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Context Preventing nosocomial transmission of influenza is

essential to reduce the morbidity and mortality associated with

this infection. In October 2009, an outbreak of the 2009 influenza

A (H1N1) virus occurred in a hematology ward of a children’s

hospital over a 21-day period and involved two patients and four

healthcare workers.

Objective To investigate nosocomial transmission of the 2009

influenza A (H1N1) virus in patients and healthcare workers.

Design, setting, and participants An outbreak investigation was

initiated in response to suspected nosocomial transmission of the

2009 influenza A (H1N1) virus during the peak of the 2009

pandemic. Cases were confirmed using a polymerase chain reaction

(PCR) test specific for the 2009 H1N1 influenza A virus. Viruses

isolated from nasopharyngeal swabs were genetically characterized

using Sanger sequencing of uncloned ‘‘bulk’’ PCR products.

Main outcome measures Virus sequencing to investigate

nosocomial transmission.

Results Two immunocompromised patients and four healthcare

workers were found to be part of a nosocomial outbreak of the

2009 influenza A (H1N1) virus. One immunocompromised

patient had a second episode of clinical influenza infection after

isolation precautions had been discontinued, resulting in

additional exposures. Strain-specific PCR showed that all cases

were caused by infection of the 2009 H1N1 virus. Sequencing of

viral genes encoding hemagglutinin and polymerase basic subunit

2 (PB2) revealed that all viruses isolated were genetically identical

at these loci, including the two episodes occurring in the same

immunocompromised patient.

Conclusions Prompt institution of isolation precautions is

essential in preventing nosocomial outbreaks of the 2009 novel

influenza A (H1N1) virus. Our data suggest that isolation

precautions may need to be continued for a prolonged period of

time in immunocompromised patients with influenza infection.
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Introduction

The recent pandemic of the 2009 influenza A (H1N1) virus

presented significant challenges to healthcare institutions

with large numbers of patients requiring hospitalization.1–3

Although the virus proved to cause mild, self-limited dis-

ease in most cases, risk for severe disease, including death,

was much higher in certain groups, including those with

underlying illness or immune compromise.1 Nosocomial

transmission of influenza has been well described, but the

duration of time that hospitalized patients need to stay in

isolation has not been well characterized, and prolonged

shedding of virus in hospitalized patients with the 2009

Influenza A (H1N1) infection has been described.4

Infection control recommendations from the Centers for

Disease Control and Prevention included the use of N-95

respirators for healthcare workers caring for patients with

suspected pandemic influenza, in addition to eye protec-

tion, gowns, and gloves (enhanced respiratory precautions).

These recommendations represented a departure from the

droplet precautions used for typical seasonal influenza.

Institutions faced challenges in timely and continued

healthcare worker (HCW) compliance with the use of these

enhanced isolation precautions.5 We report an outbreak of

the 2009 influenza A (H1N1) virus that occurred in a chil-

dren’s hospital and involved transmission of infection from

an immunocompromised patient to healthcare workers and

another patient.
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Methods

In October 2009, suspected transmission of the 2009 influ-

enza A (H1N1) virus from a patient to a HCW prompted

an investigation on the hematology–oncology floor of a

children’s hospital, with identification of additional cases.

In each suspected case, a nasopharyngeal swab was

obtained within 1–2 days of onset of symptoms and tested

for influenza A (H1N1) by PCR at our institution

(GenProbe ⁄ Prodesse, San Diego, CA, USA) and confirmed

as the 2009 Influenza A (H1N1) by the Wisconsin State

Laboratory of Hygiene. To confirm nosocomial transmis-

sion, medical records of contact patients were reviewed to

determine underlying co-morbid illnesses, treatment, tim-

ing of institution of isolation precautions, and outcomes.

Testing was based on clinical symptoms and continued

until no further symptomatic patients or healthcare

workers were identified.

