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A 35-year-old patient with a remote history of Hodgkin’s
lymphoma and a postradiation and postchemotherapy sta-

tus presented to our institution in January 2013 with a 4-day
history of dyspnea, productive cough, fever, and chills that
began while he was traveling abroad. Upon admission, the pa-
tient demonstrated persistent hypoxemia, requiring emergent
intubation. Due to acute respiratory distress and septic shock,
empirical treatment with vancomycin, cefepime, levofloxacin,
and oseltamivir was initiated. Laboratory testing included Le-
gionella and Streptococcus pneumoniae urine antigen testing,
PCR studies for Pneumocystis jirovecii, adenovirus, and Legio-
nella species, viral cultures of bronchoalveolar lavage (BAL)
fluid, and bacterial cultures of his blood, urine, sputum, and
stool. All laboratory results were negative. In addition, real-
time PCR for influenza A/B and respiratory syncytial virus
(RSV) (Prodesse ProFlu�; Hologic/Gen-Probe, Waukesha,
WI) was performed on a nasopharyngeal (NP) swab and BAL
fluid, and results were negative.

Four days following admission, viral cell culture of BAL
fluid was reported as positive for influenza A virus, which was
determined by rapid antigen testing (BinaxNOW Influenza
A&B; Alere, Waltham, MA) of the culture supernatant. The
BAL fluid was subsequently tested by four additional influenza
real-time PCR assays, including the FilmArray respiratory
panel (BioFire, Salt Lake City, UT), Focus Simplexa Flu A/B
and RSV kit (Quest Diagnostics, Cypress, CA), Prodesse Pro-
FAST� kit (Hologic/Gen-Probe), and a laboratory-developed
test (LDT) (1, 5), all of which were positive for influenza A
virus. Furthermore, the FilmArray assay, ProFAST� assay, and
LDT typed the virus as influenza A 2009/H1N1. The strain type
was confirmed by the Minnesota Department of Health
(MDH), and pyrosequencing analysis for the detection of the
H275Y oseltamivir resistance mutation at the MDH showed
results consistent with susceptibility to oseltamivir. Repeat
testing of the NP swab and BAL fluid and testing of the culture
isolate by the Prodesse ProFlu� assay yielded negative results.

Due to these findings, we speculated that the virus may have
acquired mutations in the matrix (M) gene, impacting the abil-
ity of the ProFlu� assay to detect this strain. Therefore, se-
quencing studies of the culture isolate were performed by the
manufacturer (Hologic/Gen-Probe), which identified 2 point
mutations in the region of the M gene targeted by the ProFlu�
probe; however, the sequence analysis demonstrated that both
primer regions were 100% conserved (see the supplemental
material; primer/probe regions were not identified). These

findings were supported by an analysis of the PCR amplicon,
which showed an amplified product of the expected size by
agarose gel electrophoresis but no fluorescent signal in a real-
time PCR (Fig. 1).

The Prodesse ProFlu� assay is FDA approved for the detec-
tion of influenza A/B virus and RSV and, as indicated above,
targets the M gene of influenza virus using TaqMan-based real-
time PCR chemistry. Prior studies have demonstrated that Pro-
Flu� exhibits high overall percent agreement (�97%) with
other commercially available influenza PCR methods and reli-
ably detects the novel influenza A H1N1 virus that was pre-
dominant in 2009 (3, 4). Interestingly, the Prodesse ProFAST�
assay, used to subtype influenza A virus, targets the hemagglu-
tinin (HA) gene, which explains the different detection capa-
bilities of ProFlu� and ProFAST� in this case. Historically, it
has been believed that the majority of the genetic diversity of
influenza viruses is attributable largely to point mutations in
the HA and neuraminidase (NA) genes (i.e., antigenic drift) or
to genetic reassortment of the RNA genome (i.e., antigenic
shift) (5). However, this case highlights the fact that point mu-
tations also occur in the more highly conserved M gene, and
this may impact the detection of certain strains of influenza
virus.

In summary, this report underscores the potential for ge-
netic variation among influenza viruses. While the prevalence
of this particular strain of 2009/H1N1 may currently be rare,
our findings corroborate those of a prior report showing
missed detection of an influenza A 2009/H1N1 strain by the
ProFlu� assay (2). Together, these cases highlight the possibil-
ity of false-negative results due to mutations in targeted regions
of molecular assays. Clinical laboratories should be aware that
strains of influenza A virus with point mutations within the M
gene do circulate among the population and that molecular
assays, such as real-time PCR, may miss detecting them. In the
future, molecular methods targeting multiple gene targets
within the influenza virus genome (e.g., the matrix and HA/NA
genes) may allow for more reliable detection of strains under-
going genetic variation. Finally, health care providers should
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interpret laboratory results for influenza in the context of a
patient’s clinical presentation, as the inherent variability of in-
fluenza virus strains makes the detection of this virus an ongo-
ing challenge.

Nucleotide sequence accession number. The sequence of our
patient’s virus was submitted to GenBank under accession no.
KC809971.
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FIG 1 Analysis of an influenza A virus 2009/H1N1 strain with point muta-
tions in the matrix gene by real-time PCR (A) and agarose gel electrophoresis
(B). The positive control (line and lane 1), patient culture isolate (lines and
lanes 2 and 3), and negative control (line and lane 4) were tested by the
Prodesse ProFlu� real-time PCR assay. The PCR product was analyzed in real
time for fluorescent output (A) and by agarose gel electrophoresis with
ethidium bromide staining (B). Lanes L, molecular weight ladders.
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