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should include virus culture. Physicians should be aware of the limitations of laboratory diagnostic assays
for LASV.
Financial support was provided to the
diagnostic facilities of the Bernhard Nocht
Institute by the German Ministry of Health
under a contract supporting the National
Reference Centre for Imported Infections.

Marcus Panning,
Petra Emmerich,
Stephan Ölschläger,
Sergiusz Bojenko,
Lamine Koivogui, Arthur Marx,
Peter Clement Lugala,
Stephan Günther,
Daniel G. Bausch,
and Christian Drosten
Author affiliations: Bernhard Nocht Institute
for Tropical Medicine, Hamburg, Germany
(M. Panning, P. Emmerich, S. Ölschläger,
S. Günther, C. Drosten); United Nations
Mission in Sierra Leone, Freetown, Sierra
Leone (S. Bojenko); Program on Hemorrhagic Fevers, Conakry, Guinea (L.
Koivogui); World Health Organization, Geneva, Switzerland (A. Marx); World Health
Organization, Monrovia, Liberia (P.C. Lugala); and Tulane University Health Sciences
Center, New Orleans, Louisiana, USA (D.G.
Bausch)
DOI: 10.3201/eid1606.100040

References
1.

2.

3.

McCormick JB, Webb PA, Krebs JW,
Johnson KM, Smith ES. A prospective
study of the epidemiology and ecology of
Lassa fever. J Infect Dis. 1987;155:437–
44.
Ter Meulen J, Koulemou K, Wittekindt
T, Windisch K, Strigl S, Conde S, et al.
Detection of Lassa virus antinucleoprotein
immunoglobulin G (IgG) and IgM antibodies by a simple recombinant immunoblot assay for field use. J Clin Microbiol.
1998;36:3143–8.
Fair J, Jentes E, Inapogui A, Kourouma K,
Goba A, Bah A, et al. Lassa virus–infected
rodents in refugee camps in Guinea: a
looming threat to public health in a politically unstable region. Vector Borne
Zoonotic Dis. 2007;7:167–71. DOI:
10.1089/vbz.2006.0581

4.

Khan SH, Goba A, Chu M, Roth C, Healing T, Marx A, et al. New opportunities
for field research on the pathogenesis
and treatment of Lassa fever. Antiviral
Res. 2008;78:103–15. DOI: 10.1016/j.
antiviral.2007.11.003
5. Drosten C, Kummerer BM, Schmitz H,
Gunther S. Molecular diagnostics of viral hemorrhagic fevers. Antiviral Res.
2003;57:61–87. DOI: 10.1016/S01663542(02)00201-2
6. Demby AH, Chamberlain J, Brown DW,
Clegg CS. Early diagnosis of Lassa fever
by reverse transcription–PCR. J Clin Microbiol. 1994;32:2898–903.
7. Drosten C, Gottig S, Schilling S, Asper
M, Panning M, Schmitz H, et al. Rapid
detection and quantification of RNA of
Ebola and Marburg viruses, Lassa virus,
Crimean-Congo hemorrhagic fever virus, Rift Valley fever virus, dengue virus,
and yellow fever virus by real-time reverse transcription–PCR. J Clin Microbiol. 2002;40:2323–30. DOI: 10.1128/
JCM.40.7.2323-2330.2002
8. Trappier SG, Conaty AL, Farrar BB, Auperin DD, McCormick JB, Fisher-Hoch
SP. Evaluation of the polymerase chain
reaction for diagnosis of Lassa virus infection. Am J Trop Med Hyg. 1993;49:214–
21.
9. Bowen MD, Rollin PE, Ksiazek TG,
Hustad HL, Bausch DG, Demby AH, et
al. Genetic diversity among Lassa virus
strains. J Virol. 2000;74:6992–7004. DOI:
10.1128/JVI.74.15.6992-7004.2000
10. Bausch DG, Rollin PE, Demby AH, Coulibaly M, Kanu J, Conteh AS, et al. Diagnosis and clinical virology of Lassa fever as
evaluated by enzyme-linked immunosorbent assay, indirect fluorescent-antibody
test, and virus isolation. J Clin Microbiol.
2000;38:2670–7.
Address for correspondence: Christian Drosten,
Institute of Virology, University of Bonn
Medical Centre, Sigmund Freud-Str. 25, 53127
Bonn, Germany; email: drosten@virologybonn.de