Sequencing of H1N1 viral RNA
To sequence hemagglutinin (HA) and PB2 genes, viral

RNA (vRNA) was isolated from nasopharyngeal swabs

from all four subjects, using the MinElute virus spin kit

(Qiagen, Germantown, MD, USA). Sequence gaps in the

samples from the second timepoint from Patient no. 2 were

filled using a third-passage virus stock grown from the ori-

ginal nasal wash. Sequence of this expanded virus matched

available contemporaneous ex vivo virus sequences (data

not shown). vRNA from the in vitro-expanded stock was

amplified using Qiagen’s One-Step RT-PCR kit with PB2

and HA gene-specific primer sets developed by the WHO

Collaborating Center for Influenza at the Centers for Dis-

ease Control and Prevention (CDC; primer sequences and

protocol published at: http://www.who.int/csr/resources/

publications/swineflu/sequencing_primers/en/index.html).

vRNA from patient samples was amplified using a nested

approach: first, cDNA was generated using Invitrogen’s

SuperScript� (Carlsbad, CA, USA) III First-Strand Synthe-

sis kit with primer 5¢ NCR 3¢ (5¢-AGCGAAAGCAGG-3¢).

Each RT reaction was followed by two 45-cycle PCR. The

first PCR was performed using BioRad’s (Hercules, CA,

USA) iProof High-Fidelity DNA Polymerase, primers

MBtuni-13 and MBtuni-12a (MBtuni-13 – 5¢-ACGCG

TGATCAGTAGAAACAAGG-3¢ and MBtuni-12a – 5¢-ACG

CGTGATCAGCGAAAGCAGG-3¢; originally described by

Zhou et al.,6 and the following cycling conditions: 98�C for

30 seconds, 45 cycles of 98�C for 15 seconds, 62�C for

30 seconds, 72�C for 2 minute, and a final extension time

of 10 minute at 72�C. The second PCR was performed

using Qiagen’s HotStarTaq polymerase and the WHO PB2

and HA gene-specific primer sets. The cycling conditions

for the second PCR were as follows: 95�C for 15 minute,

45 cycles of 94�C for 30 seconds, 56�C for 30 seconds,

72�C for 40 seconds, and a final extension time of 10 min-

ute at 72�C. Both strands of each amplicon were sequenced

on a 3730 DNA Analyzer (Applied Biosystems, Foster City,

CA, USA). Sequences were assembled using CodonCode

Aligner version 3Æ5Æ6 (CodonCode Corporation, Dedham,

MA, USA) and analyzed in MacVector 11Æ1Æ1 trial version

(Accelrys, San Diego, CA, USA). Phylogenetic analyses were

performed using mega5 software (Tamura et al., 2011, Mol

Biol Evol). Trees were constructed using the neighbor-join-

ing method (Saitou and Nei, 1987, Mol Biol Evol, 4, 406–

425) with a Tamura ⁄ Nei maximum composite likelihood

distance correction. Accession numbers for these sequences

are pending.

Ethical considerations
This investigation was initiated in response to a nosocomial

outbreak of the 2009 novel influenza A (H1N1) virus and

was conducted using standard infection control practices.

Confidentiality of patient information, in accordance with

HIPAA guidelines, was maintained at all times during the

investigation. In preparation for publication, institutional

review board consultation was obtained and verbal

permission obtained from the patients’ legal guardians.

Results

Table 1 shows the clinical characteristics of the patients.

We did not collect data on the healthcare workers involved

other than treatment and outcomes. The timeline of the

outbreak is shown in Figure 1. The presumed index patient

(Patient no. 1) was a 6-year-old immunocompromised boy

who presented to an outpatient clinic with respiratory

symptoms. Influenza was suspected, a nasopharyngeal swab

was obtained and the decision for hospitalization was made

later that evening when at home, the patient’s fever and

symptoms worsened. The patient was hospitalized on the

pediatric hematology–oncology unit, but was inadvertently

not placed in isolation immediately. Isolation was instituted

upon confirmation of the diagnosis a day later.

Two days following admission of the index case, a

healthcare worker (HCW no. 1) who took care of

Patient no. 1 at the time of admission contracted the

2009 H1N1 influenza A virus and developed symptoms

while at work. HCW no. 1 also cared for a 2-year-old

immunocompromised child. This child subsequently

developed H1N1 infection (Patient no. 2). Patient no. 2

had no contact with visitors nor any sick contacts. Two

additional staff members (HCW no. 2 and no. 3) who

were involved in the care of Patient no. 2 also developed

influenza-like illness while at work, which was subse-

quently confirmed (HCW no. 2) or presumed (HCW no.

