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Abstract
Oseltamivir resistance in pandemic 2009 influenza A/H1N1 is caused by the neuraminidase
mutation H275Y. This mutation has also been associated with in vitro resistance to peramivir, but
few clinical cases have been described to date. Using allele-specific real-time reverse-transcriptase
polymerase chain reaction assay for the H275Y mutation, we were able to identify resistant H1N1
in a hematopoietic cell transplant recipient receiving intravenous peramivir therapy, and through
serial testing we determined the molecular evolution of resistance. This case demonstrates that an
H275Y mutant population can emerge early and replicate in vivo under peramivir antiviral
pressure to become the major viral population.
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In immunocompromised patients with pandemic 2009 influenza A/H1N1 virus (pH1N1),
symptoms can vary from mild to life threatening (1–2). Treatment of these patients,
particularly those who develop severe multiorgan failure, has been limited by influenza-
specific antiviral agents that are US Food and Drug Administration (FDA) approved only for
oral or inhaled administration. Peramivir, an investigational intravenous (IV) neuraminidase
inhibitor, was released under an FDA emergency use authorization in 2009 to respond to
that urgent need (3). Unfortunately, emerging oseltamivir resistance in H1N1 related to the
H275Y neuraminidase mutation is also associated with in vitro resistance to peramivir (4).
We report a case of an immunocompromised host with severe pH1N1 who had emergence
of an H275Y mutation during active IV peramivir therapy.
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Case report
A man in his early 50’s with a history of an unrelated donor allogeneic stem cell transplant
for acute myelogenous leukemia in September 2007 presented in October 2009 with history
of subjective fever, nausea, vomiting and new upper respiratory tract symptoms. The
patient’s post-transplant course had been complicated by chronic graft-versus-host-disease
involving the skin, liver, and gut that required ongoing treatment with immunosuppressive
drugs (mycophenolate mofetil, prednisone, and tacrolimus). At presentation, vital signs were
significant for a blood pressure of 180/98, and a temperature of 36.6°C. Initial laboratory
investigation disclosed a leukocyte count of 5.3 × 103/µL, with significant lymphopenia
(0.11 × 103/µL) and thrombocytopenia (127 × 103/µL); his creatinine was also elevated at
1.9 mg/dL (baseline 1.3 mg/dL). Blood cultures and a nasopharyngeal (NP) wash for
influenza were performed, and admission chest radiograph showed left lower lobe
consolidation and patchy opacities in the right middle lobe. He was started on empiric IV
levofloxacin. Before admission, the patient was not receiving oseltamivir prophylaxis.

The following morning, he developed a fever to 38.4°C, increased shortness of breath,
tachypnea, and progressive oxygen requirements. Repeat chest radiographs demonstrated
new bibasilar opacities but, because of his elevated creatinine, a chest computed tomography
was deferred. The patient was found to have a peroneal vein thrombosis, but a ventilation
perfusion scan indicated low probability for an acute pulmonary embolus. IV vancomycin
and imipenem were added.

Owing to a high clinical suspicion for influenza, empiric high-dose oseltamivir (150 mg
orally twice daily) was added the morning of day 3. Later that evening, his admission NP
wash was reported to be positive by polymerase chain reaction (PCR) for pH1N1 with a
viral load of 7.3 log copies/reaction (c/rxn). His respiratory status continued to decline, and
despite maximal oxygen therapy he required intubation. He underwent diagnostic
bronchoscopy the following day, which showed clinical evidence of alveolar hemorrhage,
and bronchoalveolar lavage (BAL) fluid was positive for pH1N1 by PCR with a viral load of
7.3 log c/rxn.

On day 7, the patient was switched to IV peramivir (600 mg loading dose and then dose
adjusted for renal function 150–100 mg daily) because of the concern for poor oral
absorption of oseltamivir and severity of disease; he was also given a dose of IV
immunoglobulin on day 8. He tolerated peramivir well, although on day 14 developed
hallucinations and, out of concerns that peramivir could be contributing, 1 dose was held.
Repeat NP swab from day 14 detected pH1N1 with a viral load of 6.8 log c/rxn. Peramivir
was restarted on day 16 and the patient required re-intubation secondary to respiratory
distress. Because of viral persistence and continued clinical decline, there were concerns the
virus had developed resistance. Peramivir was discontinued on day 17 and testing for the
H275Y resistance mutation was ordered. Although it was presumed that the virus was
resistant to oseltamivir and adamantanes, combination therapy with oseltamivir (150 mg
twice daily), oral ribavirin (600 mg once, then 200 mg daily) and rimantidine (100 mg daily)
were started pending emergency approval of IV zanamivir.