Pandemic (H1N1)
2009 in Skunks,
Canada
To the Editor: In March 2009,
a novel influenza virus A (H1N1)
emerged in Mexico, and, because of
widespread human-to-human transmission, a global pandemic was declared
in June 2009 (1). Although most cases have involved humans, pandemic
(H1N1) 2009 has sporadically infected
swine and turkeys and has also been
reported in a small number of pet ferrets, cats, and captive cheetahs, and in
a dog (2). Many of these animals were
cared for by persons who experienced
influenza-like illness and the owner
of 1 cat who died had confirmed pandemic (H1N1) 2009 respiratory disease
before the cat became ill, which suggests probable human-to animal-transmission of the virus (2).
During mid-December 2009–midJanuary 2010, eight striped skunks
(Mephitis mephitis) died on a mink
farm near Vancouver, British Columbia, Canada. On January 12, 2010,
two of the skunks were brought to the
Animal Health Centre in Abbotsford,
British Columbia, for postmortem examination. One skunk exhibited purulent nasal exudates. In both skunks,
investigators observed splenomegaly
and severe pneumonia, characterized by heavy, dark red to purple,
lung lobes involving >70% of the
lung field. Microscopic examination
showed moderate rhinitis and severe
bronchopneumonia with intralesional
bacteria, areas of interstitial pneumonia, and occasional nematode larvae.
Also observed were splenic extramedullary hematopoiesis, plasmacytosis
of both lymph nodes and spleen, and
mild plasmacytic glomerulonephritis
with proteinuria.
Routine bacteriologic culture of
lung showed heavy growth of Streptococcus dysgaslactiae subsp. equisimilis, Staphylococcus aureus, and
Hafnia alvei. That death was caused
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by uncomplicated mixed bacterial
bronchopneumonia in 2 (and possibly
up to 8) adult skunks over a 6-week
period was considered unlikely. The
presence of lungworm was considered
incidental. However, the areas of interstitial pneumonia suggested that a
primary viral pathogen was likely.
Molecular testing was conducted
initially on fresh lung, liver, kidney,
and spleen for canine distemper virus and, subsequently, for influenza
A virus. The splenic and nodal plasmacytosis and plasmacytic glomerulonephritis also prompted testing for
Aleutian disease virus (ADV). Organ
samples were negative for canine distemper virus and positive for ADV.
Detection of influenza A virus
nucleoprotein and matrix genes and hemagglutinin and neuraminidase typing
was performed with real-time reverse
transcription–PCR. Organ samples
were positive for pandemic (H1N1)
2009, which was confirmed by sequence analysis of DNA fragments obtained in the hemagglutinin, neuraminidase, and matrix gene testing.
Primary viral interstitial pneumonia is frequently complicated by
opportunistic bacterial bronchopneumonia and influenza virus A infection
has been shown to predispose to pulmonary bacterial toxicity (3). Thus,
we concluded that primary pandemic
(H1N1) 2009 interstitial pneumonia
had predisposed the 2 skunks to mixed
bacterial bronchopneumonia and
death. The skunks were also infected
with ADV, presumably as a result of
viral shedding by the minks, which
are known to be ADV carriers. Striped
skunks can be experimentally infected
with ADV, and antibodies to ADV
have been detected in wild skunks (4).
Although ADV does not cause pneumonia (4), co-infection with ADV and
influenza A virus is associated with
higher mortality rates in minks with
respiratory disease (5). Thus, ADV
co-infection may have contributed to
the severity of the pneumonia and the
death of the skunks.
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The source of the pandemic
(H1N1) 2009 virus is unclear. Nasal
discharge was also observed in many
of the minks, which suggests that they
had a respiratory viral infection. However, no diagnostic workup was undertaken. Although severe outbreaks of
interstitial pneumonia on mink farms
can occur (6), most natural influenza
A virus infections in minks are either
mild or asymptomatic (5). Thus, the
minks may also have been infected
with pandemic (H1N1) 2009. Many
of the pandemic (H1N1) 2009 infections reported in animals are believed
to have been the result of exposure to
infected humans (2). Workers on the
mink farm did not experience influenza-like illness. However, humans with
asymptomatic pandemic (H1N1) 2009
infection may have transmitted it to
the mink. Because the skunks visited
the mink farm daily, transmission of
pandemic (H1N1) 2009 from humans
to minks to skunks is a possibility.
In view of the detection of pandemic (H1N1) 2009 virus in 2 striped
skunks with fatal pneumonia, this
species should now be regarded as
a potential source of influenza A virus. Wild animals participate in the
transmission of influenza A viruses
between species, and the presence
of wildlife on farms is known to be
a risk factor for infection of poultry
(7). Similar to raccoons, skunks express both α2,3 and α2,6 sialic acid
receptors for avian and human influenza viruses in the respiratory tract
(M. Shrenzel, San Diego Zoo, pers.
comm.), which is believed to create
the opportunity for mixed influenza
infections with potential for genetic
reassortment (8). Skunks, like raccoons, are highly mobile animals with
large home ranges in rural and urban
areas, which provides numerous opportunities for influenza A virus exposure and transmission to poultry,
livestock, pets, and, ultimately, humans. The inclusion of striped skunks
in wildlife influenza surveillance programs may be warranted.
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Communityacquired
OseltamivirResistant Pandemic
(H1N1) 2009 in
Child, Israel
To the Editor: During the spring
of 2009, a pandemic influenza A
(H1N1) virus emerged and spread
globally. Initial testing of the virus
found it susceptible to neuraminidase
inhibitors and resistant to adamantanes
(1,2). As of March 5, 2010, only 264
cases of oseltamivir-resistant pandemic (H1N1) 2009 infection had been reported to the World Health Organization, but the number of cases has been
steadily increasing (2). These viruses
were carrying the H275Y mutation,
which conferred resistance to oseltamivir (2). Most of the reported cases
were in immunocompromised patients
who had prolonged viral shedding or
in patients who had received oseltamivir prophylaxis or treatment (1–4). We
describe an otherwise healthy 2-yearold boy with oseltamivir-resistant pandemic (H1N1) 2009 infection and a
traumatic lung contusion, complicated
by acute respiratory distress syndrome
(ARDS). He had not received prior
chemoprophylaxis or treatment with
oseltamivir.