3) to be H1N1 infection. HCW no. 3 was presumptively

treated without microbiologic confirmation. The patients
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were present on the same inpatient unit at the same

time, but did not share rooms.

Details of clinical presentation and clinical course
of patients
Patient no. 1 had a history of sickle cell anemia complicated

by previous stroke, asthma with a concurrent prednisone

treatment burst at the time of admission (15 mg · 5 days),

and was being treated for suppurative otitis media with oral

antibiotics and otic antibiotic drops. On the day before

admission, the patient presented to the pediatric hematology

clinic complaining of 1 day of fever to 103�F ⁄ 39Æ4�C,

abdominal pain, headache, body pain, cough, wheezing, and

several days of nasal congestion. A chest radiograph showed

no abnormalities. A nasopharyngeal swab for viral culture

and H1N1 PCR testing was obtained, and he was started on

oseltamivir and ceftriaxone (one dose) and given a previ-

ously scheduled blood transfusion. The patient returned

home, but the fever worsened to 104�F ⁄ 40�C (axillary), and

the patient was admitted. After admission, all symptoms

improved, the patient was afebrile by hospital day no. 2 and

was discharged home approximately 48 hours after admis-

sion and completed 5 days of therapy.

Patient no. 2 was a 2-year-old boy, present on the

inpatient pediatric hematology–oncology floor for over a

month, receiving inpatient care for hepatoblastoma and

associated complications. This patient was likely exposed to

the 2009 influenza A (H1N1) virus by HCW no. 1, on day

4 of the outbreak, and became febrile on day 6. Staff and

family noted increased fussiness and a runny nose prior to

development of fever, but otherwise no new symptoms.

Nasopharyngeal swabs were obtained within 24 hours of

the onset of fever, and oseltamivir therapy and isolation

precautions were initiated. The patient initially did well,

was without fever after 48 hours, and isolation precautions

were discontinued after 7 days (on day 13 of the outbreak).

On day 13 of the outbreak, Patient no. 2 began a new cycle

of chemotherapy and developed new fevers beginning on

day 20 of the outbreak with no new symptoms noted other

than nasal congestion on exam. Testing for respiratory

viruses, including H1N1, was performed that same day, iso-

lation and treatment with oseltamivir were reinitiated, and

the patient gradually improved with resolution of fever

after 4 days.

Control measures
In response to the outbreak, emphasis was placed on

enhanced respiratory precautions. The nursing staff were

cohorted and vaccinated with inactivated pandemic H1N1

vaccine. Other exposed patients, many of whom were

immunocompromised, received oseltamivir prophylaxis.

The prophylactic treatment was well tolerated, and no

additional patients developed symptoms.

Initially, the outbreak appeared to be successfully con-

tained and Patient no. 2, who had recovered well, was

taken out of isolation precautions after 7 days. Approxi-

mately 1 week after the discontinuation of isolation precau-

tions (14 days following the initial positive test), Patient

Table 1. Clinical characteristics of the patients involved in a nosocomial outbreak of the 2009 influenza A (H1N1) virus

Patient no. 1 Patient no. 2

Sex Male Male

Age (years) 6 2

Medical history Sickle cell anemia, asthma Hepatoblastoma

Immunosuppression Prednisone burst (15 mg · 5 days) Chemotherapy

Reason for admission Fever, cough Diagnosis and treatment of hepatoblastoma

Duration of fever 3 days Episode 1: 3 days

Episode 2: 4 days

Treatment Oseltamivir Oseltamivir (both episodes)