The patient underwent repeat bronchoscopy on day 18 and, although the PCR did not detect
influenza on the BAL specimen, an NP swab from the same day had a viral load of 3.4 log c/
rxn. On day 19, combination therapy was discontinued and IV zanamivir was started per an
emergency new drug application from the FDA. The patient developed oliguric renal failure
requiring daily dialysis by day 20. On day 22, a repeat PCR done on NP swab remained
positive for pH1N1 with a viral load of 3.4 log c/rxn.
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His respiratory status continued to worsen, and he eventually required inhaled nitrous oxide
for ongoing hypoxemia despite maximum ventilator support. By day 24, his pH1N1 viral
load on NP swab had declined to 2.5 log c/rxn. He eventually developed an ileus, began to
experience cardiac dysrythmias, and was eventually transitioned to comfort measures. He
died on day 28 of his hospital stay.

Prior to diagnosis and throughout his hospitalization the patient’s lymphocyte count
remained persistently <250 cells/µL. An autopsy demonstrated bilateral pulmonary
consolidation, hemorrhage with diffuse alveolar damage and patchy fibrosis, diffuse
necrotizing pancreatitis, and marantic endocarditis with vegetation of aortic valve.

Methods
All samples were collected with patient and family consent and tested retrospectively for the
H275Y mutation. All samples that were positive by in-house developed pH1N1 real-time
reverse-transcriptase (RT)-PCR assays targeting the matrix, and hemagglutinin genes were
also tested by an allele-specific real-time RT-PCR (ASPCR) for the neuraminidase H275Y
mutation. Genotyping by ASPCR has been shown to be sensitive, specific, and reliable for
quantitative analysis of minor mutant populations (5). ASPCR targeting H275Y in pH1N1
was designed and validated in our laboratory and showed very good correlation with
pyrosequencing (6). Our assay can detect at least 10% of a mutant genotype in 90%
background of wild-type genotype virus, equivalent to the limit of detection for
pyrosequencing, which is considered the gold standard for resistance testing (7). No samples
were sent for culture.

Results
An NP swab collected on day 1 and BAL fluid collected on day 6 were >90% wild-type at
position 275 of the neuraminidase protein, before the start of peramivir. However, repeat NP
swab collected on day 13 of hospitalization after 6 days of IV peramivir, contained >90%
H275Y mutant population as determined by ASPCR. On day 17 of hospitalization, the
pH1N1 viral load in a NP swab diminished and the H275Y mutant population decreased to
75% of total viral population. IV zanamivir was started on day 19 of hospitalization,
followed by a viral load decline and a continued decrease in the H275Y mutant population
in a NP swab obtained on day 24 (Fig. 1). The last specimens obtained at autopsy were
positive for pH1N1by PCR in a NP swab (viral load of 2.5 log c/rxn) but negative in
tracheal aspirate, lung, heart, liver, pancreas, and bowel tissue. This positive NP swab
showed only the presence of >90% wild-type virus.

Discussion
IV peramivir and IV zanamivir are 2 new antiviral agents that treat severe influenza
infection. Clinical experience with the emergence of resistance with these 2 drugs is limited.
To date, >200 cases of oseltamivir-resistant pH1N1 have been documented around the world
and all sequenced isolates had the same neuraminidase H275Y mutation (8). The H275Y
mutation increases the 50% minimal inhibitory concentration (IC50) of oseltamivir from
230- to 2207-fold and the IC50 of peramivir 66- to 831-fold, depending on the functional
neuraminidase inhibitor assay used (9). Clinical failures have been described with both
drugs even when plasma concentrations are higher than the IC50 of the resistant virus (10).