In November 2009, a healthy
2-year-old boy was admitted to the
pediatric intensive care unit at the
Western Galilee Hospital in Nahariya,
Israel, after he had been hit by a car.
One day before the accident, he had
exhibited fever and cough (for which
he was treated with acetaminophen).
His 4-year-old brother had recovered
recently from an influenza-like illness
without antiviral treatment. The other
household contacts were his parents,
who did not have a respiratory illness.
On admission, small, bilateral
lung contusions, right pneumothorax,
and liver lacerations were shown on
computed tomographic scan. The patient was treated with a chest tube for
drainage, supplemental oxygen, and
oseltamivir from hospital day 1 (30
mg 2 ×/day; child’s body weight = 13
kg) and was placed in droplet isolation. Respiratory swab specimens, obtained on hospital day 1, were sent to
the Israel Central Virology Laboratory
(ICVL) and found to be positive for
pandemic (H1N1) 2009 by real-time
reverse transcription–PCR (RT-PCR).
On hospital day 3, the child was intubated because of worsening respiratory distress and hypoxemia, and he
required a second chest tube drain.
His chest film showed bilateral pulmonary infiltrates. His condition was then
treated with nitric oxide, dopamine,
and milrinone for ARDS and failure of
the right side of the heart. The dosage
of oseltamivir was doubled on hospital day 4 because of gastric residuals.
Antimicrobial drug therapy with vancomycin and piperacillin-tazobactam
was added because sepsis and secondary bacterial lung infection were
suspected. Because of the severity of
his symptoms and persistence of fever, additional lower and upper airway
specimens were sent to ICVL on hospital days 5 and 10; they were positive
for pandemic (H1N1) 2009.
After these results were received,
oseltamivir resistance was suspected,
and his respiratory specimens were
also checked by ICVL. A mixture of

both wild-type and mutant pandemic
(H1N1) 2009 was found in the specimens from hospital days 1, 5, and 10
by an in-house q-RT-PCR assay designed to detect the H275Y mutation
(4,5). Further testing by sequence
analysis of the neuraminidase gene
showed a mixed population of wildtype and mutant pandemic (H1N1)
2009; the mutant virus was carrying
the histidine-to-tyrosine substitution
at position 275, which conferred the
quantitative RT-PCR result and the
H275Y phenotype of oseltamivirresistant pandemic (H1N1) 2009. By
the time these laboratory results were
known, the patient’s respiratory condition was improving without changing the oseltamivir therapy. Cultures
of blood and endotracheal specimens
were sterile and antimicrobial drug
therapy was stopped. On hospital day
15, he was extubated, oseltamivir therapy was ended, and he was weaned off
oxygen a few days later. The respiratory specimen on hospital day 20 was
negative for pandemic (H1N1) 2009.
No secondary influenza cases were detected among healthcare personnel or
patients in the unit.
In Israel, oseltamivir resistance
has been detected by ICVL in 6 cases
(5). The fact that our patient had oseltamivir-resistant pandemic (H1N1)
2009 without a previous oseltamivir
exposure is surprising because almost
all cases of oseltamivir-resistance
have been associated with previous
oseltamivir prophylaxis or therapy and
with prolonged viral shedding (which
is often combined with oseltamivir
therapy) in immunocompromised patients (1–5). Our patient did not attend daycare and his parents had not
been ill recently. Therefore, he likely
was infected by his older brother who
probably had pandemic (H1N1) 2009
but was neither diagnosed nor treated
with antiviral medications. This theory
suggests that oseltamivir-resistant viruses circulate in the community with
the potential to be transmitted between
persons.
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