Chest X-ray No acute disease No acute disease

Presentation Fever, cough, wheezing, congestion,

headache, myalgias

Fever, fussiness, congestion

Outcome Discharged home on hospital day 2 Second episode occurred with

initiation of chemotherapy (presumed reactivation), recovered

0

1

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22

HCWPatients

Figure 1. Epidemiologic curve. X-axis: day of outbreak, Y-axis: number

of individuals infected per day. HCW, Healthcare worker.
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no. 2 underwent chemotherapy, developed fever, and a sec-

ond nasopharyngeal swab tested positive for Influenza A

(the 2009 pandemic H1N1 virus) by RT-PCR. Testing for

other respiratory viruses was negative. A chest radiograph

was normal. The patient remained hospitalized throughout

this course of events. While it is possible that the second

episode represented new nosocomial acquisition, given lack

of evidence of ongoing transmission, reactivation is a more

likely explanation of the patient’s recurrent infection. A

healthcare worker (HCW no. 4) caring for Patient no. 2

between episodes, while no isolation precautions were in

place, subsequently developed H1N1 infection as well.

Observations to determine HCW compliance with isolation

precautions were undertaken during the period of the out-

break and increased over the course of a few days from

80% to 98%. However, observations were not undertaken

routinely prior to the outbreak.

Clinical course of the healthcare workers
Three of the four healthcare workers tested positive for

H1N1 at onset of symptoms – one was treated presump-

tively and did not undergo testing. All four healthcare

workers were treated with oseltamivir for 5 days and

responded to treatment. They returned to work 1 week

after treatment was initiated. A follow-up nasopharyngeal

swab was not required or obtained, but all were free of

symptoms at the time of returning to work.

Viruses isolated from patients and healthcare
workers were genetically identical
To determine whether these epidemiologically linked cases

of influenza were initiated by a single source patient, we

performed genetic analyses on viruses isolated from naso-

pharyngeal swabs taken from both patients and from the

two healthcare workers who were tested. We first isolated

influenza vRNA from each sample and determined its con-

centration using a quantitative reverse-transcription (QRT-)

PCR assay. The concentration of viral vRNA ranged from

70 000 to 51 million copies ⁄ ml.

Because of the relatively low concentration of vRNA in

Patient no. 2’s samples, we chose to focus our genetic analysis

on two of the eight segments of the influenza virus RNA gen-

ome. The highly variable HA gene encodes the viral attach-

ment protein and is the major target of virus-specific

antibodies, which can drive diversification of virus

sequences.7 We reasoned that if the nosocomial outbreak was

initiated by more than one virus, then sequence differences

distinguishing the strains would be most apparent in HA.

We also analyzed the basic polymerase subunit 2 (PB2)

gene, which is more tightly conserved than HA, but

encodes well-characterized pathogenicity determinants.8 We

were able to sequence full-length HA and PB2 genes

directly from all available samples except for Patient no.

2’s second sample; sequence data from this sample was,

therefore, derived from an in vitro-expanded virus stock.

The HA and PB2 segments of viruses isolated

from all patients were completely identical to each other

(Figure S1). blast database searches revealed no previously

identified influenza viruses that matched these sequences

exactly at the nucleotide level, but both the HA and PB2

genes in viruses isolated from these patients showed 99%

identity to contemporaneous viruses isolated in Southeast-

ern Wisconsin (http://www.ncbi.nlm.nih.gov/nuccore). To

estimate the genetic distance of viruses in this outbreak

from the contemporaneous virus population, we performed

a phylogenetic analysis of HA and PB2 genes using the vac-

cine strain A ⁄ California ⁄ 07 ⁄ 2009 (CA07; H1N1), isolated

early in the pandemic, as an outgroup (Figure S2).

Although the topologies of the HA and PB2 trees differed

slightly, in both trees, the UW Hospital isolates clustered

together, as expected for identical sequences. Indeed, the

CA07 sequences, isolated in April 2009, clustered closely

together with Southeastern Wisconsin isolates from Sep-

tember to December 2009, suggesting that all these viruses

are closely related. Our results are consistent with the con-

clusion that Patient no. 1 had a community-acquired infec-

tion with 2009 influenza A (H1N1) virus and was the sole

source of this nosocomial outbreak.

