
RJ, Gubareva LV, Xu X, Bridges CB, Uyeki TM. Emergence
of novel swine-origin influenza A (H1N1) virus in humans.
Novel Swine-Origin Influenza A (H1N1) Virus Investigation
Team. N Engl J Med 2009; 360: 2605-15.

10.

11.

12.

13.

14.

29

. Fraser C, Donnelly CA, Cauchemez S, Hanage WP, Van K,

Hollingsworth TD, Griffin J, Baggaley RF, Jenkins HE, Lyons
EJ, Jombart T, Hinsley WR, Grassly NC, Balloux F, Ghani
AC, Ferguson NM, Rambaut A, Pybus OG, Lopez-Gatell
H, Alpuche-Aranda CM, Chapela IB, Zavala EP, Espejo
Guevara DM, Checchi F, Garcia E, Hugonnet S, Roth C.
Pandemic potential of a strain of influenza A (H1N1): early
findings. Science 2009; 324: 1557-61.

. Influenza A/H1N1 detection set pre-mixed primers and

hydrolysis probes for detection of influenza A matrix protein
2 and hemagglutinin H1 (Mexico) genes 2009. Cat.No.
05640393001.

. Influenza A/H1N1 Detection Set Package Insert Version

November 2009 premixed primers and hydrolysis probes
for detection of 2009 H1N1 influenza A viral RNA in human
samples using the Light Cycler®2.0 Instrument.

. Lindstrom S, Klimov A, Cox N, Loftin L. Primer and probes

for detection and discrimination of types and subtypes of
influenza viruses by real-time RT-PCR. The Centers for
Disease Control and Prevention Technologies Brochure,
2011, p49. Reference Number: 1-007-05 Publication Number:
WO/2007/09515. [Online] http://www.cdc.gov/osels/
laboratory_science/tech_tran/doc/
June_2011_Brochure.pdf

Ministerio de Salud de la Republica Argentina, 2009. Alerta
epidemioldgico. [Online] http://www.msal.gov.ar/htm/site/
alertaepidemiologico.asp

. Myers KP, Olsen CW, Gray GC. Cases of swine influenza

in humans: a review of the literature. Clin Infect Dis 2007;
44: 1084-8.

Robinson JL, Lee BE, Patel J, Bastien N, Grimsrud K, Seal
RF, King R, Marshall F, Li Y. Swine influenza (H3N2) infection
in a child and possible community transmission, Canada.
Emerg Infect Dis 2007; 13: 1865-70.

Shinde V, Bridges CB, Uyeki TM, Shu B, Balish A, Xu X,
Lindstrom S, Gubareva LV, Deyde V, Garten RJ, Harris M,
Gerber S, Vagasky S, Smith F, Pascoe N, Martin K, Dufficy
D, Ritger K, Conover C, Quinlisk P, Klimov A, Bresee JS,
Finelli L. Triple-reassortant swine influenza A (H1) in humans
in the United States, 2005-2009. N Engl J Med 2009; 360:
2616-25.

Wells DL, Hopfensperger DJ, Arden NH, Harmon MW, Davis
JP, Tipple MA, Schonberger LB. Swine influenza virus
infections: transmission from ill pigs to humans at a
Wisconsin agricultural fair and subsequent probable person-
to-person transmission. JAMA 1991; 265: 478-81.

Wenzel JJ, Panning M, Kaul KL, Mangold KA, Revell PA,
Luna RA, Zepeda H, Perea L, Vazquez-Perez JA, Young S,
Rodic-Polic B, Eickmann M, Drosten C, Jilg W, Reischl U.
Analytical performance determination and clinical valida-
tion of the novel Roche Real Time Ready Influenza A/H1N1
detection set. J Clin Microbiol 2010; 48: 3088-94.

World Health Organization. Human infection with new
influenza A (H1N1) virus; Clinical observations from Mexico
and other affected countries; May 2009. Wkly Epidemiol
Rec 2009; 84: 185-9.

Recibido 12/04/11 — Aceptado 14/12/11