Most mutant isolates have been selected by oseltamivir in immunocompromised hosts (11).
There are some data available on H275Y mutant virus evolution under oseltamivir treatment
but few under peramivir treatment (10,12). In our patient, oseltamivir use was not associated
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with significant development of resistance but the H275Y mutation appeared to be selected
during IV peramivir therapy. We could not prove that the virus was still wild-type in the
nasal wash before starting peramivir, as the only specimen available for testing was from
BAL. However, to date, discrepancy between upper and lower respiratory tract specimens in
regards to resistance has not been described. It is possible that the patient developed early
resistance while being treated with oseltamivir; if so, any mutant populations would have
been below the level of detection of currently available resistance assays (<10% mutant).
This case highlights the fact that an H275Y mutant population can emerge early and
replicate in vivo under peramivir antiviral pressure to potentially become the major viral
population.

Under-dosing may be another important cause for emerging resistance. Blood levels were
not assessed in our case report, as oseltamivir and peramivir levels are not currently
available in most clinical laboratories. However, pharmacokinetic analyses performed in
critically ill patients have shown that oral oseltamivir administered 75 mg twice a day was
enough to achieve plasma concentrations 2000- to 4000-fold higher than the IC50 of the
pH1N1 virus (13). These data suggest that oseltamivir levels at the beginning of therapy
were unlikely to be the driving force in the development of H275Y mutation. The patient in
this study was given a loading dose of peramivir, and then dosing was adjusted for renal
function, suggesting that plasma area under the curve should have been >80 µg*h/mL (14).

Serial testing for influenza resistance is recommended in all immunocompromised patients
who continue to be symptomatic, and ideally should be started as soon as 5 days after
beginning anti-influenza therapy. Cycle thresholds or viral loads may be useful, as in this
case, to follow those receiving antiviral therapy and to screen for developing resistance.
Figure 1 shows the evolution of viral loads and the development of mutant population
percentages over time. During IV zanamivir treatment, the percentage of the mutant
population continued to diminish in favor of wild-type population. While this could not be
assessed in the laboratory, impaired fitness in the mutant virus is suggested by the decline of
mutant population once antiviral pressure was switched from oseltamivir/peramivir to
zanamivir, which should be equally effective against mutant and wild-type viruses. In vitro
studies have shown decreased fitness in seasonal H1N1 with acquired H275Y mutation as
well as in oseltamivir-resistant pH1N1 (15–16). Fitness recovery could be associated with
improved transmissibility of resistant virus and lead to major clinical and public health
concerns. Limited data are available on the impact of oseltamivir resistance on clinical
symptoms and treatment in the community (17–20), and even less is known about the role of
antiviral prophylaxis and containment in the context of oseltamivir-resistant viral strains
(21).

Pyrosequencing, the molecular gold standard method for resistance testing, is time
consuming, expensive, and is not clinically available at most centers. While pyrosequencing
has the ability to determine multiple mutations at the same time, minor mutant populations
of <10% can be missed (7). ASPCR is a PCR genotyping method that gives sensitive results,
can be performed rapidly within a few hours, and may be an important diagnostic tool for
determining resistance during influenza therapy (5). Unfortunately, this genotyping method
identifies only pre-specified mutations and therefore misses other rare or novel mutations.
Complete neuraminidase sequencing may have identified other mutations associated with
oseltamivir or peramivir resistance that were missed by ASPCR in our case report. However,
the H275Y mutation has been shown to play a major role in the development of oseltamivir
resistance and has been shown to be equally important for peramivir resistance in in vitro
studies (4). In the future, additional quantitative assessments are necessary to better
understand H275Y mutant viral kinetics in vivo. Because viral culture tends to select viral
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subspecies, direct specimen testing with molecular assays may provide better quantitative
analysis of viral populations in infected patients (22).

In conclusion, molecular methods for quantitative resistance testing highlighted the early
development of an H275Y mutation during IV peramivir therapy and the subsequent decline
of the mutant population under IV zanamivir therapy. This case also suggests that caution is
needed when using peramivir in the presence of H275Y mutation. The absence of clinical
response or virologic improvement after the institution of peramivir should prompt
resistance testing, and if found, a change to zanamivir should be considered. This case also
suggests that caution is needed when using peramivir in the presence of H275Y mutation.
More data are needed on the use of combination antiviral regimens and their potential effect
on the emergence of the H275Y mutation (23).
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Fig 1. Clinical course and percentage of pandemic H1N1 population with H275Y mutation
*log10 copies/reaction. BAL, bronchoalveolar lavage; NP, nasopharyngeal; asp, aspirate;
IV, intravenous; Neg, negative.
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