Discussion

The arrival of the 2009 novel influenza A (H1N1) pan-

demic posed several challenges to healthcare institu-

tions.3,9–15 More transmissible than seasonal influenza,16

the large numbers of patients requiring hospitalization and

ICU care strained available resources.17,18 The addition of

the N-95 respirator recommendation for healthcare workers

to the usual droplet precautions employed for seasonal

influenza also posed challenges in terms of tolerability and

compliance.19 This was particularly important when caring

for small children in whom the potential for transmission

to other individuals is heightened because of close contact,

and patient compliance with a mask to contain secretions

is highly variable. We found, as anticipated, that nosoco-

mial cases of infection with the 2009 influenza A (H1N1)

virus occurred with great ease in the absence of prompt

implementation and strict adherence to isolation precau-

tions. Although nosocomial transmission of influenza has

been well described, not many studies have undertaken

strain sequencing to confirm circulation of the same strain.

These data were instrumental in motivating staff to

improve adherence to influenza precautions.

There is considerable variation in the preparedness of

healthcare facilities for the detection and containment of

influenza. In a survey of Infectious Diseases Society of

America, Emerging Infections Network members, Ortiz

Influenza a (H1N1) virus in a children’s hospital
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et al.20 found that only 10% of EIN respondents indicated

that their principal hospital had a written policy to screen

patients with febrile respiratory illnesses for influenza dur-

ing the winter months. Overall, 35% of the EIN respon-

dents indicated that their principal hospital had a written

policy for controlling outbreaks. Of these policies, 22%

reported the use of droplet precautions for confirmed cases,

23% undertook cohorting of patients, and 13% employed

chemoprophylaxis for patients or staff.

The HA and PB2 segments of viruses isolated in this

study were genetically identical and clustered together in

phylogenetic trees of closely related viruses circulating con-

temporaneously in the same geographic area. This finding

suggests nosocomial transmission of the same virus strain

among patients and healthcare workers. It is important to

note, however, that Sanger sequencing cannot reliably

detect minor population variants present at <20–25% of

viral sequences.21,22 In contrast, a recent study of a 2009

H1N1 influenza infection clusters showed that ‘‘next-gener-

ation’’ sequencing methods can detect oseltamivir resis-

tance mutations present in 9% of sequences in a clinical

isolate.22 Similarly, pyrosequencing of an oseltamivir-resis-

tant H1N1 isolate revealed the presence of the canonical

neuraminidase H275Y substitution in 19% of virus

sequences, which Sanger sequencing could not detect.23

Indeed, it appears likely that ‘‘next-generation’’ sequencing

will reveal levels of intrahost influenza virus diversity that

cannot be detected by conventional Sanger sequencing.24

Thus, it is possible that the composition of virus popula-

tions in each patient and HCW in this study differed, and

we cannot exclude the possibility that healthcare workers

could have acquired very similar viruses from the commu-

nity and not all transmissions in this cluster were nosoco-

mial. However, we can conclude that the dominant virus

populations (75–100% of viruses) in each subject in this

cluster were completely identical. Moreover, no other com-

pletely identical sequences were detected in a survey of

viruses circulating contemporaneously in Southeastern Wis-

consin. The most parsimonious explanation of these data is

that this cluster represents nosocomial transmission of

a single virus ‘‘swarm’’ among patients and healthcare

workers.

Our containment of the outbreak emphasizes several

important points. A stringent policy should be in place to

screen patients for respiratory symptoms at the point of

entry into the healthcare institution and appropriate pre-

cautions should be undertaken immediately. In addition,

our results and those of others suggest that reactivation

and prolonged shedding occurs commonly in immunocom-

promised patients, especially children and the elderly, and

isolation precautions should be prolonged, probably for the

duration of hospitalization, far beyond the typical require-

ment for immunocompetent patients.25–27 In this respect, it

is perhaps surprising that the HA and PB2 sequences of the

viruses isolated from Patient no. 2’s first and second

episodes of illness were identical. Such cases of prolonged

virus shedding are likely to be particularly conducive to the

emergence of immune-adapted virus variants, although few

studies have examined this possibility in humans. Finally,

cohorting of staff and the judicious use of chemoprophy-

laxis have been found to effectively interrupt influenza

transmission and should be employed in outbreak

situations.18

Our study has several limitations. Given the small num-

bers of affected patients and healthcare workers, we cannot

draw conclusions regarding the route of transmission and

the relative importance of each (airborne, droplet, fomites,

or all). We did not undertake susceptibility testing of the

virus. However, all the affected individuals responded to

oseltamivir, and resistance to oseltamivir has been reported

only rarely for the 2009 Influenza H1N1 strain, whereas

resistance is common among recently circulating seasonal

H1N1 strains.28 Also, we did not sequence the entire gen-

ome of the virus isolated from these individuals, or use

‘‘next-generation’’ sequencing approaches, so it is possible

that these viruses could harbor undetected sequence differ-

ences. Indeed, it is perhaps surprising that no sequence dif-

ferences, even in HA, were seen after what were likely

several serial passages, or after prolonged shedding in an

immunocompromised host. This observation is in contrast

to another recent study of a hospital outbreak in which a

single amino acid substitution was detected in HA in the

virus isolated from at least one patient.29 Finally, we under-

took several concurrent interventions to contain the out-

break, and it is not possible to arrive at conclusions

regarding the utility of each individual intervention.

Acknowledgements

We thank Enrique León and Jasmyni Dias for technical

assistance. All authors have no conflicts and financial

disclosure.

References

1 Edgar Bautista, Tawee Chotpitayasunondh, Zhancheng Gao et al.

Writing Committee of the WHO Consultation on clinical aspects

of pandemic influenza. clinical aspects of pandemic 2009 Influ-

enza A (H1N1) virus infection. N Engl J Med 2010; 362:1708–

1719.

2 Poalillo FE, Geiling J, Jimenez EJ. Healthcare personnel and nosoco-

mial transmission of pandemic 2009 influenza. Crit Care Med

2010; 38:e98–e102.

3 Jain S, Kamimoto L, Bramley AM et al. Hospitalized patients with

2009 H1N1 influenza in the United States, April–June 2009. N Engl

J Med 2009; 361:1935–1944.

4 Giannella M, Alonso M, Viedma DG et al. Prolonged viral shedding

in pandemic influenza A H1N1: clinical significance and viral load

Bearden et al.

378 ª 2012 Blackwell Publishing Ltd



analysis in hospitalized patients. Clin Microbiol Infect 2011;

17:1160–1165.

5 Novel influenza A (H1N1) virus infections among health-care per-

sonnel – United States, April–May 2009. MMWR Morb Mortal Wkly

Rep 2009; 58:641–645.

6 Zhou B, Donnelly ME, Scholes DT et al. Single-reaction genomic

amplification accelerates sequencing and vaccine production for

classical and Swine origin human influenza a viruses. J Virol 2009;

83:10309–10313.

7 Knossow M, Skehel JJ. Variation and infectivity neutralization in

influenza. Immunology 2006; 119:1–7.

8 Neumann G, Noda T, Kawaoka Y. Emergence and pandemic poten-

tial of swine-origin H1N1 influenza virus. Nature 2009; 459:931–939.

9 Kumar A, Zarychanski R, Pinto R et al. Critically ill patients with

2009 influenza A(H1N1) infection in Canada. JAMA 2009;

302:1872–1879.

10 Lurie N. H1N1 influenza, public health preparedness, and health

care reform. N Engl J Med 2009; 361:843–845.

11 Shine KI, Rogers B, Goldfrank LR. Novel H1N1 influenza and respira-

tory protection for health care workers. N Engl J Med 2009;

361:1823–1825.

12 Webb SA, Pettila V, Seppelt I et al. Critical care services and 2009

H1N1 influenza in Australia and New Zealand. N Engl J Med 2009;

361:1925–1934.

13 Kawai N, Ikematsu H, Hirotsu N et al. Clinical effectiveness of

oseltamivir and zanamivir for treatment of influenza A virus subtype

H1N1 with the H274Y mutation: a Japanese, multicenter study of

the 2007–2008 and 2008–2009 influenza seasons. Clin Infect Dis

2009; 49:1828–1835.

14 Yang J, Yang F, Huang F, Wang J, Jin Q. Subclinical infection with

the novel Influenza A (H1N1) virus. Clin Infect Dis 2009; 49:

1622–1623.

15 Yeh E, Luo RF, Dyner L et al. Preferential lower respiratory tract

infection in swine-origin 2009 A(H1N1) influenza. Clin Infect Dis

2010; 50:391–394.

16 Boelle PY, Ansart S, Cori A, Valleron AJ. Transmission parameters of

the A ⁄ H1N1 (2009) influenza virus pandemic: a review. Influenza

Other Respi Viruses 2011; 5:306–316.

17 Lautenbach E, Saint S, Henderson DK, Harris AD. Initial response of

health care institutions to emergence of H1N1 influenza: experi-

ences, obstacles, and perceived future needs. Clin Infect Dis 2010;

50:523–527.

18 Harper SA, Bradley JS, Englund JA et al. Seasonal influenza in adults

and children – diagnosis, treatment, chemoprophylaxis, and institu-

tional outbreak management: clinical practice guidelines of the

Infectious Diseases Society of America. Clin Infect Dis 2009;

48:1003–1032.

19 Rebmann T, Wagner W. Infection preventionists’ experience during

the first months of the 2009 novel H1N1 influenza A pandemic.

Am J Infect Control 2009; 37:e5–e16.

20 Ortiz JR, Shay DK, Liedtke LA, Bresee JS, Strausbaugh LJ. A national

survey of the Infectious Diseases Society of America Emerging Infec-

tions Network concerning neuraminidase inhibitor prescription prac-

tices and pandemic influenza preparations. Clin Infect Dis 2006;

43:494–497.

21 Wang C, Mitsuya Y, Gharizadeh B, Ronaghi M, Shafer RW. Character-

ization of mutation spectra with ultra-deep pyrosequencing: applica-

tion to HIV-1 drug resistance. Genome Res 2007; 17:1195–1201.

22 Chen LF, Dailey NJ, Rao AK et al. Cluster of oseltamivir-resistant

2009 pandemic influenza A (H1N1) virus infections on a hospital

ward among immunocompromised patients – North Carolina,

2009. J Infect Dis 2011; 203:838–846.

23 Ghedin E, Laplante J, DePasse J et al. Deep sequencing reveals

mixed infection with 2009 pandemic influenza A (H1N1) virus

strains and the emergence of oseltamivir resistance. J Infect Dis

2011; 203:168–174.

24 Ghedin E, Fitch A, Boyne A et al. Mixed infection and the genesis

of influenza virus diversity. J Virol 2009; 83:8832–8841.

25 Kumar D, Morris MI, Kotton CN et al. Guidance on novel influenza

A ⁄ H1N1 in solid organ transplant recipients. Am J Transplant 2010;

10:18–25.

26 Lapinsky SE. H1N1 novel influenza A in pregnant and immunocom-

promised patients. Crit Care Med 2010; 38:e52–e57.

27 Ljungman P, Andersson J, Aschan J et al. Influenza A in immuno-

compromised patients. Clin Infect Dis 1993; 17:244–247.

28 Dharan NJ, Gubareva LV, Meyer JJ et al. Infections with oseltamivir-

resistant influenza A(H1N1) virus in the United States. JAMA 2009;

301:1034–1041.

29 Grund S, Roggendorf M, Schweiger B. Outbreak of influenza virus

A ⁄ H1N1 in a hospital ward for immunocompromised patients. Arch

Virol 2010; 155:1797–1802.

Supporting Information

Additional Supporting Information may be found in the

online version of this article:

Figure S1. Results of sequencing data show that the HA

and PB2 segments of viruses isolated from patients and

healthcare workers in this study were completely identical

to each other.

Figure S2. Phylogenetic analysis of HA and PBP2 genes.

Please note: Wiley-Blackwell is not responsible for the

content or functionality of any supporting materials sup-

plied by the authors. Any queries (other than missing

material) should be directed to the corresponding author

for the article.

Influenza a (H1N1) virus in a children’s hospital

ª 2012 Blackwell Publishing Ltd 379


